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BEFORE THE CONTROLLER OF PATENTS 
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THE PATENTS RULES, 2003 

 

 

And 

 

 

IN THE MATTER OF THE INDIAN  

PATENT APPLICATION No. 202017019418, dated 7
th 

May 2020   

 

Bearing the title  
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STATEMENT IN SUPPORT OF THE REPRESENTATION U/S 25(1) TOWARDS 

THE INDIAN PATENT APPLICATION No.: 202017019418  

The alleged invention as disclosed in the complete specification accompanying the Indian 

patent application No. 202017019418, entitled “N4-HYDROXYCYTIDINE AND 

DERIVATIVES AND ANTI-VIRAL USES RELATED THERETO” made by EMORY 

UNIVERSITY, is hereinafter referred as the ‘present patent application’.     

1. Brief description and status of the presently opposed patent application:     

The presently opposed patent application is an Indian National Phase Patent Application filed 

on 7
th

 May 2020 by claiming priority from an international patent application under the 

Patent Co-operation Treaty (PCT) bearing application number PCT/US2018/064503, dated 

7
th

 December 2018, which in turn was filed by claiming priority from the corresponding US 

provisional patent application Nos.: 62/595,907 dated 7
th

 December 2017, 62.626,998 dated 

6
th

 February 2018 and 62/760,434 dated 13
th

 November 2018 (earliest priority data/ dates).  

Based on these details, the national phase patent application was published by the Indian 

Patent Office (IPO) in its patent journal dated 14
th

 August 2020. The applicant filed request 

for examination on 7
th

 May 2020. In view of the same, the IPO carried out examination and 

issued First Examination Report (FER) dated 19
th

 October 2020. The Applicant has failed to 

put the case in order for grant within in the allowed time-line of 6 months. The 6 month time-

period expired on 19
th

 April 2021. On the very same day, the applicant has filed a request for 

extension of time by 3 more months by stating reasons well-known to them. The current 

status of the application as evident from the IPO website is provided as a screen shot for 

quick reference of the Controller.    

Web link: https://ipindiaservices.gov.in/PatentSearch/PatentSearch/ViewApplicationStatus  

    (Accessed on 26
th

 April 2021) – refer below screen shot of the current status.  
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The Applicant filed the present patent application having a total of 60 claims, refer page 

number 176 to 232 of the specification filed and signed by the agent of the applicant (claims 

not reproduced here for the sake of brevity). The present representation/ pre-grant opposition 

is filed based on these 60 claims and a brief analysis of the claims is provided below:  

ANALYSIS OF CLAIMS 1 TO 60 OF THE PREESNT PATENT APPLICATION 

The presently opposed patent application has a total of 60 claims of which claims 1 to 20 are 

independently worded claims claiming pharmaceutical composition of compounds of 

formulas starting from Formula I to Formula XIX (refer next page for chemical structures of 

these formulas).   
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Claims 21 to 31 are dependent claims, claiming various substituent groups of compounds of 

Formula’s I to XIX. All these dependent claims claim irregular dependency from claims 1 to 
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20. In addition, claims 32 to 42 are independent and claim for pharmaceutical composition of 

specific compounds. Most importantly, claims 40 to 42 claim for a pharmaceutical 

composition of specific compounds as recited below:  

 

 

 

 

The claims 43 to 46 are dependent claims claiming dependency from claims 1 to 42. These 

dependent claims are claiming for the well-known containers and propellants used in the 

domain of packing pharmaceutical formulations. Further, claims 47 to 57 are dependent 

claims claiming method of treatment/ prevention. Claims 57 to 60 are an independently 

worded claims focused towards method of treatment using specific compounds as provided 

and claimed under claims 40 to 42 (structures shown above). Since the claims 43 to 60 are 

not patentable under section 3 (i) of the Act, we focus our attention towards claims 1 to 42. 

The above aspect of non-patentability under Section 3 (i) is further elaborated under the 

specific ground of section 25 (1) (f) – Ground III.  

 

EVIDENCES RELIED UPON BY THE OPPONENT WITH REGARDS 

TO EACH OF THE GROUNDS OF OPPOSITION 

 

GROUND - I 

Section 25 (1) (b): that the invention so far as claimed in any claim of the 

complete specification has been published before the priority date of the claim- 

in any specification filed in pursuance of an application for a patent made in 

India on or after the 1st day of January, 1912; or in India or elsewhere, in any 

other document: Provided that the ground specified in sub-clause (ii) shall not be 

available where such publication does not constitute an anticipation of the 

invention by virtue of sub-section (2) or sub-section (3) of section 29. 
 

The invention as claimed in originally filed claims 1 to 46 lack novelty and accordingly are 

not patentable under Section 25 (1) (b) of the Patents Act, 1970 (as amended in 2005; 

hereinafter referred to as "the Act"). It is submitted that none of the claims of the present 



 

application are novel and they

disclosure made in following 

discloses all the aspects of the original claims and currently amended claims. 

Citation D1:  WO 2016/106050 A1

D1 is an international patent application under the Patent Cooperatio

application number PCT/US20

June 2016. From these dates, it is evident that citation D1 is published well before the

priority date, 7
th

 December 2017

application. From the title and abstract 

abundantly evident that the disclosure relates to N4

compositions for treatment of viral infections. 

 

 

 

 

Citation D1 discloses compounds claimed under 

As regards claim 1 of the present patent application

the Ld. Controller towards Formula I and compound EIDD

and page 66 to 67 - example 14)

D1, provided below for your quick reference.  

 

 

 

 

 

 

                 Compounds of Citation D1 
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they are all liable to be rejected on this ground alone in view of the 

in following single prior art document(s). Each of the following citation 

discloses all the aspects of the original claims and currently amended claims. 

WO 2016/106050 A1  

D1 is an international patent application under the Patent Cooperation Treaty (PCT) bearing

application number PCT/US2015/066144 filed on 16th December 2015 and published on 

. From these dates, it is evident that citation D1 is published well before the

December 2017, as claimed by the applicant of the present patent

From the title and abstract (provided as screen shot) of citation D1 it is 

dantly evident that the disclosure relates to N4-hydroxycytidine derivatives, 

compositions for treatment of viral infections.  

1 discloses compounds claimed under claim 1, 19 and 21 to 23. 

of the present patent application, we would like to draw the attention of 

the Ld. Controller towards Formula I and compound EIDD-2101 (refer: page 2, lines 7 

example 14) and EIDD -1931 (refer examples 1 to 3 o

D1, provided below for your quick reference.   

 

 

 

Citation D1                                     Present pate

alone in view of the 

. Each of the following citation 

discloses all the aspects of the original claims and currently amended claims.  

n Treaty (PCT) bearing 

2015 and published on 30
th

 

. From these dates, it is evident that citation D1 is published well before the earliest 

y the applicant of the present patent 

of citation D1 it is 

hydroxycytidine derivatives, 

.  

we would like to draw the attention of 

2101 (refer: page 2, lines 7 to 10 

on page 54 to 57) of 

 

 

ent applicaiton 
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In formula I of citation D1, X is CH2; Y is CR'; Z is CR"; R' is alkyl; R" is hydrogen; R1, R2, 

R3, and R5 are each independently selected from H (pages 66-67, Example 14, Compound 

EIDD-2101 and examples 1 to 3 on page 54 to 57 – compound EIDD 1931). 

Turning now to claim 19, attention of the Ld. Controller is drawn towards page example 17, 

compound number EIDD-2108 – refer page number 70 and lines 10 to 13 – wherein R1 is a 

branched ester.  

 

  

 

 

 

 

 

 
 

In addition, claim 21 to 23 are also disclosed in citation D1. For instance, claim 21 is 

disclosed as a pharmaceutical composition of claim 1, whehrein R1, R2, R3 and R5 are each 

independently selected from H. Further, claim 22 is also disclosed in D1 as claim 21 wherein 

R1 is hydrogen. Furthermore, claim 23 is also disclosed under D1 as pharmaceutical 

composition of claim 1, wherein R' is methyl (refer page 66 and 67, Example 14, Compound 

EIDD-2101 - structures in previous page – provided as screen shot).  

Citation D2: US 2009/0105186 (publication date: 23/04/2009) 

Claim 15 and claim 28 are anticipated or lack novelty in view of the compounds disclosed in 

citation D2. D2 discloses a pharmaceutical composition alongwith a pharmaceutically 



8 

 

acceptable carrier. Attention of the Ld. Controller is drawn towards para [0057] of citation 

D2, provided as screen shot. The carriers required for formulating a pharmaceutical 

composition depends on the route of administration. Besides, D2 also discloses compound of 

Formula XIV, wherein R2 and R3 are each independently selected from the following: 

optionally substituted esters (refer paragraph [0107]  1-(2,3-Di-o-benzoyi-Beta-L-

ribofuranosyl)-4- hydroxyamino-pyrimidin-2(1 H)- one ... ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Paragraph [107] of Citation D2                                       Formula XIV of presesent patent  
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As regards claim 28, D2 discloses a pharmaceutical composition of claim 15, wherein R2 and 

R3 are each independently selected from the first shown structure; and R6 is aryl (Paragraph 

[0107] 1-(2,3-Di-o-benzoyi-Beta- L-ribofuranosyl}-4-hydroxyamino-pyrimidin-2 (1 H)-one 

... ).  

From the above, it can be concluded that the compounds as claimed by the applicant are not 

novel in view of the compounds disclosed under citation D1 and D2. Accordingly, all the 

above claims lack novelty.     

GROUND - II 

 Section 25 (1) (e): that the invention so far as claimed in any claim of the complete 

specification is obvious and clearly does not involve any inventive step, having regard to 

the matter published as mentioned in clause (b )or having regard to what was used in 

India before the priority date of the applicant’s claim. 
 

The subject matter of claims 1 to 46 lacks inventive step in view of the disclosures and 

teachings of any of the prior art documents, citations D1 to D4, either alone or in combination 

with each other. Many prior art documents disclose the claimed features in the impugned 

patent application individually or in combination. A few relevant prior art documents are 

briefly described below: 

 Citation D1: WO 2016/106050 A1 (Annexure – 1)       

 Citation D2: US 2009/0105186 (Annexure – 2)       

 Citation D3: MERTES et al. Nucleic Acid Components and Their Analogues. Cxv.* 

synthesis of n4 -hydroxy 3 -6-azacytidine 5' - phosphate and 5' -diphosphate, Collection 

of Czechoslovak Chemical Communications, Vol. 33, Issue. 10, 1968. (Annexure – 3) 

For full text: http://cccc.uochb.cas.cz/33/10/3304/  

 Citation D4: BROWN et al. Mechanism of the Mutagenic Action of 

Hydroxylamine, Journal of Molecular 17, 18 Biology, Vol. 11, No. 4, 01 April 

1965. (Annexure – 4)       
 

The subject matter claimed in claims 1 to 46 in general and claims 1, 15, 19, 21 to 23 

and 28 in particular are not new and lack novelty in view of the disclosures made in 
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citations D1 and D2 as discussed under Ground - I. Therefore, the claims which are 

not new cannot involve any inventive step as required under section 2(1) (ja) of the 

Act. Thus, the invention claimed in alleged claims lack inventive step(s) in view of 

the aspects disclosed in citation D1 and D2. The arguments made under Ground – I 

are applicable under Ground II as well. Accordingly, they are not repeated here for 

the sake of brevity.   

While Citation D1 discloses compounds of formula I of the present patent application 

under its examples 1 to 3, particularly as compound EIDD -1931 on page 54 to 57. 

D1 goes on to disclose same processing steps to prepare EIDD -1931 (refer below 

screen shot) and its composition comprising pharmaceutically acceptable excipient.   

 

 

 

 

 

As explained under Ground I, citation D1 discloses a pharmaceutical composition 

(Abstract, Page 2 and lines 7-10 – provided as screen shot) comprising a 

pharmaceutically acceptable excipient. Additionally, it discloses compound having 

the compound number EIDD – 2216 and EIDD - 1931, which is the core structure of 

Formula III of the present patent application, shown below for ready reference of the 

Ld. Controller.   

 

 

 

 

Citation D1 Present patent application  
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D1 fails to explicitly disclose a compound of Formula III or a pharmaceutical or 

physiological salt thereof. But, D3 teaches a compound of Formula III wherein Z is N; R1, 

R2, R3, and R5 are each independently esters (D3, Pg. 3306, Compound VIII). It will be 

obvious to one of ordinary skill in the art at the time of the invention to modify D1 with the 

teaching of D3 for the purpose of providing a compound which possesses inhibitory 

properties affecting nucleic acid metabolism and cellular growth (D3, 3304) thereby reducing 

the likelihood of side-effects. 

Similarly, D4 teaches a compound of Formula XVI of present patent application, wherein R2 

is ester (refer page 665 of D4: N6-hydroxycytidine-2'(3') phosphate; i.e., the reaction 

produces a mixture of the 2' and 3' monophosphate species). Accordingly, it will be obvious 

to a person having ordinary skill in the art at the time of the invention to modify D1 with the 

teaching of D4 for the purpose of reducing pH-dependence of hydroxylamine-induced 

mutation (D4, Pg. 663) thereby using a compound with a reduced likelihood of side-effects.  

 

 

  

 

 

 

 

 

 

  

Citation D1  Present patent application – 

Claim 17 

 

 

 

 

                  Citation D4 
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Further, citation D4 teaches a compound of Formula XVII (claim 18 of the present patent 

application) wherein R3 is ester (D4, Pg. 665, N6-hydroxycytidine-2'(3') phosphate; i.e., 

the reaction produces a mixture of the 2' and 3' monophosphate species). It will be 

obvious to a person skilled in the art at the time of the invention to modify D1 with the 

teaching of D4 for the purpose of reducing pH-dependence of hydroxylamine-induced 

mutation (D4, Pg. 663) thereby using a compound with a reduced likelihood of side-

effects. 

 

 

 

 

 

 

 

In light of the above, mere selection of well-known substituent’s is a routine task in 

synthesis of compounds which is pretty obvious to a person skilled in the art to arrive at 

compounds of the present patent application.  

Citation D1  Present patent application – 

Claim 18 

 

 

 

 

                  Citation D4 
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In light of the above citations D1 to D4 either taken alone or in combination it becomes 

obvious to a person skilled in the art to arrive at the present patent application having claims 

1 to 46. The technical problem defined in the impugned patent application is arriving at 

compounds for viral inhibition which are a matter of routine and obvious to try by a person 

skilled in the art - in view of the disclosures made in D1 to D4 either taken alone or in 

combination with one another. Therefore, based on the aspects disclosed in citations, the 

subject matter of the applicant’s claims  are obvious to a person skilled in the art and clearly 

do not involve any inventive step as required under Section 2(1)(ja) of the Act. Therefore, the 

alleged patent application with claims 1 to 46 is liable for rejection/ refusal on this ground 

alone.    

GROUND - III 

Section 25 (1) (f): that the subject of any claim of the complete specification is not an 

invention within the meaning of this Act, or is not patentable under this Act.   

a) The subject matter of claims 1 - 60 do not constitute an 'invention' as understood 

under Section 2(i)(j) of the Act:  

It is submitted that since the claims are not novel and clearly do not involve any inventive 

step, thus they do not constitute an 'invention' under the Act.   

b) The subject matter of claims is not patentable under Section 3 (d) of the Act:   

Section 3(d) says that the mere discovery of a new form of a known substance 

which does not result in the enhancement of the known efficacy of that substance 

or the mere discovery of any new property or new use for a known substance or of 

the mere use of a known process, machine or apparatus unless such known process 

results in a new product or employs at least one new reactant, is not patentable. 
 

The claims 1 to 46 of the present patent application are not patentable in view of Section 3 (d) 

as they merely claims for new derivatives with obvious substitutions to the known 

compounds and do not differ significantly in properties with regard to efficacy vis-a-vis 

already known compounds (disclosed in its own patent applications) as explained in Ground I 
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and II. Most importantly, the Applicant has miserably failed to even provide any scientific 

data to establish the activity of the claimed compounds. Ideally, the applicant must provide 

and/or clearly identify the improvement vis-a-vis the therapeutic effect over the already 

known/ disclosed compounds in its earlier patent applications, explained under Ground I and 

II. Therefore, claims 1-46 of alleged invention fall u/s 3(d) of the Indian Patents Act 1970. 

c) The subject matter of claims is not patentable under Section 3 (e) of the Act:   

Section 3(e):  a substance obtained by a mere admixture resulting only in the 

aggregation of the properties of the components thereof or a process for producing 

such substance. 

 

None of the claims 1 to 46 disclose any synergistic effect associated with the compounds of 

the pharmaceutical composition. Accordingly, the pharmaceutical composition comprising 

compounds of formula I to XIX are mere admixtures without any synergistic activity.   

 

d) The subject matter of claims is not patentable under Section 3 (i) of the Act:   

Section 3(i): any process for the medicinal, surgical, curative, prophylactic, 

diagnostic, therapeutic or other treatment of human beings or any process for a 

similar treatment of animals
 
 to render them free of disease or to increase their 

economic value or that of their products.  
 

Claims 47 to 60 are related to method of treating or preventing human coronavirus in a 

patient or SARS coronavirus, MERS coronavirus, eastern equine encephalitis virus, western 

equine encephalitis virus, Venezuelan equine encephalitis virus, Chikungunya fever virus, 

Ross River infection, Orthomyxoviridae virus or Paramyxoviridae virus, or RSV virus, or 

influenza A and B virus, or Filoviridae virus, or Ebola virus infection. These methods are 

directed for the treatment or prophylaxis of diseases, which are carried out on living human 

or animal bodies and belong to the methods of diagnosis and treatment of diseases described 

under Section 3 (i) of the Act. Accordingly, claims 47 to 60 must be rejected as they are 

strictly prohibited from patentability.  

  



15 

 

GROUND - IV 

Section 25(1)(g): that the complete specification does not sufficiently and clearly describe the 

invention or the method by which it is to be performed.   
 

It is submitted that the Present Application does not sufficiently and clearly describe the 

invention as claimed. Further the claims are not appropriately supported by the specification 

of the present application. Hence, without prejudice to the grounds raised in this 

representation, the Opponent invokes Section 25(1) (g).  

The applicant has miserably failed to sufficiently and clearly describe the invention so as to 

enable a person skilled in the art to perform the invention. This is evident from the examples 

of the specification which fully and completely fail to disclose the best method of performing 

or obtaining the compounds of the present patent application. For instance, the processing 

steps seriously lack critical process parameters that are involved to enable a person having 

ordinary skill in the art to arrive at the compounds without undue experimentation.  

In the entire specification, there is no explicit method for preparing the compounds as 

claimed under claims 1 to 46 of the present patent application. The specification merely 

refers to analogy procedures (rather than a detailed steps) which completely fail to enable a 

person with ordinary skill in the art to arrive at the product of the present patent application.   

The entire specification is absolutely silent about the compounds as referenced within the 

definition of substituents identified under the formula I of the claims. The specification 

provides only a few examples of compounds of formula I without any test results in support 

of the claimed antiviral effect. The scope of present claims is utterly broad and completely 

lacks any pharmacological evidence towards the therapeutic effect. In other words, the ghost 

compounds disclosed have not technical effect. Accordingly, the present claim 1 and its 

dependent claims is not allowable u/s 10 (4) (c) of the Patents Act, 1970. 

In short, the presently opposed patent application fully and completely fails to explicitly 

disclose a synthetic route for preparing the compounds claimed. Instead, it only makes vague 
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indications/ fragmentary teachings about few individual and incomplete sub-steps which are 

highly inconsistent or non-compatible with one another. The specification miserably fails to 

disclose the starting materials in a clear and unambiguous manner to arrive at the end 

product.  Therefore, the alleged original claims 1 to 46 of the present patent application do 

not meet the requirements of section 10 (4) (a) and (b) along with Section 10(5) of the Patents 

Act, 1970. Thus, the alleged invention claims are liable for rejection/refusal on this ground 

alone. 

GROUND - V 

Section25 (1) h: the Applicant has failed to disclose to the Controller the information 

required under Section 8.  
 

Section 25(1) (h) of the Act provides a ground for opposition if the patent applicant has not 

furnished information required under Section 8 of the Act, within the time prescribed by law. 

Without prejudice to other grounds raised herein, the present application should be rejected 

because the patent applicant has deliberately not complied with the mandatory requirements 

of Section 8 of the Act.  

Section 8 of the Act read with rule 12(1) of the Patents Rules requires, inter alia, a patent 

applicant, who is prosecuting, either alone or jointly with any other person, an application for 

a patent in any country outside India in respect of the same or substantially the same 

invention, to file a statement setting out the particulars of such application (Form -3) within 

six months of the date of filing of such application in India. For instance, the applicant has 

failed to submit the copies of office actions issued by Australia, China, Europe, Israel, 

Japan, Korea United Kingdom and other major countries where the applicant entered 

national phase.  

 As regards China, the Applicant has made significant amendments in claims. A copy of 

the original and TRANSLATED Chinese office action and its search report are enclosed 

for ready reference of the Ld. Controller.   
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 Similarly, the Applicant failed to provide search report/ written opinion issued by the 

Korean Patent Examiner. A copy of the original and TRANSLATED Korean office 

action and its search report are enclosed for ready reference of the Ld. Controller.   

Given that complete information related to the corresponding applications in other 

jurisdictions has not been given, ground for opposition under S. 25(1) (h) of the Act is raised 

and on this ground alone the patent application of the applicant must be rejected.   

In the light of above mentioned averments made for opposition to the present application, it 

is sincerely submitted that this application be refused for grant on the basis of the provisions 

of sections 25 (1) (b), 25 (1) (e), 25(1)(f), 25 (1) (g) and 25 (1) (h). 
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PRAYER 

 

In view of the aforementioned facts and circumstances of the case, the Opponent prays as 

follows:  

i. that the Indian Patent Application No. 202017019418 made by EMORY 

UNIVERSITY be rejected under Section25(1) of the Patents (Amendment) Act, 

2005;   

ii. the opponent shall be allowed to file further documents as evidence if necessary to 

support their averments;  

iii. the opponent shall be granted an opportunity of being heard in the matter before any 

final order(s) is passed;  

iv. the Opponent may be allowed to make further submissions in case the applicant 

makes any amendments in the claims;  

v. any other reliefs considering the facts and circumstances may be granted in favour of 

the opponent in the interest of justice.  

The petitioner/ opponent herewith make a formal request for a hearing under Rule 55(1) for 

providing oral submissions in addition to the representation and evidence. The petitioner / 

opponent pray’s the controller leave to file further evidence. The controller may be pleased to 

fix a hearing under rule 55(6) to give the opponent an opportunity to present the oral 

submissions for the controller’s kind consideration.   

My address for service in India is:  
Mr. M. Suresh Gupta,  

No. 106, KPSC Layout, Jnanabharathi 2
nd

 Stage, Nagadevanahalli, Bangalore – 560 056, 

Karnataka, India.  

 

Mobile: 99 4549 0571  

Email: ramsureshgupta@gmail.com    

 

 

 

M. Suresh Gupta  

(Digitally Signed)  

Agent for the Pre grant Opponent  

IN/PA-1302  

To,  

The Controller of Patents  

Intellectual Property Office Building, DELHI.  
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N4-HYDROXYCYTIDINE AND DERIVATIVES AND ANTI-VIRAL USES

RELATED THERETO

FIELD

This disclosure relates to N4-hydroxycytidine nucleoside derivatives, compositions,

and methods related thereto. In certain embodiments, the disclosure relates to the treatment

and prophylaxis of viral infections.

BACKGROUND

The causative agents for Eastern, Western, and Venezuelan Equine Encephalitis

(EEE, WEE and VEE, respectively) and Chikungunya fever (CHIK) are vector-borne viruses

(family Togaviridae, genus Alphavirus) that can be transmitted to humans through mosquito

bites. The equine encephalitis viruses are CDC Category B pathogens, and the CHIK virus is

Category C . There is considerable concern about the use of virulent strains of VEE virus,

delivered via aerosol, as a bioweapon against warfighters. Animal studies have demonstrated

that infection with VEE virus by aerosol exposure rapidly leads to a massive infection of the

brain, with high mortality and morbidity. See Roy et al., Pathogenesis of aerosolized Eastern

equine encephalitis virus infection in guinea pigs. Virol J, 2009, 6:170.

Stuyver et al., report P-D-N(4)-hydroxycytidine ( H C) was found to have

antipestivirus and antihepacivirus activities. Antimicrob Agents Chemother, 2003, 47(1):244-

54. Constantini et al. report evaluations on the efficacy of 2'-C-MeC, 2'-F-2'-C-MeC, and

NHC on Norwalk virus. See also Purohit et al. J Med Chem, 2012, 55(22):9988-9997.

Ivanov et al., Collection of Czechoslovak Chemical Communications, 2006, 71(7): 1099-

1106. Fox et al., JACS, 1959, 81:178-87.

References cited herein are not an admission of prior art.

SUMMARY

This disclosure relates to N4-hydroxycytidine and derivatives, pharmaceutical

compositions, and uses related thereto. In certain embodiments, the disclosure relates to a

compound having formula I,



Formula I

or a pharmaceutically acceptable salt, derivative, or prodrug thereof, as defined

herein.

In certain embodiments, the disclosure contemplates derivatives of compounds

disclosed herein such as those containing one or more, the same or different, substituents.

In certain embodiments, the disclosure contemplates pharmaceutical compositions

comprising a pharmaceutically acceptable excipient and a compound disclosed herein. In

certain embodiments, the pharmaceutical composition is in the form of a tablet, capsule, pill,

or aqueous buffer, such as a saline or phosphate buffer.

In certain embodiments, the pharmaceutical composition comprises a compound

disclosed herein and a propellant. In certain embodiments, the propellant is an aerosolizing

propellant is compressed air, ethanol, nitrogen, carbon dioxide, nitrous oxide,

hydrofluoroalkanes (HFAs), 1,1,1,2,-tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoropropane or

combinations thereof.

In certain embodiments, the disclosure contemplates a pressurized or unpressurized

container comprising a compound or pharmaceutical composition as described herein. In

certain embodiments, the container is a manual pump spray, inhaler, meter-dosed inhaler, dry

powder inhaler, nebulizer, vibrating mesh nebulizer, jet nebulizer, or ultrasonic wave

nebulizer.

In certain embodiments, the disclosure relates to methods of treating or preventing a

viral infection comprising administering an effective amount of a compound or

pharmaceutical composition disclosed herein to a subject in need thereof.

In certain embodiments, the viral infection is an alphavirus or coronaviruses and

flavivirus. In certain embodiments, the viral infection is an orthomyxoviridae or

paramyxoviridae. In certain embodiments, the viral infection is selected from MERS

coronavirus, Eastern equine encephalitis virus, Western equine encephalitis virus,



Venezuelan equine encephalitis virus, Ross River virus, Powassan virus, Barmah Forest virus

and Chikungunya virus.

In certain embodiments, the compound or pharmaceutical composition is administered

orally, intravenously, or through the lungs.

In certain embodiments, the disclosure relates to the use of a compound as described

herein in the production of a medicament for the treatment of or prevention of a viral

infection.

In certain embodiments, the disclosure relates to method of making compounds

disclosed herein by mixing starting materials and reagents disclosed herein under conditions

such that the compounds are formed.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates the preparation of β-D-N-hydroxycytidine. a . TBSC1, DMAP,

DIPEA, DCM; b. (2,4,6-iPr)PhS0 2Cl, DIPEA, DMAP, DCM; c . H2OH-HCl, DIPEA,

DCM; d . F- source; e . aq H2OH, AcOH, 50 °C.

Figure 2 illustrates certain embodiments of the disclosure.

Figure 3 illustrates certain embodiments of the disclosure.

Figure 4 shows EIDD-01931 mean plasma concentrations and pharmacokinetic

parameters from mice dosed with EIDD-0193 1

Figure 5 shows EIDD-01931 nucleoside accumulation in mouse organs

Figure 6 shows EIDD-01931 triphosphate accumulation in mouse organs

Figure 7 shows reduction in footpad swelling in CHIKV challenged mice treat with

EIDD-01931

Figure 8 shows reduction of CHIKV RNA copies by PCR in CHIKV challenged mice

treated with EIDD-0193 1

DETAILED DESCRIPTION

Before the present disclosure is described in greater detail, it is to be understood that

this disclosure is not limited to particular embodiments described, and as such may, of

course, vary. It is also to be understood that the terminology used herein is for the purpose of

describing particular embodiments only, and is not intended to be limiting, since the scope of

the present disclosure will be limited only by the appended claims.



Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this disclosure

belongs. Although any methods and materials similar or equivalent to those described herein

can also be used in the practice or testing of the present disclosure, the preferred methods and

materials are now described.

All publications and patents cited in this specification are herein incorporated by

reference as if each individual publication or patent were specifically and individually

indicated to be incorporated by reference and are incorporated herein by reference to disclose

and describe the methods and/or materials in connection with which the publications are

cited. The citation of any publication is for its disclosure prior to the filing date and should

not be construed as an admission that the present disclosure is not entitled to antedate such

publication by virtue of prior disclosure. Further, the dates of publication provided could be

different from the actual publication dates that may need to be independently confirmed.

As will be apparent to those of skill in the art upon reading this disclosure, each of the

individual embodiments described and illustrated herein has discrete components and features

which may be readily separated from or combined with the features of any of the other

several embodiments without departing from the scope or spirit of the present disclosure.

Any recited method can be carried out in the order of events recited or in any other order that

is logically possible.

Embodiments of the present disclosure will employ, unless otherwise indicated,

techniques of medicine, organic chemistry, biochemistry, molecular biology, pharmacology,

and the like, which are within the skill of the art. Such techniques are explained fully in the

literature.

In certain embodiments, a pharmaceutical agent, which may be in the form of a salt or

prodrug, is administered in methods disclosed herein that is specified by a weight. This

refers to the weight of the recited compound. If in the form of a salt or prodrug, then the

weight is the molar equivalent of the corresponding salt or prodrug.

It must be noted that, as used in the specification and the appended claims, the

singular forms "a," "an," and "the" include plural referents unless the context clearly dictates

otherwise.

"Subject" refers any animal, preferably a human patient, livestock, or domestic pet.

As used herein, the terms "prevent" and "preventing" include the prevention of the

recurrence, spread or onset. It is not intended that the present disclosure be limited to



complete prevention. In some embodiments, the onset is delayed, or the severity of the

disease is reduced.

As used herein, the terms "treat" and "treating" are not limited to the case where the

subject (e.g. patient) is cured and the disease is eradicated. Rather, embodiments, of the

present disclosure also contemplate treatment that merely reduces symptoms, and/or delays

disease progression.

As used herein, the term "combination with" when used to describe administration

with an additional treatment means that the agent may be administered prior to, together with,

or after the additional treatment, or a combination thereof.

As used herein, "alkyl" means a noncyclic straight chain or branched, unsaturated or

saturated hydrocarbon such as those containing from 1 to 10 carbon atoms. A "higher alkyl"

refers to unsaturated or saturated hydrocarbon having 6 or more carbon atoms. A " C -Ci "

refers to an alkyl containing 6 to 16 carbon atoms. Likewise a "C6 -C22" refers to an alkyl

containing 6 to 22 carbon atoms. Representative saturated straight chain alkyls include

methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-septyl, n-octyl, n-nonyl, and the like;

while saturated branched alkyls include isopropyl, sec-butyl, isobutyl, tert-butyl, isopentyl,

and the like. Unsaturated alkyls contain at least one double or triple bond between adjacent

carbon atoms (referred to as an "alkenyl" or "alkynyl", respectively). Representative straight

chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl,

isobutylenyl, 1-pentenyl, 2-pentenyl, 3 -methyl- 1-butenyl, 2-methyl-2-butenyl, 2,3-

dimethyl-2-butenyl, and the like; while representative straight chain and branched alkynyls

include acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3- methyl- 1-

butynyl, and the like.

Non-aromatic mono or polycyclic alkyls are referred to herein as "carbocycles" or

"carbocyclyl" groups. Representative saturated carbocycles include cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, and the like; while unsaturated carbocycles include cyclopentenyl

and cyclohexenyl, and the like.

"Heterocarbocycles" or heterocarbocyclyl" groups are carbocycles which contain

from 1 to 4 heteroatoms independently selected from nitrogen, oxygen and sulfur which may

be saturated or unsaturated (but not aromatic), monocyclic or polycyclic, and wherein the

nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen heteroatom

may be optionally quaternized. Heterocarbocycles include morpholinyl, pyrrolidinonyl,

pyrrolidinyl, piperidinyl, hydantoinyl, valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl,

tetrahydropyranyl, tetrahydropyridinyl, tetrahydroprimidinyl, tetrahydrothiophenyl,



tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl,

and the like.

The term "aryl" refers to aromatic homocyclic (i.e., hydrocarbon) mono-, bi- or

tricyclic ring-containing groups preferably having 6 to 12 members such as phenyl, naphthyl

and biphenyl. Phenyl is a preferred aryl group. The term "substituted aryl" refers to aryl

groups substituted with one or more groups, preferably selected from alkyl, substituted alkyl,

alkenyl (optionally substituted), aryl (optionally substituted), heterocyclo (optionally

substituted), halo, hydroxy, alkoxy (optionally substituted), aryloxy (optionally substituted),

alkanoyl (optionally substituted), aroyl, (optionally substituted), alkylester (optionally

substituted), arylester (optionally substituted), cyano, nitro, amino, substituted amino, amido,

lactam, urea, urethane, sulfonyl, and, the like, where optionally one or more pair of

substituents together with the atoms to which they are bonded form a 3 to 7 member ring.

As used herein, "heteroaryl" or "heteroaromatic" refers an aromatic heterocarbocycle

having 1 to 4 heteroatoms selected from nitrogen, oxygen and sulfur, and containing at least 1

carbon atom, including both mono- and polycyclic ring systems. Polycyclic ring systems

may, but are not required to, contain one or more non-aromatic rings, as long as one of the

rings is aromatic. Representative heteroaryls are furyl, benzofuranyl, thiophenyl,

benzothiophenyl, pyrrolyl, indolyl, isoindolyl, azaindolyl, pyridyl, quinolinyl, isoquinolinyl,

oxazolyl, isooxazolyl, benzoxazolyl, pyrazolyl, imidazolyl, benzimidazolyl, thiazolyl,

benzothiazolyl, isothiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, cinnolinyl,

phthalazinyl, and quinazolinyl. It is contemplated that the use of the term "heteroaryl"

includes N-alkylated derivatives such as a 1-methylimidazol- 5-yl substituent.

As used herein, "heterocycle" or "heterocyclyl" refers to mono- and polycyclic ring

systems having 1 to 4 heteroatoms selected from nitrogen, oxygen and sulfur, and containing

at least 1 carbon atom. The mono- and polycyclic ring systems may be aromatic, non-

aromatic or mixtures of aromatic and non-aromatic rings. Heterocycle includes

heterocarbocycles, heteroaryls, and the like.

"Alkylthio" refers to an alkyl group as defined above with the indicated number of

carbon atoms attached through a sulfur bridge. An example of an alkylthio is methylthio,

(i.e., -S-CH3) .

"Alkoxy" refers to an alkyl group as defined above with the indicated number of

carbon atoms attached through an oxygen bridge. Examples of alkoxy include, but are not

limited to, methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy, n- pentoxy,



and s-pentoxy. Preferred alkoxy groups are methoxy, ethoxy, n-propoxy, i- propoxy, n-

butoxy, s-butoxy, t-butoxy.

"Alkylamino" refers an alkyl group as defined above with the indicated number of

carbon atoms attached through an amino bridge. An example of an alkylamino is

methylamino, (i.e., - H-CH3) .

"Alkanoyl" refers to an alkyl as defined above with the indicated number of carbon

atoms attached through a carbonyl bride (i.e., -(C=0)alkyl).

"Alkylsulfonyl" refers to an alkyl as defined above with the indicated number of

carbon atoms attached through a sulfonyl bridge (i.e., -S(=0) 2alkyl) such as mesyl and the

like, and "Arylsulfonyl" refers to an aryl attached through a sulfonyl bridge (i.e., -

S(=0) 2aryl).

"Alkylsulfamoyl" refers to an alkyl as defined above with the indicated number of

carbon atoms attached through a sulfamoyl bridge (i.e., -NHS(=0) 2alkyl), and an

"Arylsulfamoyl" refers to an alkyl attached through a sulfamoyl bridge (i.e., -

NHS(=0) 2aryl).

"Alkylsulfinyl" refers to an alkyl as defined above with the indicated number of

carbon atoms attached through a sulfinyl bridge (i.e. -S(=0)alkyl).

The terms "cycloalkyl" and "cycloalkenyl" refer to mono-, bi-, or tri homocyclic ring

groups of 3 to 15 carbon atoms which are, respectively, fully saturated and partially

unsaturated. The term "cycloalkenyl" includes bi- and tricyclic ring systems that are not

aromatic as a whole, but contain aromatic portions (e.g., fluorene, tetrahydronapthalene,

dihydroindene, and the like). The rings of multi-ring cycloalkyl groups may be either fused,

bridged and/or joined through one or more spiro unions. The terms "substituted cycloalkyl"

and "substituted cycloalkenyl" refer, respectively, to cycloalkyl and cycloalkenyl groups

substituted with one or more groups, preferably selected from aryl, substituted aryl,

heterocyclo, substituted heterocyclo, carbocyclo, substituted carbocyclo, halo, hydroxy,

alkoxy (optionally substituted), aryloxy (optionally substituted), alkylester (optionally

substituted), arylester (optionally substituted), alkanoyl (optionally substituted), aryol

(optionally substituted), cyano, nitro, amino, substituted amino, amido, lactam, urea,

urethane, sulfonyl, and the like.

The terms "halogen" and "halo" refer to fluorine, chlorine, bromine, and iodine.

The term "substituted" refers to a molecule wherein at least one hydrogen atom is

replaced with a substituent. When substituted, one or more of the groups are "substituents."

The molecule may be multiply substituted. In the case of an oxo substituent ("=0"), two



hydrogen atoms are replaced. Example substituents within this context may include halogen,

hydroxy, alkyl, alkoxy, nitro, cyano, oxo, carbocyclyl, carbocycloalkyl, heterocarbocyclyl,

heterocarbocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, -NRaRb, -NRaC(=0)Rb, -

NRaC(=0)NRaNRb, -NRaC(=0)ORb, - NRaS0 2Rb, -C(=0)Ra, -C(=0)ORa, -C(=0)NRaRb,

-OC(=0)NRaRb, -ORa, -SRa, -SORa, - S(=0) 2Ra, -OS(=0) 2Ra and -S(=0) 2ORa. Ra and Rb

in this context may be the same or different and independently hydrogen, halogen hydroxyl,

alkyl, alkoxy, alkyl, amino, alkylamino, dialkylamino, carbocyclyl, carbocycloalkyl,

heterocarbocyclyl, heterocarbocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl.

The term "optionally substituted," as used herein, means that substitution is optional

and therefore it is possible for the designated atom to be unsubstituted.

Compounds

In certain embodiments, the disclosure relates to a compound of Formula I,

Formula I,

or salt thereof, wherein

Q is O, -0(C=0)-, -0(C=0)Lipid, -0(C=0)V-, NH, or NR7;

V is O, NH, NR7, S, CH2, or CHR7;

W is CH2, NH, S or O;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is N or CR";

Z is N or CR";

each R" is independently selected from H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl,

alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfmyl, alkylsulfonyl,



arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein R2

is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with one

or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

each R7 is independently selected from absent, hydrogen, -(C=0)Oalkyl, -

(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl,

higher alkyl, (C6-Ci6 )alkyl, (C6-C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl,

carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally

substituted with one or more, the same or different, R20;



R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6-Ci6 )alkyl, (C6-

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with one

or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl,aromatic, heteroaromatic,

4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, naphthyl, or

heterocyclyl, wherein R 2 is optionally substituted with one or more, the same or different,

R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,



R is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 ; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid, as used herein, is a C6-22 alkyl, alkoxy, polyethylene glycol, or aryl substituted

with an alkyl group.

In certain embodiments, the lipid is a fatty alcohol, fatty amine, or fatty thiol derived

from essential and/or non-essential fatty acids.

In certain embodiments, the lipid is an unsaturated, polyunsaturated, omega

unsaturated, or omega polyunsaturated fatty alcohol, fatty amine, or fatty thiol derived from

essential and/or non-essential fatty acids.

In certain embodiments, the lipid is a fatty alcohol, fatty amine, or fatty thiol derived

from essential and non-essential fatty acids that have one or more of its carbon units

substituted with an oxygen, nitrogen, or sulfur.

In certain embodiments, the lipid is an unsaturated, polyunsaturated, omega

unsaturated, or omega polyunsaturated fatty alcohol, fatty amine, or fatty thiol derived from

essential and/or non-essential fatty acids that have one or more of its carbon units substituted

with an oxygen, nitrogen, or sulfur.

In certain embodiments, the lipid is a fatty alcohol, fatty amine, or fatty thiol derived

from essential and/or non-essential fatty acids that is optionally substituted.

In certain embodiments, the lipid is an unsaturated, polyunsaturated, omega

unsaturated, or omega polyunsaturated fatty alcohol, fatty amine, or fatty thiol derived from

essential and/or non-essential fatty acids that is optionally substituted.



In certain embodiments, the lipid is a fatty alcohol, fatty amine, or fatty thiol derived

from essential and/or non-essential fatty acids that have one or more of its carbon units

substituted with an oxygen, nitrogen, or sulfur that is optionally substituted.

In certain embodiments, the lipid is an unsaturated, polyunsaturated, omega

unsaturated, or omega polyunsaturated fatty alcohol, fatty amine, or fatty thiol derived from

essential and/or non-essential fatty acids that have one or more of its carbon units substituted

with an oxygen, nitrogen, or sulfur that is also optionally substituted.

In certain embodiments, the lipid is hexadecyloxypropyl.

In certain embodiments, the lipid is 2-aminohexadecyloxypropyl.

In certain embodiments, the lipid is 2-aminoarachidyl.

In certain embodiments, the lipid is 2-benzyloxyhexadecyloxypropyl.

In certain embodiments, the lipid is lauryl, myristyl, palmityl, stearyl, arachidyl,

behenyl, or lignoceryl.

In certain embodiments, the lipid is a sphingolipid having the formula:

wherein,

R of the sphingolipid is hydrogen, alkyl, C(=0)R , C(=0)OR , or C(=0)NHR ;

R9 of the sphingolipid is hydrogen, fluoro, OR12, OC(=0)R 12, OC(=0)OR 12, or

OC(=0)NHR 12 ;

R 0 of the sphingolipid is a saturated or unsaturated alkyl chain of greater than 6 and

less than 22 carbons optionally substituted with one or more halogen or hydroxy or a

structure of the following formula:



n is 8 to 14 or less than or equal to 8 to less than or equal to 14, o is 9 to 15 or less

than or equal to 9 to less than or equal to 15, the total or m and n is 8 to 14 or less than or

equal to 8 to less than or equal to 14, the total of m and o is 9 to 15 or less than or equal to 9

to less than or equal to 15; or

n is 4 to 10 or less than or equal to 4 to less than or equal to 10, o is 5 to 11 or less

than or equal to 5 to less than or equal to 11, the total of m and n is 4 to 10 or less than or

equal to 4 to less than or equal to 10, and the total of m and o is 5 to 11 or less than or equal

to 5 to less than or equal to 11; or

n is 6 to 12 or n is less than or equal to 6 to less than or equal to 12, the total of m and

n is 6 to 12 or n is less than or equal to 6 to less than or equal to 12;

R of the sphingolipid is OR 12 , OC(=0)R 12, OC(=0)OR 12, or OC(=0)NHR 12 ;

R 2 of the sphingolipid is hydrogen, a branched or strait chain Ci.i2alkyl, Ci3-22alkyl,

cycloalkyl, or aryl selected from benzyl or phenyl, wherein the aryl is optionally substituted

with one or more, the same or different R 3; and

R 3 of the sphingolipid is halogen, nitro, cyano, hydroxy, trifluoromethoxy,

trifluoromethyl, amino, formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl,



methoxy, ethoxy, acetyl, acetoxy, methylamino, ethylamino, dimethylamino, diethylamino,

N-methyl-N-ethylamino, acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, N,N-

dimethylcarbamoyl, N,N-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio,

ethylthio, methylsulfinyl, ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl,

ethoxycarbonyl, N-methylsulfamoyl, N-ethylsulfamoyl, Ν ,Ν -dimethylsulfamoyl, N,N-

diethylsulfamoyl, N-methyl-N-ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl.

In certain embodiments, R 2 of the sphingolipid is H, alkyl, methyl, ethyl, propyl, n-

butyl, branched alkyl, isopropyl, 2-butyl, l-ethylpropyl,l-propylbutyl, cycloalkyl,

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, benzyl, phenyl, monosubstituted phenyl,

disubstituted phenyl, trisubstituted phenyl, or saturated or unsaturated C12-C19 long chain

alkyl.

In certain embodiments, the sphingolipid has the formula:

wherein,

R8 of the sphingolipid is hydrogen, hydroxy, fluoro, OR 12, OC(=0)R 12 , OC(=0)OR 12,

or OC(=0)NHR 12 ;

R9 of the sphingolipid is hydrogen, hydroxy, fluoro, OR 12, OC(=0)R 12 , OC(=0)OR 12,

or OC(=0)NHR 12 ;

R 0 of the sphingolipid is a saturated or unsaturated alkyl chain of greater than 6 and

less than 22 carbons optionally substituted with one or more halogens or a structure of the

following formula:

CH CH CF CF CH )

n is 8 to 14 or less than or equal to 8 to less than or equal to 14, the total or m and n is

8 to 14 or less than or equal to 8 to less than or equal to 14;

R 2 of the sphingolipid is hydrogen, a branched or strait chain Ci3-22 lkyl,

cycloalkyl, or aryl selected from benzyl or phenyl, wherein the aryl is optionally substituted

with one or more, the same or different R 3: and



R of the sphingolipid is halogen, nitro, cyano, hydroxy, trifluoromethoxy,

trifluoromethyl, amino, formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl,

methoxy, ethoxy, acetyl, acetoxy, methylamino, ethylamino, dimethylamino, diethylamino,

N-methyl-N-ethylamino, acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, N,N-

dimethylcarbamoyl, Ν ,Ν -diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio,

ethylthio, methylsulfinyl, ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl,

ethoxycarbonyl, N-methylsulfamoyl, N-ethylsulfamoyl, Ν ,Ν -dimethylsulfamoyl, N,N-

diethylsulfamoyl, N-methyl-N-ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl.

In certain embodiments, R 2 of the sphingolipid is H, alkyl, methyl, ethyl, propyl, n-

butyl, branched alkyl, isopropyl, 2-butyl, l-ethylpropyl,l-propylbutyl, cycloalkyl,

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, benzyl, phenyl, monosubstituted phenyl,

disubstituted phenyl, trisubstituted phenyl, or saturated or unsaturated Ci2-Ci long chain

alkyl.

Suitable sphingolipids include, but are not limited to, sphingosine, ceramide, or

sphingomyelin, or 2-aminoalkyl optionally substituted with one or more substituents.

Other suitable sphingolipids include, but are not limited to, 2-aminooctadecane-3,5-

diol; (2S,3S,5S)-2-aminooctadecane-3,5-diol; (2S,3R,5S)-2-aminooctadecane-3,5-diol; 2-

(methylamino)octadecane-3,5-diol; (2S,3R,5S)-2-(methylamino)octadecane-3,5-diol; 2-

(dimethylamino)octadecane-3,5-diol; (2R,3S,5S)-2-(dimethylamino)octadecane-3,5-diol; 1-

(pyrrolidin-2-yl)hexadecane-l,3-diol; (lS,3S)-l-((S)-pyrrolidin-2-yl)hexadecane-l,3-diol; 2-

amino-1 1,1 l-difluorooctadecane-3,5-diol; (2S,3S,5S)-2-amino-l 1,1 l-difluorooctadecane-3,5-

diol; 11,1 l-difluoro-2-(methylamino)octadecane-3,5-diol; (2S,3S,5S)-1 1,1 l-difluoro-2-

(methylamino)octadecane-3,5-diol; N-((2S,3S,5S)-3,5-dihydroxyoctadecan-2-yl)acetamide;

N-((2S,3S,5S)-3,5-dihydroxyoctadecan-2-yl)palmitamide;l-(l-

aminocyclopropyl)hexadecane- 1,3-diol; ( 1S,3R)-1-(1-aminocyclopropyl)hexadecane- 1,3-

diol; (1S,3 S)- 1-(1-aminocyclopropyl)hexadecane- 1,3-diol; 2-amino-2-methyloctadecane-3 ,5-

diol; (3S,5S)-2-amino-2-methyloctadecane-3,5-diol; (3S,5R)-2-amino-2-methyloctadecane-

3,5-diol; (3S,5S)-2-methyl-2-(methylamino)octadecane-3,5-diol; 2-amino-5-hydroxy-2-

methyloctadecan-3-one; (Z)-2-amino-5-hydroxy-2-methyloctadecan-3-one oxime;

(2S,3R,5R)-2-amino-6,6-difluorooctadecane-3,5-diol; (2S,3S,5R)-2-amino-6,6-

difluorooctadecane-3,5-diol; (2S,3S,5S)-2-amino-6,6-difluorooctadecane-3,5-diol;

(2S,3R,5 S)-2-amino-6,6-difluorooctadecane-3,5-diol; and (2S,3 S,5 S)-2-amino- 18,18,18-

trifluorooctadecane-3,5-diol; which may be optionally substituted with one or more

substituents.



In certain embodiments, Q is O .

In certain embodiments, each R7 is independently selected from hydrogen, -

(C=0)0(C 6-Ci6)alkyl or -(C=0)0(C 6-C22)alkyl.

In certain embodiments, R is

8 O

OH

In certain embodiments, R8 is hydrogen, hydroxy, or benzyloxy.

In certain embodiments, R9 is higher alkyl, (C6-Ci 6)alkyl or (C6-C22)alkyl.

In certain embodiments, R9 is tert-butyl or isobutyl.

In certain embodiments, W is O;

In certain embodiments, Z is H .

In certain embodiments, R is hydrogen, monophosphate, diphosphate, triphospate,

In certain embodiments, R is hydrogen, hydroxy, or benzyloxy.

In certain embodiments, R9 is higher alkyl, (C -Ci )alkyl or (C -C22)alkyl.

In certain embodiments, R 0 is isopropyl.

In certain embodiments, R is methyl.

In certain embodiments, R 2 is phenyl.

In certain embodiments, R 3 is hydrogen.

In certain embodiments, R 4 is hydrogen.

In certain embodiments, R is hydrogen.

In certain embodiments, R3 is hydroxy.

In certain embodiments, R4 is hydrogen, hydroxy, alkyl, halogen, or fluoro.

In certain embodiments, R5 is hydrogen, hydroxy, alkoxy, alkyl, methyl, ethynyl, or

allenyl.

In certain embodiments, R6 is hydrogen.

In certain embodiments, each R7 is independently selected from hydrogen, -

(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)Salkyl, -(C=0)0(C 6-Ci6)alkyl, -

(C=0)(C 6-Ci6) alkyl,



or -(C=0 )S(C6-Ci6)alkyl.

In certain embodiments, the compound is selected from:

l-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-4-

(hydroxyamino)pyrimidin-2(lH)-one,

l-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-4-

((nonanoyloxy)amino)pyrimidin-2(lH)-one, and

l-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-4-

((((heptyloxy)carbonyl)oxy)amino)pyrimidin-2(lH)-one.

In certain embodiments, the disclosure relates to a compound of formula I having

formula IA,

Formula IA,

or salts thereof,

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl, alkenyl, alkynyl, hydroxyl, formyl

or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,



carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with one

or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

Each R7 is independently selected from hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -

(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-

Ci6)alkyl, (C6-C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally substituted with

one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with one

or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;



R is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl,aromatic, heteroaromatic,

4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, naphthyl, or

heterocyclyl, wherein R 2 is optionally substituted with one or more, the same or different,

R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 ; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

In certain embodiments, the disclosure relates to a compound of formula I has formula

IB,



Formula IB,

or salts thereof, wherein

V is absent, O, H, 5, S, CH2, or CHR 5;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl, alkenyl, alkynyl, hydroxyl, formyl

3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with c

or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;



R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6-Ci6 )alkyl, (C6-

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with one

or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl,aromatic, heteroaromatic,

4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, naphthyl, or

heterocyclyl, wherein R 2 is optionally substituted with one or more, the same or different,

R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,



R is hydrogen, Lipid, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-

dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6 -Ci6 )alkyl, (C6 -C22 )alkyl,

halogen, nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 5 is optionally substituted with one or more, the same or different,

R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

In certain embodiments, the disclosure relates to a compound of formula I having

formula IC,

Formula IC,

or salts thereof, wherein

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl, alkenyl, alkynyl, hydroxyl, formyl

or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,





esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with one

or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6-Ci6 )alkyl, (C6-

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with one

or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,



alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl,aromatic, heteroaromatic,

4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, naphthyl, or

heterocyclyl, wherein R 2 is optionally substituted with one or more, the same or different,

R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R 5 is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 5 is optionally substituted with one or more, the same or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.



In certain embodiments, the disclosure relates to a compound of formula I having

formula ID,

Formula ID,

or salt thereof, wherein

W is CH2, H, S or O;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R is h drogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein R2

is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,



carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with one

or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6-Ci6 )alkyl, (C6-

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with one

or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl,aromatic, heteroaromatic,

4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, naphthyl, or



heterocyclyl, wherein R is optionally substituted with one or more, the same or different,

R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R 5 is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 5 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein each R7 is optionally substituted with one or more, the same or different, R20;

R 5 and R can form a ring that is optionally substituted with one or more, the same

or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,



N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

In certain embodiments, the disclosure relates to a compound of formula I having

formula IE,

Formula IE,

or salt thereof, wherein

Q is O, -0(C=0)-, -0(C=0)Lipid, -0(C=0)V-, H, or R7;

V is O, NH, NR7, S, CH2, or CHR7;

W is CH2, NH, S or O;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein R2

is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with one

or more, the same or different, R20;



R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

each R7 is independently selected from absent, hydrogen, -(C=0)Oalkyl, -

(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl,

higher alkyl, (C -Ci )alkyl, (C -C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl,

carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally

substituted with one or more, the same or different, R20;

R 5 is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 5 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein each R7 is optionally substituted with one or more, the same or different, R20;

R 5 and R can form a ring that is optionally substituted with one or more, the same

or different, R20;

If Q = -0(C=0)V- and V = R7 then the R s can together form a ring that is

optionally substituted with one or more, the same or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and



R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfmyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

In certain embodiments, the disclosure relates to a compound of Formula II,

Formula II,

or salt thereof, wherein

Q is O, -0(C=0)-, -0(C=0)Lipid, -0(C=0)V-, NH, or NR7;

V is O, NH, NR7, S, CH2, or CHR7;

W is CH2, NH, S or O;

X is CH2 or O;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R is monophosphate, diphosphate, triphosphate,





Y3 is OH or BH3 M+;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein R2

is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with one

or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

each R7 is independently selected from absent, hydrogen, -(C=0)Oalkyl, -

(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl,

higher alkyl, (C6-Ci6 )alkyl, (C6-C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl,

carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally

substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or



heterocyclyl, wherein R is optionally substituted with one or more, the same or different,

R20.

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6 -Ci6 )alkyl, (C6-

C2 2)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with one

or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R ;

R is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl,aromatic, heteroaromatic,

4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, naphthyl, or

heterocyclyl, wherein R 2 is optionally substituted with one or more, the same or different,

R :

R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20.

R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20.

If Q = -0(C=0)V- and V = R7 then the R s can together form a ring that is

optionally substituted with one or more, the same or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,



(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 ; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

In certain embodiments, any citation of higher alkyl, (C -Ci )alkyl may be substituted

with a (C6-C22)alkyl.

In certain embodiments, any citation of higher alkyl, (C6-Ci 6)alkyl or (C6-C22)alkyl

may be substituted with polyethylene glycol or -CH2(CH2OCH 2)nCH 3, wherein n is 2, 3, 4, 5,

6, 7, 8, 9, 10, 11-20, or 30-100.

Methods of Use

In certain embodiments, the disclosure relates to methods of treating or preventing a

viral infection comprising administering in effective amount of a compound disclosed herein

to a subject in need thereof.

In certain embodiments, the viral infection is, or is caused by, an alphavirus,

flavivirus or coronaviruses orthomyxoviridae or paramyxoviridae, or RSV, influenza,

Powassan virus or filoviridae or ebola.

In certain embodiments, the viral infection is, or is caused by, a virus selected from

MERS coronavirus, Eastern equine encephalitis virus, Western equine encephalitis virus,

Venezuelan equine encephalitis virus, Ross River virus, Barmah Forest virus, Powassan virus

and Chikungunya virus.

In certain embodiments, the compound is administered by inhalation through the

lungs.

In some embodiments, the subject is at risk of, exhibiting symptoms of, or diagnosed

with influenza A virus including subtype H1N1, H3N2, H7N9, or H5N1, influenza B virus,

influenza C virus, rotavirus A, rotavirus B, rotavirus C, rotavirus D, rotavirus E, human

coronavirus, SARS coronavirus, MERS coronavirus, human adenovirus types (HAdV-1 to



55), human papillomavirus (HPV) Types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59,

parvovirus B19, molluscum contagiosum virus, JC virus (JCV), BK virus, Merkel cell

polyomavirus, coxsackie A virus, norovirus, Rubella virus, lymphocytic choriomeningitis

virus (LCMV), Dengue virus, chikungunya, Eastern equine encephalitis virus (EEEV),

Western equine encephalitis virus (WEEV), Venezuelan equine encephalitis virus (VEEV),

Ross River virus, Barmah Forest virus, yellow fever virus, measles virus, mumps virus,

respiratory syncytial virus, rinderpest virus, California encephalitis virus, hantavirus, rabies

virus, ebola virus, marburg virus, herpes simplex virus- 1 (HSV-1), herpes simplex virus-2

(HSV-2), varicella zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovirus (CMV),

herpes lymphotropic virus, roseolovirus, or Kaposi's sarcoma-associated herpesvirus,

hepatitis A, hepatitis B, hepatitis C, hepatitis D, hepatitis E or human immunodeficiency

virus (HIV), The Human T-lymphotropic virus Type I (HTLV-1), Friend spleen focus-

forming virus (SFFV) or Xenotropic MuLV-Related Virus (XMRV).

In certain embodiments, the subject is diagnosed with influenza A virus including

subtypes H1N1, H3N2, H7N9, H5N1 (low path), and H5N1 (high path) influenza B virus,

influenza C virus, rotavirus A, rotavirus B, rotavirus C, rotavirus D, rotavirus E, SARS

coronavirus, MERS-CoV, human adenovirus types (HAdV-1 to 55), human papillomavirus

(HPV) Types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59, parvovirus B 19, molluscum

contagiosum virus, JC virus (JCV), BK virus, Merkel cell polyomavirus, coxsackie A virus,

norovirus, Rubella virus, lymphocytic choriomeningitis virus (LCMV), yellow fever virus,

measles virus, mumps virus, respiratory syncytial virus, parainfluenza viruses 1 and 3,

rinderpest virus, chikungunya, eastern equine encephalitis virus (EEEV), Venezuelan equine

encephalitis virus (VEEV), western equine encephalitis virus (WEEV), California

encephalitis virus, Japanese encephalitis virus, Rift Valley fever virus (RVFV), hantavirus,

Dengue virus serotypes 1, 2, 3 and 4, West Nile virus, Tacaribe virus, Junin, rabies virus,

ebola virus, marburg virus, adenovirus, herpes simplex virus- 1 (HSV-1), herpes simplex

virus-2 (HSV-2), varicella zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovirus

(CMV), herpes lymphotropic virus, roseolovirus, or Kaposi's sarcoma-associated herpesvirus,

hepatitis A, hepatitis B, hepatitis C, hepatitis D, hepatitis E or human immunodeficiency

virus (HIV).

In certain embodiments, the subject is diagnosed with gastroenteritis, acute respiratory

disease, severe acute respiratory syndrome, post-viral fatigue syndrome, viral hemorrhagic

fevers, acquired immunodeficiency syndrome or hepatitis.



In certain embodiments, compounds and pharmaceutical compositions disclosed

herein are contemplated to be administered in combination with other the antiviral agent(s)

such as abacavir, acyclovir, acyclovir, adefovir, amantadine, amprenavir, ampligen, arbidol,

atazanavir, atripla, boceprevir, cidofovir, combivir, daclatasvir, darunavir, dasabuvir,

delavirdine, didanosine, docosanol, edoxudine, efavirenz, emtricitabine, enfuvirtide,

entecavir, famciclovir, fomivirsen, fosamprenavir, foscarnet, fosfonet, ganciclovir,

ibacitabine, imunovir, idoxuridine, imiquimod, indinavir, inosine, interferon type III,

interferon type II, interferon type I, lamivudine, ledipasvir, lopinavir, loviride, maraviroc,

moroxydine, methisazone, nelfinavir, nevirapine, nexavir, ombitasvir, oseltamivir,

paritaprevir, peginterferon alfa-2a, penciclovir, peramivir, pleconaril, podophyllotoxin ,

raltegravir, ribavirin, rimantadine, ritonavir, pyramidine, saquinavir, simeprevir, sofosbuvir,

stavudine, telaprevir, telbivudine, tenofovir, tenofovir disoproxil, tipranavir, trifluridine,

trizivir, tromantadine, truvada, valaciclovir, valganciclovir, vicriviroc, vidarabine, viramidine

zalcitabine, zanamivir, or zidovudine and combinations thereof.

Formulations

Pharmaceutical compositions disclosed herein may be in the form of pharmaceutically

acceptable salts, as generally described below. Some preferred, but non-limiting examples of

suitable pharmaceutically acceptable organic and/or inorganic acids are hydrochloric acid,

hydrobromic acid, sulfuric acid, nitric acid, acetic acid and citric acid, as well as other

pharmaceutically acceptable acids known per se (for which reference is made to the

references referred to below).

When the compounds of the disclosure contain an acidic group as well as a basic

group, the compounds of the disclosure may also form internal salts, and such compounds are

within the scope of the disclosure. When a compound contains a hydrogen-donating

heteroatom (e.g. H), salts are contemplated to covers isomers formed by transfer of said

hydrogen atom to a basic group or atom within the molecule.

Pharmaceutically acceptable salts of the compounds include the acid addition and

base salts thereof. Suitable acid addition salts are formed from acids which form non-toxic

salts. Examples include the acetate, adipate, aspartate, benzoate, besylate,

bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, cyclamate, edisylate,

esylate, formate, fumarate, gluceptate, gluconate, glucuronate, hexafluorophosphate,

hibenzate, hydrochloride/chloride, hydrobromide/bromide, hydroiodide/iodide, isethionate,

lactate, malate, maleate, malonate, mesylate, methyl sulphate, naphthylate, 2-napsylate,



nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen

phosphate/dihydrogen phosphate, pyroglutamate, saccharate, stearate, succinate, tannate,

tartrate, tosylate, trifluoroacetate and xinofoate salts. Suitable base salts are formed from

bases which form non-toxic salts. Examples include the aluminium, arginine, benzathine,

calcium, choline, diethylamine, diolamine, glycine, lysine, magnesium, meglumine, olamine,

potassium, sodium, tromethamine and zinc salts. Hemisalts of acids and bases may also be

formed, for example, hemisulphate and hemicalcium salts. For a review on suitable salts, see

Handbook of Pharmaceutical Salts: Properties, Selection, and Use by Stahl and Wermuth

(Wiley-VCH, 2002), incorporated herein by reference.

The compounds described herein may be administered in the form of prodrugs. A

prodrug can include a covalently bonded carrier which releases the active parent drug when

administered to a mammalian subject. Prodrugs can be prepared by modifying functional

groups present in the compounds in such a way that the modifications are cleaved, either in

routine manipulation or in vivo, to the parent compounds. Prodrugs include, for example,

compounds wherein a hydroxyl group is bonded to any group that, when administered to a

mammalian subject, cleaves to form a free hydroxyl group. Examples of prodrugs include,

but are not limited to, acetate, formate and benzoate derivatives of alcohol functional groups

in the compounds. Methods of structuring a compound as prodrugs can be found in the book

of Testa and Mayer, Hydrolysis in Drug and Prodrug Metabolism, Wiley (2006). Typical

prodrugs form the active metabolite by transformation of the prodrug by hydrolytic enzymes,

the hydrolysis of amide, lactams, peptides, carboxylic acid esters, epoxides or the cleavage of

esters of inorganic acids.

Pharmaceutical compositions for use in the present disclosure typically comprise an

effective amount of a compound and a suitable pharmaceutical acceptable carrier. The

preparations may be prepared in a manner known per se, which usually involves mixing the

at least one compound according to the disclosure with the one or more pharmaceutically

acceptable carriers, and, if desired, in combination with other pharmaceutical active

compounds, when necessary under aseptic conditions. Reference is again made to U.S. Pat.

No. 6,372,778, U.S. Pat. No. 6,369,086, U.S. Pat. No. 6,369,087 and U.S. Pat. No. 6,372,733

and the further references mentioned above, as well as to the standard handbooks, such as the

latest edition of Remington's Pharmaceutical Sciences.

Generally, for pharmaceutical use, the compounds may be formulated as a

pharmaceutical preparation comprising at least one compound and at least one



pharmaceutically acceptable carrier, diluent or excipient and/or adjuvant, and optionally one

or more further pharmaceutically active compounds.

The pharmaceutical preparations of the disclosure are preferably in a unit dosage

form, and may be suitably packaged, for example in a box, blister, vial, bottle, sachet,

ampoule or in any other suitable single-dose or multi-dose holder or container (which may be

properly labeled); optionally with one or more leaflets containing product information and/or

instructions for use. Generally, such unit dosages will contain between 1 and 1000 mg, and

usually between 5 and 500 mg, of the at least one compound of the disclosure, e.g. about 10,

25, 50, 100, 200, 300 or 400 mg per unit dosage.

The compounds can be administered by a variety of routes including the oral, ocular,

rectal, transdermal, subcutaneous, intravenous, intramuscular or intranasal routes, depending

mainly on the specific preparation used. The compound will generally be administered in an

"effective amount", by which is meant any amount of a compound that, upon suitable

administration, is sufficient to achieve the desired therapeutic or prophylactic effect in the

subject to which it is administered. Usually, depending on the condition to be prevented or

treated and the route of administration, such an effective amount will usually be between 0.01

to 1000 mg per kilogram body weight of the patient per day, more often between 0.1 and 500

mg, such as between 1 and 250 mg, for example about 5, 10, 20, 50, 100, 150, 200 or 250

mg, per kilogram body weight of the patient per day, which may be administered as a single

daily dose, divided over one or more daily doses. The amount(s) to be administered, the route

of administration and the further treatment regimen may be determined by the treating

clinician, depending on factors such as the age, gender and general condition of the patient

and the nature and severity of the disease/symptoms to be treated. Reference is again made to

U.S. Pat. No. 6,372,778, U.S. Pat. No. 6,369,086, U.S. Pat. No. 6,369,087 and U.S. Pat. No.

6,372,733 and the further references mentioned above, as well as to the standard handbooks,

such as the latest edition of Remington's Pharmaceutical Sciences.

Depending upon the manner of introduction, the compounds described herein may be

formulated in a variety of ways. Formulations containing one or more compounds can be

prepared in various pharmaceutical forms, such as granules, tablets, capsules, suppositories,

powders, controlled release formulations, suspensions, emulsions, creams, gels, ointments,

salves, lotions, or aerosols and the like. Preferably, these formulations are employed in solid

dosage forms suitable for simple, and preferably oral, administration of precise dosages.

Solid dosage forms for oral administration include, but are not limited to, tablets, soft or hard

gelatin or non-gelatin capsules, and caplets. However, liquid dosage forms, such as solutions,



syrups, suspension, shakes, etc. can also be utilized. In another embodiment, the formulation

is administered topically. Suitable topical formulations include, but are not limited to,

lotions, ointments, creams, and gels. In a preferred embodiment, the topical formulation is a

gel. In another embodiment, the formulation is administered intranasally.

Formulations containing one or more of the compounds described herein may be

prepared using a pharmaceutically acceptable carrier composed of materials that are

considered safe and effective and may be administered to an individual without causing

undesirable biological side effects or unwanted interactions. The carrier is all components

present in the pharmaceutical formulation other than the active ingredient or ingredients. As

generally used herein "carrier" includes, but is not limited to, diluents, binders, lubricants,

disintegrators, fillers, pH modifying agents, preservatives, antioxidants, solubility enhancers,

and coating compositions.

Carrier also includes all components of the coating composition which may include

plasticizers, pigments, colorants, stabilizing agents, and glidants. Delayed release, extended

release, and/or pulsatile release dosage formulations may be prepared as described in

standard references such as "Pharmaceutical dosage form tablets", eds. Liberman et. al. (New

York, Marcel Dekker, Inc., 1989), "Remington - The science and practice of pharmacy",

20th ed., Lippincott Williams & Wilkins, Baltimore, MD, 2000, and "Pharmaceutical dosage

forms and drug delivery systems", 6th Edition, Ansel et al., (Media, PA: Williams and

Wilkins, 1995). These references provide information on carriers, materials, equipment and

process for preparing tablets and capsules and delayed release dosage forms of tablets,

capsules, and granules.

Examples of suitable coating materials include, but are not limited to, cellulose

polymers such as cellulose acetate phthalate, hydroxypropyl cellulose, hydroxypropyl

methylcellulose, hydroxypropyl methylcellulose phthalate and hydroxypropyl

methylcellulose acetate succinate; polyvinyl acetate phthalate, acrylic acid polymers and

copolymers, and methacrylic resins that are commercially available under the trade name

EUDRAGIT® (Roth Pharma, Westerstadt, Germany), zein, shellac, and polysaccharides.

Additionally, the coating material may contain conventional carriers such as

plasticizers, pigments, colorants, glidants, stabilization agents, pore formers and surfactants.

Optional pharmaceutically acceptable excipients present in the drug-containing

tablets, beads, granules or particles include, but are not limited to, diluents, binders,

lubricants, disintegrants, colorants, stabilizers, and surfactants. Diluents, also referred to

as "fillers," are typically necessary to increase the bulk of a solid dosage form so that a



practical size is provided for compression of tablets or formation of beads and granules.

Suitable diluents include, but are not limited to, dicalcium phosphate dihydrate, calcium

sulfate, lactose, sucrose, mannitol, sorbitol, cellulose, microcrystalline cellulose, kaolin,

sodium chloride, dry starch, hydrolyzed starches, pregelatinized starch, silicone dioxide,

titanium oxide, magnesium aluminum silicate and powdered sugar.

Binders are used to impart cohesive qualities to a solid dosage formulation, and thus

ensure that a tablet or bead or granule remains intact after the formation of the dosage forms.

Suitable binder materials include, but are not limited to, starch, pregelatinized starch, gelatin,

sugars (including sucrose, glucose, dextrose, lactose and sorbitol), polyethylene glycol,

waxes, natural and synthetic gums such as acacia, tragacanth, sodium alginate, cellulose,

including hydroxypropylmethylcellulose, hydroxypropylcellulose, ethylcellulose, and

veegum, and synthetic polymers such as acrylic acid and methacrylic acid copolymers,

methacrylic acid copolymers, methyl methacrylate copolymers, aminoalkyl methacrylate

copolymers, polyacrylic acid/polymethacrylic acid and polyvinylpyrrolidone.

Lubricants are used to facilitate tablet manufacture. Examples of suitable lubricants

include, but are not limited to, magnesium stearate, calcium stearate, stearic acid, glycerol

behenate, polyethylene glycol, talc, and mineral oil.

Disintegrants are used to facilitate dosage form disintegration or "breakup" after

administration, and generally include, but are not limited to, starch, sodium starch glycolate,

sodium carboxymethyl starch, sodium carboxymethylcellulose, hydroxypropyl cellulose,

pregelatinized starch, clays, cellulose, alginine, gums or cross linked polymers, such as cross-

linked PVP (Polyplasdone XL from GAF Chemical Corp).

Stabilizers are used to inhibit or retard drug decomposition reactions which include,

by way of example, oxidative reactions.

Surfactants may be anionic, cationic, amphoteric or nonionic surface active agents.

Suitable anionic surfactants include, but are not limited to, those containing carboxylate,

sulfonate and sulfate ions. Examples of anionic surfactants include sodium, potassium,

ammonium of long chain alkyl sulfonates and alkyl aryl sulfonates such as sodium

dodecylbenzene sulfonate; dialkyl sodium sulfosuccinates, such as sodium dodecylbenzene

sulfonate; dialkyl sodium sulfosuccinates, such as sodium bis-(2-ethylthioxyl)-sulfosuccinate;

and alkyl sulfates such as sodium lauryl sulfate. Cationic surfactants include, but are not

limited to, quaternary ammonium compounds such as benzalkonium chloride, benzethonium

chloride, cetrimonium bromide, stearyl dimethylbenzyl ammonium chloride, polyoxyethylene

and coconut amine. Examples of nonionic surfactants include ethylene glycol monostearate,



propylene glycol myristate, glyceryl monostearate, glyceryl stearate, polyglyceryl-4-oleate,

sorbitan acylate, sucrose acylate, PEG-150 laurate, PEG-400 monolaurate, polyoxyethylene

monolaurate, polysorbates, polyoxyethylene octylphenylether, PEG- 1000 cetyl ether,

polyoxyethylene tridecyl ether, polypropylene glycol butyl ether, Poloxamer® 401, stearoyl

monoisopropanolamide, and polyoxyethylene hydrogenated tallow amide. Examples of

amphoteric surfactants include sodium N-dodecyl-.beta.-alanine, sodium N-lauryl-.beta.-

iminodipropionate, myristoamphoacetate, lauryl betaine and lauryl sulfobetaine.

If desired, the tablets, beads, granules, or particles may also contain minor amount of

nontoxic auxiliary substances such as wetting or emulsifying agents, dyes, pH buffering

agents, or preservatives.

The concentration of the compound to carrier and/or other substances may vary from

about 0.5 to about 100 wt.% (weight percent). For oral use, the pharmaceutical formulation

will generally contain from about 5 to about 100% by weight of the active material. For other

uses, the pharmaceutical formulation will generally have from about 0.5 to about 50 wt. % of

the active material.

The compositions described herein can be formulation for modified or controlled

release. Examples of controlled release dosage forms include extended release dosage forms,

delayed release dosage forms, pulsatile release dosage forms, and combinations thereof.

The extended release formulations are generally prepared as diffusion or osmotic

systems, for example, as described in "Remington - The science and practice of pharmacy"

(20th ed., Lippincott Williams & Wilkins, Baltimore, MD, 2000). A diffusion system

typically consists of two types of devices, a reservoir and a matrix, and is well known and

described in the art. The matrix devices are generally prepared by compressing the drug with

a slowly dissolving polymer carrier into a tablet form. The three major types of materials

used in the preparation of matrix devices are insoluble plastics, hydrophilic polymers, and

fatty compounds. Plastic matrices include, but are not limited to, methyl acrylate-methyl

methacrylate, polyvinyl chloride, and polyethylene. Hydrophilic polymers include, but are

not limited to, cellulosic polymers such as methyl and ethyl cellulose, hydroxyalkylcelluloses

such as hydroxypropyl-cellulose, hydroxypropylmethylcellulose, sodium

carboxymethylcellulose, and Carbopol® 934, polyethylene oxides and mixtures thereof.

Fatty compounds include, but are not limited to, various waxes such as carnauba wax and

glyceryl tristearate and wax-type substances including hydrogenated castor oil or

hydrogenated vegetable oil, or mixtures thereof.

In certain preferred embodiments, the plastic material is a pharmaceutically



acceptable acrylic polymer, including but not limited to, acrylic acid and methacrylic acid

copolymers, methyl methacrylate, methyl methacrylate copolymers, ethoxyethyl

methacrylates, cyanoethyl methacrylate, aminoalkyl methacrylate copolymer, poly(acrylic

acid), poly(methacrylic acid), methacrylic acid alkylamine copolymer poly(methyl

methacrylate), poly(methacrylic acid)(anhydride), polymethacrylate, polyacrylamide,

poly(methacrylic acid anhydride), and glycidyl methacrylate copolymers.

In certain preferred embodiments, the acrylic polymer is comprised of one or more

ammonio methacrylate copolymers. Ammonio methacrylate copolymers are well known in

the art, and are described in XVII as fully polymerized copolymers of acrylic and

methacrylic acid esters with a low content of quaternary ammonium groups.

In one preferred embodiment, the acrylic polymer is an acrylic resin lacquer such as

that which is commercially available from Rohm Pharma under the tradename Eudragit®. In

further preferred embodiments, the acrylic polymer comprises a mixture of two acrylic resin

lacquers commercially available from Rohm Pharma under the tradenames Eudragit®

RL30D and Eudragit ® RS30D, respectively. Eudragit® RL30D and Eudragit® RS30D are

copolymers of acrylic and methacrylic esters with a low content of quaternary ammonium

groups, the molar ratio of ammonium groups to the remaining neutral (meth)acrylic esters

being 1:20 in Eudragit® RL30D and 1:40 in Eudragit® RS30D. The mean molecular weight

is about 150,000. Edragit® S-100 and Eudragit® L-100 are also preferred. The code

designations RL (high permeability) and RS (low permeability) refer to the permeability

properties of these agents. Eudragit® RL/RS mixtures are insoluble in water and in digestive

fluids. However, multiparticulate systems formed to include the same are swellable and

permeable in aqueous solutions and digestive fluids.

The polymers described above such as Eudragit® RL/RS may be mixed together in

any desired ratio in order to ultimately obtain a sustained-release formulation having a

desirable dissolution profile. Desirable sustained-release multiparticulate systems may be

obtained, for instance, from 100% Eudragit® RL, 50% Eudragit® RL and 50% Eudragit®

RS, and 10% Eudragit® RL and 90% Eudragit® RS. One skilled in the art will recognize that

other acrylic polymers may also be used, such as, for example, Eudragit® L .

Alternatively, extended release formulations can be prepared using osmotic systems

or by applying a semi-permeable coating to the dosage form. In the latter case, the desired

drug release profile can be achieved by combining low permeable and high permeable

coating materials in suitable proportion.



The devices with different drug release mechanisms described above can be combined

in a final dosage form comprising single or multiple units. Examples of multiple units

include, but are not limited to, multilayer tablets and capsules containing tablets, beads, or

granules. An immediate release portion can be added to the extended release system by

means of either applying an immediate release layer on top of the extended release core using

a coating or compression process or in a multiple unit system such as a capsule containing

extended and immediate release beads.

Extended release tablets containing hydrophilic polymers are prepared by techniques

commonly known in the art such as direct compression, wet granulation, or dry granulation.

Their formulations usually incorporate polymers, diluents, binders, and lubricants as well as

the active pharmaceutical ingredient. The usual diluents include inert powdered substances

such as starches, powdered cellulose, especially crystalline and microcrystalline cellulose,

sugars such as fructose, mannitol and sucrose, grain flours and similar edible powders.

Typical diluents include, for example, various types of starch, lactose, mannitol, kaolin,

calcium phosphate or sulfate, inorganic salts such as sodium chloride and powdered sugar.

Powdered cellulose derivatives are also useful. Typical tablet binders include substances

such as starch, gelatin and sugars such as lactose, fructose, and glucose. Natural and

synthetic gums, including acacia, alginates, methylcellulose, and polyvinylpyrrolidone can

also be used. Polyethylene glycol, hydrophilic polymers, ethylcellulose and waxes can also

serve as binders. A lubricant is necessary in a tablet formulation to prevent the tablet and

punches from sticking in the die. The lubricant is chosen from such slippery solids as talc,

magnesium and calcium stearate, stearic acid and hydrogenated vegetable oils.

Extended release tablets containing wax materials are generally prepared using

methods known in the art such as a direct blend method, a congealing method, and an

aqueous dispersion method. In the congealing method, the drug is mixed with a wax material

and either spray- congealed or congealed and screened and processed.

Delayed release formulations are created by coating a solid dosage form with a

polymer film, which is insoluble in the acidic environment of the stomach, and soluble in the

neutral environment of the small intestine.

The delayed release dosage units can be prepared, for example, by coating a drug or a

drug-containing composition with a selected coating material. The drug-containing

composition may be, e.g., a tablet for incorporation into a capsule, a tablet for use as an inner

core in a "coated core" dosage form, or a plurality of drug-containing beads, particles or

granules, for incorporation into either a tablet or capsule. Preferred coating materials include



bioerodible, gradually hydrolyzable, gradually water-soluble, and/or enzymatically

degradable polymers, and may be conventional "enteric" polymers. Enteric polymers, as will

be appreciated by those skilled in the art, become soluble in the higher pH environment of the

lower gastrointestinal tract or slowly erode as the dosage form passes through the

gastrointestinal tract, while enzymatically degradable polymers are degraded by bacterial

enzymes present in the lower gastrointestinal tract, particularly in the colon. Suitable coating

materials for effecting delayed release include, but are not limited to, cellulosic polymers

such as hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxymethyl cellulose,

hydroxypropyl methyl cellulose, hydroxypropyl methyl cellulose acetate succinate,

hydroxypropylmethyl cellulose phthalate, methylcellulose, ethyl cellulose, cellulose acetate,

cellulose acetate phthalate, cellulose acetate trimellitate and carboxymethylcellulose sodium;

acrylic acid polymers and copolymers, preferably formed from acrylic acid, methacrylic acid,

methyl acrylate, ethyl acrylate, methyl methacrylate and/or ethyl methacrylate, and other

methacrylic resins that are commercially available under the tradename Eudragit® (Rohm

Pharma; Westerstadt, Germany), including Eudragit® L30D-55 and L I00-5 5 (soluble at pH

5.5 and above), Eudragit® L-100 (soluble at pH 6.0 and above), Eudragit® S (soluble at pH

7.0 and above, as a result of a higher degree of esterification), and Eudragits® E, RL and

RS (water-insoluble polymers having different degrees of permeability and expandability);

vinyl polymers and copolymers such as polyvinyl pyrrolidone, vinyl acetate, vinylacetate

phthalate, vinylacetate crotonic acid copolymer, and ethylene-vinyl acetate copolymer;

enzymatically degradable polymers such as azo polymers, pectin, chitosan, amylose and guar

gum; zein and shellac. Combinations of different coating materials may also be used. Multi

layer coatings using different polymers may also be applied.

The preferred coating weights for particular coating materials may be readily

determined by those skilled in the art by evaluating individual release profiles for tablets,

beads and granules prepared with different quantities of various coating materials. It is the

combination of materials, method and form of application that produce the desired release

characteristics, which one can determine only from the clinical studies.

The coating composition may include conventional additives, such as plasticizers,

pigments, colorants, stabilizing agents, glidants, etc. A plasticizer is normally present to

reduce the fragility of the coating, and will generally represent about 10 wt. % to 50 wt. %

relative to the dry weight of the polymer. Examples of typical plasticizers include

polyethylene glycol, propylene glycol, triacetin, dimethyl phthalate, diethyl phthalate, dibutyl

phthalate, dibutyl sebacate, triethyl citrate, tributyl citrate, triethyl acetyl citrate, castor oil



and acetylated monoglycerides. A stabilizing agent is preferably used to stabilize particles in

the dispersion. Typical stabilizing agents are nonionic emulsifiers such as sorbitan esters,

polysorbates and polyvinylpyrrolidone. Glidants are recommended to reduce sticking effects

during film formation and drying, and will generally represent approximately 25 wt. % to 100

wt. % of the polymer weight in the coating solution. One effective glidant is talc. Other

glidants such as magnesium stearate and glycerol monostearates may also be used. Pigments

such as titanium dioxide may also be used. Small quantities of an anti-foaming agent, such as

a silicone (e.g., simethicone), may also be added to the coating composition.

The formulation can provide pulsatile delivery of the one or more compounds. By

"pulsatile" is meant that a plurality of drug doses are released at spaced apart intervals of

time. Generally, upon ingestion of the dosage form, release of the initial dose is substantially

immediate, i.e., the first drug release "pulse" occurs within about one hour of ingestion. This

initial pulse is followed by a first time interval (lag time) during which very little or no drug

is released from the dosage form, after which a second dose is then released. Similarly, a

second nearly drug release-free interval between the second and third drug release pulses may

be designed. The duration of the nearly drug release-free time interval will vary depending

upon the dosage form design e.g., a twice daily dosing profile, a three times daily dosing

profile, etc. For dosage forms providing a twice daily dosage profile, the nearly drug release-

free interval has a duration of approximately 3 hours to 14 hours between the first and second

dose. For dosage forms providing a three times daily profile, the nearly drug release-free

interval has a duration of approximately 2 hours to 8 hours between each of the three doses.

In one embodiment, the pulsatile release profile is achieved with dosage forms that

are closed and preferably sealed capsules housing at least two drug-containing "dosage units"

wherein each dosage unit within the capsule provides a different drug release profile. Control

of the delayed release dosage unit(s) is accomplished by a controlled release polymer coating

on the dosage unit, or by incorporation of the active agent in a controlled release polymer

matrix. Each dosage unit may comprise a compressed or molded tablet, wherein each tablet

within the capsule provides a different drug release profile. For dosage forms mimicking a

twice a day dosing profile, a first tablet releases drug substantially immediately following

ingestion of the dosage form, while a second tablet releases drug approximately 3 hours to

less than 14 hours following ingestion of the dosage form. For dosage forms mimicking a

three times daily dosing profile, a first tablet releases drug substantially immediately

following ingestion of the dosage form, a second tablet releases drug approximately 3 hours

to less than 10 hours following ingestion of the dosage form, and the third tablet releases drug



at least 5 hours to approximately 18 hours following ingestion of the dosage form. It is

possible that the dosage form includes more than three tablets. While the dosage form will

not generally include more than a third tablet, dosage forms housing more than three tablets

can be utilized.

Alternatively, each dosage unit in the capsule may comprise a plurality of drug-

containing beads, granules or particles. As is known in the art, drug-containing "beads" refer

to beads made with drug and one or more excipients or polymers. Drug-containing beads can

be produced by applying drug to an inert support, e.g., inert sugar beads coated with drug or

by creating a "core" comprising both drug and one or more excipients. As is also known,

drug-containing "granules" and "particles" comprise drug particles that may or may not

include one or more additional excipients or polymers. In contrast to drug-containing beads,

granules and particles do not contain an inert support. Granules generally comprise drug

particles and require further processing. Generally, particles are smaller than granules, and

are not further processed. Although beads, granules and particles may be formulated to

provide immediate release, beads and granules are generally employed to provide delayed

release.

In one embodiment, the compound is formulated for topical administration. Suitable

topical dosage forms include lotions, creams, ointments, and gels. A "gel" is a semisolid

system containing a dispersion of the active agent, i.e., compound, in a liquid vehicle that is

rendered semisolid by the action of a thickening agent or polymeric material dissolved or

suspended in the liquid vehicle. The liquid may include a lipophilic component, an aqueous

component or both. Some emulsions may be gels or otherwise include a gel component.

Some gels, however, are not emulsions because they do not contain a homogenized blend of

immiscible components. Methods for preparing lotions, creams, ointments, and gels are well

known in the art.

The compound described herein can be administered adjunctively with other active

compounds. These compounds include but are not limited to analgesics, anti-inflammatory

drugs, antipyretics, antidepressants, antiepileptics, antihistamines, antimigraine drugs,

antimuscarinics, anxioltyics, sedatives, hypnotics, antipsychotics, bronchodilators, anti-

asthma drugs, cardiovascular drugs, corticosteroids, dopaminergics, electrolytes, gastro

intestinal drugs, muscle relaxants, nutritional agents, vitamins, parasympathomimetics,

stimulants, anorectics and anti-narcoleptics. "Adjunctive administration", as used herein,

means the compound can be administered in the same dosage form or in separate dosage

forms with one or more other active agents.



Specific examples of compounds that can be adjunctively administered with the

compounds include, but are not limited to, aceclofenac, acetaminophen, adomexetine,

almotriptan, alprazolam, amantadine, amcinonide, aminocyclopropane, amitriptyline,

amolodipine, amoxapine, amphetamine, aripiprazole, aspirin, atomoxetine, azasetron,

azatadine, beclomethasone, benactyzine, benoxaprofen, bermoprofen, betamethasone,

bicifadine, bromocriptine, budesonide, buprenorphine, bupropion, buspirone, butorphanol,

butriptyline, caffeine, carbamazepine, carbidopa, carisoprodol, celecoxib, chlordiazepoxide,

chlorpromazine, choline salicylate, citalopram, clomipramine, clonazepam, clonidine,

clonitazene, clorazepate, clotiazepam, cloxazolam, clozapine, codeine, corticosterone,

cortisone, cyclobenzaprine, cyproheptadine, demexiptiline, desipramine, desomorphine,

dexamethasone, dexanabinol, dextroamphetamine sulfate, dextromoramide,

dextropropoxyphene, dezocine, diazepam, dibenzepin, diclofenac sodium, diflunisal,

dihydrocodeine, dihydroergotamine, dihydromorphine, dimetacrine, divalproxex, dizatriptan,

dolasetron, donepezil, dothiepin, doxepin, duloxetine, ergotamine, escitalopram, estazolam,

ethosuximide, etodolac, femoxetine, fenamates, fenoprofen, fentanyl, fludiazepam,

fluoxetine, fluphenazine, flurazepam, flurbiprofen, flutazolam, fluvoxamine, frovatriptan,

gabapentin, galantamine, gepirone, ginko bilboa, granisetron, haloperidol, huperzine A,

hydrocodone, hydrocortisone, hydromorphone, hydroxyzine, ibuprofen, imipramine,

indiplon, indomethacin, indoprofen, iprindole, ipsapirone, ketaserin, ketoprofen, ketorolac,

lesopitron, levodopa, lipase, lofepramine, lorazepam, loxapine, maprotiline, mazindol,

mefenamic acid, melatonin, melitracen, memantine, meperidine, meprobamate, mesalamine,

metapramine, metaxalone, methadone, methadone, methamphetamine, methocarbamol,

methyldopa, methylphenidate, methylsalicylate, methysergid(e), metoclopramide, mianserin,

mifepristone, milnacipran, minaprine, mirtazapine, moclobemide, modafinil (an anti-

narcoleptic), molindone, morphine, morphine hydrochloride, nabumetone, nadolol, naproxen,

naratriptan, nefazodone, neurontin, nomifensine, nortriptyline, olanzapine, olsalazine,

ondansetron, opipramol, orphenadrine, oxaflozane, oxaprazin, oxazepam, oxitriptan,

oxycodone, oxymorphone, pancrelipase, parecoxib, paroxetine, pemoline, pentazocine,

pepsin, perphenazine, phenacetin, phendimetrazine, phenmetrazine, phenylbutazone,

phenytoin, phosphatidylserine, pimozide, pirlindole, piroxicam, pizotifen, pizotyline,

pramipexole, prednisolone, prednisone, pregabalin, propanolol, propizepine, propoxyphene,

protriptyline, quazepam, quinupramine, reboxitine, reserpine, risperidone, ritanserin,

rivastigmine, rizatriptan, rofecoxib, ropinirole, rotigotine, salsalate, sertraline, sibutramine,

sildenafil, sulfasalazine, sulindac, sumatriptan, tacrine, temazepam, tetrabenozine, thiazides,



thioridazine, thiothixene, tiapride, tiasipirone, tizanidine, tofenacin, tolmetin, toloxatone,

topiramate, tramadol, trazodone, triazolam, trifluoperazine, trimethobenzamide,

trimipramine, tropisetron, valdecoxib, valproic acid, venlafaxine, viloxazine, vitamin E,

zimeldine, ziprasidone, zolmitriptan, Zolpidem, zopiclone and isomers, salts, and

combinations thereof.

The additional active agent(s) can be formulated for immediate release, controlled

release, or combinations thereof.



EXAMPLES

Example 1. The synthesis of N4-hydroxycytidine or l-(3,4-dihydroxy-5-(hydroxymethyl)

tetrahydrofuran-2-yl)-4-(hydroxyamino)pyrimidin-2-one (EIDD-01931)

Protection of uridine by persilylation is followed by activation of the 4-position of the

nucleobase by a hindered arylsulfonyl group (See Figure 1). Displacement of this group with

hydroxylamine installs the N-4-hydroxy moiety. Global deprotection using one of any

number of fluoride sources available gives the desired product.

The compound can be made in one step from cytidine by heating in a pH-adjusted

solution of hydroxylamine. Despite being shorter, this route tends to give lower yields and

requires purification by reverse phase flash column chromatography, limiting its use to

producing smaller quantities.

Example 2. General Methods: All chemical reactions were performed in oven-dried

glassware under a nitrogen atmosphere, except where noted. Chemicals and solvents were

reagent-grade and purchased from commercial suppliers (typically Aldrich, Fisher, Acros,

Carbosynth Limited, and Oakwood Chemical) and used as received, excepting where noted.

In particular, EIDD-1910, EIDD-1993, and EIDD-2003 were purchased from Carbosynth

Limited. Solvents used for reactions (tetrahydrofuran, methanol, acetonitrile,

dichloromethane, toluene, pyridine, dimethylformamide) were >99.9% anhydrous in all

cases. All reactions were followed by thin layer chromatography (TLC) to completion,

unless stated otherwise. TLC analysis was performed on silica gel, using illumination with a

UV lamp (254 nm) or staining with KMn0 4 and heating. Manual flash column

chromatography was performed with 40-60 micron (60 A particle size) RediSep Rf silica gel,

purchased from Teledyne Isco, as the stationary phase. Automated gradient flash column

chromatography was performed on a Teledyne Isco CombiFlash Companion; normal phase

separations were performed with pre-packed RediSep Rf silica gel as the stationary phase,

and reverse phase separations were performed with pre-packed RediSep Rf C
1

High

Performance Gold stationary phase. Triphosphate purifications were performed using ion-

exchange chromatography, with DEAE (diethylaminoethyl) Sephadex A-25 as the stationary

phase, and aqueous TEAB (triethylammonium bicarbonate) as the mobile phase.

1H MR spectra were measured on a Varian 400 MHz instrument, and processed using

MestReNova software, version 9.0.1. Chemical shifts were measured relative to the

appropriate solvent peak: CDC13 (δ 7.27), DMSO-i¾ (δ 2.50), CD3OD (δ 3.31), D20 (δ 4.79).



The following abbreviations were used to describe coupling: s = singlet, d = doublet, t =

triplet, q = quartet, p = pentet, m = multiplet, br = broad. C NMR spectra were measured on

a Varian instrument at 100 MHz with chemical shifts relative to the appropriate solvent peak:

CDCI 3 (δ 77.0), DMSO-i¾ (δ 39.5), CD3OD (δ 49.0). F spectra were measured on a Varian

instrument at 376 MHz, and P spectra were measured on a Varian instrument at 162 MHz.

Chemical shifts for F spectra, P spectra, and C spectra (in D20 only) were calibrated by

MestReNova software using an absolute reference function to the corresponding 1H NMR

spectrum in the same solvent.

Nominal (low resolution) liquid chromatography / mass spectrometry was performed using

an Agilent 1200 series LC (UV absorption detector at 254 nm), using a Zorbax Eclipse XDB

Ci8 4.6x50 mm, 3.5 micron column, eluting with a MeOH/water mixture (typically 95/5

isocratic) and an Agilent 6120 LCMS quadrupole instrument. High resolution mass

spectrometry was performed by the Emory University Mass Spectrometry Center with a

Thermo LTQ-FTMS using either APCI or ESI.

Example 3.

1. DIPEA, 4-D AP

S2 E DD- 31

SI: A 2 L 3-neck flask equipped with an overhead stirrer and nitrogen inlet was charged

with uridine (25 g, 102 mmol) and 1 L of dichlorom ethane. The resulting solution was

cooled to 0°C and 4-DMAP (1.251 g, 10.24 mmol) and imidazole (27.9 g, 409 mmol) were

added sequentially. TBSC1 (61.7 g, 409 mmol) was added over 10 minutes and the resulting

mixture was warmed to ambient temperature and stirred for 18 hrs. Water (300 mL) was

added to the reaction mixture and stirred at rt for 2 h, the layers were separated, and the

aqueous layer was extracted with additional dichloromethane. The combined organic layers

were washed with brine ( 1 x 300 mL), dried over sodium sulfate, filtered and concentrated

under reduced pressure to yield 75 g of a clear colorless oil. Purification by flash

chromatography (5 to 20% gradient of EtOAc in hexanes) to yield SI (45 g, 75%) as a clear,

colorless oil, which solidified when dried in vacuo: 1H NMR (400 MHz, CDC13) δ 8.09 (s,



1H), 8.02 (d, J = 8.2 Hz, 1H), 5.87 (d, J = 3.6 Hz, 1H), 5.67 (dd, J = 8.1, 2.2 Hz, 1H), 4.07 (q,

J = 3.8, 3.3 Hz, 1H), 3.98 (dd , J = 11.7, 1.7 Hz, 1H), 3.75 (dd , J = 11.7, 1.1 Hz, 1H), 0.94 (s,

9H), 0.90 (s, 9H), 0.88 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H), 0.08 (s, 3H), 0.07 (s, 3H), 0.07 (s,

3H), 0.06 (s, 3H).

S2: A I L round bottom flask was charged with SI (28 g, 47.7 mmol) and dichloromethane

(700 mL). The solution was cooled to 0°C using an ice bath; 4-DMAP (0.583 g, 4.77 mmol)

and N,N -diisopropylethylamine (41.7 ml, 239 mmol) were added sequentially. 2,4,6-

Triisopropylbenzene-l-sulfonyl chloride (28.9 g, 95 mmol) was slowly added to the flask,

and after addition was complete, the flask was warmed to ambient temperature and stirred for

18 hrs. The dark orange solution was cooled to 0°C with an ice bath and N,N-

diisopropylethylamine (24.66 g, 191 mmol) was added via syringe, followed by solid

hydroxylamine hydrochloride (13.26 g, 191 mmol) all at once. The mixture was warmed to

room temperature and stirred for 3 hrs. The reaction was quenched with water (200 mL) and

the resulting layers were separated. The aqueous layer was extracted with dichloromethane

(200 mL), and the combined organics were washed with brine, dried over sodium sulfate, and

concentrated under reduced pressure to yield a dark orange oil. Purification by flash

chromatography (15 to 50% gradient of EtOAc in hexanes) to yield S2 (19.8 g, 69% over 2

steps) as an oil which solidified to a semi solid upon drying in vacuo: 1H NMR (400 MHz,

CDC1 3) δ 8.15 (s, 1H), 6.31 (s, 1H), 5.91 (d, J = 4.6 Hz, 1H), 5.56 (dd, J = 8.2, 2.0 Hz, 1H),

4.07 (m, 2H), 4.02 (m, 1H), 3.91 (dd, J= 11.6, 2.4 Hz, 1H), 3.73 (dd, J= 11.6, 2.4 Hz, 1H),

0.95 (s, 9H), 0.92 (s, 9H), 0.89 (s, 9H), 0.12 (s, 6H), 0.098 (s, 3H), 0.083 (s, 3H), 0.063 (s,

3H), 0.057 (s, 3H); LRMS mlz 602.3 [M+H]+.

EIDD-1931: A 50 mL round bottom flask was charged with S2 (23.3 g, 38.7 mmol) and

THF (50 mL). Triethylamine trihydrofluoride (6.30 mL, 38.7 mmol) was added all at once,

and the mixture was stirred at ambient temperature for 18 hours. The mixture was

concentrated under reduced pressure, and the residue was dissolved in a minimal amount of

MeOH, and this solution was slowly added to a Erlenmeyer flask containing rapidly stirred

dichloromethane (500 mL) to precipitate the product; the mixture was stirred at rt for 15

minutes. The triturated solid was collected by vacuum filtration and washed with

dichloromethane, then ether. The solid was dried in vacuo to yield the title compound (7.10

g, 71%) as a white solid: 1H NMR (400 MHz, CD3OD) δ 7.16 (d, J = 8.2 Hz, 1H), 5.86 (d, J



= 5.6 Hz, 1H), 5.59 (d, J = 8.2 Hz, 1H), 4.19 - 4.04 (m, 2H), 3.93 (q, J = 3.3 Hz, 1H), 3.77

(dd, J = 12.2, 2.9 Hz, 1H), 3.68 (dd, J = 12.1, 2.9 Hz, 1H); 1H MR (400 MHz, DM SO- ) δ

9.95 (s, 1H), 9.46 (s, 1H), 7.02 (d, J = 8.2 Hz, 1H), 5.71 (d, J = 6.3 Hz, 1H), 5.54 (d, J = 7.7

Hz, 1H), 5.23 (d, J = 6.0 Hz, 1H), 5.02 (d, J = 4.6 Hz, 1H), 4.98 (t, J = 5.1 Hz, 1H), 3.95 (q, J

= 5.9 Hz, 1H), 3.89 (td, J = 4.9 Hz, 3.0 Hz, 1H), 3.75 (q, J = 3.4 Hz, 1H), 3.50 (qdd , J = 11.9

Hz, 5.2 Hz, 3.5 Hz, 2H); C NMR (101 MHz, DMSO- ) δ 150.0, 143.9, 130.5, 98.89, 87.1,

85.0, 72.8, 70.8, 61.8. LRMS mlz 260.1 [M+H]+.

Example 4.

EiDD- 93 E!DD-2050

EIDD-2050: A solution of EIDD-1931 (124 mg, 0.478 mmol) in anhydrous pyridine (5 mL)

was cooled to -20°C and treated dropwise with nonanoyl chloride (95 , 0.528 mmol) over

a 5 min period. The mixture was stirred at 0°C for 15 h and then quenched with methanol (2

mL). After 20 min at rt the mixture was concentrated to dryness, and then purified by flash

chromatography ( 1 to 5% gradient of MeOH in DCM). The resulting purified solid was co-

evaporated with methylene chloride (3 x 10 mL) and then dried under high vacuum for 40 h

to give the title compound (82 mg, 43%) as a white solid: 1H NMR (400 MHz, CD3OD) δ

7.50 (d, J = 8.3 Hz, 1H), 5.88 (d, J = 5.1 Hz, 1H), 5.70 (d, J = 8.2 Hz, 1H), 4.19 - 4.08 (m,

1H), 3.97 (q, J = 3.1 Hz, 1H), 3.80 (dd, J = 12.2, 2.9 Hz, 1H), 3.70 (dd, J = 12.2, 3.3 Hz, 1H),

2.49 (t, J = 7.4 Hz, 2H), 1.67 (p, J = 7.4 Hz, 2H), 1.37 - 1.24 (m, 9H), 0.93 - 0.84 (m, 3H);

C NMR (101 MHz, CD3OD) δ 171.4, 149.7, 149.4, 134.6, 9597, 88.5, 84.9, 73.7, 70.2,

61.1, 31.8, 31.6, 28.9, 28.9, 28.8, 24.6, 22.3, 13.0; LRMS mlz 400.2 [M+H]+.

Example 5.



EIDD-2051: To a stirred solution of EIDD-1931 (0.194 g, 0.75 mmol) in pyridine (4.8 mL)

at 0°C under nitrogen, was added heptyl chloroformate (0.15 mL, 0.825 mmol) dropwise via

syringe. The mixture was stirred at 0°C for 4 h and then concentrated by rotary evaporation.

The mixture was taken up in DCM with a drop of MeOH, and automated flash

chromatography (40 g column, 0 to 15% gradient of MeOH in DCM) gave the title

compound (0.126 g, 42%) as a powdery white solid. MR analysis shows a 9:1 mixture of

rotamers (most signals near the nucleobase are doubled, or are single but broadened): 1H

NMR (400 MHz, CD3OD, major rotamer only) δ 7.50 (d, J = 8.3 Hz, 1H), 5.86 (d, J = 5.0

Hz, 1H), 5.69 (d, J = 8.2 Hz, 1H), 4.23 (t, J = 6.6 Hz, 2H), 4.13 (q, J = 5.1 Hz, 1H), 4.10 (q, J

= 4.0 Hz, 1H), 3.96 (q, J = 3.4 Hz, 1H), 3.79 (dd, J = 12.2, 2.8 Hz, 1H), 3.69 (dd, J = 12.2

Hz, 3.2 Hz, 1H), 1.77-1.65 (m, 2H), 1.45-1.25 (m, 8H), 0.90 (t, J = 6.9 Hz, 3H); C NMR

(100 MHz, CD3OD, major rotamer only) δ 153.3, 149.0, 148.7, 133.9, 94.9, 88.0, 84.2, 73.1,

69.5, 68.0, 60.5, 30.9, 28.0, 27.7, 24.7, 21.6, 12.4; HRMS calcd for Ci7H2 N30 [M+H]+:

402. 18709, found: 402. 18774.

Example 6.

1. D!PEA, 4-DIV1AP

S 1 S 3 E3D-2 S2

S3: To a stirred solution of SI (2.20 g, 3.75 mmol) in DCM (37 mL) at 0°C under nitrogen,

was added sequentially 4-DMAP (0.460 g, 3.75 mmol), triethylamine (0.78 mL, 5.62 mmol),

and 2,4,6-triisopropylbenzene-l-sulfonyl chloride (1.70 g, 5.62 mmol). The mixture was

warmed to room temperature and stirred 16 h . The mixture was recooled to 0°C, and

triethylamine (2.60 mL, 18.75 mmol) was added via syringe, followed by O-

methylhydroxyamine hydrochloride (1.56 g, 18.75 mmol) all at once. The mixture was

warmed to rt and stirred 3 h, then quenched by addition of water. The organic layer was

removed, and the organic layer was washed with brine. The combined aqueous layers were



extracted with DCM (2 x 25 mL), and the combined organic layers were dried over Na2S0 4,

filtered, and concentrated by rotary evaporation. The crude was purified by flash

chromatography (10 to 20% gradient of EtOAc in hexanes) to give S3 (1.72 g, 74%) as a

white foam. All NMR peaks were broad, likely due to N-OMe rotamers. The spectrum was

not deconvoluted. LRMS mlz 617.3 [M+H]+.

EIDD-2052: To a stirred solution of S3 (0.300 g, 0.487 mmol) in MeOH (5 mL) at 0°C under

nitrogen, was added a 1.25 M HC1 solution in MeOH (2.3 mL, 2.92 mmol) dropwise via

syringe. The mixture was stirred at rt for 24 h . Triethylamine (0.70 mL, 5.05 mmol) was

added, and the mixture was stirred for 2 h . The mixture was concentrated by rotary

evaporation, and flash chromatography (5 to 20% gradient of iPrOH in EtOAc) gave the title

compound (85 mg, 64%) as an off-white solid: 1H NMR (400 MHz, D20 ) δ 7.19 (d, J = 8.2

Hz, 1H), 5.82 (d, J = 5.4 Hz, 1H), 5.55 (d, J = 8.2 Hz, 1H), 4.15-4.07 (m, 2H), 3.92 (q, J =

3.5 Hz, 1H), 3.76 (dd, J = 12.2 Hz, 2.9 Hz, 1H), 3.76 (s, 3H), 3.67 (dd, J = 12.1 Hz, 3.4 Hz,

1H); C NMR (100 MHz, CD3OD) δ 151.4, 146.2, 133.0, 98.6, 89.8, 86.1, 74.7, 71.7, 62.7,

61.9, 25.2; LRMS mlz 274 [M+H]+.

Example 7.

EA, 4-DMAP

S4 SS E DD-2 54

S4: A round bottom flask was charged with 2'-methyluridine (0.850 g, 3.29 mmol),

imidazole (0.896 g, 13.17 mmol), and DCM (6.5 mL), and the mixture was cooled to 0°C

under nitrogen with stirring. Trimethylsilyl triflate (2.24 mL, 12.34 mmol) was added

dropwise via syringe over 15 min. The mixture was warmed to rt and stirred overnight.

After 16 h stirring, the mixture was diluted with DCM (200 mL) and poured into ice-cold

water (100 mL). The organic layer was removed, and the aqueous layer was extracted with

DCM ( 1 x 100 mL). The combined organic layers were washed with ice-cold brine ( 1 x 100

mL), dried over Na2S0 4, filtered, and concentrated by rotary evaporation to give 1.8 g crude.

The material was taken up in hexanes, and automated flash chromatography (40 g column,

gradient of 5 to 20% EtOAc in hexanes) gave S4 (1.50 g, 96%) as a white flaky solid: 1H



NMR (400 MHz, CDC13) δ 8.27 (d, J = 8.2 Hz, 1H), 7.92 (s, 1H), 5.92 (s, 1H), 5.64 (dd, J =

8.2 Hz, 2.3 Hz, 1H), 4.05-3.95 (m, 2H), 3.83 (d, J = 9.1 Hz, 1H), 3.73 (d, J = 11.2 Hz, 1H),

1.21 (s, 3H), 0.20 (s, 9H), 0.18 (s, 9H), 0.17 (s, 9H); LRMS mlz 475.2 [M+H]+.

S5: To a stirred solution of S4 (1.50 g, 3.16 mmol) and 4-DMAP (0.039 g, 0.316 mmol) in

DCM (20 mL) at 0°C under nitrogen, was added N,N -diisopropylethylamine (2.75 mL, 15.80

mmol) via syringe, followed by solid 2,4,6-triisopropylbenzene-l-sulfonyl chloride (1.91 g,

6.32 mmol) all at once. The stirred mixture was allowed to warm to rt. After 16 h stirring at

rt, the mixture was cooled to 0°C and washed with ice-cold sat. aq. NaHC0 3 (3 x 25 mL),

dried over Na2S0 4, filtered, and concentrated by rotary evaporation to give 4.2 g crude as a

brown oil. The crude was taken up in hexanes, and automated flash chromatography (80 g

column, 1 to 10% gradient of EtOAc in hexanes) gave the desired product of sulfonyl

activation (-1.57 g, -2.12 mmol), mostly pure by LCMS (putative identity confirmed by 1H

NMR). The entirety of this mixture was immediately taken on to the next step without

further purification or analysis.

To a stirred solution of the freshly prepared material described above (-1.57 g, -2.12 mmol)

in MeCN (21 mL) at 0°C under nitrogen, was added triethylamine (0.89 mL, 6.35 mmol) via

syringe followed by O-methylhydroxylamine hydrochloride (0.531 g, 6.35 mmol) as a solid

all at once. The mixture was warmed to rt and stirred overnight. After 16 h stirring, the

mixture was poured into sat. aq. NaHC0 3 (50 mL) and extracted with DCM (3 x 50 mL).

The combined organic layers were dried over Na2S0 4, filtered, and concentrated by rotary

evaporation. Automated flash chromatography on a CombiFlash (80 g column, 5 to 15%

gradient of EtOAc in hexanes) gave S5 (0.571 g, 36% over 2 steps) as a clear viscous oil,

present as a 9:1 ratio of tautomers by NMR: 1H NMR (400 MHz, CDC13, major tautomer

only) δ 8.01 (br s, 1H), 7.59 (d, J = 8.3 Hz, 1H), 5.88 (s, 1H), 5.54 (d, J = 8.1 Hz, 1H), 4.03-

3.93 (m, 2H), 3.84 (s, 3H), 3.82 (d, J = 9.0 Hz, 1H), 3.71 (d, J = 12.0 Hz, 1H), 1.20 (s, 3H),

0.23-0.15 (m, 27H); LRMS mlz 504.2 [M+H]+.

EIDD-2054: A round bottom flask was charged with S5 (0.510 g, 1.01 mmol) and a stir bar

under nitrogen at rt. A solution of cone. HC1, 1% v/v in MeOH (10 mL, 1.20 mmol HC1) was

added via syringe and the mixture was stirred at rt for 30 min. Solid Na2C0 3 ( 1 g) was added

all at once, and the mixture was stirred at rt 30 min. Celite was added, and the mixture was



concentrated by rotary evaporation to give the crude immobilized on the solid. Automated

flash chromatography (12 g column, 0 to 10% gradient of MeOH in DCM) gave the title

compound (0.265 g, 91%) as a white powdery solid: 1H MR (400 MHz, CD3OD) δ 7.36 (d,

J = 8.3 Hz, 1H), 5.89 (s, 1H), 5.54 (d, J = 8.2 Hz, 1H), 3.95 (dd, J = 12.5 Hz, 2.2 Hz, 1H),

3.86 (dt, J = 9.2 Hz, 2.4 Hz, 1H), 3.82-3.72 (m, 2H), 3.78 (s, 3H), 1.17 (s, 3H); C NMR

(100 MHz, CD3OD) δ 151.3, 146.2, 132.8, 98.2, 92.6, 83.4, 79.8, 73.8, 61.9, 60.7, 20.3;

LRMS mlz 288.1 [M+H]+.

Example 8.

1. DIPEA, 4-DMAP

S4 S6 E!DD-2053

S6: To a stirred solution of S4 (1.67 g, 3.52 mmol) and 4-DMAP (0.043 g, 0.352 mmol) in

DCM (25 mL) at 0°C under nitrogen, was added N,N -diisopropylethylamine (3.06 mL, 17.59

mmol) via syringe, followed by solid 2,4,6-triisopropylbenzene-l-sulfonyl chloride (1.92 g,

6.33 mmol) all at once. The stirred mixture was allowed to warm to rt. After 16 h stirring at

rt, the mixture was cooled to 0°C and washed with ice-cold sat. aq. NaHC0 3 (3 x 25 mL),

dried over Na2S0 4, filtered, and concentrated by rotary evaporation to give 4.1 g crude as a

brown oil. The crude was taken up in hexanes, and automated flash chromatography (80 g

column, 1 to 10% gradient of EtOAc in hexanes) gave the desired product of sulfonyl

activation (-1.81 g, -2.44 mmol), mostly pure by LCMS (putative identity confirmed by 1H

NMR). The entirety of this mixture was immediately taken on to the next step without

further purification.

To a stirred solution of the freshly prepared material described above (-1.81 g, -2.44 mmol)

in MeCN (25 mL) at 0°C under nitrogen, was added triethylamine (1.02 mL, 7.33 mmol) via

syringe followed by hydroxylamine hydrochloride (0.509 g, 7.33 mmol) as a solid all at once.

The mixture was warmed to rt and stirred 2 h . The mixture was poured into sat. aq. NaHC0 3

(50 mL) and extracted with DCM (3 x 50 mL). The combined organic layers were dried over

Na2S0 4, filtered, and concentrated by rotary evaporation. Automated flash chromatography

(40 g column, gradient of 5 to 35% EtOAc in hexanes) gave S6 (0.931 g, 54% over 2 steps)



as a white flaky solid, present as a 7:1 ratio of tautomers by NMR: 1H NMR (400 MHz,

DMSO-i¾, major tautomer only) δ 9.99 (s, 1H), 9.57 (d, J = 2.1 Hz, 1H), 7.25 (d, J = 8.3 Hz,

1H), 5.72 (s, 1H), 5.45 (dd, J = 8.2 Hz, 2.1 Hz, 1H), 3.92 (d, J = 12.0 Hz, 1H), 3.85-3.75 (m,

2H), 3.66 (d, J = 12.0 Hz, 1H), 1.13 (s, 3H), 0.15 (s, 9H), 0.14 (s, 9H), 0.12 (s, 9H); LRMS

mlz 490.0 [M+H]+.

EIDD-2053: A round bottom flask was charged with S6 (0.200 g, 0.408 mmol) and a stir bar

under nitrogen at rt. A solution of cone. HCl, 1% v/v in MeOH (6 mL, 0.72 mmol HCl) was

added via syringe and the mixture was stirred at rt for 30 min. Solid Na2C0 3 (0.75 g) was

added all at once, and the mixture was stirred at rt 30 min. Celite was added, and the mixture

was concentrated by rotary evaporation to give the crude immobilized on the solid.

Automated flash chromatography (4 g column, gradient of 5 to 25% MeOH in DCM) gave

the title compound (0.1 10 g, 99%) as a white powdery solid: 1H NMR (400 MHz, CD3OD) δ

7.30 (d, J = 8.3 Hz, 1H), 5.90 (s, 1H), 5.56 (d, J = 8.2 Hz, 1H), 3.95 (dd, J = 12.5 Hz, 2.1 Hz,

1H), 3.86 (dt, J = 9.2 Hz, 2.7 Hz, 1H), 3.80 (d, J = 9.2 Hz, 1H), 3.75 (dd, J = 12.5 Hz, 3.0 Hz,

1H), 1.18 (s, 3H); C NMR (100 MHz, D20 ) δ 151.6, 147.3, 131.8, 98.9, 91.7, 81.9, 79.5,

73.3, 60.4, 49.5, 19.6; LRMS mlz 274.1 [M+H]+.

Example

E!DD-2081

EIDD-2061: A sealable pressure tube was charged with a stir bar, cytidine triphosphate

disodium salt (0.137 g, 0.260 mmol), and a 2 N aqueous hydroxylamine solution adjusted to

pH = 5 (2.0 mL, 4.0 mmol). After mixing the reagents, the pH of the solution was measured

(pH = 3) and additional drops of 10% w/w aq. NaOH solution were added to readjust the

solution to pH = 5 . The tube was sealed and heated with stirring at 55°C for 5 h . The

mixture was cooled to rt, the sealed tube was opened, and a solution of 100 mM

triethylammonium bicarbonate (TEAB) (2 mL) was added. The contents of the tube were

transferred to a round bottom flask, and concentrated by rotary evaporation. The crude

material was taken up in 100 mM TEAB, and chromatography on DEAE followed by

lyophilization of the product gave a triethylammonium salt of the desired product.



An ion-exchange column (17 mL CV) of freshly prepared Dowex (Li form) was rinsed with

5 CV water. The prepared triethylammonium salt was taken up in water and eluted through

the ion-exchange column. Fractions containing product were combined and lyophilized to

give the title compound (0.030 g, 22%) as a fluffy tan solid: 1H NMR (400 MHz, D20 ) 7.19

(d, J = 8.3 Hz, 1H), 5.95 (d, J = 6.3 Hz, 1H), 5.82 (d, J = 8.3 Hz, 1H), 4.42-4.34 (m, 2H),

4.24-4.10 (m, 3H); P NMR (162 MHz, D20 ) δ -8.5 (br s), - 11.2 (d, J = 19.6 Hz), -22.0 (t, J

= 19.3 Hz); LRMS mlz 498.0 [M-H] .

Example 10.

EiDD-20SG

EIDD-2080: A round bottom flask was charged with 2'-deoxy-2'-fluoro-2'-methylcytidine

(120 mg, 0.463 mmol) and a 2 N aqueous hydroxylamine solution adjusted to pH = 5 (1.1

mL, 2.2 mmol), and the mixture was heated to 50°C. After 16 h, the mixture was

concentrated to dryness and then purified by flash chromatography (19 mm x 170 mm

column volume, 10% MeOH in DCM). The resulting gum was co-evaporated with DCM (3 x

4 mL) to give a white solid that was further dried under high vacuum at 40°C for 24 h to

yield the title compound (94 mg, 74%) as a white powder: 1H NMR (400 MHz, CD3OD) δ

7.23 (d, J = 8.3 Hz, 1H), 6.07 (d, J = 19.8 Hz, 1H), 5.60 (d, J = 8.3 Hz, 1H), 4.04 - 3.95 (m,

1H), 3.91 (d, J = 8.3 Hz, 2H), 3.77 (dd, J = 12.5, 2.3 Hz, 1H), 1.36 (d, J = 22.2 Hz, 3H); C

NMR (101 MHz, CD3OD) δ 150.0, 144.6, 129.9, 101.4, 99.6, 98.0, 88.7 (d, J = 46.5 Hz),

81.5, 71.5 (d, J = 18.1 Hz), 58.9, 15.5 (d, J = 25.8 Hz); HRMS calcd. for Ci0Hi FN3O

[M+H]+: 276.09903, found: 276.09910.

Example 11.



EIDD-2085

EIDD-2085: A ~2 N solution of hydroxylamine hydrochloride (3.33 g, 48.0 mmol) in water

(24 mL) was prepared, and adjusted to pH = 5 with a small amount of aq. NaOH (10% w/w).

A sealable pressure tube was charged with this solution and 2'-fluoro-2'deoxycytidine (0.736

g, 3.00 mmol), the flask was sealed, and heated with stirring at 55°C for 16 h . The mixture

was cooled to room temperature, transferred to a round bottom flask, and concentrated by

rotary evaporation. The crude material was suspended in MeOH and immobilized on Celite.

Automated flash chromatography (40 g column, 5 to 25% gradient of MeOH in DCM) gave

the title compound (0.365 g, 47%) as an off-white solid. NMR analysis showed the

compound to be -90% pure by weight, with the remainder being occluded DCM and MeOH.

A sample (103 mg) was dissolved in water, frozen in a dry ice bath, and lyophilized to give

9 1 mg of the title compound, solvent-free. This purified material was used for all biological

testing: 1H NMR (400 MHz, D20 ) δ 7.00 (d, J = 8.3 Hz, 1H), 5.91 (dd, J = 21.0 Hz, 2.0 Hz,

1H), 5.71 (d, J = 8.2 Hz, 1H), 5.19 (ddd, J = 53.1 Hz, 5.0 Hz, 2.0 Hz, 1H), 4.36 (ddd, J = 20.0

Hz, 8.2 Hz, 5.0 Hz, 1H), 4.08-4.02 (br m, 1H), 3.95 (dd, J = 12.9 Hz, 2.5 Hz, 1H), 3.78 (dd, J

= 12.9 Hz, 4.6 Hz, 1H); C NMR (100 MHz, D20 ) δ 150.8, 146.7, 132.5, 98.4, 93.1 (d, J =

183.1 Hz), 89.0 (d, J = 35.9 Hz), 82.1, 68.3 (d, J = 16.5 Hz), 60.2 Hz; F NMR (376 MHz,

D20 ) δ -200.51 (dt, J = 53.1 Hz, 20.4 Hz); HRMS calcd. for C9H13FN3O5 [M+ H]+:

262.08338, found: 262.08332.

Example 12.

EIDD-2086: A solution of EIDD-2054 (45 mg, 0.16 mmol) in anhydrous THF ( 1 mL) at

0°C was treated with a 1 M THF solution of t r t-butylmagnesium chloride (0.31 mL, 0.31

mmol). After 1 h at 0°C, the mixture was treated dropwise with a solution of S7 (139 mg,

0.3 1 mmol) in anhydrous THF ( 1 mL) over a 5 min period. The mixture was allowed to warm



to rt and was stirred overnight. The mixture was quenched with sat. aq. H 4C 1 (5 mL) and

then extracted with ethyl acetate (50 mL). The organic phase was washed with sat. aq.

NaHC0 3 ( x 15 mL), dried over Na2S0 4, filtered and concentrated to dryness. The resulting

crude yellow oil was purified by flash chromatography (column volume 19 mm x 170 mm, 5

to 10% gradient of MeOH in DCM) to give a 1:1 diastereomeric mixture of the title

compound (49 mg, 56%) as an off-white solid: 1H NMR (400 MHz, CDC13, diastereomeric

mixture) δ 8.25 (s, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.18 (dd, J = 16.8, 8.0 Hz, 3H), 6.81 (d, J =

8.2 Hz, 1H), 6.66 (d, J = 8.2 Hz, 1H), 5.87 (d, J = 14.0 Hz, 1H), 5.55 (d, J = 8.2 Hz, 1H),

5.48 (d, J = 8.2 Hz, 1H), 5.00 (h, J = 6.3 Hz, 1H), 4.49 - 4.39 (m, 2H), 4.34 (ddd, J = 11.8,

8.3, 3.4 Hz, 1H), 4.07 - 3.86 (m, 2H), 3.82 (s, 3H), 3.74 (dd, J = 38.5, 8.4 Hz, 1H), 1.36 (d, J

= 2.2 Hz, 3H, ), 1.35 (d, J = 2.2 Hz, 3H), 1.25 - 1.20 (m,6H), 1.17 (s, 3H), 1.1 1 (s, 3H); P

NMR (162 MHz, CDC13, diastereomeric mixture) δ 3.55, 3.19; C NMR (101 MHz, CDC13,

diastereomeric mixture) δ 173.02, 172.95, 172.91, 172.84, 150.49, 150.42, 149.28, 149.18,

144.31, 144.22, 130.74, 130.46, 129.87, 129.83, 125.28, 125.16, 119.93, 119.88, 97.94,

91.57, 91.18, 77.33, 73.52, 73.03, 69.55, 69.51, 65.05, 64.99, 64.51, 61.80, 50.41, 50.32,

29.68, 21.70, 21.67, 21.61, 21.58, 20.93, 20.88, 20.82, 20.46; HRMS calcd. for

C23H33N4Oi0PNa [M+Na] +: 579.18265; found: 579.18184.

Example 13.

S1 E!DD-2088

S8: To a stirred suspension of cytidine (0.972 g, 4.00 mmol) in dry acetone (50.0 mL) was

dropwise added a catalytic amount of H2S0 4 (0.13 ml, 2.439 mmol). The resulting reaction

was stirred at rt overnight. After filtration, the obtained white solid was redissolved in MeOH

with a little heating, then reevaporated to give a white solid as a sulfate salt form of the



desired product (>95% yield), which was used without further purification: 1H NMR (400

MHz, CD 3OD) δ 8.23 (d, J = 7.9 Hz, 1H), 6.09 (d, J = 7.9 Hz, 1H), 5.86 (d, J = 2.4 Hz, 1H),

4.90 (dd, J = 6.2 Hz, J2 = 2.3 Hz, 1H), 4.82 (dd, J = 6.1 Hz, J2 = 2.7 Hz, 1H), 4.35 (q, J =

3.4 Hz, 1H), 3.80 (dd, J = 12.1 Hz, J2 = 3.2 Hz, 1H), 3.71 (dd, J = 12.1 Hz, J2 = 4.1 Hz,

1H), 1.54 (s, 3H), 1.35 (s, 3H); C NMR (100 MHz, CD3OD) δ 161.33, 148.49, 147.34,

114.86, 95.58, 94.22, 89.56, 86.59, 82.34, 62.85, 27.42, 25.41; HRMS calcd. for Ci2H i 0 N 3

[M+H] +: 284.12410, found: 284.12424.

S9: To a suspension of S8 (0.566 g, 2.00 mmol) in THF (20.0 ml) was dropwise added a 1 M

solution of t-butylmagnesium chloride in THF (3.00 mL, 3.00 mmol) via syringe at 0°C

under argon, and the resulting mixture was stirred at the same temperature for 1 hr. A

solution of S7 (1.33 g, 3.00 mmol) in THF (20 mL) was added at 0°C, upon which the

mixture was allowed to warm to rt and stirred for another 27 hrs. The reaction was carefully

quenched by the addition of sat. aq. NH4C 1 at 0°C. The obtained mixture was filtered through

a Celite pad, and the pad was washed with MeOH. The filtrate was concentrated by rotary

evaporation to give a brown solid, which was purified by flash chromatography (5% MeOH

in DCM) to give a semipure product. The mixture was further purified by automated flash

chromagraphy (40 g column, 0 to 25% gradient of MeOH in DCM) to give S9 (0.744 g, 67%

over 2 steps) as a white solid present as a mixture of two diastereomers in a ratio of 1:2 based

on the integration of P-NMR: 1H NMR (400 MHz, CD3OD, diastereomeric mixture) δ 7.61

(m, 1H), 7.34 (t, J = 7.9 Hz, 2H), 7.27 - 7.09 (m, 3H), 5.93 - 5.69 (m, 2H), 4.95 (p, J = 6.3

Hz, 1H), 4.90 (dd, J = 6.4 Hz, 2.2 Hz, 1H), 4.84 - 4.71 (m, 1H), 4.46 - 4.20 (m, 3H), 3.88 (p,

J = 7.8 Hz, 1H), 2.15 (s, 1H), 1.53 (s, 3H), 1.32 (m, 6H), 1.21 (m, 6 H); C NMR (100 MHz,

CD3OD, both diastereomers) δ 210.06, 174.62, 174.57, 174.41, 174.35, 167.89, 157.81,

152.18, 152.1 1, 144.64, 144.38, 130.82, 130.78, 130.77, 126.24, 126.22, 126.17, 126.16,

121.48, 121.45, 121.43, 121.40, 115.18, 115.08, 96.18, 95.96, 87.13, 87.05, 86.96, 86.88,

86.23, 82.48, 82.47, 70.14, 68.02, 51.81, 51.67, 49.64, 49.43, 49.21, 49.00, 48.79, 48.57,

48.36, 30.68, 27.46, 27.43, 25.51, 25.46, 22.00, 21.98, 21.90, 20.56, 20.49, 20.30; P NMR

(162 MHz, CD3OD) δ 3.68, 3.45; HRMS calcd. for [M+Na] +: 575.18774,

found: 575.18824.

S10: A solution of S9 (0.289 g, 0.502 mmol) in 80% aq. HCOOH (12.40 mL) was stirred at

rt for 3.5 hrs. The reaction was concentrated by rotary evaporation, and co-evaporated with



MeOH (3 10 mL). The crude product S9 (0.257 g, quant.) was obtained as a brown glassy

solid that was used in the next step without further purification: 1H NMR (400 MHz, CD3OD,

diastereomeric mixture) δ 8.16 (s, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.73 (d, J = 7.5 Hz, 1H),

7.50 - 7.08 (m, 5H), 6.03 - 5.68 (m, 2H), 4.96 (septet, J = 8 Hz, 1H), 4.55 - 4.24 (m, 2H),

4.23 - 4.08 (m, 2H), 4.08 - 3.99 (m, 1H), 3.97 - 3.82 (m, 1H), 1.43 - 1.26 (m, 4H), 1.26 - 1.10

(m, 6H); C NMR (100 MHz, CD3OD, both diastereomers) δ 174.65, 174.61, 174.38,

174.33, 166.90, 157.46, 152.15, 152.08, 142.73, 130.89, 130.88, 130.85, 130.85, 126.28,

126.26, 121.42, 121.40, 121.37, 121.36, 96.19, 92.05, 91.97, 83.49, 83.42, 75.90, 75.84,

70.70, 70.64, 70.18, 67.14, 67.08, 51.88, 51.87, 51.71, 51.70, 49.64, 49.43, 49.21, 49.00,

48.79, 48.57, 48.36, 21.98, 21.91, 21.89, 21.80, 20.61, 20.55, 20.30; P NMR (162 MHz,

CD 3OD) δ 3.91, 3.76; HRMS calcd. for C2 1H 30O 9N 4P [M+H]+: 513.17449, found:

513.17413.

EIDD-2088: To a solution of S10 (0.257 g, 0.502 mmol) in THF (5 mL) was added a 2 N

hydroxylamine at pH 6 (6.27 ml, 12.54 mmol), and the resulted mixture was stirred at 37°C

for 1.5 days. The reaction mixture was concentrated by rotary evaporation. The obtained

yellow solid was redissolved in MeOH and immobilized onto silica gel, which was loaded

onto a silica plug. Elution with 10% MeOH in CH 2CI2 through the silica plug, gave a light

brown liquid after rotary evaporation of fractions containing product. Automated flash

chromatography (12 g column, 2.5 to 15% gradient of MeOH in DCM) provided the title

compound (0.155 mg, 59%) as an off-white foam: 1H NMR (400 MHz, CD3OD,

diastereomeric mixture) δ 7.89 (d, J = 8.0 Hz, 0.3H), 7.80 (d, J = 8.1 Hz, 0.65H), 7.48 - 7.31

(m, 2H), 7.31 - 7.13 (m, 3H), 6.02 - 5.79 (m, 2H), 4.97 (hept, J = 8 Hz, 1H), 4.55 - 4.08 (m,

6H), 3.90 (m, 1H), 1.44 - 1.26 (m, 4H), 1.22 (m, 6H); C NMR (100 MHz, CD3OD, both

diastereomers) δ 174.72, 174.68, 174.36, 174.30, 155.25, 152.10, 152.03, 148.74, 148.68,

142.86, 130.92, 130.87, 126.33, 126.32, 121.43, 121.39, 91.71, 91.63, 91.58, 84.08, 84.02,

83.95, 75.48, 75.41, 70.71, 70.67, 70.20, 67.03, 51.90, 51.73, 51.71, 49.64, 49.43, 49.21,

49.00, 48.79, 48.57, 48.36, 21.98, 21.92, 21.89, 21.79, 20.59, 20.53, 20.31; P NMR (162

MHz, CD 3OD) δ 3.98, 3.81; HRMS calcd. for C2 iH 3oOioN4P [M+H]+: 529.16941, found:

529.16900.

Example 14.



E DD-2 0

EIDD-2101: A solution of 5-methylcytidine (0.257 g, 1.00 mmol) in a 2N aq.

hydroxylamine solution with pH 6 (8 mL, 16.0 mmol) was heated to 55°C in a sealed tube

with stirring for 5 hrs. The solution was cooled to rt, transferred to a round bottom flask,

concentrated by rotary evaporation, and coevaporated with MeOH (2 x 20 mL). The crude

residue was taken up in MeOH and immobilized on silica gel. Flash chromatography (2 to

10% gradient of MeOH in DCM) provided the title compound (140 mg, 51%) as a light

purple solid: 1H MR (400 MHz, CD3OD) δ 6.99 (s, 1H), 5.86 (d, J = 5.7 Hz, 1H), 4.23 -

4.06 (m, 2H), 3.93 (q, J = 3.2 Hz, 1H), 3.78 (dd, J = 12.1 Hz, 2.8 Hz, 1H), 3.70 (dd, J = 12.1

Hz, 3.4 Hz, 1H), 1.79 (s, 3H); C NMR (100 MHz, CD3OD) δ 152.0, 146.6, 128.4, 108.4,

89.4, 86.1, 74.4, 71.8, 62.8, 12.9; HRMS calcd. for Ci0H i6O6N3 [M+H]+: 274.10336, found:

274.10350.

Example 15.

E!DD-2103

EIDD-2103: A ~2 N solution of hydroxylamine hydrochloride (1.1 1 g, 16.0 mmol) in water

(8 mL) was prepared, and adjusted to pH = 5 with a small amount of aq. NaOH (10% w/w).

A sealable pressure tube was charged with this solution and 5-fluorocytidine (0.261 g, 1.00

mmol), the flask was sealed, and heated with stirring at 55°C for 16 h . The mixture was

cooled to room temperature, transferred to a round bottom flask, and concentrated by rotary

evaporation. The crude material was suspended in MeOH and immobilized on Celite.

Automated flash chromatography (40 g column, 0 to 20% gradient of MeOH in DCM) gave

600 mg of a semipure pink solid. This solid was dissolved in 2 mL water, and automated

reverse phase chromatography (43 g column, 5 to 100% gradient of MeOH in water) gave the

desired product free from organic and inorganic impurities. The solid was dissolved in water,



frozen in a dry ice/acetone bath, and lyophilized to provide the title compound (0.066 g,

0.238 mmol, 24% yield) as a white flocculent solid. 1H NMR (400 MHz, D20 ) δ 7.3 1 (d, J =

7.6 Hz, 1H), 5.87 (dd, J = 5.5 Hz, 1.8 Hz, 1H), 4.26 (t, J = 5.5 Hz, 1H), 4.19 (t, J = 4.8 Hz,

1H), 4.07 (q, J = 3.8 Hz, 1H), 3.85 (dd, J = 12.8 Hz, 3.1 Hz, 1H), 3.77 (dd, J = 12.7 Hz, 4.2

Hz, 1H); C NMR (100 MHz, D20 ) δ 150.0, 139.7, 137.4, 115.6 (d, J = 36.1 Hz), 88.0, 84.2,

72.8, 69.8, 61.0; F NMR (376 MHz, D20 ) δ -164.70 (d, J = 7.6 Hz); HRMS calcd. for

C H 13FN 3O6 [M+H]+: 278.07829, found: 278.07848.

Example 16.

S2

Sll: To a stirred solution of S2 (0.903 g, 1.50 mmol) in DCM (15 mL) under nitrogen at rt,

was added heptyl isocyanate (0.266 mL, 1.65 mmol) dropwise via syringe over 2 minutes.

The reaction was stirred at rt for 6 h, then concentrated by rotary evaporation to give crude

residue. Automated flash chromatography (40 g column, 5 to 25% gradient of EtOAc in

hexanes) gave Sll (0.930 g, 83%) as a flaky light pink solid: 1H NMR (400 MHz, CDC13) δ

8.26 (br s, 1H), 7.50 (d, J = 8.3 Hz, 1H), 6.29 (t, J = 5.8 Hz, 1H), 5.90 (d, J = 4.4 Hz, 1H),

5.57 (dd, J = 8.2 Hz, 2.3 Hz, 1H), 4.10-4.00 (m, 3H), 3.93 (dd, J = 11.6 Hz, 2.3 Hz, 1H), 3.74

(d, J = 11.6 Hz, 1H), 3.28 (q, J = 6.7 Hz, 1H), 1.62-1.52 (m, 2H), 1.40-1.25 (m, 8H), 0.96 (s,

9H), 0.91 (s, 9H), 0.91-0.86 (m, 3H), 0.89 (s, 9H), 0.13 (s, 6H), 0.10 (s, 3H), 0.08 (s, 3H),

0.05 (s, 6H).

EIDD-2107: To a stirred solution of Sll (0.910 g, 1.22 mmol) in a mixture of THF (18 mL)

and DMF (6 mL) at 0°C under nitrogen, was added acetic acid (0.350 mL, 6.12 mmol)

followed by solid tetraethylammonium fluoride (0.877 g, 5.88 mmol) all at once. The

mixture was warmed to rt and stirred for 20 h . The mixture was then concentrated by rotary

evaporation to give crude as an oil. The oil was taken up in DCM, and automated flash

chromatography (40 g column, 1 to 10% gradient of MeOH in DCM) gave 300 mg of a flaky

white solid, consisting of desired product and tetraethylammonium acetate. The mixture was

taken up in MeOH and immobilized on Celite. A second automated flash chromatography

(12 g column, 1 to 10% gradient of MeOH in DCM) gave the title compound (0.228 g, 47%



yield) as a white powdery solid. NMR analysis showed a 5:1 ratio of signals, most likely

rotamers about one of the bonds of the carbamate (most signals associated with the

nucleobase are doubled or single but broadened) 1H NMR (400 MHz, DMSO-i¾, major

rotamer only) δ 10.30 (s, 1H), 7.38 (d, J = 8.2 Hz, 1H), 6.85 (t, J = 5.8 Hz, 1H), 5.75 (d, J =

5.8 Hz, 1H), 5.69 (dd, J = 8.4 Hz, 2.2 Hz, 1H), 5.32 (d, J = 5.9 Hz, 1H), 5.10-5.00 (m, 2H),

3.99 (q, J = 5.6 Hz, 1H), 3.94 (q, J = 4.7 Hz, 1H), 3.83-3.76 (m, 1H), 3.63-3.46 (m, 2H), 3.04

(q, J = 6.5 Hz, 1H), 1.46-1.36 (m, 2H), 1.32-1.19 (m, 8H), 0.86 (t, J = 7.0 Hz, 3H); C NMR

(100 MHz, CD3OD, major rotamer peaks only) δ 157.5, 150.8, 149.3, 135.3, 97.5, 89.9, 86.1,

75.0, 71.5, 64.7, 62.5, 41.9, 32.9, 30.8, 30.1, 27.7, 23.6, 14.4; HRMS calcd. for C H O

[M+H]+: 401.20308, found: 401.20319.

Example 17.

S12: A solution of S8 in anhydrous DMF (56 mL) was treated with l,l-dimethoxy -N,N-

dimethylmethanamine (9.4 mL, 70.6 mmol). After 18 h at rt, the reaction mixture was

concentrated to dryness and the crude white solid triturated with ether (3 x 100 mL). The

solid was collected by filtration and dried under high vacuum for 12 h to yield S12 (4.52 g,

95%) as a white solid: 1H NMR (400 MHz, CD3OD) δ 8.67 (s, 1H), 7.99 (d, J = 7.3 Hz, 1H),

6.14 (d, J = 7.2 Hz, 1H), 5.87 (d, J = 2.4 Hz, 1H), 4.92 (dd, J = 6.3, 2.4 Hz, 1H), 4.84 (dd, J =

6.3, 3.5 Hz, 1H), 4.25 (q, J = 4.7, 1H), 3.81 (dd , J = 11.9, 3.6 Hz, 1H), 3.73 (dd, J = 11.9, 4.6

Hz, 1H), 3.22 (s, 3H), 3.14 (s, 3H), 1.55 (s, 3H), 1.34 (s, 3H).



S13: A suspension of 3-hexadecyloxypropan-l-ol (1.58 g, 5.26 mmol) and DIPEA (0.92 mL,

5.26 mmol) in anhydrous acetonitrile (25 mL) was treated dropwise over a 10 min period

with 3-((chloro(diisopropylamino)phosphino)oxy)-propanenitrile (1.2 mL, 5.26 mmol). After

18 h at rt, the mixture was quenched with sat. aq. NaHC0 3 (15 mL) and extracted with ethyl

acetate (2 x 100 mL). The combined organic phases were concentrated by rotary

evaporation, and flash chromatography (column volume 25 mm x 140 mm, 10 to 20%

gradient of EtOAc in hexanes) provided S13 (1.40 g, 53%) as a white solid: 1H NMR (400

MHz, CDC1 3) δ 3.89 - 3.54 (m, 6H), 3.49 (t, J = 6.3 Hz, 2H), 3.39 (t, J = 6.7 Hz, 2H), 2.64 (t,

J = 6.6 Hz, 2H), 1.87 (p, J = 6.3 Hz, 2H), 1.57 (p, J = 6.3 Hz, 2H), 1.25 (s, 26H), 1.18 (dd, J

= 6.8, 3.5 Hz, 12H), 0.87 (t, J = 6.6 Hz, 3H); P NMR (162 MHz, CDC13) δ 147.40.

S14: A solution of S12 (800 mg, 2.36 mmol) and S13 (2.15 g, 4.29 mmol) in anhydrous THF

(20 mL) was treated dropwise with a solution of tetrazole (19 mL of a 0.45 M solution in

acetonitrile, 8.59 mmol). After 19 h at rt, the mixture was treated dropwise with a nonane

solution of ter t-butyl hydroperoxide (1.9 mL of a 5.5 M solution, 10.73 mmol) and stirring

continued for an additional 1 h . Excess t r t-butyl hydroperoxide was quenched with saturated

sodium thiosulfate solution (50 mL), the mixture was stirred for 45 min and then extracted

with ethyl acetate (2 x 100 mL). Combined organic phases were concentrated by rotary

evaporation, and flash chromatography (25 mm x 180 mm column volume, 0 to 5% gradient

of MeOH in DCM) gave S14 (1.2 g, 80%) as a foam, a mixture of diastereomers: 1H NMR

(400 MHz, CDC1 3, diastereomeric mixture) δ 7.38 (d, J = 7.6 Hz, 1H, diastereomer a), 7.37

(d, J = 7.6, 1H, diastereomer b), 5.78 (d, J = 7.3 Hz, 1H), 5.54 (d, J = 5.6, 1H, diastereomer

a), 5.53 (d, J = 5.6, 1H, diastereomer b), 5.14 (ddd, J = 6.5, 3.1, 1.4 Hz, 1H), 4.93 (dt, J = 7.0,

3.6 Hz, 1H), 4.34 (td, J = 7.4, 6.8, 4.8 Hz, 3H), 4.28 - 4.08 (m, 4H), 3.48 (t, J = 6.1, 2H),

3.38 (t, J = 6.8, 2H), 2.78 (t, J = 6.5 Hz, 2H, diastereomer a), 2.75 (t, J = 6.5 Hz, 2H

diastereomer b), 1.93 (m, 2H), 1.55 (s, 5H), 1.34 (s, 3H), 1.25 (s, 26H), 0.87 (t, J = 6.8, 3H);

C NMR (101 MHz, CDC13, diastereomeric mixture) δ 166.26, 155.40, 144.20, 144.16,

116.62, 116.59, 113.93, 97.45, 97.38, 95.74, 95.69, 86.73, 86.64, 86.54, 84.90, 84.80, 81.87,

81.66, 71.23, 67.84, 67.79, 67.69, 67.64, 66.25, 66.22, 66.03, 65.97, 62.08, 62.03, 31.90,

30.51, 30.50, 30.44, 30.43, 29.68, 29.67, 29.64, 29.61, 29.52, 29.34, 27.06, 27.04, 26.13,

25.23, 25.21, 22.67, 19.57, 19.50, 14.12; P NMR (162 MHz, CDC13, diastereomeric

mixture) δ -1.75, -1.83; LRMS mlz 699 A [M+H] +.



S15: A solution of S14 (310 mg, 0.44 mmol) in THF (4 mL) was treated with an 2M

aqueous solution of hydroxylamine at pH 5 (1.1 mL, 2.2 mmol) with stirring at 50°C. After

19 h, TLC (10% methanol in methylene chloride) indicated approximately 50% conversion to

a more non-polar component. Additional hydroxylamine and extended reaction time did not

increase conversion beyond 50%. After cooling to rt, the mixture was partitioned between

ethyl acetate (100 mL) and brine (10 mL). The organic phase was concentrated, and flash

chromatography of the crude (column volume 19 mm x 170 mm, 1 to 5% gradient of MeOH

in DCM) yielded S15 (70 mg, 22%) as a foam, in a 1:1 mixture of diastereomers: H NMR

(400 MHz, CDC13) δ 8.94 (s, 1H), 6.60 (d, J = 8.1, 1H, diastereomer a), 6.58 (d, J = 8.1, 1H,

diastereomer b), 5.67 (d, J = 8.1, 1H, diastereomer a), 5.65 (d, J = 8.1, 1H, diastereomer b),

5.59 (d, J = 2.1 Hz, 1H, diastereomer a), 5.55 (d, J = 2.1 Hz, 1H, diastereomer b), 4.98 (m,

1H), 4.84 (m, 1H), 4.35 - 4.10 (m, 6H), 3.48 (t, J = 6.1 Hz, 2H), 3.38 (t, J = 6.7, 2H), 2.76 (m,

2H), 1.94 (m, 2H), 1.59 - 1.49 (m, 5H), 1.34 (s, 3H), 1.24 (s, 26H), 0.87 (t, J = 6.7 Hz, 3H);

P NMR (162 MHz, CDC13, diastereomeric mixture) δ -1.57, -1.64. LRMS mlz 715.3

[M+H]+.

EIDD-2108: A solution of S15 (62 mg, 0.087 mmol) in methanol (4 mL) was treated with a

catalytic amount of /?ara-toluenesulfonic acid (3.3 mg, 0.017 mmol). After 16 h stirring at rt,

the mixture was treated with saturated aqueous ammonium hydroxide solution (1.5 mL) and

allowed to stir for an additional 4 h at rt. The mixture was concentrated by rotary evaporation,

and the resulting residue was triturated with 5% acetonitrile in methanol (2 x 15 mL). The

resulting white solid was purified by flash chromatography ( 11 mm x 45 mm column volume,

25% MeOH in DCM, 2.5% v/v sat. aq. NH4OH) to give the title compound (25 mg, 46 %) as

a white solid: 1H NMR (400 MHz, CD3OD) δ 7.21 (d, J = 8.2 Hz, 1H), 5.95 (d, J = 5.5 Hz,

1H), 5.67 (d, J = 8.2 Hz, 1H), 4.22 - 4.16 (m, 2H), 4.07 - 3.98 (m, 3H), 3.94 (q, J = 6.3 Hz,

2H), 3.52 (t, J = 6.3 Hz, 2H), 3.41 (t, J = 6.6 Hz, 2H), 1.87 (p, J = 6.3 Hz, 2H), 1.53 (q, J =

6.9 Hz, 2H), 1.28 (s, 28H), 0.92 - 0.85 (m, 3H); C NMR (101 MHz, CD3OD) δ 150.45,

144.99, 130.77, 98.13, 87.51, 83.39, 83.30, 72.98, 70.72, 70.55, 66.89, 64.80, 62.51, 62.46,

31.66, 30.71, 30.63, 29.38, 29.35, 29.24, 29.07, 25.87, 22.33, 13.07; P NMR (162 MHz,

CD 3OD) δ 0.34; HRMS calcd. for C2 H 1N 3O 10 [M-H] : 620.33175; found, 620.33205.

Example 18.



S17 EiDD-2133

S16: To a solution of 2'-deoxy-2',2'-difluorocytidine (0.526 g, 2.00 mmol) and imidazole

(0.408 g, 6.00 mmol) in DMF (10 ml) was added TBS triflate (1.147 ml, 5.00 mmol) at 0°C

under argon. The resulting mixture was stirred at 0°C for 2 hrs, then it was slowly warmed to

rt and stirred overnight. After being partitioned between Et20 and water, the organic layer

was separated and washed with H20 and brine, dried over Na2S0 4, filtered, and concentrated

by rotary evaporation. Automated flash chromatography (24 g column, 0 to 12.5% gradient of

MeOH in DCM) yielded S16 (0.71 g, 72%) as a clear colorless oil: 1H NMR (400 MHz,

CDC1 3) δ 8.23 (s, 1H), 7.71 (d, J = 7.6 Hz, 1H), 6.72 (s, 1H), 6.25 (dd, J = 10.4 Hz, 4.2 Hz,

1H), 5.97 (d, J = 7.6 Hz, 1H), 4.30 (m, 1H), 3.98 (m, 1H), 3.89 (m, 1H), 3.79 (dd, J = 11.8

Hz, 2.1 Hz, 1H), 0.93 (s, 9H), 0.90 (s, 9H), 0.1 1 (t, J = 4.1 Hz, 12H); C NMR (100 MHz,

CDCI 3) δ 164.6, 154.6, 140.8, 121.9 (t, J = 259 Hz), 95.7, 84.1 (dd, J = 40 Hz, 24 Hz), 81.3

(d, J = 9 Hz), 77.2, 69.7 (dd, J = 28 Hz, 18 Hz), 60.1, 53.4, 25.8, 25.5, 18.3, 18.0, -4.8, -5.3, -

5.49, -5.52; F NMR (376 MHz, CDC13) δ - 115.95 (dd, J = 238.4 Hz, 12.1 Hz), - 117.55 (dt,

J = 239.1 Hz, 10.7 Hz); HRMS calcd. for C2iH 4o0 4N 3F 2Si2 [M+H] +: 492.25199, found:

492.25172.

S17: To a solution of S16 (0.250 g, 0.508 mmol) in THF (5.1 mL) was added an aqueous 2N

solution of hydroxylamine at pH 6 (6.4 mL, 12.71 mmol), and the resulting mixture was

stirred at 55°C for 1.5 days. After being partitioned between EtOAc and H20 , the aqueous

layer was separated and extracted with EtOAc (2 x 15 mL). The combined organic layers

were washed with water and brine, dried over Na2S0 4, filtered, and concentrated by rotary

evaporation. Automated flash chromatography (24 g column, 0 to 7.5% gradient of MeOH in

DCM) provided S17 (0.124 g, 48%) as a white solid: 1H NMR (400 MHz, CDCI 3) δ 8.69 (s,

1H), 8.34 (s, 1H), 6.94 (d, J = 8.2 Hz, 1H), 6.13 (dd, J = 11.0 Hz, 4.8 Hz, 1H), 5.62 (d, J =

8.3 Hz, 1H), 4.30 (dq, J = 12 Hz, 4 Hz, 1H), 3.95 (d, J = 12 Hz, 1H), 3.83 (d, J = 4 Hz, 1H),

3.77 (dd, J = 12 Hz, 4 Hz, 1H), 0.92 (s, 9H), 0.90 (s, 9H), 0.18 - 0.03 (m, 12H); C NMR

(100 MHz, CDCI 3) δ 149.1, 144.8, 130.2, 122.1 (t, J = 259 Hz), 98.4, 83.4 (dd, J = 40 Hz, 24

Hz), 80.8 (d, J = 9 Hz), 69.8 (dd, J = 27 Hz, 18 Hz), 77.2, 60.0, 25.8, 25.5, 18.3, 18.0, 4.8, -

5.3, -5.5, -5.6; F NMR (376 MHz, CDC1 3) δ - 115.67 (dd, J = 239.5 Hz, 12.4 Hz), - 117.02



(dt, J = 239.4 Hz, 10.8 Hz); HRMS calcd. for C21H40O5N3F2S12 [M+H]+: 508.24691, found:

508.24697.

EIDD-2133: A mixture of S17 (0.220 g, 0.433 mmol) and NH4F (0.128 g, 3.47 mmol) in

MeOH (22 mL) was stirred under reflux overnight. The mixture was cooled to rt and

concentrated by rotary evaporation. Flash chromatography (5 to 10% gradient of MeOH in

DCM) gave semipure product. After another two rounds of flash chromatography

purification (the desired coeluted with an unknown impurity, only the fractions that could

NOT be instantaneously stained by KMn0 4 on TLC were collected), the title compound (18

mg, 15% yield) was obtained as a white solid: 1H NMR (400 MHz, CD3OD) δ 7.05 (d, J =

8.3 Hz, 1H), 6.06 (m, 1H), 5.59 (d, J = 8.3 Hz, 1H), 4.21 (m, 1H), 3.90 (d, J = 12.6 Hz, 1H),

3.81 (td, J = 12 Hz, 4 Hz, 1H), 3.74 (dd, J = 12 Hz, 4 Hz, 1H); C NMR (100 MHz, CD3OD)

δ 151.1, 145.7, 131.5, 124.1 (t, J = 256 Hz), 99.3, 84.8 (dd, J = 39 Hz, 26 Hz), 82.0 (d, J = 9

Hz), 70.7 (dd, J = 26 Hz, 2 1 Hz), 60.6. F NMR (376 MHz, CD3OD) δ 118.62 (ddd, J =

240.2 Hz, 13.4 Hz, 6.1 Hz), - 119.67 (broad d, J = 240.7 Hz); HRMS calcd. for C Hi20 N3F2

[M+H]+: 280.07395, found: 280.07347.

Example 19.

S7

S18: To a suspension of 2'-Deoxy-2',2'-difluorocytidine (0.526 g, 1.998 mmol) in THF

(13.32 ml) at 0°C under nitrogen, was dropwise added via syringe a 1M THF solution of t-

butylmagnesium chloride (4.00 mL, 4.00 mmol), and the resulting mixture was stirred at the

same temperature for 30 min. A solution of S7 (1.770 g, 4.00 mmol) in THF (13.32 mL) at 0

°C was added dropwise via syringe, the mixture was allowed to warm to rt and was stirred for

another 24 hrs. The reaction was cooled to 0°C and carefully quenched with sat. aq. NH4C1.

The mixture was concentrated by rotary evaporation, and the obtained solid was redissolved

in MeOH and filtered through a plug of Celite, rinsing the plug with MeOH. The filtrate was

concentrated by rotary evaporation, and automated flash chromatography (40 g column, 0 to

15% gradient of MeOH in DCM) gave S18 (0.620 g, 58%) as a brown foam, as a

diastereomeric mixture. 1H NMR (400 MHz, CD3OD, diastereomeric mixture) δ 7.60 (dd, J =



26.1 Hz, 7.4 Hz, 1H), 7.43 - 7.30 (m, 2H), 7.31 - 7.12 (m, 3H), 6.26 (q, J = 7.7 Hz, 1H), 5.92

(dd, J = 21.2 Hz, 7.2 Hz, 1H), 4.97 (m, 1H), 4.60 - 4.30 (m, 2H), 4.29 - 4.15 (m, 1H), 4.10

(m, 1H), 3.88 (m, 1H), 1.33 (t, J = 8.0 Hz, 3H), 1.22 (m, 6H); C NMR (100 MHz, CD3OD,

diastereomeric mixture) δ 174.61, 174.57, 174.35, 174.30, 167.18, 154.42, 152.15, 152.08,

142.62, 142.52, 139.86, 130.84, 130.20, 126.30, 124.17, 121.49, 121.44, 80.45, 70.18, 69.95,

66.90, 65.69, 51.88, 51.72, 21.97, 21.94, 21.91, 21.89, 21.85, 21.25, 21.19, 20.52, 20.45,

20.34, 20.26, 15.44; F NMR (376 MHz, CD3OD) δ - 118.20 (dd, J = 238.6 Hz, 73.5 Hz,), -

120.20 (d, J = 237.0 Hz); P NMR (162 MHz, CD3OD) δ 3.81, 3.74; HRMS calcd. for

C2iH2 0 N4F2P [M+H] +: 533.16073, found: 533.16038.

EIDD-2091: To a suspension of S18 (0.266 g, 0.500 mmol) in THF (5 mL) was added a 2 N

aq. Hydroxylamine solution at pH 6 (6.3 ml, 12.49 mmol), and the resulting mixture was

stirred at 37°C for 1.5 days. The reaction (incomplete by TLC) was partitioned between

EtOAc and H20 . The aqueous layer was extracted with EtOAc (2 x 15 mL). The combined

organic layers were washed with H20 and brine, dried over Na2S0 4, filtered, and

concentrated by rotary evaporation. Automated flash chromatography (24 g column, 0 to 10%

gradient of MeOH in DCM) provided the title compound (34 mg, 12%) as a white solid, in a

mixture of diastereomers. 1H NMR (400 MHz, CD3OD, diastereomeric mixture) δ 7.36 (t, J

= 7.7 Hz, 2H), 7.28 - 7.12 (m, 3H), 6.78 (t, J = 9.0 Hz, 1H), 6.09 (q, J = 8 Hz, 1H), 5.55 (dd,

J = 19.8 Hz, 8.3 Hz, 1H), 4.97 (sept, J = 6.3 Hz, 1H), 4.63 - 4.27 (m, 3H), 4.20 (m, 1H), 4.10

- 3.96 (m, 1H), 3.95 - 3.76 (m, 1H), 1.33 (t, J = 7.8 Hz, 3H), 1.22 (m, 6H); C NMR (100

MHz, CD3OD, diastereomeric mixture) δ 174.58, 174.54, 174.36, 174.31, 152.14, 152.07,

150.98, 145.48, 131.51, 131.34, 130.83, 126.26, 121.39, 121.37, 121.34, 121.32, 99.77,

85.24, 84.60, 80.02, 79.93, 79.88, 79.78, 71.52, 71.30, 71.05, 70.83, 70.18, 65.78, 65.72,

65.49, 65.44, 51.79, 51.66, 49.64, 49.43, 49.21, 49.00, 48.79, 48.57, 48.36, 21.97, 21.89,

20.54, 20.48, 20.39, 20.3 1; F NMR (376 MHz, CD3OD) δ - 118.04 (dd, J = 240.8, 22.2 Hz),

- 119.47 (d, J = 242.6 Hz); P NMR (162 MHz, CD3OD) δ 3.76, 3.69; HRMS calcd. for

C2iH270 N4F2NaP [M+Na] +: 571.13759, found: 571.13708.

Example 20.



S19: To a solution of trimethyl phosphate (4.68 mL, 40.0 mmol) in MeCN (40.0 mL) was

sequentially added chloromethyl pivalate (23 mL, 160 mmol) and Nal (17.98 g, 120 mmol).

The resulting yellow mixture was stirred under reflux overnight in the presence of 4A

molecular sieves. Product could be visualized on TLC plate by phosphomolybdic acid. After

cooling to r. , the reaction was filtered through a plug of celite and condensed on rotavap.

The obtained yellow residue was redissolved in Et20 , washed with H20 , brine, and finally

dried over Na2S0 4. The organics were combined and condensed on rotavap to give a

brownish-red residue. Flash chromatography (10 to 20% gradient of EtOAc in hexanes)

provided S19 ( 11.24 g, 63.8 % yield) as a pale yellow liquid: 1H NMR (400 MHz, CDC1 3) δ

5.67 (s, 3H), 5.64 (s, 3H), 1.23 (s, 27H); C NMR (100 MHz, CDC1 3) δ 176.6, 82.7 (d, J = 5

Hz), 38.7, 26.8; P NMR (162 MHz, CDC13) δ -5.24; HRMS calcd. for Ci H
33

Oi0NaP

[M+Na] +: 463.17035, found: 463.17022.

S20: A solution of S19 in piperidine (51.0 mL, 25.5 mmol) was stirred at rt for 7 hrs. The

reaction was concentrated by rotary evaporation and then was redissolved in CH2C 12. The

organic solution was washed with -0.5N ice cold HCl (4 x 200 mL) and brine, and dried over

Na2S0 4. After filtrationg and concentration by rotary evaporation, the yellow residue was

lyophilized to give S19 (8.1 g, 97%) as a light yellow wax: 1H NMR (400 MHz, CDC13) δ

12.20 (s, 1H), 5.61 (s, 2H), 5.57 (s, 2H), 1.21 (s, 18H); C NMR (100 MHz, CDC13) δ 177.2,

82.7, 38.7, 26.8; P NMR (162 MHz, CDC1 3) δ -3.58; Positive mode HRMS calcd. for

Ci2H240 P [M+H]+: 327.12033, found: 327.12053; Negative mode HRMS calcd. for

Ci2H220 P [M-H] : 325.10578, found: 325.10568.



EIDD-2135: A solution of triethylammonium bis(POM)phosphate was prepared by adding

triethylamine (0.362 mL, 2.60 mmol) to a solution of S20 (0.782 g, 2.398 mmol) in THF (8

mL). To a solution of EIDD-1931 (0.518 g, 1.998 mmol) in THF (32 mL) under nitrogen

was added the prepared solution of triethylammonium bis(POM)phosphate at rt, then it was

cooled to 0°C. DIPEA (1.392 mL, 7.99 mmol), BOP-C1 (1.017 g, 4.00 mmol) and 3-nitro-

lH-l,2,4-triazole (0.456 g, 4.00 mmol) were sequentially added to the reaction, and the

resulting mixture was stirred at 0°C for 6 hrs followed by warming to rt and stirring

overnight. The reaction mixture was partitioned between EtOAc and saturated aq. NaHC0 3.

The aqueous layer was extracted with EtOAc, and the combined organic layers were washed

with brine, dried over Na2S0 4, filtered, and concentrated by rotary evaporation. Automated

flash chromatography (40 g column, 0 to 10% gradient of MeOH in DCM) gave the title

compound (30. mg, 2.6%) as a white foam: 1H NMR (400 MHz, CDC13) δ 10.25 (s, 1H),

7.43 (d, J = 8.2 Hz, 1H), 6.83 (d, J = 8.1 Hz, 1H), 5.99 - 5.42 (m, 6H), 4.58 - 4.00 (m, 5H),

3.89 (m, 2H), 1.21 (s, 18H); P NMR (162 MHz, CDC13) δ -4.77, -5.16; HRMS calcd. for

C2iH340 i3N3NaP [M+Na] +: 590.17215, found: 590.17171.

Example 21.

DD-2

EIDD-2159: A 2 N hydroxylamine (30.0 mL, 60.0 mmol) aqueous solution was made by

adjusting a 50% w/w aq. NH2OH solution with glacial AcOH and then diluting with water to

achieve the desired concentration. A sealable pressure vessel was charged with the above

solution, L-cytidine (0.486 g, 2.0 mmol), and a stir bar. The vessel was sealed and the

mixture was heated at 50°C for 40 h . The mixture was cooled to rt and concentrated by

rotary evaporation. The crude reside was dissolved in water, and automated reverse phase

flash chromatography (100 g column, gradient of 100% water to 100% MeCN) gave 300 mg

of semipure material as a yellow flaky solid. The compound was taken up in MeOH and

immobilized on Celite. Automated flash chromatography (12 g column, gradient of 10 to

2 5% MeOH in DCM) gave -150 mg of a white flaky solid containing some occluded solvent.

The residue was dissolved in water, frozen in a dry ice/acetone bath, and lyophilized to give

the title compound (0.128 g, 0.494 mmol, 25% yield) as an off-white flocculent solid.



Spectral analysis showed 90-95% purity; the impurity was unknown and inseparable by

chromatography. 1H NMR (400 MHz, D20 ) δ 7.04 (d, J = 8.3 Hz, 1H), 5.83 (d, J = 5.7 Hz,

1H), 5.72 (d, J = 8.2 Hz, 1H), 4.27 (t, J = 5.5 Hz, 1H), 4.16 (t, J = 4.7 Hz, 1H), 4.03 (q, J =

3.9 Hz, 1H), 3.80 (dd, J = 12.9 Hz, 3.0 Hz, 1H), 3.72 (dd, J = 12.9 Hz, 4.2 Hz, 1H); C NMR

(100 MHz, D20 ) δ 151.1, 146.5, 131.2, 98.6, 87.8, 83.9, 72.4, 69.7, 60.9; HRMS calcd. for

C H 14N 3O6 [M + H]+: 260.08771, found: 260.08734.

Example 22.

S21: A round bottom flask was charged with Ι -β-D-arabinofuranosyluracil (4.88 g, 20.0

mmol) and dichloromethane (40 mL). The resulting mixture was cooled to 0°C and 4-DMAP

(0.244 g, 2.00 mmol) and imidazole (5.45 g, 80.0 mmol) were added all at once. TBSC1

(12.06 g, 80.0 mmol) was added all at once as a solid, the mixture was warmed to ambient

temperature, and stirred for 16 hours. Water (100 mL) was added to the reaction mixture, the

layers were separated, and the aqueous layer was extracted with dichloromethane (2 x 100

mL). The combined organic layers were washed with brine ( 1 x 100 mL), dried over

Na2S0 4, filtered, and concentrated by rotary evaporation to give -12 g crude. 1H NMR and

LCMS analysis showed a 3:1 ratio of bis-silylated to persilylated products. The crude was

redissolved in dichloromethane (40 mL), and imidazole (2.04 g, 30.0 mmol) and 4-DMAP

(0.122 g, 1.00 mmol) were added all at once. TBS triflate (6.89 mL, 30.0 mmol) was added

dropwise via syringe, and the mixture was stirred for 16 hours at ambient temperature. Water

(100 mL) was added to the reaction mixture, the layers were separated, and the aqueous layer

was extracted with dichloromethane (2 x 100 mL). The combined organic layers were

washed with brine ( 1 x 100 mL), dried over Na2S0 4, filtered, and concentrated by rotary

evaporation to give -25 g crude. Automated flash chromatography (330 g column, 5 to 60%

gradient of EtOAc in hexanes) gave S21 (2.90 g, 25%) as a clear colorless oil: 1H NMR (400

MHz, CDCI 3) δ 7.93 (br s, 1H), 7.51 (d, J = 8.2 Hz, 1H), 6.15 (d, J = 3.2 Hz, 1H), 5.67 (dd, J

= 8.2 Hz, 2.8 Hz, 1H), 4.18 (s, 1H), 4.12 (dd, J = 3.2 Hz, 1.3 Hz, 1H), 3.97 (dd, J = 8.6 Hz,

5.8 Hz, 1H), 3.82 (dd, J = 9.8 Hz, 5.7 Hz, 1H), 3.74 (dd, J = 9.7 Hz, 8.6 Hz, 1H), 0.92 (s,



9H), 0.91 (s, 9H), 0.84 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H), 0.07 (s,

3H), -0.06 (s, 3H); LRMS mlz 587.3 [M+H]+, 609.3 [M+Na] +.

S22: To a stirred solution of S21 (2.90 g, 4.94 mmol) and 4-DMAP (0.060 g, 0.49 mmol) in

dichloromethane (50 mL) at 0°C under nitrogen, was added N,N -diisopropylethylamine (4.30

mL, 24.70 mmol) via syringe, followed by solid 2,4,6-triisopropylbenzene-l-sulfonyl

chloride (2.99 g, 9.88 mmol) in one portion. The mixture was warmed to ambient

temperature and stirred for 4 h, then recooled to 0°C. The mixture was washed with ice-cold

sat. aq. NaHC0 3 (3 x 50 mL), dried over Na2S0 4, filtered, and concentrated by rotary

evaporation. The crude oil was taken up in dichloromethane, and automated flash

chromatography (80 g column, 1 to 10% gradient of EtOAc in hexanes) gave S22 (3.30 g,

78%) as a clear colorless oil: 1H NMR (400 MHz, CDC13) δ 7.92 (d, J = 7.3 Hz, 1H), 7.20 (s,

2H), 6.10 (d, J = 3.0 Hz, 1H), 6.05 (d, J = 7.3 Hz, 1H), 4.33-4.23 (m, 3H), 4.14 (s, 1H), 4.01

(dd, J = 8.8 Hz, 6.2 Hz, 1H), 3.80 (dd, J = 9.6 Hz, 6.2 Hz, 1H), 3.70 (t, J = 9.3 Hz, 1H), 2.90

(p, J = 7.0 Hz, 1H), 1.32-1.22 (m, 21H), 0.91 (s, 9H), 0.89 (s, 9H), 0.72 (s, 9H), 0.10 (s, 6H),

0.08 (s, 3H), 0.07 (s, 3H), -0.03 (s, 3H), -0.34 (s, 3H).

S23: To a stirred solution of S22 (3.30 g, 3.87 mmol) in acetonitrile (40 mL) under nitrogen

at 0°C, was added triethylamine (1.08 mL, 7.73 mmol) via syringe, followed by solid

hydroxylamine hydrochloride (0.537 g, 7.73 mmol) in one portion. The mixture was warmed

to ambient temperature and stirred 16 h . The mixture was recooled to 0°C, and sat. aq.

NaHC0 3 (80 mL) was added. The mixture was extracted with dichloromethane (3 x 80 mL),

and the combined organic layers were dried over Na2S0 4, filtered, and concentrated by rotary

evaporation. The crude was subjected to automated flash chromatography (80 g column, 5 to

2 0% gradient of EtOAc in dichloromethane) to give semipure material. A second automated

flash chromatography (80 g column, 5 to 50%> gradient of EtOAc in hexanes) gave S23 (1.17

g, 50%) as a white flaky solid: 1H NMR (400 MHz, CDC13) δ 8.20 (br s, 1H), 6.90 (d, J = 8.4

Hz, 1H), 6.42 (s, 1H), 6.12 (d, J = 3.4 Hz, 1H), 5.51 (dd, J = 8.3 Hz, 1.8 Hz, 1H), 4.15 (br m,

1H), 4.07 (dd, J = 3.4 Hz, 1.4 Hz, 1H), 3.91 (dd, J = 8.2 Hz, 6.4 Hz, 1H), 3.80 (dd, J = 9.8

Hz, 5.6 Hz, 1H), 3.74 (dd, J = 9.8 Hz, 8.6 Hz, 1H), 0.91 (s, 9H), 0.90 (s, 9H), 0.86 (s, 9H),

0.12 (s, 3H), 0.1 1 (s, 3H), 0.08 (s, 3H), 0.07 (s, 6H), -0.02 (s, 3H); LRMS mlz 602.3 [M+H]+.



EIDD-02200: To a stirred solution of S23 (0.602 g, 1.00 mmol) in THF (8 mL) at room

temperature under nitrogen, was added triethylamine trihydrofluoride (0.163 mL, 1.00 mmol)

dropwise via syringe. The mixture was stirred at ambient temperature for 4 days. Celite was

added to the reaction mixture, and rotary evaporation immobilized the crude onto Celite.

Automated flash chromatography (24 g column, 5 to 25% gradient of MeOH in

dichloromethane) gave 600 mg of semipure product. The mixture was taken up in water, and

automated reverse phase flash chromatography (43 g column, 0 to 15% gradient of

acetonitrile in water) gave the desired product free from impurities. The solid was dissolved

in water, frozen in a dry ice/acetone bath, and lyophilized to provide the title compound

(0.164 g, 63% yield) as a white flocculent solid: 1H NMR (400 MHz, CD3OD) δ 7.13 (d, J =

8.3 Hz, 1H), 6.07 (d, J = 4.4 Hz, 1H), 5.51 (d, J = 8.3 Hz, 1H), 4.10 (dd, J = 4.5 Hz, 1.3 Hz,

1H), 4.03 (t, J = 3.4 Hz, 1H), 3.87-3.72 (m, 3H); 1H MR (400 MHz, D20 ) δ 7.08 (d, J = 8.3

Hz, 1H), 6.09 (d, J = 5.6 Hz, 1H), 5.67 (d, J = 8.3 Hz, 1H), 4.33 (t, J = 5.4 Hz, 1H), 4.06 (t, J

= 5.6 Hz, 1H), 3.89-3.86 (m, 2H), 3.76 (dd, J = 13.1 Hz, 6.1 Hz, 1H); C NMR (100 MHz,

D20 ) 150.9, 146.8, 132.8, 97.0, 84.1, 82.1, 75.8, 74.8, 60.4; LRMS mlz 260.1 [M+H]+.

Example 23.

S24: To a stirred suspension of EIDD- 1931 (1.25 g, 4.82 mmol) in dry acetone (60 mL)

under nitrogen at room temperature was added cone. H2S0 4 (0.05 mL, 0.964 mmol), and the

mixture was stirred at room temperature overnight. The acid was neutralized by addition of

triethylamine (0.27 mL, 1.93 mmol), and the mixture was concentrated by rotary evaporation.

Automated flash chromatography (80 g column, 0 to 10% gradient of methanol in

dichloromethane) gave S24 (0.831 g, 58%) as a white solid: 1H NMR (400 MHz, CD3OD) δ

7.03 (d, J = 8.2 Hz, 1H), 5.81 (d, J = 3.2 Hz, 1H), 5.58 (d, J = 8.2 Hz, 1H), 4.86 (dd, J = 6.5

Hz, 3.2 Hz, 1H), 4.79 (dd, J = 6.4 Hz, 3.6 Hz, 1H), 4.10 (q, J = 4.0 Hz, 1H), 3.75 (dd, J =

11.9 Hz, 3.7 Hz, 1H), 3.70 (dd, J = 12.0 Hz, 4.5 Hz, 1H), 1.54 (s, 3H), 1.35 (s, 3H).



S25: To a stirred suspension of S24 (0.831 g, 2.78 mmol) in dichloromethane (14 mL) at

room temperature under nitrogen, was added triethylamine (0.58 mL, 4.16 mmol) and 4-

DMAP (3.4 mg, 0.028 mmol), and the mixture was stirred at room temperature for 15 min. A

solution of 4,4'-dimethoxytrityl chloride (0.988 g, 2.92 mmol) in dichloromethane (14 mL)

was added dropwise, and the mixture was stirred overnight at room temperature. The

reaction mixture was washed with brine ( 1 x 30 mL), dried over Na2S0 4, filtered, and

concentrated by rotary evaporation. Flash chromatography (9:1 hexanes:EtOAc, 2.5% v/v

Et3N) gave S25 (1.39 g, 83%) as a yellow foam: 1H NMR (400 MHz, CD3OD) δ 7.35-7.20

(m, 10H), 7.01 (d, J = 8.3 Hz, 1H), 6.85-6.80 (m, 4H), 5.80 (d, J = 3.0 Hz, 1H), 5.52 (d, J =

8.2 Hz, 1H), 4.84 (dd, J = 6.4 Hz, 3.0 Hz, 1H), 4.77 (dd, J = 6.4 Hz, 3.6 Hz, 1H), 4.10 (q, J =

4.0 Hz, 1H), 3.73 (dd, J = 11.9 Hz, 3.6 Hz, 1H), 3.68 (dd, J = 12.0 Hz, 4.6 Hz, 1H), 1.53 (s,

3H), 1.34 (s, 3H).

S27: To a stirred solution of S26 (0.523 g, 2.56 mmol) and N,N -diisopropylethylamine (0.46

mL, 2.64 mmol) in acetonitrile (5 mL) at 0°C under nitrogen, was added S25 (0.300 g, 0.499

mmol). The resulting mixture was warmed to room temperature and stirred 22 h, then diluted

with EtOAc (50 mL), washed with brine (2 x 50 mL), dried over Na2S0 4, and concentrated

by rotary evaporation. The crude residue was taken directly to the next step without further

purification.

EIDD-2207: The entirety of the crude S27 prepared in the previous step was mixed with

80% w/w aq. formic acid (10 mL), and the mixture was stirred at room temperature for 20

hours. The mixture was concentrated by rotary evaporation, and automated flash

chromatography (40 g column, 0 to 15%> gradient of methanol in dichloromethane) gave the

title compound (0.104 g, 48%> over 2 steps) as a yellow foam, in a -1:1 diastereomeric

mixture at phosphorus: 1H NMR (400 MHz, CD3OD, diastereomeric mixture) δ 7.41-7.35

(m, 1H), 7.26-7.18 (m, 2H), 7.12 (d, J = 8.3 Hz, 1H), 6.75 (d, J = 8.3 Hz, 0.5 x 1H), 6.69 (d, J

= 8.3 Hz, 0.5 x 1H), 5.79 (d, J = 4.8 Hz, 0.5 x 1H), 5.75 (d, J = 4.8 Hz, 0.5 x 1H), 5.54-5.42

(m, 2H), 5.46 (d, J = 8.2 Hz, 0.5 x 1H), 5.32 (d, J = 8.2 Hz, 0.5 x 1H), 4.56-4.25 (m, 2H),

4.13-4.02 (m, 3H); P NMR (162 MHz, CD3OD, diastereomeric mixture) δ -9.13, -9.33;

HRMS calcd. for Ci6Hi N30 PNa [M+Na]+: 450.06729; found: 450.06777.

Example 24.



EIDD-2216: A ~5 N solution of hydroxylamine hydrochloride (4.71 g, 67.8 mmol) in water

(13.5 mL) was prepared, and adjusted to pH = 6 with a small amount of aq. NaOH (10%

w/w). A sealable pressure tube was charged with this solution and [ ,2',3',4',5'-

C ]cytidine (0.661 g, 2.26 mmol), the flask was sealed, and heated with stirring at 37°C for

16 h . The mixture was cooled to room temperature, transferred to a round bottom flask, and

concentrated by rotary evaporation. The crude material was taken up in water, and automated

reverse phase flash chromatography (240 g CI8 column, 0 to 100% gradient of acetonitrile in

water) removed bulk impurities to give 1.4 g of a wet solid. This solid was dissolved in

water, and a second automated reverse phase chromatography (240 g CI8 column, 0 to 100%

gradient of acetonitrile in water) removed more impurities to give 400 mg semipure material.

The material was dissolved in MeOH and immobilized on Celite. Automated flash

chromatography (24 g column, 5 to 25% gradient of MeOH in dichloromethane) gave -200

mg of nearly pure product. The solid was dissolved in water, and a final automated reverse

phase chromatography (48 g CI8 column, 0 to 100% gradient of acetonitrile in water) gave

the desired product free from organic and inorganic impurities. The solid was dissolved in

water, frozen in a dry ice/acetone bath, and lyophilized to provide the title compound (0.1 19

g, 20%) as a pale purple flocculent solid, -95% pure by NMR/LCMS analysis: 1H NMR

(400 MHz, D20 ) δ 7.03 (dd, J = 8.2 Hz, 2.2 Hz, 1H), 5.82 (ddd, J = 167.5 Hz, 5.3 Hz, 2.9 Hz,

1H), 5.70 (d, J = 8.2 Hz, 1H), 4.47-4.30 (br m, 1H), 4.23-4.03 (br m, 1H), 4.00-3.80 (br m,

2H), 3.65-3.50 (br m, 1H); C NMR (100 MHz, D20 ) δ 151.3, 146.6, 131.3, 98.7, 87.9 (dd, J

= 43.1 Hz, 4.0 Hz), 84.0 (dd, J = 41.5 Hz, 38.0 Hz), 72.5 (dd, J = 43.3 Hz, 37.8 Hz), 69.8 (td,

J = 37.9 Hz, 3.9 Hz), 61.1 (d, J = 41.5 Hz); LRMS mlz 265.1 [M+H]+.

Example 25.

S28: A sealable pressure tube was charged with uridine (1.00 g, 4.09 mmol), K2C0 3 (0.679

g, 4.91 mmol), and deuterium oxide (8.2 mL). The mixture was purged with nitrogen for 15



minutes, the tubed was sealed, and the contents were heated with stirring at 95°C for 16 h .

The mixture was cooled to rt, the tube was unsealed, and the mixture was transferred to a

round-bottom flask and concentrated by rotary evaporation. The resulting crude was

coevaporated with MeOH (x 3) to remove water. NMR analysis showed > 95% deuterium

incorporation at the 5-position on the nucleobase. The light brown solid S28 (1.00 g, 100%)

was used in the next step without further purification: 1H NMR (400 MHz, CD3OD) δ 7.76

(s, 1H), 5.88 (d, J = 4.2 Hz, 1H), 4.17-4.12 (m, 2H), 4.00-3.96 (m, 1H), 3.84 (dd, J = 12.3 Hz,

2.8 Hz, 1H), 3.72 (dd, J = 12.3 Hz, 3.5 Hz, 1H); C NMR (100 MHz, CD3OD) δ 185.6,

177.4, 160.4, 141.1, 91.8, 85.8, 75.9, 71.2, 62.4.

S29: A round bottom flask was charged with S28 (1.00 g, 4.09 mmol) and dichloromethane

(8 mL) under nitrogen. The resulting mixture was cooled to 0°C and 4-DMAP (0.050 g,

0.408 mmol) and imidazole (1.1 1 g, 16.3 mmol) were added all at once. TBSC1 (2.15 g, 14.3

mmol) was added all at once as a solid, the mixture was warmed to ambient temperature, and

stirred for 16 hours. Water (25 mL) was added to the reaction mixture, the layers were

separated, and the aqueous layer was extracted with dichloromethane (2 x 25 mL). The

combined organic layers were washed with brine ( 1 x 25 mL), dried over Na2S0 4, filtered,

and concentrated by rotary evaporation. Automated flash chromatography (40 g column, 0 to

35% gradient of EtOAc in hexanes) gave S29 (2.52 g, 84%) as an off-white foam: 1H NMR

(400 MHz, CDC13) δ 8.08 (br s, 1H), 8.03 (s, 1H), 5.89 (d, J = 3.6 Hz, 1H), 4.12-4.06 (m,

3H), 3.99 (dd, J = 11.5 Hz, 1.8 Hz, 1H), 3.76 (d, J = 12.0 Hz, 1H), 0.96 (s, 9H), 0.92 (s, 9H),

0.90 (s, 9H), 0.14 (s, 3H), 0.13 (s, 3H), 0.10 (s, 3H), 0.09 (s, 3H), 0.08 (s, 3H), 0.07 (s, 3H);

C NMR (100 MHz, CDC13) δ 163.7, 150.3, 140.3, 89.0, 84.3, 76.1, 70.5, 61.6, 26.0 (3C),

25.8 (3C), 25.7 (3C), 18.4, 18.3, 17.9, -4.2, -4.6, -4.8, -4.9, -5.4, -5.6; HRMS calcd. for

C27H 54DN 2Na0 6Si [M+Na] +: 610.32446, found: 610.32482.

S30: To a stirred solution of S29 (0.840 g, 1.43 mmol) in acetonitrile (14.3 mL) at 0°C under

nitrogen, were added sequentially ^-toluenesulfonyl chloride (0.545 g, 2.86 mmol), 4-DMAP

(0.175 g, 1.43 mmol), and triethylamine (0.80 mL, 5.71 mmol). The mixture was stirred at

0°C for 2.5 h, at which time hydroxylamine hydrochloride (0.993 g, 14.3 mmol) was added

all at once as a solid. The mixture was heated at 50°C for 3 days, then cooled to rt. The

reaction mixture was diluted with EtOAc (100 mL), then washed with water (2 x 100 mL)

and brine ( 1 x 100 mL), dried over Na2S0 4, filtered, and concentrated by rotary evaporation.



Automated flash chromatography (40 g column, 5 to 35% gradient of EtOAc in hexanes)

produced a mixture of starting material and desired product. A second automated flash

chromatography (24 g column, 10 to 40% gradient of EtOAc in hexanes), gave S30 (0.332 g,

39%) as an off-white foam: 1H NMR (400 MHz, CDC13) δ 8.37 (br s, 1H), 5.92 (d, J = 4.6

Hz, 1H), 4.10-4.05 (m, 2H), 4.04-4.00 (m, 1H), 3.91 (dd, J = 11.6 Hz, 2.4 Hz, 1H), 3.73 (dd,

J = 11.6 Hz, 1.8 Hz, 1H), 0.95 (s, 9H), 0.92 (s, 9H), 0.89 (s, 9H), 0.12 (s, 6H), 0.10 (s, 3H),

0.08 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H).

EIDD-2261: A round bottom flask was charged with S30 (0.332 g, 0.551 mmol),

tetramethylammonium fluoride (0.196 g, 2.64 mmol), THF (8.25 mL), and DMF (2.75 mL)

under nitrogen at 0°C. Acetic acid (0.157 mL, 2.75 mmol) was added all at once via syringe.

The mixture was warmed to 45°C and heated with stirring for 4 days, then concentrated by

rotary evaporation. Automated flash chromatography (40 g column, 0 to 20% gradient of

MeOH in DCM) gave the title compound (0.106 g, 74%) as a white solid. Final NMR

analysis showed > 95% deuterium incorporation at the 5-position of the nucleobase: 1H

NMR (400 MHz, D20 ) δ 7.16 (s, 1H), 5.85 (d, J = 5.6 Hz, 1H), 4.14 (t, J = 5.5 Hz, 1H), 4.10

(dd, J = 5.6 Hz, 3.8 Hz, 1H), 3.93 (q, J = 3.4 Hz, 1H), 3.77 (dd, J = 12.2 Hz, 2.9 Hz, 1H),

3.68 (dd, J = 12.2 Hz, 3.4 Hz, 1H); C NMR (100 MHz, CD3OD) δ 151.8, 146.3, 132.1,

89.7, 86.1, 74.6, 71.8, 62.8; HRMS calcd. for C H 13DN 3O6 [M+H]+: 261.09399, found:

261.09371.

Example 26.



S31: A round bottom flask was charged with S8 (3.13 g, 11.0 mmol) and dichloromethane

(75 mL) under nitrogen at room temperature. To this stirred mixture was added sequentially

pyridinium dichromate (8.28 g, 22.0 mmol), acetic anhydride (10.4 mL, 110 mmol) and t-

butanol (21.1 mL, 220 mmol) at room temperature. The mixture was stirred for 22 hours at

room temperature, then washed with water ( 1 x 75 mL). The aqueous layer was extracted

with dichloromethane (2 x 75 mL) and the combined organic layers were washed with brine

( 1 x 100 mL), dried over N a2S0 4, filtered, and concentrated by rotary evaporation. The

obtained residue was taken up in EtOAc and filtered through a Celite plug, followed by

washing with EtOAc. The filtrate was concentrated by rotary evaporation, and automated

flash chromatography (120 g column, 40 to 80% gradient of EtOAc in hexanes) gave S31

(3.10 g, 72%) as an off-white foam: 1H NMR (400 MHz, CDC13) δ 8.36 (br s, 1H), 7.42 (d, J

= 8.0 Hz, 1H), 5.76 (dd, J = 8.0 Hz, 2.3 Hz, 1H), 5.59 (s, 1H), 5.27 (dd, J = 6.0 Hz, 1.8 Hz,

1H), 5.19 (d, J = 6.0 Hz, 1H), 4.62 (d, J = 1.8 Hz, 1H), 1.56 (s, 3H), 1.48 (s, 9H), 1.39 (s,

3H).

S32: To a stirred solution of S31 (2.61 g, 7.37 mmol) in EtOD (75 mL) at room temperature

under nitrogen, was added NaBD 4 (1.234 g, 29.5 mmol) in one portion. The mixture was

stirred at room temperature for 1 hour, heated to 55°C for 6 hours, then overnight at room

temperature. The mixture was cooled to 0°C and excess reagent was quenched with AcOD.



The mixture was concentrated by rotary evaporation to give crude S32 (2.57 g) which was

taken directly on to the next step without further purification.

S33: To a stirred suspension of crude S32 (2.00 g impure material, -5.74 mmol) in

dichloromethane (70 mL) at 0°C, was added solid imidazole (1.90 g, 27.9 mmol) and 4-

DMAP (0.171 g, 1.40 mmol). Solid t-butyldimethylsilyl chloride (2.1 1 g, 14.0 mmol) was

added, and the mixture was warmed to room temperature and stirred for 4 days. The mixture

was washed sequentially with water and brine ( 1 x 70 mL each), dried over Na2S0 4, filtered,

and concentrated by rotary evaporation. Automated flash chromatography (120 g column, 0

to 35% gradient of EtOAc in hexanes) gave S33 (1.42 g, 66% over 2 steps) as a white solid:

1H NMR (400 MHz, CDC13) δ 8.30 (br s, 1H), 7.72 (m, 1H), 5.99 (d, J = 2.8 Hz, 1H), 5.69

(dd, J = 8.2 Hz, 2.3 Hz, 1H), 4.77 (dd, J = 6.1 Hz, 2.9 Hz, 1H), 4.69 (dd, J = 6.2 Hz, 2.8 Hz,

1H), 4.33 (d, J = 3.0 Hz, 1H), 1.60 (s, 3H), 1.37 (s, 3H), 0.91 (s, 9H), 0.1 1 (s, 3), 0.10 (s, 3H);

C NMR (100 MHz, CDC13) δ 162.7, 149.9, 140.5, 114.1, 102.1, 91.9, 86.5, 85.4, 80.3, 27.4,

25.9 (3C), 25.4, 18.4, -5.4, -5.5; HRMS calcd. for Ci H2 D 2N20 6Si [M+H]+: 401.20714,

found: 401.20663.

S34: To a stirred solution of S33 (1.42 g, 3.55 mmol) in acetonitrile (35 mL) at 0°C under

nitrogen, was added sequentially ^-toluenesulfonyl chloride (1.35 g, 7.09 mmol), 4-DMAP

(0.433 g, 3.55 mmol), and triethylamine (9.88 mL, 70.9 mmol). The resulting mixture was

stirred at 0°C for 2.5 hours. Hydroxylamine hydrochloride (2.46 g, 35.5 mmol) was added,

and the mixture was heated with stirring at 50°C for 2 days. The mixture was recooled to rt

and diluted with EtOAc (100 mL), then washed with water (2 x 50 mL) and brine ( 1 x 50

mL), dried over Na2S0 4, filtered, and concentrated by rotary evaporation. Automated flash

chromatography (120 g column, 1 to 3.5% gradient of methanol in dichloromethane) gave

S34 (0.416 g, 28%) as an off-white solid: 1H NMR (400 MHz, CDC1 3) δ 8.36 (br s, 1H), 7.00

(m, 1H), 5.97 (d, J = 3.1 Hz, 1H), 5.58 (d, J = 8.2 Hz, 1H), 4.77 (dd, J = 6.2 Hz, 3.2 Hz, 1H),

4.68 (dd, J = 6.3 Hz, 3.2 Hz, 1H), 4.22 (d, J = 3.2 Hz, 1H), 1.59 (s, 3H), 1.36 (s, 3H), 0.92 (s,

9H), 0.1 1 (s, 3H), 0.10 (s, 3H); C NMR (100 MHz, CDC13) δ 149.0, 145.4, 13 1.4, 114.1,

98.3, 90.8, 85.5, 84.5, 80.2, 27.4, 25.9 (3C), 25.5, 18.4, -5.4, -5.5; HRMS calcd. for

Ci H2 9D 2N30 6Si [M+H]+: 416.21804, found: 416.21827.



S35: To a stirred solution of S34 (0.416 g, 1.00 mmol) in THF (5 mL) at 0°C under

nitrogen, was added a 1.0 M THF solution of TBAF (1.50 mL, 1.5 mmol), and the resulting

mixture was kept at 0°C for 24 hours. The reaction mixture was concentrated by rotary

evaporation, and automated flash chromatography (40 g column, 0 to 8% gradient of

methanol in dichloromethane) gave S35 (0.257 g, 85%) as a white solid: 1H NMR (400 MHz,

CD3OD) δ 7.02 (m, 1H), 5.81 (d, J = 3.2 Hz, 1H), 5.58 (d, J = 8.2 Hz, 1H), 4.86 (dd, J = 6.4

Hz, 3.2 Hz, 1H), 4.79 (dd, J = 6.5 Hz, 3.6 Hz, 1H), 4.09 (d, J = 3.7 Hz, 1H), 1.54 (s, 3H),

1.34 (s, 3H); C NMR (100 MHz, CD3OD) δ 151.3, 146.2, 133.4, 115.2, 99.4, 92.9, 87.2,

84.9, 82.1, 27.6, 25.6; HRMS calcd. for Ci2Hi6D2N30 6 [M+H]+: 302.13157, found:

302.13130.

EIDD-2345: To a stirred solution of S35 (0.140 g, 0.465 mmol) in methanol (8.4 mL) and

water (0.93 mL) at room temperature, was added Dowex 50WX8 hydrogen form (0.30 g),

and the mixture was stirred at room temperature for 24 hours. The reaction mixture was

filtered, and the filtrate was concentrated by rotary evaporation. Automated flash

chromatography (40 g column, 5 to 20% gradient of methanol in dichloromethane) gave the

title compound (0.050 g, 41%) as an off-white solid: 1H NMR (400 MHz, CD3OD) δ 7.17 (m,

1H), 5.86 (d, J = 5.6 Hz, 1H), 5.60 (d, J = 8.2 Hz, 1H), 4.15 (t, J = 5.5 Hz, 1H), 4.1 1 (dd, J =

5.6 Hz, 3.5 Hz, 1H), 3.94 (d, J = 3.8 Hz, 1H); C NMR (100 MHz, CD3OD) δ 151.8, 146.3,

132.2, 99.3, 89.7, 86.0, 74.6, 71.7, HRMS calcd. for C H i0D2N3O6 [M+H]+: 260.08571,

found: 260.08578.

Example 27.

S2 S36 EIDD-2356

S36: To a stirred solution of S2 (0.090 g, 0.150 mmol) in DCM (1.5 mL) under nitrogen at

rt, was added hexadecyl isocyanate (0.051 mL, 0.165 mmol) dropwise via syringe over 2

minutes. The reaction was stirred at rt for 4 h, then concentrated by rotary evaporation to

give crude residue. Automated flash chromatography (12 g column, 0 to 20% gradient of

EtOAc in hexanes) gave S36 (0.120 g, 92%) as an off-white foam: 1H NMR (400 MHz,

CDC1 3) δ 8.27 (br s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 6.29 (t, J = 5.8 Hz, 1H), 5.90 (d, J = 4.5



Hz, 1H), 5.57 (dd, J = 8.2 Hz, 2.2 Hz, 1H), 4.09-4.02 (m, 3H), 3.93 (dd, J = 11.7 Hz, 2.2 Hz,

1H), 3.73 (dd, J = 11.6 Hz, 1.6 Hz, 1H), 3.27 (q, J = 6.6 Hz, 2H), 1.56 (m, 2H), 1.26 (br s,

28H), 0.95 (s, 9H), 0.91 (s, 9H), 0.89 (s, 9H), 0.89 (m, 3H), 0.13 (s, 3H), 0.12 (s, 3H), 0.09 (s,

3H), 0.08 (s, 3H), 0.05 (s, 3H), 0.04 (s, 3H); C NMR (100 MHz, CDC13) δ 154.6, 147.9,

146.9, 134.0, 96.0, 91.2, 87.9, 85.1, 75.5, 71.7, 62.5, 41.2, 31.9, 29.73, 29.70, 29.69 (2C,

accidental isochrony), 29.67, 29.65 (2C, accidental isochrony), 29.60, 29.5, 29.4, 29.3, 26.8,

26.0 (3C), 25.8 (3C), 25.7 (3C), 22.7, 18.4, 18.1, 17.9, 14.1, -4.4, -4.6, -4.7, -4.8, -5.5, -5.6;

HRMS calcd. for C4 4H N 40 7 Si3 [M+H]+: 869.60336, found: 869.60408.

EIDD-2356: To a stirred solution of S36 (0.120 g, 0.138 mmol) in THF (2.75 mL) under

nitrogen at 0°C, was added a 1M solution of TBAF in THF (0.483 mL, 0.483 mmol). The

solution was stirred at 0°C for 5 hours, then concentrated by rotary evaporation. Automated

flash chromatography (12 g column, 0 to 10% gradient of MeOH in dichloromethane) gave

the title compound (0.055 g, 76%) as an off-white solid: 1H NMR (400 MHz, CDC13 with a

drop of CD 3OD) δ 7.26 (d, J = 8.2 Hz, 1H), 5.62 (d, J = 4.4 Hz, 1H), 5.55 (d, J = 8.2 Hz, 1H),

4.14-4.06 (m, 2H), 3.96-3.92 (m, 1H), 3.82-3.76 (m, 1H), 3.65 (m, 1H, obscured by MeOH-

i¾), 3.15 (t, 7.0 Hz, 2H), 1.56 (m, 2H), 1.30-1.1 1 (br s, 28H), 0.79 (t, J = 6.9 Hz, 3H); HRMS

calcd. for C26H 47N40 7 [M+H]+: 527.34393, found: 527.34396.

Example28.

S2 S37 E!DD-2357

S37: To a stirred solution of S2 (0.090 g, 0.150 mmol) in DCM (1.5 mL) under nitrogen at

rt, was added octadecyl isocyanate (0.057 mL, 0.165 mmol) dropwise via syringe over 2

minutes. The reaction was stirred at rt for 6 h, then concentrated by rotary evaporation to

give crude residue. Automated flash chromatography (12 g column, 0 to 20% gradient of

EtOAc in hexanes) gave S37 (0.128 g, 95%) as an off-white foam: 1H NMR (400 MHz,

CDCI 3) δ 8.27 (br s, 1H), 7.51 (d, J = 8.3 Hz, 1H), 6.29 (t, J = 5.8 Hz, 1H), 5.90 (d, J = 4.4

Hz, 1H), 5.57 (dd, J = 8.2 Hz, 2.2 Hz, 1H), 4.10-4.00 (m, 3H), 3.93 (dd, J = 11.6 Hz, 2.1 Hz,

1H), 3.73 (dd, J = 11.7 Hz, 1.5 Hz, 1H), 3.28 (q, J = 6.6 Hz, 2H), 1.55 (m, 2H), 1.26 (br s,

30H), 0.95 (s, 9H), 0.91 (s, 9H), 0.89 (s, 9H), 0.89 (m, 3H), 0.13 (s, 3H), 0.12 (s, 3H), 0.09 (s,



3H), 0.08 (s, 3H), 0.05 (s, 3H), 0.04 (s, 3H); C NMR (100 MHz, CDC13) δ 154.6, 147.9,

146.9, 134.0, 96.0, 91.2, 87.9, 85.1, 75.5, 71.7, 62.5, 41.2, 31.9, 29.73, 29.70 (5C, accidental

isochrony), 29.67, 29.66 (2C, accidental isochrony), 29.60, 29.5, 29.4, 29.3, 26.8, 26.0 (3C),

25.8 (3C), 25.7 (3C), 22.7, 18.4, 18.1, 17.9, 14.1, -4.4, -4.6, -4.7, -4.8, -5.5, -5.6; HRMS

calcd. for C46H 3N 40 7Si3 [M+H]+: 897.63466, found: 897.63589.

EIDD-2357: To a stirred solution of S37 (0.128 g, 0.143 mmol) in THF (2.85 mL) under

nitrogen at 0°C, was added a 1M solution of TBAF in THF (0.499 mL, 0.499 mmol). The

solution was stirred at 0°C for 5 hours, then concentrated by rotary evaporation. Automated

flash chromatography (12 g column, 0 to 10% gradient of MeOH in dichloromethane) gave

the title compound (0.059 g, 74%) as an off-white solid: 1H NMR (400 MHz, CDC13) δ 10.70

(br s, 1H), 7.47 (d, J = 8.2 Hz, 1H), 6.56 (t, J = 6.2 Hz, 1H), 5.76 (s, 1H), 5.60 (d, J = 8.2 Hz,

1H), 4.32-4.20 (br m, 2H), 4.12-4.02 (br m, 2H), 3.90 (d, J = 11.7 Hz, 1H), 1.56 (m, 2H),

1.26 (br s, 30H), 0.89 (t, J = 7.0 Hz, 3H); HRMS calcd. for C2 H iN 40 7 [M+H]+: 555.37523,

found: 555.37531.

Example 29.

S2 S38 EIDD-2422

S38: To a vigorously stirred mixture of triphosgene (0.297 g, 1.00 mmol) and sodium

bicarbonate (0.370 g, 4.40 mmol) in acetonitrile (5 mL) at -15°C, was added an admixed

solution of methylamine (2.0 M in THF, 0.600 mL, 1.20 mmol) and triethylamine (0.488 mL,

3.50 mmol) dropwise via syringe. The mixture was warmed to ambient temperature and

stirred for 6 hours. A solution of S2 (0.662 g, 1.10 mmol) and 4-DMAP (0.024 g, 0.200

mmol) in acetonitrile (5 mL) and DCM (5 mL) was prepared, and this was added dropwise to

the reaction mixture via syringe. The entire mixture was stirred at ambient temperature for

16 h, diluted with dichloromethane (50 mL), washed with sat. aq. NaHC0 3 and brine ( 1 x 25

mL each), dried over Na2S0 4, filtered, and concentrated by rotary evaporation. The crude

was taken up in dichloromethane, and automated flash chromatography (24 g column, 5 to

35% gradient of EtOAc in hexanes) gave S38 (0.340 g, 52%) as a white waxy solid. NMR

analysis showed a -8:1 ratio of rotamers: 1H NMR (400 MHz, DMSO-i¾, major rotamer) δ



10.53 (d, J = 2.2 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H), 6.83 (q, J = 4.9 Hz, 1H), 5.80 (d, J = 6.5

Hz, 1H), 5.67 (dd, J = 8.3 Hz, 2.2 Hz, 1H), 4.18 (dd, J = 6.4 Hz, 4.3 Hz, 1H), 4.05 (m, 1H),

3.92 (m, 1H), 3.82 (dd , J = 11.6 Hz, 4.0 Hz, 1H), 3.70 (dd, J = 11.5 Hz, 2.9 Hz, 1H), 2.64 (d,

J = 4.7 Hz, 3H), 0.91 (s, 9H), 0.89 (s, 9H), 0.83 (s, 9H), 0.10 (s, 6H), 0.09 (s, 3H), 0.08 (s,

3H), 0.02 (s, 3H), -0.03 (s, 3H).

EIDD-2422: To a stirred solution of S38 (0.330 g, 0.500 mmol) in THF (3.75 mL) and DMF

(1.25 mL) at 0°C, was added acetic acid (0.143 mL, 2.50 mmol) followed by

tetraethylammonium fluoride (0.359 g, 2.40 mmol) all at once. The mixture was warmed to

ambient temperature and stirred 24 hours. The mixture was concentrated by rotary

evaporation, and the crude was taken up in dichloromethane. Automated flash

chromatography (12 g column, 1 to 25% gradient of MeOH in dichloromethane) gave 80 mg

of semipure material. This material was taken up in water, and automated reverse phase flash

chromatography (30 g column, 0 to 100% gradient of acetonitrile in water) gave the desired

product free from impurities. The solid was dissolved in water, frozen in a dry ice/acetone

bath, and lyophilized to provide the title compound (0.057 g, 36% yield) as a white flocculent

solid. NMR analysis showed a 13:1 ratio of signals in D20 and a 8:1 ratio in MeOH-<¾,

indicating solvent-dependent rotamer ratios of a single pure compound: 1H NMR (400 MHz,

CD3OD, major rotamer) δ 7.45 (d, J = 8.2 Hz, 1H), 5.86 (d, J = 5.1 Hz, 1H), 5.69 (d, J = 8.2

Hz, 1H), 4.16-4.08 (m, 2H), 3.96 (q, J = 3.2 Hz, 1H), 3.79 (dd, J = 12.2 Hz, 2.8 Hz, 1H), 3.69

(dd, J = 12.2 Hz, 3.3 Hz, 1H), 2.79 (s, 3H); 1H NMR (400 MHz, D20 , major rotamer) δ 7.27

(d, J = 8.2 Hz, 1H), 5.84 (d, J = 5.4 Hz, 1H), 5.80 (d, J = 8.2 Hz, 1H), 4.28 (t, J = 5.2 Hz,

1H), 4.17 (t, J = 5.2 Hz, 1H), 4.05 (q, J = 4.2 Hz, 1H), 3.82 (dd, J = 12.8 Hz, 3.1 Hz, 1H),

3.73 (dd, J = 12.8 Hz, 4.6 Hz, 1H), 2.76 (s, 3H); C NMR (100 MHz, D20 ) δ 157.6, 150.2,

148.8, 134.0, 97.1, 88.4, 84.1, 73.1, 69.7, 61.0, 26.9; LRMS mlz 315.1 [M-H] .

Example 30.



S2 S39 EiDD-2423

S39: To a vigorously stirred solution of S2 (1.10 g, 1.82 mmol) in pyridine (12 mL) under

nitrogen at 0°C, was added dimethylcarbamyl chloride (0.184 mL, 2.00 mmol) dropwise via

syringe over 5 minutes. The mixture was stirred at 0°C for 4 hours, then warmed to ambient

temperature and stirred another 16 hours. Methanol (2 mL) was added, the mixture was

stirred an additional 15 minutes at room temperature, then concentrated by rotary

evaporation. The crude was taken up in dichloromethane, and automated flash

chromatography (40 g column, 5 to 50% gradient of EtOAc in hexanes) provided S39 (1.16

g, 95%) as a fluffy white solid. NMR analysis showed a -10:1 ratio of rotamers: H NMR

(400 MHz, DM SO- , major rotamer) δ 10.76 (d, J = 2.2 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H),

5.80 (d, J = 6.3 Hz, 1H), 5.70 (dd, J = 8.2 Hz, 2.2 Hz, 1H), 4.20 (dd, J = 6.3 Hz, 4.6 Hz, 1H),

4.05 (dd, J = 4.3 Hz, 2.3 Hz, 1H), 3.92 (q, J = 3.1 Hz, 1H), 3.83 (dd, J = 11.5 Hz, 4.0 Hz,

1H), 3.70 (dd, J = 11.5 Hz, 2.8 Hz, 1H), 2.96 (br s, 3H), 2.83 (br s, 3H), 0.91 (s, 9H), 0.89 (s,

9H), 0.83 (s, 9H), 0.10 (s, 6H), 0.09 (s, 3H), 0.08 (s, 3H), 0.02 (s, 3H), -0.01 (s, 3H).

EIDD-2423: To a stirred solution of S39 (1.16 g, 1.72 mmol) in THF (12.9 mL) and DMF

(4.3 mL) at 0°C, was added acetic acid (0.493 mL, 8.62 mmol) followed by

tetraethylammonium fluoride (1.24 g, 8.27 mmol) all at once. The mixture was warmed to

ambient temperature and stirred 16 hours. The mixture was concentrated by rotary

evaporation, and the crude was taken up in dichloromethane. Automated flash

chromatography (80 g column, 1 to 15% gradient of MeOH in dichloromethane) gave 400

mg of semipure material. This material was taken up in water, and automated reverse phase

flash chromatography (100 g column, 0 to 100% gradient of acetonitrile in water) gave the

desired product free from impurities. The solid was dissolved in water, frozen in a dry

ice/acetone bath, and lyophilized to provide the title compound (0.200 g, 35% yield) as a

white flocculent solid. NMR analysis showed a 9:1 ratio of signals in D20 and a 5:1 ratio in

MeOH-i¾, indicating solvent-dependent rotamer ratios of a single pure compound: 1H NMR

(400 MHz, CD3OD, major rotamer) δ 7.46 (d, J = 8.3 Hz, 1H), 5.85 (d, J = 4.8 Hz, 1H), 5.72

(d, J = 8.2 Hz, 1H), 4.18-4.1 1 (m, 2H), 3.97 (q, J = 3.5 Hz, 1H), 3.80 (dd, J = 12.1 Hz, 2.8



Hz, 1H), 3.70 (dd, J = 12.2 Hz, 3.2 Hz, 1H), 3.05 (br s, 3H), 2.98 (br s, 3H); 1H MR (400

MHz, D20 , major rotamer) □ 7.27 (d, J = 8.3 Hz, 1H), 5.84 (d, J = 5.4 Hz, 1H), 5.80 (d, J =

8.3 Hz, 1H), 4.28 (t, J = 5.4 Hz, 1H), 4.17 (d, J = 5.2 Hz, 1H), 4.05 (q, J = 4.3 Hz, 1H), 3.82

(dd, J = 12.7 Hz, 3.2 Hz, 1H), 3.73 (dd, J = 12.7 Hz, 4.5 Hz, 1H), 2.99 (br s, 3H), 2.91 (br s,

3H); C NMR (100 MHz, D20 ) δ 156.2, 150.1, 149.4, 133.9, 97.2, 88.3, 84.1, 73.0, 69.7,

61.0, 36.5, 35.7; LRMS mlz 329.0 [M-H] .

Example 31.

S40: A solution of S25 (0.50 g, 0.83 mmol) in anhydrous dichloromethane (5 mL) in a round

bottom flask was cooled to 0°C with an ice bath under nitrogen, and treated with pyridine

(0.14 mL, 1.66 mmol) and DMAP (10 mg, 0.083 mmol), followed by dropwise addition of

heptyl chloroformate (0.165 mL, 0.914 mmol). The mixture was warmed to room

temperature and stirred for 2 h . After completion of the reaction, the reaction mixture was

diluted with dichloromethane (25 mL) and washed with 5% aqueous hydrochloric acid (25

mL) and aqueous sodium bicarbonate (25 mL). The organic layer was dried over Na2S0 4 and

concentrated by rotary evaporation to give S40. The crude product was taken directly to the

next step without further purification.

EIDD-2474: The entirety of crude S40 prepared as above was stirred with formic acid (10

mL) at room temperature for 12 h . The solvent was removed by rotary evaporation, and the

crude product was purified by flash column chromatography using methanol and

dichloromethane to yield the title compound (0.140 g, 42% over two steps) as a colorless

solid: 1H MR (400 MHz, DMSO-4) δ 10.05 (s, 1H), 9.61 (s, 1H), 6.85 (d, J = 8.1 Hz, 1H),

5.75 (d, J = 5.8 Hz, 1H), 5.57 (d, J = 8.1 Hz, 1H), 5.42 (d, J = 5.8 Hz, 1H), 5.30 (d, J = 5.0

Hz, 1H), 4.31 (dd, J = 11.7 Hz, 3.2 Hz, 1H), 4.20 (dd, J = 11.8 Hz, 5.4 Hz, 1H), 4.14-4.08

(m, 1H), 4.02 (q, J = 5.7 Hz, 1H), 3.97-3.90 (m, 2H), 3.10 (m, 1H), 1.61-1.18 (m, 10H), 0.90-

0.86 (m, 3H); C NMR (100 MHz, DMSO-4) δ 154.9, 149.9, 143.6, 130.3, 99.2, 87.9, 81.0,

72.1, 70.4, 68.2, 67.8, 45.9, 31.6, 28.5, 25.6, 22.5, 14.4; LRMS m/z 402.1 [M+H]+.

Example 32.



S41: A solution of S25 (0.40 g, 0.66 mmol) in anhydrous dichloromethane (5 mL) in a 50

mL round bottom flask was cooled to 0°C with an ice bath under nitrogen, and treated with

pyridine (0.10 mL, 1.33 mmol) and DMAP (0.080 g, 0.66 mmol), followed by addition of

heptyl isocyanate (0.16 mL, 0.99 mmol) and stirred at 40°C for 12 h . After completion of the

reaction, the reaction mixture was diluted with dichloromethane (25 mL) and washed with

5% aqueous hydrochloric acid (25 mL) and aqueous sodium bicarbonate (25 mL). The

organic layer was dried over Na2SC"4 and concentrated by rotary evaporation to give crude

S41. The crude product was taken directly to the next step without further purification.

EIDD-2475: The entirety of crude S41 as prepared above was stirred with formic acid (10

mL) at room temperature for 12 h . The solvent was removed by rotary evaporation, and the

crude product was purified by flash column chromatography using methanol and

dichloromethane to yield the title compound (0.150 g, 56% over 2 steps) as a colorless solid:

1H MR (400 MHz, DM SO- ) δ 9.98 (s, 1H), 9.53 (s, 1H), 7.26 (t, J = 5.5 Hz, 1H), 6.83 (d,

J = 8.2 Hz, 1H), 5.71 (d, J = 6.3 Hz, 1H), 5.52 (d, J = 8.2 Hz, 1H), 4.19-3.77 (m, 5H), 2.94

(q, J = 6.2 Hz, 2H), 1.48- 1.10 (m, 10H), 0.83 (t, J = 6.6 Hz, 3H); C MR (101 MHz,

DMSO- ) δ 156.3, 150.0, 143.7, 130.4, 99.1, 87.4, 81.9, 72.1, 70.6, 64.2, 31.7, 29.9, 28.9,

26.6, 22.5, 14.4; LRMS m/z 401.1 [M+H]+.

Example 33.

S2S S42 EiDD-2476

S42: A solution of S25 (0.25 g, 0.41 mmol) in anhydrous dichloromethane (5 mL) in a 50

mL round bottom flask was cooled to 0°C with an ice bath under nitrogen, and treated with

pyridine (0.068 mL, 0.83 mmol) and DMAP (0.073 g, 0.41 mmol), followed by addition of



nonanoyl chloride (0.082 mL, 0.45 mmol) and stirred at 40°C for 12 h . After completion of

the reaction, the reaction mixture was diluted with dichloromethane (15 mL) and washed with

5% aqueous hydrochloric acid (20 mL) and aqueous sodium bicarbonate (20 mL). The

organic layer was dried over Na2S0 4 and concentrated by rotary evaporation to give crude

S42. The crude product was taken directly to the next step without further purification.

EIDD-2476: The entirety of crude S42 as prepared above was stirred with formic acid (5

mL) at room temperature for 12 h . The solvent was removed by rotary evaporation, and the

crude product was purified by flash column chromatography using methanol and

dichloromethane to yield the title compound (0.080 g, 54% over 2 steps) as a colorless solid:

1H MR (400 MHz, DM SO- ) δ 9.99 (s, 1H), 9.54 (s, 1H), 6.81 (d, J = 8.3 Hz, 1H), 5.69 (d,

J = 5.6 Hz, 1H) (dd, J = 8.2 Hz, 1.8 Hz, 1H), 5.35 (d, J = 5.8 Hz, 1H), 5.22 (d, J = 5.1 Hz,

1H), 4.25-4.02 (m, 2H), 4.03-3.78 (m, 3H), 2.35-2.20 (m, 2H), 1.58-1.42 (m, 2H), 1.22 (m,

10H), 0.83 (t, J = 3.3 Hz, 3H); C NMR (100 MHz, DMSO- ) δ 173.2, 149.9, 143.7, 130.3,

99.2, 88.0, 81.1, 72.3, 70.4, 64.3, 33.8, 31.7, 29.1, 29.0, 28.9, 24.9, 22.5, 14.4; LRMS m/z

400.2 [M+H]+.

Example 34.

S S43 S44 E!DD-2S03

S43: To a stirred solution of S8 (5.87 g, 20.7 mmol) in pyridine (20 mL) at 0°C under

nitrogen, was added diethyl phosphorochloridate (2.99 mL, 20.7 mmol) dropwise via syringe.

The mixture was stirred at 0°C for 30 minutes, then warmed to ambient temperature and

stirred an additional 30 minutes. The mixture was recooled to 0°C, MeOH (20 mL) was

added, the mixture was warmed to ambient temperature and stirred 15 minutes. The mixture

was concentrated by rotary evaporation and taken up in dichloromethane. Automated flash

chromatography (120 g column, 1 to 10% gradient of MeOH in dichloromethane) gave S43

(4.25 g, 49%) as an off-white flaky solid: 1H NMR (400 MHz, DMSO- ) δ 9.28 (br s, 1H),

8.39 (br s, 1H), 7.95 (d, J = 7.7 Hz, 1H), 6.04 (d, J = 7.6 Hz, 1H), 5.80 (d, J = 1.7 Hz, 1H),

5.07 (dd, J = 6.4 Hz, 1.7 Hz, 1H), 4.79 (dd, J = 6.4 Hz, 3.7 Hz, 1H), 4.30-4.24 (m, 1H), 4.21-



4.07 (m, 2H), 4.01 (dq, J = 8.2 Hz, 7.1 Hz, 4H), 1.49 (s, 3H), 1.29 (s, 3H), 1.22 (tq, J = 7.0

Hz, 0.8 Hz, 6H); P NMR (162 MHz, CDC13) δ -1.21; LRMS mlz 420.1 [M+H]+.

S44: A ~5 N solution of hydroxylamine hydrochloride (12.7 g, 182 mmol) in water (36.4 mL

solution volume) was prepared, and adjusted to pH = 6 with a small amount of aq. NaOH

(10% w/w). A sealable pressure tube was charged with this solution, S43 (3.82 g, 9.1 1

mmol), and THF (18 mL), the flask was sealed, and the mixture was heated with stirring at

37°C for 5 days. The mixture was cooled to room temperature, transferred to a round bottom

flask, and concentrated by rotary evaporation. The crude material was taken up in methanol

and immobilized on Celite. Automated flash chromatography (80 g column, 0 to 10%

gradient of MeOH in dichloromethane) gave S44 (2.28 g, 58%) as a flaky white solid: 1H

NMR (400 MHz, CDC13) δ 8.58 (br s, 1H), 7.72 (br s, 1H), 6.68 (d, J = 8.2 Hz, 1H), 5.69 (d,

J = 2.5 Hz, 1H), 5.63 (dd, J = 7.8 Hz, 1.1 Hz, 1H), 4.93 (dd, J = 6.4 Hz, 2.4 Hz, 1H), 4.85

(dd, J = 6.5 Hz, 3.6 Hz, 1H), 4.30-4.20 (m, 3H), 4.20-4.10 (m, 5H), 1.57 (s, 3H), 1.35 (s, 3H),

1.35 (tdd, J = 7.0 Hz, 4.1 Hz, 1.0 Hz, 6H); P NMR (162 MHz, CDC13) δ -1.09; LRMS mlz

436.1 [M+H]+.

EIDD-2503: A solution of S44 (0.25 g, 0.57 mmol) was stirred with formic acid (5 mL) at

room temperature for 12 h under nitrogen. After completion of the reaction the solvent was

removed by rotary evaporation, and the crude product was purified by flash column

chromatography using methanol and dichloromethane to yield the title compound (0.180 g,

79%) as a colorless solid: 1H NMR (400 MHz, DM SO- ) δ 10.00 (s, 1H), 9.57 (s, 1H), 6.83

(d, J = 8.2 Hz, 1H), 5.71 (d, J = 5.9 Hz, 1H), 5.54 (dd, J = 8.2 Hz, 2.0 Hz, 1H), 5.38 (d, J =

5.8 Hz, 1H), 5.24 (d, J = 4.7 Hz, 1H), 4.16-3.86 (m, 8H), 1.30-1.15 (m, 5H). C NMR (100

MHz, DM SO- ) δ 149.9, 143.7, 130.3, 110.0, 99.1, 87.8, 82.0, 72.1, 70.2, 67.2, 63.9, 16.4;

P NMR (162 MHz, DM SO- ) δ -1.12; LRMS m/z 396.1 [M+H]+.

Example 35.



S45: A solution of 2',3'-isopropylideneuridine (4.00 g, 14.0 mmol) in anhydrous

dichloromethane (50 mL) was cooled to 0°C under nitrogen with stirring. To this solution

triethylamine (3.92 mL, 28.1 mmol) and 4-DMAP (0.172 g, 1.40 mmol) were added,

followed by dropwise addition of methanesulfonyl chloride (1.32 mL, 16.9 mmol). The

reaction mixture was warmed to room temperature and stirred for 2 h . After completion of the

reaction, the mixture was quenched with crushed ice and washed with 5% aqueous

hydrochloric acid, aqueous sodium hydrogen carbonate, and brine ( 1 x 50 mL each). The

organic layer was dried over Na2S0 4 and concentrated by rotary evaporation. The crude

product was purified by flash column chromatography using ethyl acetate and hexane to yield

S45 (3.99 g, 78%) as a colorless foam: 1H NMR (400 MHz, CDC13) δ 9.97 (s, 1H), 7.27 (d, J

= 8.2 Hz, 1H), 5.74 (d, J = 8.0 Hz, 1H), 5.60 (d, J = 1.8 Hz, 1H), 5.06 (d, J = 8.2 Hz, 1H),

4.88 (dd, J = 6.4 Hz, 3.9 Hz, 1H), 4.45 (d, J = 5.2 Hz, 2H), 4.37 (m, 1H), 3.03 (s, 3H), 1.54

(s, 3H), 1.34 (s, 3H); LRMS m/z 363.0 [M+H]+.

S46: To a solution of S45 (3.00 g, 8.28 mmol) in anhydrous tetrahydrofuran (60 mL) at room

temperature under nitrogen, lithium bromide (1.44 gm, 16.56 mmol) was added and the

reaction mixture was refluxed for 6 h . After completion of the reaction, the concentrated by

rotary evaporation and the crude product was partitioned between dichloromethane (60 mL)

and water (60 mL). The aqueous layer was removed and the organic layer was washed with

brine (60 mL), dried over Na2S0 4 and concentrated by rotary evaporation. The crude product

was purified by flash column chromatography using ethyl acetate and hexane to yield S45

(2.30 g, 80%) as a colorless solid: 1H NMR (400 MHz, CDC13) δ 9.24 (s, 1H), 7.34 (d, J =

8.2 Hz, 1H), 5.76 (d, J = 8.2 Hz, 1H), 5.66 (d, J = 2.2 Hz, 1H), 5.01 (dd, J = 6.5 Hz, 2.3 Hz,

1H), 4.88 (dd, J = 6.5 Hz, 3.7 Hz, 1H), 4.38 (td, J = 5.7 Hz, 3.8 Hz, 1H), 3.68 (dd, J = 10.6

Hz, 6.2 Hz, 1H), 3.56 (dd, J = 10.6 Hz, 5.2 Hz, 1H), 1.57 (s, 3H), 1.36 (s, 3H); LRMS m/z

348.9 [M+H]+.



S47: To a suspension of S46 (2.0 g, 5.76 mmol) in anhydrous toluene (40 mL) at room

temperature under nitrogen, ethanol (5 mL) was added followed by tributyltin hydride (3.1 1

mL, 11.52 mmol) and AIBN (0.94 gm, 5.76 mmol). The reaction mixture was refluxed for 6

h . After completion of the reaction, solvent was removed under reduced pressure, and the

crude product was dissolved in dichloromethane (50 mL) and vacuum filtered through a glass

frit. The filtrate was concentrated by rotary evaporation and the crude product was purified

by flash column chromatography using ethyl acetate and hexane to yield S47 (1.10 g, 71%)

as a colorless foam: 1H NMR (400 MHz, CDC13) δ 9.81 (s, 1H), 7.26 (d, J = 8.0 Hz, 1H),

5.73 (d, J = 8.0 Hz, 1H), 5.62 (d, J = 2.2 Hz, 1H), 4.94 (dd, J = 6.5 Hz, 2.2 Hz, 1H), 4.54 (dd,

J = 6.5 Hz, 4.6 Hz, 1H), 4.19 (qd, J = 6.4 Hz, 4.7 Hz, 1H), 1.54 (s, 3H), 1.37 (d, J = 6.5 Hz,

3H), 1.32 (s, 3H). LRMS m/z 269.1 [M+H] +.

S48: A solution of S47 (1.00 g, 3.73 mmol) in anhydrous dichloromethane (30 mL) was

cooled to 0°C under nitrogen with stirring. To this solution N,N -diisopropylethylamine (3.25

mL, 18.64 mmol) and 4-DMAP (46 mg, 0.37 mmol) were added, followed by addition of

2,4,6-triisopropylbenzenesulfonyl chloride (1.69 g, 5.59 mmol). After the disappearance of

starting material, hydroxylamine hydrochloride (0.648 g, 9.32 mmol) was added and the

mixture was stirred for another 12 h at room temperature. After completion of the reaction,

the reaction mixture was diluted with dichloromethane (70 mL) and washed with 5% aqueous

hydrochloric acid (100 mL) followed by aqueous sodium hydrogen carbonate (100 mL) and

brine (100 mL). The organic layer was dried over N a2SC"4, filtered, and concentrated by

rotary evaporation. The crude product was purified by flash column chromatography using

ethyl acetate and hexane to yield S48 (0.59 g, 55.9%) as a colorless solid: 1H NMR (400

MHz, DMSO-4) δ 10.03 (s, 1H), 9.62 (d, J = 1.8 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H), 5.66 (d,

J = 2.8 Hz, 1H), 5.55 (dd, J = 8.1 Hz, 2.1 Hz, 1H), 4.86 (dd, J = 6.6 Hz, 2.8 Hz, 1H), 4.47

(dd, J = 6.5 Hz, 4.9 Hz, 1H), 3.97-3.84 (m, 1H), 1.44 (s, 3H), 1.30-1.15 (m, 5H); LRMS m/z

284.1 [M+H] +.

EIDD-2524: A solution of S48 (0.250 g, 0.88 mmol) was stirred in formic acid (5 mL) at

room temperature for 12 h . After completion of the reaction, the mixture was concentrated by

rotary evaporation, and the crude product was purified by flash column chromatography

using methanol and dichloromethane to yield the title compound (0.150 g, 70%) as a

colorless solid: H M R (400 MHz, DM SO- ) δ 9.94 (s, 1H), 9.46 (s, 1H), 6.75 (d, J = 8.2



Hz, 1H), 5.59 (d, J = 5.1 Hz, 1H), 5.51 (d, J = 8.2 Hz, 1H), 5.20 (s, 1H), 4.98 (s, 1H), 3.94 (s,

1H), 3.78-3.65 (m, 1H), 3.59 (dd, J = 5.5 Hz, 3.9 Hz, 1H), 1.17 (d, J = 6.4 Hz, 3H). C NMR

(100 MHz, DM SO- ) δ 149.9, 143.8, 130.8, 99.1, 88.5, 79.0, 74.8, 72.5, 19.3; LRMS m/z

244.1 [M+H]+.

Example 36.

Assay Protocols

(1) Screening Assays for DENV, JEV, POWV, WNV, YFV, PTV, RVFV, CHIKV, EEEV,

VEEV, WEEV, TCRV, PCV, JUNV, MPRLV

Primary cytopathic effect (CPE) reduction assay. Four-concentration CPE inhibition

assays are performed. Confluent or near-confluent cell culture monolayers in 96-well

disposable microplates are prepared. Cells are maintained in MEM or DMEM supplemented

with FBS as required for each cell line. For antiviral assays the same medium is used but with

FBS reduced to 2% or less and supplemented with 50 g/ml gentamicin. The test compound

is prepared at four logio final concentrations, usually 0.1, 1.0, 10, and 100 g/ml or µΜ . The

virus control and cell control wells are on every microplate. In parallel, a known active drug

is tested as a positive control drug using the same method as is applied for test compounds.

The positive control is tested with each test run. The assay is set up by first removing growth

media from the 96-well plates of cells. Then the test compound is applied in 0.1 ml volume to

wells at 2X concentration. Virus, normally at <100 50% cell culture infectious doses

(CCID 0) in 0 .1 ml volume, is placed in those wells designated for virus infection. Medium

devoid of virus is placed in toxicity control wells and cell control wells. Virus control wells

are treated similarly with virus. Plates are incubated at 37°C with 5% C0 2 until maximum

CPE is observed in virus control wells. The plates are then stained with 0.01 1% neutral red

for approximately two hours at 37°C in a 5% C0 2 incubator. The neutral red medium is

removed by complete aspiration, and the cells may be rinsed IX with phosphate buffered

solution (PBS) to remove residual dye. The PBS is completely removed and the incorporated

neutral red is eluted with 50% Sorensen's citrate buffer/50% ethanol (pH 4.2) for at least 30

minutes. Neutral red dye penetrates into living cells, thus, the more intense the red color, the

larger the number of viable cells present in the wells. The dye content in each well is

quantified using a 96-well spectrophotometer at 540 nm wavelength. The dye content in each

set of wells is converted to a percentage of dye present in untreated control wells using a

Microsoft Excel computer-based spreadsheet. The 50%> effective (EC 50, virus-inhibitory)

concentrations and 50%> cytotoxic (CC 50, cell-inhibitory) concentrations are then calculated



by linear regression analysis. The quotient of CC 50 divided by E C50 gives the selectivity

index (SI) value.

Secondary CPE/Virusyield reduction (VYR) assay. This assay involves similar

methodology to what is described in the previous paragraphs using 96-well microplates of

cells. The differences are noted in this section. Eight half-logio concentrations of inhibitor are

tested for antiviral activity and cytotoxicity. After sufficient virus replication occurs, a sample

of supernatant is taken from each infected well (three replicate wells are pooled) and held for

the VYR portion of this test, if needed. Alternately, a separate plate may be prepared and the

plate may be frozen for the VYR assay. After maximum CPE is observed, the viable plates

are stained with neutral red dye. The incorporated dye content is quantified as described

above. The data generated from this portion of the test are neutral red EC50, CC50, and SI

values. Compounds observed to be active above are further evaluated by VYR assay. The

VYR test is a direct determination of how much the test compound inhibits virus replication.

Virus that was replicated in the presence of test compound is titrated and compared to virus

from untreated, infected controls. Titration of pooled viral samples (collected as described

above) is performed by endpoint dilution. This is accomplished by titrating logio dilutions of

virus using 3 or 4 microwells per dilution on fresh monolayers of cells by endpoint dilution.

Wells are scored for presence or absence of virus after distinct CPE (measured by neutral red

uptake) is observed. Plotting the logio of the inhibitor concentration versus logio of virus

produced at each concentration allows calculation of the 90% (one logio) effective

concentration by linear regression. Dividing EC 0 by the CC 0 obtained in part 1 of the assay

gives the SI value for this test.

Example 37.

(2) Screening Assays for Lassa fever virus (LASV)

Primary Lassa fever virus assay. Confluent or near-confluent cell culture monolayers

in 12-well disposable cell culture plates are prepared. Cells are maintained in DMEM

supplemented with 10% FBS. For antiviral assays the same medium is used but with FBS

reduced to 2% or less and supplemented with 1% penicillin/streptomycin. The test compound

is prepared at four logio final concentrations, usually 0.1, 1.0, 10, and 100 g/ml or µΜ . The

virus control and cell control will be run in parallel with each tested compound. Further, a

known active drug is tested as a positive control drug using the same experimental set-up as

described for the virus and cell control. The positive control is tested with each test run. The

assay is set up by first removing growth media from the 12-well plates of cells, and infecting



cells with 0.01 MOI of LASV strain Josiah. Cells will be incubated for 90 min: 500 µΐ

inoculum/Ml well, at 37°C, 5% C02 with constant gentle rocking. The inoculums will be

removed and cells will be washed 2X with medium. Then the test compound is applied in 1

ml of total volume of media. Tissue culture supernatant (TCS) will be collected at appropriate

time points. TCS will then be used to determine the compounds inhibitory effect on virus

replication. Virus that was replicated in the presence of test compound is titrated and

compared to virus from untreated, infected controls. For titration of TCS, serial ten-fold

dilutions will be prepared and used to infect fresh monolayers of cells. Cells will be overlaid

with 1% agarose mixed 1:1 with 2X MEM supplemented with 10%FBS and l%penecillin,

and the number of plaques determined. Plotting the logio of the inhibitor concentration versus

logio of virus produced at each concentration allows calculation of the 90% (one logio)

effective concentration by linear regression.

Secondary Lassafever virus assay. The secondary assay involves similar

methodology to what is described in the previous paragraphs using 12-well plates of cells.

The differences are noted in this section. Cells are being infected as described above but this

time overlaid with 1% agarose diluted 1:1 with 2X MEM and supplemented with 2% FBS

and 1% penicillin/streptomycin and supplemented with the corresponding drug concentration.

Cells will be incubated at 37oC with 5% C02 for 6 days. The overlay is then removed and

plates stained with 0.05% crystal violet in 10% buffered formalin for approximately twenty

minutes at room temperature. The plates are then washed, dried and the number of plaques

counted. The number of plaques is in each set of compound dilution is converted to a

percentage relative to the untreated virus control. The 50% effective (EC50, virus-inhibitory)

concentrations are then calculated by linear regression analysis.

Example 38.

(3) Screening Assays for Ebola virus (EBOV) and Nipah virus (NIV)

Primary Ebola/Nipah virus assay. Four-concentration plaque reduction assays are

performed. Confluent or near-confluent cell culture monolayers in 12-well disposable cell

culture plates are prepared. Cells are maintained in DMEM supplemented with 10% FBS. For

antiviral assays the same medium is used but with FBS reduced to 2% or less and

supplemented with 1% penicillin/streptomycin. The test compound is prepared at four logio

final concentrations, usually 0.1, 1.0, 10, and 100 or µΜ . The virus control and cell

control will be run in parallel with each tested compound. Further, a known active drug is

tested as a positive control drug using the same experimental set-up as described for the virus



and cell control. The positive control is tested with each test run. The assay is set up by first

removing growth media from the 12-well plates of cells. Then the test compound is applied in

0.1 ml volume to wells at 2X concentration. Virus, normally at approximately 200 plaque-

forming units in 0.1 ml volume, is placed in those wells designated for virus infection.

Medium devoid of virus is placed in toxicity control wells and cell control wells. Virus

control wells are treated similarly with virus. Plates are incubated at 37°C with 5% C0 2 for

one hour. Virus-compound inoculums will be removed, cells washed and overlaid with 1.6%

tragacanth diluted 1:1 with 2X MEM and supplemented with 2% FBS and 1%

penicillin/streptomycin and supplemented with the corresponding drug concentration. Cells

will be incubated at 37°C with 5% C0 2 for 10 days. The overlay is then removed and plates

stained with 0.05% crystal violet in 10% buffered formalin for approximately twenty minutes

at room temperature. The plates are then washed, dried and the number of plaques counted.

The number of plaques is in each set of compound dilution is converted to a percentage

relative to the untreated virus control. The 50% effective (EC 50, virus-inhibitory)

concentrations are then calculated by linear regression analysis.

Secondary Ebola/NIpah virus assay with VYR component. The secondary assay

involves similar methodology to what is described in the previous paragraphs using 12-well

plates of cells. The differences are noted in this section. Eight half-logio concentrations of

inhibitor are tested for antiviral activity. One positive control drug is tested per batch of

compounds evaluated. For this assay, cells are infected with virus. Cells are being infected as

described above but this time incubated with DMEM supplemented with 2% FBS and 1%

penicillin/streptomycin and supplemented with the corresponding drug concentration. Cells

will be incubated for 10 days at 37°C with 5% C0 2, daily observed under microscope for the

number of green fluorescent cells. Aliquots of supernatant from infected cells will be taken

daily and the three replicate wells are pooled. The pooled supernatants are then used to

determine the compounds inhibitory effect on virus replication. Virus that was replicated in

the presence of test compound is titrated and compared to virus from untreated, infected

controls. For titration of pooled viral samples, serial ten-fold dilutions will be prepared and

used to infect fresh monolayers of cells. Cells are overlaid with tragacanth and the number of

plaques determined. Plotting the logio of the inhibitor concentration versus logio of virus

produced at each concentration allows calculation of the 90% (one logio) effective

concentration by linear regression.

Example 39.



Anti-Dengue Virus Cytoprotection Assay:

Cell Preparation -BHK21 cells (Syrian golden hamster kidney cells, ATCC catalog #

CCL-I 0) , Vero cells (African green monkey kidney cells, ATCC catalog# CCL-81), or Huh-

7 cells (human hepatocyte carcinoma) were passaged in DMEM supplemented with 10%

FBS, 2 mM L-glutamine,100 U/mL penicillin, and 100 g/mL streptomycin in T-75 flasks

prior to use in the antiviral assay. On the day preceding the assay, the cells were split 1:2 to

assure they were in an exponential growth phase at the time of infection. Total cell and

viability quantification was performed using a hemocytometer and Trypan Blue dye

exclusion. Cell viability was greater than 95% for the cells to be utilized in the assay. The

cells were resuspended at 3 x 103 (5 x 105 for Vero cells and Huh-7 cells) cells per well in

tissue culture medium and added to flat bottom microtiter plates in a volume of 100 . The

plates were incubated at 37°C/5%C0 2 overnight to allow for cell adherence. Monolayers were

observed to be approximately 70% confluent.

Virus Preparation-The Dengue virus type 2 New Guinea C strain was obtained from

ATCC (catalog# VR-1 584) and was grown in LLC-MK2 (Rhesus monkey kidney cells;

catalog #CCL-7.1) cells for the production of stock virus pools. An aliquot of virus pretitered

in BHK21 cells was removed from the freezer (-80°C) and allowed to thaw slowly to room

temperature in a biological safety cabinet. Virus was resuspended and diluted into assay

medium (DMEM supplemented with 2% heat-inactivated FBS, 2 mM L-glutamine, 100

U/mL penicillin, and 100 g/mL streptomycin) such that the amount of virus added to each

well in a volume of 100 µΙ_, was the amount determined to yield 85 to 95% cell killing at 6

days post-infection.

Plate Format-Each plate contains cell control wells (cells only), virus control wells

(cells plus virus), triplicate drug toxicity wells per compound (cells plus drug only), as well

as triplicate experimental wells (drug plus cells plus virus).

Efficacy and Toxicity XTT-Following incubation at 37°C in a 5% C02 incubator, the

test plates were stained with the tetrazolium dye XTT (2,3-bis(2-methoxy-4-nitro-5-

sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium hydroxide). XTT-tetrazolium was

metabolized by the mitochondrial enzymes of metabolically active cells to a soluble formazan

product, allowing rapid quantitative analysis of the inhibition of virus-induced cell killing by

antiviral test substances. XTT solution was prepared daily as a stock of 1 mg/mL in RPMI

1640. Phenazine methosulfate (PMS) solution was prepared at 0.15mg/mL in PBS and stored

in the dark at -20°C. XTT/PMS stock was prepared immediately before use by adding 40 µΙ



of PMS per ml of XTT solution. Fifty microliters ofXTT/PMS was added to each well of the

plate and the plate was reincubated for 4 hours at 37°C. Plates were sealed with adhesive

plate sealers and shaken gently or inverted several times to mix the soluble formazan product

and the plate was read spectrophotometrically at 450/650 nm with a Molecular Devices

Vmax plate reader.

Data Analysis -Raw data was collected from the Softmax Pro 4.6 software and

imported into a Microsoft Excel spreadsheet for analysis. The percent reduction in viral

cytopathic effect compared to the untreated virus controls was calculated for each compound.

The percent cell control value was calculated for each compound comparing the drug treated

uninfected cells to the uninfected cells in medium alone.

Example 40.

Anti-RSV Cytoprotection Assay:

Cell Preparation-HEp2 cells (human epithelial cells, A TCC catalog# CCL-23) were

passaged in DMEM supplemented with 10% FBS, 2 mM L-glutamine, 100 U/mL penicillin,

100 g/mL streptomycin 1 mM sodium pyruvate, and 0 .1 mM EAA, T-75 flasks prior to

use in the antiviral assay. On the day preceding the assay, the cells were split 1:2 to assure

they were in an exponential growth phase at the time of infection. Total cell and viability

quantification was performed using a hemocytometer and Trypan Blue dye exclusion. Cell

viability was greater than 95% for the cells to be utilized in the assay. The cells were

resuspended at 1 x 104 cells per well in tissue culture medium and added to flat bottom

microtiter plates in a volume of 100 µ ΐ . The plates were incubated at 37°C/5% C02 overnight

to allow for cell adherence. Virus Preparation -The RSV strain Long and RSV strain 9320

were obtained from ATCC (catalog# VR-26 and catalog #VR-955, respectively) and were

grown in HEp2 cells for the production of stock virus pools. A pretitered aliquot of virus was

removed from the freezer (-80°C) and allowed to thaw slowly to room temperature in a

biological safety cabinet. Virus was resuspended and diluted into assay medium

(DMEMsupplemented with 2% heat-inactivated FBS, 2 mM L-glutamine, 100 U/mL

penicillin, 100 g/mL streptomycin, 1 mM sodium pyruvate, and 0.1 mM EAA) such that

the amount of virus added to each well in a volume of 100 µ ΐ was the amount determined to

yield 85 to 95% cell killing at 6 days post-infection. Efficacy and Toxicity XTT-Plates were

stained and analyzed as previously described for the Dengue cytoprotection assay.

Example 41.

Anti-Influenza Virus Cytoprotection Assay:



Cell Preparation-MOCK cells (canine kidney cells, ATCC catalog# CCL-34) were

passaged in DMEM supplemented with 10% FBS, 2 mM L-glutamine, 100 U/mL penicillin,

100 g/mL streptomycin 1 mM sodium pyruvate, and 0 .1 mM NEAA, T-75 flasks prior to

use in the antiviral assay. On the day preceding the assay, the cells were split 1:2 to assure

they were in an exponential growth phase at the time of infection. Total cell and viability

quantification was performed using a hemocytometer and Trypan Blue dye exclusion. Cell

viability was greater than 95% for the cells to be utilized in the assay. The cells were

resuspended at 1 x 104 cells per well in tissue culture medium and added to flat bottom

microtiter plates in a volume of 100 µ ΐ . The plates were incubated at 37°C/5% C02 overnight

to allow for cell adherence.

Virus Preparation-The influenza A/PR/8/34 (A TCC #VR-95), A CA 05/09

(CDC),A/NY/1 8/09 (CDC) and A/NWS/33 (ATCC #VR-219) strains were obtained from

ATCC or from the Center of Disease Control and were grown in MDCK cells for the

production of stock virus pools. A pretitered aliquot of virus was removed from the freezer (-

80°C)and allowed to thaw slowly to room temperature in a biological safety cabinet. Virus

was resuspended and diluted into assay medium (DMEM supplemented with 0.5%BSA, 2

mM L-glutamine, 100 U/mL penicillin, 100 g/mL streptomycin, 1 mM sodium pyruvate, 0.1

mM NEAA, and 1 µg/ml TPCK-treated trypsin) such that the amount of virus added to each

well in a volume of 100 µ was the amount determined to yield 85 to 95% cell killing at 4

days post-infection. Efficacy and Toxicity XTT-Plates were stained and analyzed as

previously described for the Dengue cytoprotection assay.

Example 42.

Anti-Hepatitis C Virus Assay:

Cell Culture -The reporter cell line Huh-luc/neo-ET was obtained from Dr. Ralf

Bartenschlager (Department of Molecular Virology, Hygiene Institute, University of

Heidelberg, Germany) by ImQuest Biosciences through a specific licensing agreement. This

cell line harbors the persistently replicating I389luc-ubi-neo/NS3-3'/ET replicon containing

the firefly luciferase gene-ubiquitin-neomycin phosphotransferase fusion protein and EMCV

IRES driven NS3-5B HCV coding sequences containing the ET tissue culture adaptive

mutations (E1202G, T12081, and K1846T). A stock culture of the Huh-luc/neo-ET was

expanded by culture in DMEM supplemented with I 0% FCS, 2mM glutamine, penicillin

(100 µυ /mL streptomycin (100 µg/mL) and I X nonessential amino acids plus 1 mg/mL

G418. The cells were split 1:4 and cultured for two passages in the same media plus 250



g/mL G418. The cells were treated with trypsin and enumerated by staining with trypan

blue and seeded into 96-well tissue culture plates at a cell culture density 7.5 x 103 cells per

well and incubated at 37°C 5% C02 for 24 hours. Following the 24 hour incubation, media

was removed and replaced with the same media minus theG418 plus the test compounds in

triplicate. Six wells in each plate received media alone as a no-treatment control. The cells

were incubated an additional 72 hours at 37°C 5%C02 then anti-HCV activity was measured

by luciferase endpoint. Duplicate plates were treated and incubated in parallel for assessment

of cellular toxicity by XTT staining.

Cellular Viability- The cell culture monolayers from treated cells were stained with

the tetrazolium dye XTT to evaluate the cellular viability of the Huh-luc/neo-ET reporter cell

line in the presence of the compounds.

Measurement of Virus Replication-HCV replication from the replicon assay system

was measured by luciferase activity using the britelite plus luminescence reporter gene kit

according to the manufacturer's instructions (Perkin Elmer, Shelton, CT). Briefly, one vial of

britelite plus lyophilized substrate was solubilized in 10 mL of britelite reconstitution buffer

and mixed gently by inversion. After a 5 minute incubation at room temperature, the britelite

plus reagent was added to the 96 well plates at 100 µΙ_, per well. The plates were sealed with

adhesive film and incubated at room temperature for approximately 10 minutes to lyse the

cells. The well contents were transferred to a white 96-well plate and luminescence was

measured within 15 minutes using the Wallac 1450Microbeta Trilux liquid scintillation

counter. The data were imported into a customized Microsoft Excel 2007 spreadsheet for

determination of the 50% virus inhibition concentration (EC50) .

Example 43.

Anti-Parainfluenza-3 Cytoprotection Assay:

Cell Preparation- HEp2 cells (human epithelial cells, ATCC catalog# CCL-23) were

passaged in DMEM supplemented with 10% FBS, 2 mM L-glutamine, 100 U/mL penicillin,

100 g/mL streptomycin 1 mM sodium pyruvate, and 0 .1 mM EAA, T-75 flasks prior to

use in the antiviral assay. On the day preceding the assay, the cells were split 1:2 to assure

they were in an exponential growth phase at the time of infection. Total cell and viability

quantification was performed using a hemocytometer and Trypan Blue dye exclusion. Cell

viability was greater than 95% for the cells to be utilized in the assay. The cells were

resuspended at 1 x 104cells per well in tissue culture medium and added to flat bottom



microtiter plates in a volume of 100 . The plates were incubated at 37°C/5% C02 overnight

to allow for cell adherence.

Virus Preparation - The Parainfluenza virus type 3 SF4 strain was obtained from

ATCC (catalog# VR-281) and was grown in HEp2 cells for the production of stock virus

pools. A pretitered aliquot of virus was removed from the freezer (-80°C) and allowed to

thaw slowly to room temperature in a biological safety cabinet. Virus was resuspended and

diluted into assay medium (DMEM supplemented with 2% heat-inactivated FBS, 2 mM L-

glutamine, 100 U/mL penicillin, and 100 g/mL streptomycin) such that the amount of virus

added to each well in a volume of 100 µΙ_, was the amount determined to yield 85 to 95% cell

killing at 6 days post-infection.

Plate Format - Each plate contains cell control wells (cells only), virus control wells

(cells plus virus), triplicate drug toxicity wells per compound (cells plus drug only), as well a

triplicate experimental wells (drug plus cells plus virus). Efficacy and Toxicity XTT-

Following incubation at 37°C in a 5% C02 incubator, the test plates were stained with the

tetrazolium dye XTT (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-

2H-tetrazol hydroxide). XTT-tetrazolium was metabolized by the mitochondrial enzymes of

metabolically active cells to a soluble formazan product, allowing rapid quantitative analysis

of the inhibition of virus-induced cell killing by antiviral test substances. XTT solution was

prepared daily as a stock of lmg/mL in RPMI1640. Phenazine methosulfate (PMS) solution

was prepared at 0 .15mg/mL in PBS and stored in the dark at - 20°C. XTT/PMS stock was

prepared immediately before use by adding 40 µΙ_, of PMS per ml of XTT solution. Fifty

microliters of XTT/PMS was added to each well of the plate and the plate was reincubated

for 4 hours at 3 7°C. Plates were sealed with adhesive plate sealers and shaken gently or

inverted several times to mix the soluble fomlazan product and the plate was read

spectrophotometrically at 450/650 nm with a Molecular Devices Vmax plate reader.

Data Analysis - Raw data was collected from the Softmax Pro 4.6 software and

imported into a Microsoft Excel spreadsheet for analysis. The percent reduction in viral

cytopathic effect compared to the untreated virus controls was calculated for each compound.

The percent cell control value was calculated for each compound comparing the drug treated

uninfected cells to the uninfected cells in medium alone.

Example 44.

Influenza Polymerase Inhibition Assay:



Virus Preparation - Purified influenza virus A/PR/8/34 ( 1 ml) was obtained from

Advanced Biotechnologies, Inc. (Columbia, MD), thawed and dispensed into five aliquots for

storage at -80°C until use. On the day of assay set up, 20 µΙ of 2.5% Triton N-101 was added

to 180 µΙ_, of purified virus. The disrupted virus was diluted 1:2 in a solution containing

0.25% Triton and PBS. Disruption provided the source of influenza ribonucleoprotein (RNP)

containing the influenza RNA-dependent RNA polymerase and template RNA. Samples were

stored on ice until use in the assay.

Polymerase reaction - Each 50 µΙ polymerase reaction contained the following: 5 µΙ_,

of the disrupted RNP, 100 mM Tris-HCl (pH 8.0), 100 mM KC1, 5 mM MgCl 2. 1 mM

dithiothreitol, 0.25% Triton N-101, 5 µ of [ - P] GTP, 100 µΜ ATP, 50 µΜ each (CTP,

UTP), 1 µΜ GTP, and 200 µΜ adenyl (3'-5') guanosine. For testing the inhibitor, the

reactions contained the inhibitor and the same was done for reactions containing the positive

control (2'-Deoxy-2'-fluoroguanosine-5'-triphosphate). Other controls included RNP

+reaction mixture, and RNP + 1% DMSO. The reaction mixture without the ApG primer and

NTPs was incubated at 30°C for 20 minutes. Once the ApG and NTPs were added to the

reaction mixture, the samples were incubated at 30°C for 1 hour then immediately followed

by the transfer of the reaction onto glass-fiber filter plates and subsequent precipitation with

10% trichloroacetic acid (TCA ) . The plate was then washed five times with 5% TCA

followed by one wash with 95% ethanol. Once the filter had dried, incorporation of [ - P]

GTP was measured using a liquid scintillation counter (Micro beta).

Plate Format - Each test plate contained triplicate samples of the three compounds (6

concentrations) in addition to triplicate samples of RNP + reaction mixture (RNP alone),

RNP + 1% DMSO, and reaction mixture alone (no RNP).

Data Analysis - Raw data was collected from the Micro Beta scintillation counter. The

incorporation of radioactive GTP directly correlates with the levels of polymerase activity.

The "percent inhibition values" were obtained by dividing the mean value of each test

compound by the RNP + 1%> DMSO control. The mean obtained at each concentration of

2DFGTP was compared to the RNP + reaction control. The data was then imported into

Microsoft Excel spreadsheet to calculate the IC 0 values by linear regression analysis.

Example 45.

HCV Polymerase Inhibition Assay:

Activity of compounds for inhibition of HCV polymerase was evaluated using

methods previously described (Lam eta!. 2010. Antimicrobial Agents and Chemotherapy



54(8):3 187-3 196). HCV NS5B polymerase assays were performed in 20 volumes in 96

well reaction plates. Each reaction contained 40 ng/µ purified recombinant NS5BA22

genotype- lb polymerase, 20 ng/µ of HCV genotype- lb complimentary IRES template, 1

µΜ of each of the four natural ribonucleotides, 1 U/mL Optizyme RNAse inhibitor

(Promega, Madison, WI), 1 mM MgCl2, 0.75 mM MnCl2, and 2 mM dithiothreitol (DTT) in

50 mM HEPES buffer (pH 7.5). Reaction mixtures were assembled on ice in two steps. Step

1 consisted of combining all reaction components except the natural nucleotides and labeled

UTP in a polymerase reaction mixture. Ten microliters (10 µ ) of the polymerase mixture

was dispensed into individual wells of the 96 well reaction plate on ice. Polymerase reaction

mixtures without NS5B polymerase were included as no enzyme controls. Serial half-

logarithmic dilutions of test and control compounds, 2'-0-Methyl-CTP and 2'-0-Methyl-GTP

(Trilink, San Diego, CA), were prepared in water and 5 µΙ of the serial diluted compounds or

water alone (no compound control) were added to the wells containing the polymerase

mixture. Five microliters of nucleotide mix (natural nucleotides and labeled UTP) was then

added to the reaction plate wells and the plate was incubated at 27°C for 30 minutes. The

reactions were quenched with the addition of 80 µΙ_, stop solution (12.5 mM EDTA, 2.25 M

NaCl, and 225 mM sodium citrate) and the RNA products were applied to a Hybond-N+

membrane (GE Healthcare, Piscataway, N.J) under vacuum pressure using a dot blot

apparatus. The membrane was removed from the dot blot apparatus and washed four times

with 4X SSC (0.6 M NaCl, and 60 mM sodium citrate), and then rinsed one time with water

and once with 100% ethanol. The membrane was air dried and exposed to a phosphoimaging

screen and the image captured using a Typhoon 8600 Phospho imager. Following capture of

the image, the membrane was placed into a Micro beta cassette along with scintillation fluid

and the CPM in each reaction was counted on a Micro beta 1450. CPM data were imported

into a custom Excel spreadsheet for determination of compound IC50S.

Example 46.

NS5B RNA-dependent RNA polymerase reaction conditions

Compounds were assayed for inhibition of NS5B-621 from HCV GT-lb Con-1.

Reactions included purified recombinant enzyme, 1 u/µ negative-strand HCV IRES RNA

template, and Ι Μ NTP substrates including either [ P]-CTP or [ P]-UTP. Assay plates

were incubated at 27°C for 1 hour before quench. [ P] incorporation into macromolecular

product was assessed by filter binding.



Example 47.

Human DNA Polymerase Inhibition Assay:

The human DNA polymerase alpha (catalog# 1075), beta (catalog# 1077), and

gamma (catalog# 1076) were purchased from CHIMERx (Madison, WI). Inhibition of beta

and gamma DNA polymerase activity was assayed in microtiter plates in a 50 uL reaction

mixture containing 50 mM Tris-HCl (pH 8.7), KCl (10 mM for beta and lOOmM for gamma),

10 mM MgCl 2, 0.4 mg/mL BSA, 1 mM DTT, 15% glycerol, 0.05 mM of dCTP, dTTP, and

dATP, 10 uCi [ P]-alpha-dGTP (800 Ci/mmol), 20 ug activated calf thymus DNA and the

test compound at indicated concentrations. The alpha DNA polymerase reaction mixture was

as follows in a 50 uL volume per sample: 20mM Tris-HCl (pH 8), 5 mM magnesium acetate,

0.3 mg/mL BSA, 1 mM DTT, 0.1 mM spermine, 0.05 mM of dCTP, dTTP, and dATP, 10

uCi [ P]-alpha-dGTP (800 Ci/mmol), 20 ug activated calf thymus DNA and the test

compound at the indicated concentrations. For each assay, the enzyme reactions were

allowed to proceed for 30 minutes at 37°C followed by the transfer onto glass-fiber filter

plates and subsequent precipitation with 10% trichloroacetic acid (TCA). The plate was then

washed with 5% TCA followed by one wash with 95% ethanol. Once the filter had dried,

incorporation of radioactivity was measured using a liquid scintillation counter (Microbeta).

Example 48.

HIV infected PBMC assay:

Fresh human peripheral blood mononuclear cells (PBMCs) were obtained from a

commercial source (Biological Specialty) and were determined to be seronegative for HIV

and HBV. Depending on the volume of donor blood received, the leukophoresed blood cells

were washed several times with PBS. After washing, the leukophoresed blood was diluted

1:1 with Dulbecco's phosphate buffered saline (PBS) and layered over 15mL of Ficoll-

Hypaque density gradient in a 50ml conical centrifuge tube. These tubes were centrifuged

for 30 min at 600g. Banded PBMCs were gently aspirated from the resulting interface and

washed three times with PBS. After the final wash, cell number was determined by Trypan

Blue dye exclusion and cells were re-suspended at 1 x 10 6 cells/mL in RPMI 1640 with

15% Fetal Bovine Serum (FBS), 2 mmol/L L-glutamine, 2 ug/mL PHA-P, 100 U/mL

penicillin and 100 ug/mL streptomycin and allowed to incubate for 48-72 hours at 37°C.

After incubation, PBMCs were centrifuged and resuspended in tissue culture medium. The

cultures were maintained until use by half-volume culture changes with fresh IL-2 containing

tissue culture medium every 3 days. Assays were initiated with PBMCs at 72 hours post

PHA-P stimulation.



To minimize effects due to donor variability, PBMCs employed in the assay were a

mixture of cells derived from 3 donors. Immediately prior to use, target cells were

resuspended in fresh tissue culture medium at 1 x 10 6 cells/mL and plated in the interior

wells of a 96-well round bottom microtiter plate at 50 uL/well. Then, 100 uL of 2X

concentrations of compound-containing medium was transferred to the 96-well plate

containing cells in 50 uL of the medium. AZT was employed as an internal assay standard.

Following addition of test compound to the wells, 50 uL of a predetermined dilution

of HIV virus (prepared from 4X of final desired in-well concentration) was added, and

mixed well. For infection, 50-150 TCID 0 of each virus was added per well (final MOI

approximately 0.002). PBMCs were exposed in triplicate to virus and cultured in the

presence or absence of the test material at varying concentrations as described above in the

96-well microtiter plates. After 7 days in culture, HIV-1 replication was quantified in the

tissue culture supernatant by measurement of reverse transcriptase (RT) activity. Wells with

cells and virus only served as virus controls. Separate plates were identically prepared

without virus for drug cytotoxicity studies.

Reverse Transcriptase Activity Assay - Reverse transcriptase activity was measured

in cell-free supernatants using a standard radioactive incorporation polymerization assay.

Tritiated thymidine triphosphate (TTP; New England Nuclear) was purchased at 1 Ci/mL and

1 uL was used per enzyme reaction. A rAdT stock solution was prepared by mixing

0.5mg/mL poly rAand 1.7 U/mL oligo dT in distilled water and was stored at -20°C. The RT

reaction buffer was prepared fresh daily and consists of 125 uL of 1 mol/L EGTA, 125 uL of

dH20 , 125 uL of 20% Triton X-100, 50 uL of 1 mol/L Tris (pH 7.4), 50 uL of 1 mol/L DTT,

and 40 uL of 1 mol/L MgCl2. For each reaction, 1 uL of TTP, 4 uL of dH20 , 2.5 uL of rAdT,

and 2.5 uL of reaction buffer were mixed. Ten microliters of this reaction mixture was

placed in a round bottom microtiter plate and 15 uL of virus-containing supernatant was

added and mixed. The plate was incubated at 37°C in a humidified incubator for 90 minutes.

Following incubation, 10 uL of the reaction volume was spotted onto a DEAE filter mat in

the appropriate plate format, washed 5 times (5 minutes each) in a 5% sodium phosphate

buffer, 2 times ( 1 minute each) in distilled water, 2 times ( 1 minute each) in 70% ethanol, and

then air dried. The dried filtermat was placed in a plastic sleeve and 4 mL of Opti-Fluor O

was added to the sleeve. Incorporated radioactivity was quantified utilizing a Wallac 1450

Microbeta Trilux liquid scintillation counter.

Example 49.

HBV :



HepG2.2.15 cells ( ΙΟΟµΙ ) in RPMI1640 medium with 10% fetal bovine serum was

added to all wells of a 96-well plate at a density of 1 x 104 cells per well and the plate was

incubated at 37°C in an environment of 5% C0 2 for 24 hours. Following incubation, six ten

fold serial dilutions of test compound prepared in RPMI1640 medium with 10% fetal bovine

serum were added to individual wells of the plate in triplicate. Six wells in the plate received

medium alone as a virus only control. The plate was incubated for 6 days at 37°C in an

environment of 5% C0 2. The culture medium was changed on day 3 with medium

containing the indicated concentration of each compound. One hundred microliters of

supernatant was collected from each well for analysis of viral DNA by qPCR and cytotoxicity

was evaluated by XTT staining of the cell culture monolayer on the sixth day.

Ten microliters of cell culture supernatant collected on the sixth day was diluted in

qPCR dilution buffer (40 g/mL sheared salmon sperm DNA) and boiled for 15 minutes.

Quantitative real time PCR was performed in 386 well plates using an Applied Biosy stems

7900HT Sequence Detection System and the supporting SDS 2.4 software. Five microliters

(5 µ ) of boiled DNA for each sample and serial 10-fold dilutions of a quantitative DNA

standard were subjected to real time Q-PCR using Platinum Quantitative PCR SuperMix-

UDG (Invitrogen) and specific DNA oligonucleotide primers (IDT, Coralville, ID) HBV-

AD38-qFl (5'-CCG TCT GTG CCT TCT CAT CTG-3'), HBV-AD38-qRl (5'-AGT CCA

AGA GTY CTC TTA TRY AAG ACC TT-3'), and HBV-AD38-qPl (5'-FAM CCG TGT

GCA /ZEN/CTT CGC TTC ACC TCT GC-3'BHQ1) at a final concentration of 0.2 µΜ for

each primer in a total reaction volume of 15 . The HBV DNA copy number in each

sample was interpolated from the standard curve by the SDS.24 software and the data were

imported into an Excel spreadsheet for analysis.

The 50% cytotoxic concentration for the test materials are derived by measuring the

reduction of the tetrazolium dye XTT in the treated tissue culture plates. XTT is metabolized

by the mitochondrial enzyme NADPH oxidase to a soluble formazan product in metabolically

active cells. XTT solution was prepared daily as a stock of 1 mg/mL in PBS. Phenazine

methosulfate (PMS) stock solution was prepared at 0.15 mg/mL in PBS and stored in the dark

at -20°C. XTT/PMS solution was prepared immediately before use by adding 40 µ ΐ of PMS

per 1 mL of XTT solution. Fifty microliters of XTT/PMS was added to each well of the plate

and the plate incubated for 2-4 hours at 37°C. The 2-4 hour incubation has been empirically

determined to be within linear response range for XTT dye reduction with the indicated

numbers of cells for each assay. Adhesive plate sealers were used in place of the lids,



the sealed plate was inverted several times to mix the soluble formazan product and the plate

was read at 450 nm (650 nm reference wavelength) with a Molecular Devices SpectraMax

Plus 384 spectrophotometer. Data were collected by Softmax 4.6 software and imported into

an Excel spreadsheet for analysis.

Example 50.

Dengue RNA-dependent RNA polymerase reaction conditions

RNA polymerase assay was performed at 30 C using ΙΟΟµΙ reaction mix in 1.5ml tube. Final

reaction conditions were 50mM Hepes (pH 7.0), 2mM DTT, ImM MnCl 2, lOmM KC1,

ΙΟΟηΜ UTR-Poly A (self-annealing primer), 10 µΜ UTP, 26nM RdRp enzyme. The reaction

mix with different compounds (inhibitors) was incubated at 30 C for 1 hour. To assess

amount of pyrophosphate generated during polymerase reaction, 30µ1of polymerase reaction

mix was mixed with a luciferase coupled-enzyme reaction mix (70 µ1). Final reaction

conditions of luciferase reaction were 5mM MgCl 2, 50mM Tris-HCl (pH 7.5), 150mM NaCl,

200µυ ATP sulfurylase, 5µΜ APS, ΙΟηΜ Luciferase, ΙΟΟµΜ D-luciferin. White plates

containing the reaction samples ( ΙΟΟµΙ) were immediately transferred to the luminometer

Veritas (Turner Biosy stems, CA) for detection of the light signal.

Example 51.

Procedure for Cell Incubation and Analysis

Huh-7 cells were seeded at 0.5xlO 6 cells/well in 1 mL of complete media in 12 well tissue

culture treated plates. The cells were allowed to adhere overnight at 37°/5% C0 2. A 40 µΜ

stock solution of test article was prepared in 100% DMSO. From the 40 µΜ stock solution, a

20 µΜ solution of test article in 25 ml of complete DMEM media was prepared. For

compound treatment, the media was aspirated from the wells and 1 mL of the 20 µΜ solution

was added in complete DMEM media to the appropriate wells. A separate plate of cells with

"no" addition of the compound was also prepared. The plates were incubated at 37°/5% C0 2

for the following time points: 1, 3, 6 and 24 hours. After incubation at the desired time

points, the cells were washed 2X with 1 mL of DPBS. The cells were extracted by adding

500 µΐ of 70% methanol/30% water spiked with the internal standard to each well treated

with test article. The non-treated blank plate was extracted with 500 ul of 70%

methanol/30% water per well. Samples were centrifuged at 16,000 rpm for 10 minutes at

4°C. Samples were analyzed by LC-MS/MS using an ABSCIEX 5500 QTRAP LC-MS/MS

system with a Hypercarb (PGC) column.



Example 52:

Procedure for Rodent Pharmacokinetic Experiment

DBA-1J mice (6-8 weeks old, female) were acclimated for > 2 days after receipt. Mice were

weighed the day before dosing to calculate dosing volumes. Mice were dosed by oral gavage

with drug at 30 mg/kg, 100 mg/kg & 300 mg/kg. The mice were sampled at 8 time points:

0.5, 1, 2, 3, 4, 8 and 24 hrs (3 mice per time point for test drug). The mice were euthanized

and their organs were collected (see below). In order to collected blood, mice with

euthanized by C0 2 at the appropriate time point listed above. Blood was obtained by cardiac

puncture (0.3 ml) at each time point. Following blood collection, the organs were removed

from the mice (see below). The blood was processed by inverting Li-Heparin tube with

blood gently 2 or 3 times to mix well. The tubes were then placed in a rack in ice water until

able to centrifuge (< 1 hour). As soon as practical, the blood was centrifuged at ~ 2000 x g

for 10 min in a refrigerated centrifuge to obtain plasma. Then, using a 200 µΙ_, pipette, the

plasma was transferred to a labeled 1.5 ml Eppendorf tube in ice water. The plasma was then

frozen in freezer or on dry ice. The samples were stored at -80 °C prior to analysis. Organs

were collected from euthanized mice. The organs (lungs, liver, kidney, spleen and heart)

were removed, placed in a tube, and immediately frozen in liquid nitrogen. The tubes were

then transferred to dry ice. The samples were saved in cryogenic tissue vials. Samples were

analyzed by LC-MS/MS using an ABSCIEX 5500 QTRAP LC-MS/MS system with a

Hypercarb (PGC) column.

Pharmacokinetic Parameters:

Tmax after oral dosing is 0.25 - 0.5hr

Cmax ' s are 3.0, 7.7 and 11.7 ng/ml after PO dosing with 30, 100 and 300 mg/kg;

Bioavailability (versus I P. delivery) is 65% at 30 mg/kg and 39-46% at 100 and 300

mg/kg PO dosing;

EIDD-193 1 plasma Ύ is 2.2 hr after IV dosing and 4.1-4.7 hrs after PO dosing

After 300 mg/kg P.O. dose, the 24 hr plasma levels are -0.4 µΜ ; ~0. 1 µΜ after 100

mg/kg dose

Example 53:

Protocol for Mouse Model of Chikungunya Infection



C57BL-6J mice were injected with 100 pfus CHIK virus in the footpad. The test groups

consisted of an unifected and untreated group, an infected and untreated group, an infected

group receiving a high dose of 35 mg/kg i.p. of EIDD-01931, and an infected group receiving

a low dose of 25 mg/kg i.p. of EIDD-01931. The two test groups receiving EIDD-01931

received compound 12 hours before challenge and then daily for 7 days. Footpads were

evaluated for inflammation (paw thickness) daily for 7 days. CHIK virus induced arthritis

(histology) was assessed in ankle joints using PCR after 7 days.

Example 54:

N(4)-hydroxycytidine for the Prophylaxis and Treatment of Alphavirus Infections

Activity testing in Vero cell cytopathic effect (CPE) models of infection have shown

that the ribonucleoside analog N(4)-hydroxycytidine (EIDD-0193 1) has activity against the

Ross River, EEE, WEE, VEE and CHIK viruses with EC50 values of 2.45 µΜ , 1.08 µΜ ,

1.36 µΜ , 1.00 µΜ and 1.28 µΜ , respectively. The cytotoxicity profile of the compound is

acceptable, with selectivity indices ranging from a low of 8 in CEM cells to a high of 232 in

Huh7 (liver) cells.

Example 55:

Given that high titers of VEE virus can develop in the brain within hours of aerosol

exposure, a direct-acting antiviral agent is desirable if it is able to rapidly achieve therapeutic

levels of drug in the brain. A pilot pharmacokinetic study was conducted in male SD rats

dosed by oral gavage with 5 and 50 mg/kg of EIDD-01931, to determine pharmacokinetic

parameters and the tissue distribution profile of the compound into key organ systems,

including the brain. EIDD-01931 is orally available and dose-proportional with a calculated

bioavailability (%F) of 28%. Organ samples (brain, lung, spleen, kidney and liver) were

collected at 2.5 and 24 hours post-dose from the 50 mg/kg dose group. EIDD-0193 1 was

well distributed into all tissues tested; of particular note, it was readily distributed into brain

tissue at therapeutic levels of drug, based on estimates from cellular data. Once in the brain,

EIDD-01931 was rapidly metabolized to its active 5'-triphosphate form to give brain levels of

526 and 135 ng/g at 2.5 and 24 hours, respectively. Even after 24 hours levels of EIDD-

0193 1 and its 5'-triphosphate in the brain are considerable, suggesting that once-daily oral

dosing may be adequate for treatment.

Alternatively, drug delivery by aerosol (nasal spray) administration may immediately

achieve therapeutic levels of drug in the nasal mucosa and the brain. EIDD-0193 1 has an



acceptable toxicology profile after 6 day q.d. intraperitoneal (IP) injections in mice, with the

NOEL (NO Effect Level) to be 33 mg/kg; weight loss was observed at the highest dose tested

(100 mg/kg), which reversed on cessation of dosing.

Example 56:

Several derivatives of EIDD-01931 have shown antiviral activity in screening against

various viruses. Activity data is shown in the tables below.











Example 57:Compounds Screened in a CHIKV CPE Assay

E5DD-D2085 EIDD-021 07

Example 58:

Compounds Screened in a CHIKV CPE Assay

Example 59:

Compounds Screened in a CHIKV CPE Assay



E DD- 93 ElDD-01 9 10

E!DD-02475 ESDD-02476



Example 60:

Example 61:

Compounds Screened in a CHIKV CPE



EIDD-021 08

E DD- 2427 EIDD-01 872



EIDD-02290 EIDD-021 10

Example 62:



CLAIMS

1 . A pharmaceutical composition comprising a pharmaceutically acceptable excipient

and a compound having Formula I,

7

Formula I,

or salt thereof, wherein

Q is O, -0(C=0)-, -0(C=0)Lipid, -0(C=0)V-, H, or 7;

V is O, NH, NR7, S, CH2, or CHR7;

W is CH2, NH, S or O;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,



mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein

R2 is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano,

amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

each R7 is independently selected from absent, hydrogen, -(C=0)Oalkyl, -

(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl,

higher alkyl, (C6-Ci6 )alkyl, (C6-C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl,

carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally

substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C -Ci )alkyl, (C -

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,



cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with

one or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl, aromatic,

heteroaromatic, 4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,

naphthyl, or heterocyclyl, wherein R 2 is optionally substituted with one or more, the same

or different, R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 ; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-



diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid is a C6-22 alkyl, alkoxy, polyethylene glycol, or aryl substituted with an alkyl

group.

2 . The pharmaceutical composition of claim 1, wherein Q-R is OH.

3 . The pharmaceutical composition of claim 1, wherein R is

R is hydrogen, hydroxy, or benzyloxy, and

R9 is (C6-C22)alkyl.

4 . The pharmaceutical composition of claim 1, wherein a compound of formula I has

formula IB,

Formula IB,

or salts thereof, wherein

V is absent, O, NH, NR 5, S, CH2, or CHR 5;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl, alkenyl, alkynyl, hydroxyl,

formyl or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfmyl, alkylsulfonyl,



arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C -Ci )alkyl, (C -

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with

one or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;



R is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl, aromatic,

heteroaromatic, 4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,

naphthyl, or heterocyclyl, wherein R 2 is optionally substituted with one or more, the same

or different, R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R 5 is hydrogen, Lipid, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-

dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci6)alkyl, (C6-C22)alkyl,

halogen, nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 5 is optionally substituted with one or more, the same or different,

R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid is a C6-22 alkyl, alkoxy, polyethylene glycol, or aryl substituted with an alkyl

group.



5 . The composition of claim 1, wherein the compound is selected from:

l-(3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-4-

((nonanoyloxy)amino)pyrimidin-2-one,

l-(3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-4-

((((heptyloxy)carbonyl)oxy)amino)pyrimidin-2-one, and

isopropyl(((3,4-dihydroxy-5-(4-(hydroxyamino)-2-oxopyrimidin-l(2H)-

yl)tetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)alaninate.

6 . The pharmaceutical composition of claim 1 wherein a compound of formula I has

Formula IC,

Formula IC,

or salts thereof, wherein

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl, alkenyl, alkynyl, hydroxyl,

formyl or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,



carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6-Ci6 )alkyl, (C6-

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with

one or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl, aromatic,

heteroaromatic, 4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,

naphthyl, or heterocyclyl, wherein R 2 is optionally substituted with one or more, the same

or different, R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or



heterocyclyl, wherein R is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R 5 is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 5 is optionally substituted with one or more, the same or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

7 . The pharmaceutical composition of claim 1, wherein a compound of formula I has

Formula ID,

Formula ID,



or salt thereof, wherein

W is CH2, H, S or O;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R is h drogen, monophosphate, diphosphate, triphosphate,



, alkyl,

halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein

R2 is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,



alkylsulfmyl, alkylsulfonyl, aiylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano,

amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfmyl, alkylsulfonyl, aiylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfmyl, alkylsulfonyl, aiylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C -Ci )alkyl, (C -

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfmyl, alkylsulfonyl,

aiylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with

one or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfmyl, alkylsulfonyl, aiylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfmyl, alkylsulfonyl, aiylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl, aromatic,

heteroaromatic, 4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,

naphthyl, or heterocyclyl, wherein R 2 is optionally substituted with one or more, the same

or different, R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfmyl, alkylsulfonyl, aiylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,



R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R 5 is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci6 )alkyl, (C6 -C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 5 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C -Ci )alkyl, (C -C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein each R7 is optionally substituted with one or more, the same or different, R20;

R 5 and R can form a ring that is optionally substituted with one or more, the same

or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid is a C6-22 alkyl, alkoxy, polyethylene glycol, or aryl substituted with an alkyl

group.



8 The pharmaceutical composition of claim 1 wherein a compound of formula I has

Formula IE,

Formula IE,

or salt thereof, wherein

Q is O, -0(C=0)-, -0(C=0)Lipid, -0(C=0)V-, H, or 7;

V is O, NH, NR7, S, CH2, or CHR7;

W is CH2, NH, S or O;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein

R2 is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,



alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano,

amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

each R7 is independently selected from absent, hydrogen, -(C=0)Oalkyl, -

(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl,

higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl,

carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally

substituted with one or more, the same or different, R20;

R 5 is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 5 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -

(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci 6)alkyl, (C6-C22)alkyl, halogen,

nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein each R7 is optionally substituted with one or more, the same or different, R20;

R 5 and R can form a ring that is optionally substituted with one or more, the same

or different, R20;

If Q = -0(C=0)V- and V = R7 then the R s can together form a ring that is

optionally substituted with one or more, the same or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-



diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methylsulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid is a C6-22 alkyl, alkoxy, polyethylene glycol, or aryl substituted with an alkyl

group.

9 . The pharmaceutical composition of claim 1, wherein a compound of formula I has

Formula II,

Formula II,

or salt thereof, wherein

Q is O, -0(C=0)-, -0(C=0)Lipid, -0(C=0)V-, NH, or NR7;

V is O, NH, NR7, S, CH2, or CHR7;

W is CH2, NH, S or O;

X is CH2 or O;

Y is N or CR";

Z is N or CR";

each R" is independently selected from is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl,

acyl, alkenyl, alkynyl, hydroxyl, formyl or SCH3;

R is monophosphate, diphosphate, triphosphate,
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Y3 is OH or BH3 M+;

R2 is hydrogen, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl, difluoromethyl,

trifluoromethyl, chloromethyl, hydroxymethyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, azido, or heterocyclyl, wherein

R2 is optionally substituted with one or more, the same or different, R20;

R3 is hydrogen, hydroxy, alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto,

formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R3 is optionally

substituted with one or more, the same or different, R20;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R6 is hydrogen, hydroxy, alkoxy, alkyl, ethynyl, allenyl, halogen, nitro, cyano,

amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R6 is

optionally substituted with one or more, the same or different, R20;

each R7 is independently selected from absent, hydrogen, -(C=0)Oalkyl, -

(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl,

higher alkyl, (C6-Ci6 )alkyl, (C6-C22)alkyl, halogen, nitro, cyano, amino, mercapto, formyl,

carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl,

alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein each R7 is optionally

substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or



heterocyclyl, wherein R is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C6 -Ci6 )alkyl, (C6-

C2 2)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with

one or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;

R 2 is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl, aromatic,

heteroaromatic, 4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,

naphthyl, or heterocyclyl, wherein R 2 is optionally substituted with one or more, the same

or different, R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

If Q = -0(C=0)V- and V = R7 then the R s can together form a ring that is

optionally substituted with one or more, the same or different, R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,



(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 ; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.

10. The pharmaceutical composition of claim 1, further comprising a propellant.

11. The pharmaceutical composition of claim 10, wherein the propellant is compressed

air, ethanol, nitrogen, carbon dioxide, nitrous oxide, hydrofluoroalkanes (HFA), 1,1,1,2,-

tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoropropane or combinations thereof.

12. A pressurized container comprising a pharmaceutical composition of claim 1 .

13. The container of claim 12 which is a manual pump spray, inhaler, meter-dosed

inhaler, dry powder inhaler, nebulizer, vibrating mesh nebulizer, jet nebulizer, or ultrasonic

wave nebulizer.

14. A method of treating or preventing a viral infection comprising administering in

effective amount of a compound of claim 1 or 9 to a subject in need thereof.

15. The method of claim 14 wherein the viral infection is an alphavirus or MERS

coronaviruses.

16. The method of claim 14 wherein the virus is selected from MERS coronavirus,

Eastern equine encephalitis virus, Western equine encephalitis virus, Venezuelan equine

encephalitis virus, Chikungunya virus, and Ross River virus.

The method of claim 14 wherein the compound is administered through the lung



18. A method of treating or preventing Eastern equine encephalitis virus, Western

equine encephalitis virus, Venezuelan equine encephalitis virus, Chikungunya virus, and

Ross River virus infection, orthomyxoviridae virus or paramyxoviridae virus or RSV virus,

or influenza virus, or filoviridae virus or ebola virus infection comprising administering in

effective amount of a compound to a patient in need thereof with the structure:

19. A method of treating or preventing a human coronavirus, SARS coronavirus, MERS

coronavirus, Eastern equine encephalitis virus, Western equine encephalitis virus,

Venezuelan equine encephalitis virus, Chikungunya virus, and Ross River infection

infection, orthomyxoviridae virus or paramyxoviridae virus or RSV virus, or influenza

virus, or filoviridae virus or ebola virus infection in a patient comprising administering in

effective amount of a compound with the formula:

Formula IB,

or salts thereof, wherein

V is absent, O, H, R 5, S, CH2, or CHR 5;

X is CH2,CHMe, CMe2, CHF, CF2, or CD2;

Y is H, D, F, CI, Br, I, CH3, CD3, CF3, alkyl, acyl, alkenyl, alkynyl, hydroxyl,

formyl or SCH3;

R is hydrogen, monophosphate, diphosphate, triphosphate,



halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, carbanoyl,

esteryl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfmyl, alkylsulfonyl,



arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, phosphoramidyl, or phosphate wherein R is

optionally substituted with one or more, the same or different, R20;

Y is O or S;

Y2 is OH, OR 12, OAlkyl, or BH3 M+;

Y3 is OH or BH3 M+;

R4 is hydrogen, hydroxy, alkyl, fluoromethyl, difluoromethyl, trifluoromethyl,

hydroxymethyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy,

carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R4 is optionally substituted with

one or more, the same or different, R20;

R5 is hydrogen, hydroxy, alkoxy, alkyl, alkenyl, alkynyl, ethynyl, fluoromethyl,

difluoromethyl, trifluoromethyl, hydroxymethyl, allenyl, halogen, nitro, cyano, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R5 is

optionally substituted with one or more, the same or different, R20;

R8 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

benzyloxy, amino, amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R8 is optionally substituted with one or more, the same or different,

R20;

R9 is hydrogen, methyl, ethyl, tert-butyl, alkyl, higher alkyl, (C -Ci )alkyl, (C -

C22)alkyl, halogen, nitro, cyano, hydroxy, amino, mercapto, formyl, carboxy, carbamoyl,

cycloalkyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl,

arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R9 is optionally substituted with

one or more, the same or different, R20;

R 0 is hydrogen, alkyl, branched alkyl, cycloalkyl, lipid methyl, ethyl, isopropyl,

cyclopentyl, cyclohexyl, butyl, pentyl, hexyl, neopentyl, benzyl, halogen, nitro, cyano,

hydroxy, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 0 is optionally substituted with one or more, the same or different, R20;

R is hydrogen, deuterium, alkyl, methyl, halogen, nitro, cyano, hydroxy, amino,

mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio, alkylamino, (alkyl)2amino,

alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl, wherein R is

optionally substituted with one or more, the same or different, R20;



R is hydrogen, alkyl, aryl, phenyl, 1-naphthyl, 2-naphthyl, aromatic,

heteroaromatic, 4-substituted phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl,

naphthyl, or heterocyclyl, wherein R 2 is optionally substituted with one or more, the same

or different, R20;

R 3 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 3 is optionally substituted with one or more, the same or different,

R20;

R 4 is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy,

amino, amido, mercapto, formyl, carboxy, carbamoyl, lipid, azido, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 4 is optionally substituted with one or more, the same or different,

R20;

R 5 is hydrogen, Lipid, -(C=0)Oalkyl, -(C=0)alkyl, -(C=0)NHalkyl, -(C=0)N-

dialkyl, -(C=0)Salkyl, hydroxy, alkoxy, alkyl, higher alkyl, (C6-Ci6)alkyl, (C6-C22)alkyl,

halogen, nitro, cyano, amino, mercapto, formyl, carboxy, carbamoyl, alkoxy, alkylthio,

alkylamino, (alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or

heterocyclyl, wherein R 5 is optionally substituted with one or more, the same or different,

R20;

R20 is deuterium, alkyl, alkenyl, alkynyl, halogen, nitro, cyano, hydroxy, amino,

amido, mercapto, formyl, carboxy, carbamoyl, azido, alkoxy, alkylthio, alkylamino,

(alkyl)2amino, alkylsulfinyl, alkylsulfonyl, arylsulfonyl, carbocyclyl, aryl, or heterocyclyl,

wherein R 3 is optionally substituted with one or more, the same or different, R2 1; and

R2 is halogen, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl, amino,

formyl, carboxy, carbamoyl, mercapto, sulfamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, Ν ,Ν -dimethylcarbamoyl, N,N-

diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulfinyl,

ethylsulfinyl, mesyl, ethylsulfonyl, methoxycarbonyl, ethoxycarbonyl, N-methyl sulfamoyl,

N-ethylsulfamoyl, N,N-dimethylsulfamoyl, Ν ,Ν -diethylsulfamoyl, N-methyl-N-

ethylsulfamoyl, carbocyclyl, aryl, or heterocyclyl;

Lipid as described herein.



20. A method of treating or preventing MERS coronavirus, Eastern equine encephalitis

virus, Western equine encephalitis virus, Venezuelan equine encephalitis virus,

Chikungunya virus, and Ross River virus infection, orthomyxoviridae virus or

paramyxoviridae virus or RSV virus, or influenza virus, or filoviridae virus or ebola virus

infection in a patient comprising administering in effective amount of a compound with the

formula:

or salts thereof.

2 1. A method of treating or preventing MERS coronavirus, Eastern equine encephalitis

virus, Western equine encephalitis virus, Venezuelan equine encephalitis virus,

Chikungunya virus, and Ross River virus infection, orthomyxoviridae virus or

paramyxoviridae virus or RSV virus, or influenza virus, or filoviridae virus or ebola virus

infection infection in a patient comprising administering in effective amount of a compound

with the formula:

or salts thereof.

22. A method of treating or preventing MERS coronavirus, Eastern equine encephalitis

virus, Western equine encephalitis virus, Venezuelan equine encephalitis virus,

Chikungunya virus, and Ross River virus infection, orthomyxoviridae virus or

paramyxoviridae virus or RSV virus, or influenza virus, or filoviridae virus or ebola virus

infection in a patient comprising administering in effective amount of a compound with the

formula:



salt thereof.
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The invention relates to B-L-N4-hydroxycytosine nucleo 
sides, pharmaceutical agents comprising same, and to the use 
of said B-L-N4-hydroxycytosine nucleosides and pharma 
ceutical agents in the prophylaxis or therapy of an infection 
caused by hepatitis B virus (HBV) or human immunodefi 
ciency virus (HIV). The invention also relates to a method for 
the preparation of said B-L-nucleoside analogs. 



US 2009/010518.6 A1 

BETA-IL-N4-HYDROXYCYTOSNE 
DEOXYNUCLEOSDES AND THEIR USE AS 

PHARMACEUTICAL AGENTS IN THE 
PROPHYLAXIS OR THERAPY OF VIRAL 

DISEASES 

0001. The invention relates to novel B-L-N4-hydroxycy 
tosine nucleosides of general formula I 

Formula I 
NHOH 

N21 R 

1. 
Z 

wherein: 
R—H, halogen (F, Cl, Br, I), C-C alkyl, and 

R3 R3 R3 
O O O 

Z= \- 
S 

R R 

wherein 

R—H, F, OH, N, and 
0002 R=OH, O-acetyl, O-palmitoyl, alkoxycarbonyl, 
carbamate, phosphonate, monophosphate, bis(S-acyl-2-thio 
ethyl) phosphate, diphosphate or triphosphate, and their use 
as pharmaceutical active substances or agents in the prophy 
laxis and/or treatment of infections caused in particular by 
hepatitis B virus (HBV) and human immunodeficiency virus 
(HIV). 
0003. The B-L-N4-hydroxycytosine nucleosides and the 
acceptable salts or prodrugs thereof can be used alone or in 
combination with other f3-L-nucleosides, with 3-deazauri 
dine or with other anti-HBV-effective compounds. Fields of 
use of the invention are medicine and the pharmaceutical 
industry. 

RELATED ART 

0004 HBV is the agent that triggers hepatitis B an infec 
tious disease, the chronic course of which affects about 350 
million people worldwide, and particularly in Southeast Asia, 
Africa and South America. In a large number of cases, hepa 
titis B virus infections lead to eventual death as a result of liver 
function failure. Moreover, the chronic course is associated 
with a massively increased risk of primary liver carcinoma 
which, in China alone, results in about one million new cases 
of disease each year. 
0005 While the precise mechanism through which HBV 
can induce liver tumors remains unknown, it must be assumed 
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that tumor induction is closely associated with HBV-induced 
chronic inflammation, developing cirrhosis and regeneration 
processes of the liver tissue. 
0006. The vaccine produced by genetic engineering, 
which has been available for many years, is not suitable for 
the treatment of hepatitis B virus infections because it fails to 
help persons already infected and is unable to stop the chronic 
course mentioned above. 
0007. In recent years, C.-interferon produced by genetic 
engineering, in particular, has been found useful in the treat 
ment of HBV infections. It is a cytokin with broad antiviral 
and immunomodulating activity. However, it is effective in 
only about 33% of the patients, entails considerable side 
effects, and cannot be administered on the oral route. 
0008. One nucleoside derivative applied with success and 
approved by the US Food and Drug Administration, as well as 
in Germany, is lamivudine (B-L-2',3'-dideoxy-3'-thiacyti 
dine), also known as thiacytidine (3TC), which has been 
described by Liotta et al. in U.S. Pat. No. 5,539,116. It is 
remarkable for its high efficacy both in Hbe Ag-positive and 
HbeAg-negative patients and has scarcely any side effects. 
0009. Although rapid decline of HBV DNA and normal 
ization of the alanine transferase activity in serum is found in 
such treatment, HBV apparently cannot be completely elimi 
nated from the liver under such therapy, so that re-onset of a 
hepatitis B virus infection is possible in many cases even after 
completion of a one-year treatment. Attempts are being made 
to prevent the above course by extending the treatment to 
several years, in the hope that HBV could be eliminated 
completely (Alberti et al., J MedVirol 2002, 67: 458–462). 
0010. However, such therapies are associated with an 
increasing risk of resistance to lamivudine, which can be as 
high as 45-55% after the second year of treatment (Liaw et al., 
Gastroenterology 2000, 119: 172-180). 
0011. The development of additional effective compounds 

is therefore an urgent necessity in order to replace the mono 
therapy by a combination therapy which not only can be more 
effective but can also substantially reduce the risk of resis 
tance, as has been found in long-term treatment of HIV infec 
tions (Richman, Nature 2001, 410: 995-1000; Yeni et al., 
JAMA 2004, 292: 251-265). 
0012 Lamivudine belongs to a group of so-called B-L- 
nucleosides. They are enantiomeric compounds of naturally 
occurring B-D-nucleosides and, far a long time, have been 
regarded as defying enzymatic metabolization and therefore 
as inactive in biological systems. 
0013 This dogma was relativized for the first time in 1992 
by the findings of Spadari et al. who had discovered that 
B-L-thymidine, while not being reacted by cellular thymidine 
kinase 1, is a Substrate of the corresponding enzyme of herpes 
simplex virus 1 (Spadariet al., J Med Chem 1992, 35: 4214 
4220). It has later been found that B-L-nucleosides can be 
substrates or inhibitors not only to some viral, but also to 
some cellular enzymes (Review: Maury, Antiviral Chem 
Chemother 2000, 11: 165-190). 
0014. In the following years, a variety of B-L-nucleoside 
analogs have been synthesized in pure form, among which— 
in addition to the above-mentioned lamivudine (3TC: B-L-2', 
3'-dideoxy-3'-thiacytidine; Jeong et al., J Med Chem 1993, 
36: 181-195)-emitricitabine (L-FTC: B-L-2',3'-dideoxy-5- 
fluoro-3'-thiacytidine; Furman et al., Antimicrob Agents & 
Chemother 1992, 36: 2686-2692), B-L-2'-fluoro-5-methy 
larabino-furanosyluracil (L-FMAU; clevudine; Chu et al., 
Antimicrob Agents & Chemother 1995, 39:979-981), B-L- 
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2',3'-dideoxycytidine and B-L-2',3'-dideoxy-5-fluorocytidine 
(L-ddC, L-ddFC: Linet al., J Med Chem 1994,37: 798-803), 
B-L-2',3'-dideoxy-2',3'-didehydrocytidine and B-L-2',3'- 
dideoxy-2',3'-didehydro-5-fluorocytidine (L-d4C and 
L-d4FC: Lin et al., J Med Chem 1996, 39: 1757-1759), and 
B-L-thymidine (L-TdR; telbivudine; by Janta Lipinski et al., 
JMed. Chem. 1998, 41: 2040-2046; Bryantet al., Antimicrob 
Agents & Chemother 2001, 45: 229-235) have been found to 
be the most effective and promising inhibitors of HBV repli 
cation in vitro and in vivo, which are remarkable for their in 
Some cases—extremely low cytotoxicity. Among the 
D-nucleosides, entecavir (BMS 200475), a carbocyclic deox 
yguanosine derivative (Innaimo et al., Antimicrob Agents & 
Chemother 1997, 41: 1444-1448), should be mentioned in 
particular, which has proven to be Superior to lamivudine in 
the treatment of hepatitis B infections in an initial clinical 
study (Lai et al., Gastroenterology 2002, 123: 1831-1838). 
0015. Another promising purine nucleoside of the D series 

is 2',3'-dideoxy-3'-fluoroguanosine (Matthes et al., Antimi 
crob Agents & Chemother 1991, 1254-1257: Hafkemeyer et 
al., Antimicrob Agents & Chemother 1996, 40: 792-794; 
Löfgren et al., J. Viral Hepat 1996, 3: 61-65). 
0016 Further syntheses of L-nucleosides have been 
described in Mugnaini et al., Bioorg Med Chem 2003, 11: 
357-366; Marquez et al., J Med Chem 1990, 33:978; Lee et 
al., Nucleosides & Nucleotides 1999, 18: 537-540: Faraj et 
al., Nucleosides & Nucleotides 1997, 16: 1287-1290; Song et 
al., J Med Chem 2001, 44; 3985-3993; Kotra et al., J Med 
Chem 1997, 40: 1944; Choi et al., Organic Lett 2002, 4: 
305-307: Gumina et al., Curr Top Med Chem 2002, 2:1065 
1086: Holy, Tetrahedron Lett. 1971, 189-193; Holy, Collect 
Czech ChemCommun 1972,37: 4072-4082; and, in addition, 
the following patents describe B-L-nucleosides as potential 
virustatic agents: Gosselin et al., U.S. Pat. No. 6,395.716, 
Schinazi et al., US 2002-0107221A1; Chu et al., U.S. Pat. No. 
5,565,438, U.S. Pat. No. 5,567,688, U.S. Pat. No. 5,587,362, 
WO92/18517 of the Yale University and University of Geor 
gia Research Foundation, Inc. 
0017. In addition to 3-L-cytosine nucleosides with non 
modified cytosine as in B-L-deoxycytidine (Bryant et al., 
Antimicrob Agents & Chemother 2001, 45: 229-235), B-L- 
2',3'-dideoxycytidine (L-ddC: Lin et al., J Med Chem 1994, 
37: 798-803), B-L-2',3'-dideoxy-2',3'-didehydrocytidine 
(L-d4C: Linet al., J Med Chem 1996, 39: 1757-1759), B-L- 
2'-fluoroarabinofuranosylcytosine (L-FAC; Ma et al., J Med 
Chem 1996, 39: 2835-2843), B-L-arabinofuranosylcytosine 
(L-AraC; Chu et al., U.S. Pat. No. 5,567,688), B-L-2',3'- 
dideoxy-2',3'-didehydro-2'-fluorocytidine (L-2Fdde(C: Lee 
et al., J Med Chem 1999, 42: 1320-1328), some 5-modified 
cytosine derivatives have also been synthesized and investi 
gated, especially 5-fluorocytosine derivatives which are 
either more effective than compounds with non-modified 
bases, such as B-L-2',3'-dideoxy-2',3'-didehydro-5-fluorocy 
tidine (L-d4FC: Linet al., JMedChem 1996,39: 1757-1759), 
equally effective, such as B-L-2',3'-dideoxy-5-fluorocytidine 
(L-ddFC: Lin et al., J Med Chem 1994, 37: 798-803) or 
B-L-2',3'-dideoxy-2',3'-didehydro-2'-fluoro-5-fluorocytidine 
(L-2'F-ddeFC: Lee et al., J Med Chem 1999,42: 1320-1328), 
less effective than 3-L-2'-deoxy-5-fluorocytidine (L-FdC: 
Bryant et al., Antimicrob Agents & Chemother 2001, 45: 
229-235), or exhibit no effect with respect to HBV replica 
tion, such as B-L-2'-fluoroarabinofuranosyl-5-fluorocytosine 
(L-FAFC: Ma et al., J Med Chem 1996, 39: 2835-2843) or 
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B-L-arabinofuranosyl-5-fluorocytosine (L-AraFC: Griffon et 
al., Eur J Med Chem 2001, 36: 447-460). 
0018. Likewise, the following 5-chloro-, bromo- and 
methyl-modified L-cytosine nucleosides have been described 
as ineffective or sparingly effective: B-L-deoxy-5-chlorocy 
ticine (CldC: Bryant et al., Antimicrob Agents & Chemother 
2001, 45: 229-235), B-L-2'-fluoroarabinofuranosyl-5-chlo 
rocytidine, B-L-2'-fluoroarabinofuranosyl-5-bromocytosine 
(L-FAC1C, L-FABrC; Ma et al., J Med Chem 1996, 39: 
2835-2843), B-L-2',3'-dideoxy-3'-thia-5-methylcytidine, 
B-L-2',3'-dideoxy-3'-thia-5-bromocytidine, B-L-2',3'- 
dideoxy-3'-thia-5-chlorocytidine and B-L-2',3'-dideoxy-3- 
fluoro-5-methylcytidine (Dong et al., Proc Natl Acad Sci 
USA 1991, 88: 8495-8499; Matthes et al., unpublished) and, 
in addition, Some B-L-5-methylcytosine nucleosides have 
been described as effective to HBV infections (Matthes et al. 
PCT patent application PCT/DE2004/002051). 
0019. Some of the above-mentioned L-nucleosides are not 
only effective inhibitors of HBV replication, but also of HIV 
replication. Thus, for example, lamivudine has also been 
approved for the treatment of HIV infections. Other B-L- 
cytosine nucleosides already mentioned above. Such as 
L-ddC, L-d4C, L-d4FC, and FTC, are also strong inhibitors 
of HIV replication, whose importance for therapy is to have 
new effective compounds available for combination therapy, 
thus providing the capability of coping with development of 
resistance (Menendez-Arias, Trends Pharmacol Sci 2002, 23: 
381-388). 
0020. In addition, there are a number of B-L-nucleosides 
inhibiting HBV replication only (e.g. L-FMAU, L-TdR, 
L-CdR, L-3'FddC, L-d4C) and others inhibiting HIV replica 
tion only (e.g. abacavir). 
0021 All of the above-mentioned f-L-nucleosides are 
incorporated by HBV- or HIV-infected cells and must be 
converted into the nucleoside triphosphates by cellular 
enzymes. As a rule, this takes place in a step-by-step fashion. 
Instead of the nucleosides, however, it is also possible to use 
suitable nucleoside monophosphate triesters wherein the two 
negative phosphate charges are masked by ester bonds, allow 
ing incorporation of said nucleoside monophosphate triesters 
in cells. Esterases in the cell liberate the nucleoside mono 
phosphate therefrom, so that the first necessary and some 
times absent phosphorylation step of the nucleoside is cir 
cumvented in the cell in this way. Phosphoric diesters, e.g. 
linked with S-acyl-2-thioethyl groups (SATE), were found to 
be suitable nucleoside monophosphate prodrugs (Lefebvre et 
al., J Med Chem 1995, 38: 3941-3950; Peyrottes et al., Mini 
Rev Med Chem 2004, 4:395-408). 
0022. It is only in the form of triphosphates where the 
nucleosides can bind their actual target, i.e. the HBV DNA 
polymerase or reverse transcriptase, in competition with nor 
mal Substrates and give strong inhibition. As a consequence, 
the viral genomes can no longer by Synthesized, and virus 
production comes to a standstill. Such inhibition must be 
selective, i.e., must be restricted to the viral polymerases and 
must not co-involve the cellular DNA polymerases, because 
otherwise—as a consequence of inhibition of the synthesis of 
cellular DNA growth of rapidly proliferating cells would be 
impaired. 
0023 The invention is based on the object of developing 
new, antivirally effective B-L-N4-hydroxycytosine nucleo 
sides effective against hepatitis B virus infections and HIV 
infections and exhibiting high efficacy against said infec 
tions, while having good tolerability and low toxicity. 
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0024 Surprisingly, new B-L-N4-hydroxycytosine deoxy 
nucleoside derivatives according to general formula I 

Formula I 

wherein: 
R—H, halogen (F, Cl, Br, I), C-C alkyl, and 

R3 R3 R3 
O O O 

Z= \ 
S 

R R 

wherein 

RH, F; 
RH, F, OH, N.; and 
0025 R=OH, O-acetyl, O-palmitoyl, alkoxycarbonyl, 
carbamate, phosphonate, monophosphate, bis(S-acyl-2-thio 
ethyl) phosphate, diphosphate or triphosphate, 
exhibit high antiviral activity against HBV and HIV. 
0026. Preferred are f3-L-nucleosides in accordance with 
general formula I, wherein 
R—H, F, Cl, Br, I or CH, and Z and R. R. and Rs have the 
above-mentioned meanings. 
0027 Particularly preferred are f3-L-nucleosides in accor 
dance with general formula I, wherein 
R—H, For CH, and Z has the above-mentioned meanings, 
and 
R—H or F, preferably H, 

R—H, F, OH or N, and 
R-OH. 
0028. The following were found to be particularly effec 

tive: 
0029 f-L-N4-hydroxydeoxycytidine (L-HyCdR). 
0030 f-L-5-methyl-N4-hydroxydeoxycytidine 
(L-HyMetCdR), 

0031 f-L-5-fluoro-N4-hydroxydeoxycytidine (L-Hy 
FCdR), 

0032 B-L-2 3'-dideoxy-N4-hydroxycytidine (L-HyddC). 
0033 B-L-2, 3'-dideoxy-5-fluoro-N4-hydroxycytidine 
L-HyddFC) 

0034 f-L-2',3'-didehydro-2', 3'-dideoxy-N4-hydroxycy 
tidine (L-Hyddec), 

0035 B-L-2',3'-didehydro-2',3'-dideoxy-5-fluoro-N4-hy 
droxycytidine (L-HyddeFC), 

0036 B-L-2 3'-didehydro-2'3'-dideoxy-5-methyl-N4-hy 
droxycytidine (L-ddeMetC), 

0037 B-L-2',3'-didehydro-2',3'-dideoxy-2'-fluoro-N4-hy 
droxycytidine (L-HyFdde(C), 
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0038 B-L-2',3'-dideoxy-3'-thia-N4-hydroxycytidine 
(Hy3TC), 

0039 B-L-2' 3'-dideoxy-3'-thia-5-fluoro-N4-hydroxycy 
tidine (HyFTC), 

0040 B-L-3'-azido-2',3'-dideoxy-N4-hydroxycytidine 
(L-NHyCdR), 

0041 f-L-3'-azido-2',3'-dideoxy-5-fluoro-N4-hydroxy 
cytidine (L-NHyFCdR), 

0042 f-L-3'-azido-2',3'-dideoxy-5-methyl-N4-hydroxy 
cytidine, 

0043 f-L-3'-fluoro-2',3'-dideoxy-N4-hydroxycytidine 
(L-FHyCdR). 

0044. In the B-D series, N4-hydroxydeoxycytidine has 
been known for many years. However, its rapid cleavage into 
cytosine and uracil has prevented in Vivo utilization of its 
effects on cell proliferation (Nelson et al., Mol Pharmacol of 
1966, 2: 248-258). Strong inhibition of thymidylate synthase 
has been described as cause of the antiproliferative effects 
(Goldstein et al., J Med Chem 1984, 27: 1259-1262), and this 
has led to the synthesis of other derivatives of B-D-N4-hy 
droxydeoxycytidine, namely, 5-halogen- and 5-hydroxym 
ethyl-modified analogs which are also inhibitors of thymidy 
late synthase (Rode et al., Biochemistry 1990, 29: 10835 
10842; Felczak et al., J Med Chem 2000, 43: 4647-4656). 
B-D-5-methyl-N4-hydroxydeoxycytidine and, in particular, 
the ribonucleoside B-D-N4-hydroxycytidine haze become 
known through their mutagenic effect in bacteria (Janion, 
Mut Res 1978, 56: 225-234: Sledziewska et al., Mut Res 
1980, 70: 11-16). 
0045 More recently, said ribonucleoside, i.e., B-D-N4 
hydroxycytidine, was found to be a strong inhibitor of the 
replication of hepatitis C virus (HCV) and bovine viral diar 
rhoea virus (BVDV) (Stuyver et al., Antimicrob Agents 
Chemother 2003, 47: 244-254), and this has induced further 
chemical modifications. Thus, B-D-3'-deoxy-N4-hydroxycy 
tidine has been prepared and, in addition, the 5 position of the 
pyrimidine ring has been modified by halogen, methyl or 
5-trifluoromethyl groups. Moreover, the synthesis of the cor 
responding enantiomeric 5-modified f-L-3'-deoxy-N4-hy 
droxycytidine derivatives has been described in the same 
paper for the first time, and all of the above derivatives were 
found to be ineffective to HVC (Hollecker et al., Antiviral 
Chem Chemother 2004, 14:33-55). 
0046. On the other hand, B-L-N4-hydroxycytosine 
nucleosides as claimed herein are as yet unknown. 
0047 More specifically, the invention is therefore directed 
to the new B-L-N4-hydroxycytosine nucleosides of general 
formula I, to their application in the production of pharma 
ceutical agents, to pharmaceutical agents including these 
compounds, and to pharmaceutical agents including said 
compounds in combination with other pharmaceuticals, par 
ticularly in combination preparations with 3-deazauridine. 
Simultaneous application e.g. with 3-deaZauridine signifi 
cantly increases the efficacy. 
0048 3-Deazauridine activates the cellular deoxycytidine 
kinase and, in addition, the triphosphate thereof, formed 
intracellularly, is capable of inhibiting the cellular CTP syn 
thase (Gao et al., Nucleosides Nucleotides Nucleic Acids 
2000, 19: 371-377). As a consequence of the above two 
effects on the cellular deoxycytidine metabolism, 3-deazau 
ridine gives rise to increased triphosphate levels of the B-L- 
N4-hydroxycytosine nucleosides of the invention, thereby 
massively increasing their efficacy with respect to HBV and 
HIV replication. 
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0049 Surprisingly, it was found that the nucleosides 
according to the invention, i.e., the B-L-Hydroxycytosine 
nucleosides, can be used with high antiviral activity against 
selected viruses, especially against hepatitis viruses, prefer 
ably against hepatitis B virus. 
0050. In a preferred embodiment of the invention, deriva 

tives of the inventive nucleosides are used. This may concern 
structures having modifications which, in particular, increase 
the antiviral activity. However, this may also concern a salt, a 
phosphonate, a monophosphate, a diphosphate, a triphos 
phate, an ester or a salt of Such ester. Advantageously, Such 
compounds can be used effectively in antiviral prophylaxis 
and therapy and exhibit only minor or no side effects at all. 
0051. The preparation of the compounds according to the 
invention is effected by means of per se known procedures, 
using modification of B-L-uridine or B-L-thymidine or con 
densation of modified B-L-Sugars with a heterocycle Such as 
5-fluorouracil (Horwitzet al., JOrg Chem 1967,32: 817-818; 
Martin et al., J Med Chem 1990, 33: 2137-214.5; Warshaw et 
al., J Med Chem 1990, 33: 1663-1666). 
0052. It is possible, for example, that the nucleosides in 
combination with other therapeutic, preferably antiviral 
agents have a synergistic effect by increasing the therapeutic 
effect in an additive or non-additive fashion, particularly by 
increasing the therapeutic index and/or reducing the risk of 
toxicity inherent in each single compound. Accordingly, the 
nucleosides of the invention preferably can also be used in 
combination therapies, including a wide variety of combina 
tions with well-known therapeutic agents and pharmaceuti 
cally acceptable carriers. Of course, veterinary uses are also 
possible, as well as feed additives for all vertebrates. Particu 
larly preferred is the use in humans. According to the expli 
cations above, the nucleosides of the invention can be used as 
drugs in a particularly preferred fashion. To this end, the 
nucleosides can be used alone, as a salt or derivative or as a 
composition. Pharmaceutically tolerable salts of compounds 
of the present invention include those derived from pharma 
ceutically tolerable inorganic and organic acids and bases. 
Examples of suitable acids include hydrochloric, hydrobro 
mic, Sulfuric, nitric, perchloric, fumaric, maleic, phosphoric, 
glycolic, lactic, salicylic. Succinic, p-toluenesulfonic, tar 
taric, acetic, citric, methanesulfonic, ethanesulfonic, formic, 
benzoic, malonic, naphthalene-2-sulfonic and benzene 
sulfonic acids. Preferred acids include hydrochloric, sulfuric, 
methanesulfonic and ethanesulfonic acids. Most preferred is 
methanesulfonic acid. Other acids, such as oxalic acid, 
although not being pharmaceutically tolerable themselves, 
can be used in the production of salts usable as intermediate 
products in obtaining the compounds of the invention and 
their pharmaceutically tolerable acid addition salts. 
0053 Salts derived from suitable bases include alkali 
metal (e.g. sodium), alkaline earth metal (e.g. magnesium), 
ammonium and N(C. alkyl) salts. 
0054 Combinations of substituents and variables pre 
sented by this invention are preferably those resulting in the 
formation of stable compounds. The term “stable' as used 
herein relates to compounds having Sufficient stability to 
allow preparation and maintain the integrity of the compound 
for a period of time sufficient to allow the use thereof for the 
purposes described in detail herein (for example, therapeutic 
or prophylactic administration to a mammal or use in affinity 
chromatographic applications). Typically, Such compounds 
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are stable for at least one week at a temperature of 40°C. or 
less and in absence of moisture or other chemically reactive 
conditions. 

0055. The compounds of the present invention can be used 
in the form of salts derived from inorganic or organic acids. 
For example, such acid salts include the following: acetate, 
adipate, alginate, aspartate, benzoate, benzenesulfonate, 
bisulfate, citrate, camphorate, campherSulfonate, cyclopen 
tanepropionate, digluconate, dodecylsulfate, ethane 
Sulfonate, fumarate, glucoheptanoate, glycerophosphate, 
hemisulfate, heptanoate, hexanoate, hydrochloride, hydro 
bromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, 
maleate, methanesulfonate, 2-naphthalenesulfonate, nicoti 
nate, oxalate, palmoate, pectinate, persulfate, 3-phenylpropi 
onate, picrate, pivalate, propionate, Succinate, tartrate, thio 
cyanate, tosylate and undecanoate. 
0056. The invention also relates to nucleic acids or oligo 
nucleotide containing as building blocks one or more nucleo 
sides of the invention. Such nucleic acids can be produced 
according to methods well-known to those skilled in the art, 
and in a preferred fashion the nucleic acids of the invention 
are constituted of from 2 to 5000, preferably from 10 to 100 
nucleoside building blocks, more preferably from 20 to 40 
nucleoside building blocks. The nucleic acids or oligonucle 
otides of the invention containing central deoxycytidyl-deox 
yguanosine (CpG) dinucleotides which were shown to pos 
sess immunostimulatory effects. The invention includes 
immunostimulatory effects of nucleic acids or oligonucle 
otides in which the deoxycytidine of the CpG motif is 
replaced by B-L-N4-hydroxydeoxycytidine or B-L-N4-hy 
droxy-5-fluorodeoxycytidine or B-L-N4-hydroxy-5-meth 
yldeoxycytidine. These nucleic acids or oliogonucleotide can 
be preferably used for the treatment of cancer, HBV- and 
HIV-infections, asthma and allergic diseases. 
0057 The synthetic nucleic acids or antisense nucleic 
acids according to the invention can be present in the form of 
a therapeutic composition or formulation which can be used 
to stimulate the immunosystem in cancer patients, to treat 
human hepatitis-infections asthma or allergic diseases. They 
can be used as part of a pharmaceutical composition in com 
bination with a physiologically and/or pharmaceutically tol 
erable carrier. The properties of the carrier will depend on the 
route of administration. In addition to synthetic nucleic acid 
and carrier, Such a composition may include diluents, fillers, 
salts, buffers, stabilizers, solvents and other well-known 
materials. The pharmaceutical composition of the invention 
may also include other active factors and/or substances 
enhancing the inhibition of HBV expression. Furthermore, 
the pharmaceutical composition of the invention may include 
other chemotherapeutical agents for the treatment of liver 
carcinomas. Such additional factors and/or Substances can be 
incorporated in the pharmaceutical composition in order to 
create a synergistic effect together with the synthetic nucleic 
acids of the invention or reduce side effects of the synthetic 
nucleic acids according to the invention. On the other hand, 
the synthetic nucleic acids of the invention can be incorpo 
rated in formulations of a particular anti-HBV or anti-cancer 
factor and/or substance to reduce the side effects of said 
anti-HBV factor and/or substance. 
0058. The pharmaceutical composition of the invention 
can be pre-sent in the form of a liposome wherein the Syn 
thetic nucleic acids of the invention, in addition to other 
pharmaceutically tolerable carriers, are combined with 
amphipathic Substances such as lipids, which are present as 
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micelles in one form of aggregation, insoluble monolayers, 
liquid crystals or lamellar layers present in an aqueous solu 
tion. Suitable lipids for a liposomal formulation include but 
are not limited to—monoglycerides, diclycerides, Sulfatides, 
lysolecithin, phospholipids, Saponins, bile acids and the like. 
The preparation of such Liposomal formulations proceeds in 
a perse known manner and is well-known to those skilled in 
the art. Furthermore, the pharmaceutical composition of the 
invention may include other lipid carriers such as lipo 
fectamine or cyclodextrins and the like, thereby enhancing 
the Supply of said nucleic acids to the cells, or it may include 
polymers with delayed release. 
0059. The invention also relates to a pharmaceutical agent 
comprising at least one nucleoside and/or nucleic acid 
according to the invention, optionally together with conven 
tional auxiliaries, preferably carriers, adjuvants and/or 
vehicles. A pharmaceutical agent in the meaning of the inven 
tion is any agent in the field of medicine, which can be used in 
the prophylaxis, diagnosis, therapy, follow-up or aftercare of 
patients who have come in contact with viruses, including 
hepatitis viruses, in Such away that a pathogenic modification 
of the overall condition or of the condition of particular parts 
of the organism could establish at least temporarily. Thus, for 
example, the pharmaceutical agent in the meaning of the 
invention can be a vaccine, an immunotherapeutic or immu 
noprophylactic agent. The pharmaceutical agent in the mean 
ing of the invention may comprise the nucleosides or nucleic 
acids of the invention and/oran acceptable salt or components 
thereof. For example, salts of inorganic acids may be con 
cerned, such as phosphoric acid, or salts of organic acids. 
Furthermore, the salts can be free of carboxyl groups and 
derived from inorganic bases, such as Sodium, potassium, 
ammonium, calcium or iron hydroxides, or from organic 
bases such as isopropylamine, trimethylamine, 2-ethylami 
noethanol, histidine and others. Examples of liquid carriers 
are sterile aqueous solutions including no additional materi 
als or active ingredients, such as water, or those including a 
buffer Such as sodium phosphate with a physiological pH 
value or a physiological salt Solution or both, e.g. phosphate 
buffered sodium chloride solution. Other liquid carriers may 
comprise more than just one buffer salt, e.g. sodium and 
potassium chloride, dextrose, propylene glycol, polyethylene 
glycol or others. 
0060 Liquid compositions of said pharmaceutical agents 
may additionally comprise a liquid phase, also one excluding 
water. Examples of such additional liquid phases are glycerol, 
Vegetable oils, organic esters or water-oil emulsions. The 
pharmaceutical composition or pharmaceutical agent typi 
cally includes a content of at least 0.1 wt.-% of nucleosides or 
nucleic acids of the invention, relative to the overall pharma 
ceutical composition. The respective dose or dose range for 
administering the pharmaceutical agent of the invention 
method is in an amount sufficient to achieve the desired 
prophylactic or therapeutic antiviral effect. The dose should 
not be selected in such a way that indesirable side effects 
would dominate. In general, the dose will vary with the age, 
constitution, sex of a patient, and obviously with respect to 
the severity of the disease. The individual dose can be 
adjusted both with respect to the primary disease and with 
respect to ensuing additional complications. The exact dose 
can be detected by a person skilled in the art, using well 
known means and methods, e.g. by determining the virus titer 
as a function of the dose or as a function of the vaccination 
scheme or of the pharmaceutical carriers and the like. 
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Depending on the patient, the dose can be selected individu 
ally. For example, a dose of pharmaceutical agent tolerated by 
a patient can be one where the local level in plasma or in 
individual organs ranges from 0.1 to 10,000 uM, preferably 
between 1 and 100 uM. Alternatively, the dose can also be 
estimated relative to the body weight of the patient. In this 
event, for example, a typical dose of pharmaceutical agent 
would be adjusted in a range between 0.1 g to 100 ug per kg 
body weight, preferably between 1 and 50 lug/kg. Further 
more, it is also possible to determine the dose with respect to 
individual organs rather than the overall patient. For example, 
this would apply to those cases where the pharmaceutical 
agent of the invention, incorporated in the respective patient 
e.g. in a biopolymer, is placed near particular organs by 
means of Surgery. A number of biopolymers capable of lib 
erating the nucleosides or nucleic acids in a desired manner 
are well-known to those skilled in the art. For example, such 
a gel may include from 1 to 1000 ug of compounds or phar 
maceutical agent of the invention per ml gel composition, 
preferably between 5 and 500 g/ml, and more preferably 
between 10 and 100 mg/ml. In this event, the therapeutic 
agent will be administered in the form of a solid, gel-like or 
liquid composition. 
0061. In a preferred fashion the pharmaceutical agent may 
also include one or more additional agents from the group of 
antiviral, fungicidal or antibacterial agents and/or immuno 
stimulators. In a preferred fashion the antiviral agent con 
cerns protease inhibitors and/or reverse transcriptase inhibi 
tors. The immunostimulators are preferably bropirimine, 
anti-human alpha-interferon antibodies, IL-2, GM-CSF, 
interferons, diethyl dithiocarbamate, tumor necrosis factors, 
maltrexone, tuscarasol and/or rEPO. 
0062. In another preferred embodiment of the invention 
the carriers are selected from the group comprising fillers, 
diluents, binders, humectants, disintegrants, dissolution 
retarders, absorption enhancers, wetting agents, adsorbents 
and/or lubricants. 
0063. The fillers and diluents are preferably starches, lac 
tose, cane-Sugar, glucose, mannitol and silica, the binder is 
preferably carboxymethylcellulose, alginate, gelatin, polyvi 
nylpyrrolidone, the humectant is preferably glycerol, the dis 
integrant is preferably agar, calcium carbonate and sodium 
carbonate, the dissolution retarder is preferably paraffin, and 
the absorption enhancer is preferably a quaternary ammo 
nium compound, the wetting agent is preferably cetyl alcohol 
and glycerol monostearate, the adsorbent is preferably kaolin 
and bentonite, and the lubricant is preferably talc, calcium 
and magnesium Stearates and Solid polyethylene glycols, or 
mixtures of the materials mentioned above. 

0064. The invention also relates to vectors, cells and/or 
organisms having a nucleoside of the invention, a nucleic acid 
of the invention and/or a pharmaceutical agent of the inven 
tion. 

0065. The invention also relates to the use of the nucleo 
sides of the invention, the nucleic acids of the invention 
and/or the pharmaceutical agent of the invention in the pro 
phylaxis or therapy of a viral, bacterial, fungicidal and/or 
parasitic infection or of cancer. For example, it is well-known 
to those skilled in the art that viruses can induce various 
tumors. Using the compounds of the invention, Such tumors 
can be prevented prophylactically or treated therapeutically. 
Obviously, the structures of the invention can also be utilized 
in an anticancer combination therapy, for example. Those 
skilled in the art are also familiar with the fact that, in addition 
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to viruses, bacteria associated with viral diseases or appearing 
by themselves represent a medical problem. Numerous bac 
teria have resistance to the well-known antibacterial agents. 
The compounds of the invention can be used in the prophy 
laxis and treatment of bacterial infections as well. Further 
more, the compounds of the invention can be used in the 
production of drugs for the treatment and prophylaxis of 
bacterial infections. In a preferred fashion the bacteria can be 
those from the genuses Escherichia coli, Salmonella spp., 
Shigella flexneri, Citrobacter freundii, Klebsiella pneumo 
niae, Vibrio spp., Haemophilus influenzae, Yersinia enteroli 
tica, Pasturella haemolytica, and Proteus spp. 
0066. In another preferred embodiment the invention 
relates to the use of the compounds of the invention to prevent 
incorporation of other nucleosides during transcription in a 
growing DNA chain, prevent formation of a DNA-RNA 
hybrid, separate a base pair, or in competitive inhibition of a 
growing DNA chain. 
0067. In another preferred embodiment of the invention, 
the compounds of the invention are used in a prophylactic or 
therapeutic treatment of viral diseases associated with one of 
the following viruses or a combination thereof: hepatitis 
virus, HIV. bovine immunodeficiency virus, human T cell 
leukemia virus, feline immunodeficiency virus, caprine 
arthritis-encephalitis virus, equine infectious anemia virus, 
ovine Maedi-Visna virus, Visna-Lenti virus and others. In a 
preferred fashion, DNA viruses are treated. Those skilled in 
theart are familiar with the fact that the incidence of such viral 
infections can be combined with bacterial, fungicidal, para 
sitic or other infections. 
0068. Such use is particularly preferred in those cases 
where the hepatitis virus is a hepatitis B or a hepatitis D virus. 
0069. In a likewise particularly preferred fashion the phar 
maceutical agent of the invention comprises inhibitors of 
HBV DNA polymerase. Obviously, the pharmaceutical agent 
for treatment, especially of hepatitis B, may include further 
effective anti-HBV agents, preferably PMEA (adefovir 
dipivoxil), famciclovir, penciclovir, diaminopurine-diox 
olane (DAPD), clevudine (L-FMAU), entecavir, interferon or 
thymosin C.1 and/or inhibitors of nucleocapsid formation, 
particularly heteroarylpyrimidines. 
0070. In a likewise preferred fashion the agents are pegy 
lated. 
0071 Moreover, it is particularly preferred that the agent 
includes additional agents capable of eliminating the function 
of cellular proteins essential to HBV growth. 
0072. In a likewise particularly preferred fashion, the 
above agent includes agents against viruses resistant to lami 
Vudine or other cytosine nucleosides, such as emitricitabine 
(L-FTC), L-ddC, L-ddeC, L-doc and/or elvucitabine 
(L-f)4C). In a preferred fashion the agent can also be 
employed against liver carcinoma diseases triggered by 
chronic hepatitis, particularly by HBV. 
0073. In a likewise preferred fashion the B-L-nucleosides 
enhance the effect of other pharmaceutical agents in a non 
additive, additive or synergistic fashion, increase the thera 
peutic index and/or reduce the risk of toxicity inherent in the 
respective compounds. 
0074. A preferred HIV in the meaning of the invention is 
HIV-1 with the subtypes A to J (HIV-1 group M) in accor 
dance with the prior art Subtype classification and the dis 
tantly related HIV-0 (HIV-1 group 0). Preferred main sub 
types are 1A, 1B, 1C and 1D. The subtypes 1E, 1G and 1H are 
closely related to HIV-1A and likewise preferred. The pre 
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ferred HIV-1A and 1C, as well as 1B and 1D show homology 
with respect to each other. The likewise preferred HIV-0 is 
more heterogeneous than HIV-1 in particular virus isolates. 
Classification into subtypes is not possible. Also preferred is 
HIV-2 which can be classified into the subtypes A to E. It has 
milder pathogenicity compared to HIV-1 and has therefore 
spread more slowly. The genetic variability results in changes 
in the external coat proteins. The influence on cytotropism, as 
well as the question to what extent this is accompanied by 
varying transmission probabilities have not been clarified 
sufficiently. Likewise preferred is treatment of double infec 
tions with different subtypes (e.g. B and E). 
(0075. In a preferred embodiment of the invention the 
nucleosides of the invention are used in combination with 
3-deaZauridine. Combined use may involve simultaneous or 
time-shifted administration. Such combined administration 
can be effected in a combined agent, for example. 
0076 For example, the combined agent in the meaning of 
the invention can be such in nature that nucleosides of the 
invention and 3-deazauridine are included together in a solu 
tion or Solid, e.g. in a tablet. In this event, the ratio of nucleo 
sides of the invention and 3-deazauridine may vary freely. A 
ratio of nucleosides of the invention and 3-deaZauridine rang 
ing from 1:10,000 to 10,000:1 is preferred. The ratio of 
nucleosides of the invention and 3-deaZauridine may vary 
within this range, depending on the desired application. Of 
course, said at least two components—nucleosides of the 
invention and 3-deazauridine—can also be incorporated 
together in a solution or solid in such a way that release 
thereof will proceed in a time-shifted fashion. However, the 
combined agent in the meaning of the invention may also be 
constituted of two separate solutions or two separate solids, 
one solution or Solid essentially comprising 3-deazauridine 
and the other solution or solid essentially comprising the 
nucleosides of the invention. The two solutions or solids can 
be associated with a common carrier or with separate carriers. 
For example, the two solutions and/or the two solids can be 
present in a capsule as common carrier. Such a formulation of 
the combined agent of the invention is advantageous in those 
cases where administration of the nucleosides of the inven 
tion and 3-deazauridine is to proceed in a time-shifted man 
ner. That is, the organism is initially contacted with nucleo 
sides of the invention, e.g. by infusion or oral administration, 
to be contacted with the other component of the combined 
agentina time-shifted manner. Of course, it is also possible to 
provide the combined agent by means of conventional phar 
maceutical-technical methods and procedures in Such a way 
that the organism is initially contacted with 3-deazauridine 
and subsequently with the nucleosides of the invention. 
Hence, the organism is contacted sequentially with the com 
ponents of the combined agent. The time period between 
administration of the two components of the combined agent 
of the invention or the initial release of nucleosides of the 
invention or 3-deazauridine depends on the age, sex, overall 
constitution of the patient, the disease, or other parameters 
which can be determined by the attending physician using 
prior tests, for example. 
0077. In a particularly preferred embodiment of the inven 
tion the compounds of the invention are used as a prodrug, as 
feed additive and/or as drinking water additive, the use as feed 
additive and/or drinking water additive being preferred in 
Veterinary medicine. 
0078. In a particularly preferred fashion the compounds of 
the invention are used as prodrug. The utilization of endocy 
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tosis for the cellular uptake of active Substances comprising 
polar compounds is highly effective for Some, particularly 
long-lived substances, but is very difficult to transfer to more 
general uses. One alternative is the prodrug concept generally 
known to those skilled in the art. By definition, a prodrug 
includes its active Substance in the form of a non-active pre 
cursor metabolite. It is possible to distinguish between carrier 
prodrug systems, some of them being multi-component ones, 
and biotransformation systems. The latter include the active 
Substance in a form requiring chemical or biological metabo 
lization. Such prodrug Systems are well-known to those 
skilled in the art, e.g. Valacycloviras a precursor of acyclovir, 
or others. Carrier prodrug systems include the active Sub 
stance as such, bound to a masking group which can be 
cleaved off by a preferably simple controllable mechanism. 
The inventive function of masking groups in the nucleosides 
of the invention is neutralization of the negative charge on the 
phosphate residue for improved reception by cells. When 
using the nucleosides of the invention together with a mask 
ing group, the latter may also influence other pharmacologi 
cal parameters, such as oral bioavailability, distribution in 
tissue, pharmacokinetics, as well as stability to non-specific 
phosphatases. In addition, delayed release of the active Sub 
stance may entail a depot effect. Furthermore, modified 
metabolization may occur, thereby achieving higher effi 
ciency of the active Substance or organ specificity. In the event 
of a prodrug formulation, the masking group, or a linker 
group binding the masking group to the active Substance, is 
selected in such a way that the nucleoside prodrug has suffi 
cient hydrophilicity to be dissolved in the blood serum, suf 
ficient chemical and enzymatic stability to reach the site of 
action, and hydrophilicity suitable for diffusion-controlled 
membrane transport. Furthermore, it should permit chemical 
or enzymatic liberation of the active sub-stance within a rea 
sonable period of time and, of course, the liberated auxiliary 
components should not be toxic. In the meaning of the inven 
tion, however, the nucleoside with no mask or no linker and 
no mask can also be understood as prodrug because the struc 
ture inhibiting viral DNA polymerase is a high-energy triph 
osphate which initially must be provided via enzymatic and 
biochemical processes from the incorporated nucleoside in 
the cell. 

0079. In another particularly preferred embodiment of the 
invention the compounds of the invention are formulated as a 
gel, powder, tablet, Sustained-release tablet, premix, emul 
Sion, brew-up formulation, drops, concentrate, granulate, 
syrup, pellet, bolus, capsule, aerosoa, spray and/or inhalant 
and/or used in this form. The tablets, coated tablets, capsules, 
pills and granulates can be provided with conventional coat 
ings and envelopes optionally including opacification agents, 
and can be composed such that release of the active Substance 
(s) takes place only or preferably in a particular area of the 
intestinal tract, optionally in a delayed fashion, to which end 
polymer Substances and waxes can be used as embedding 
materials. 

0080 Preferably, the drugs of the present invention can be 
used in oral administration in any orally tolerable dosage 
form, including capsules, tablets and aqueous Suspensions 
and solutions, without being restricted thereto. In case of 
tablets for oral application, carriers frequently used include 
lactose and corn Starch. Typically, lubricants such as magne 
sium Stearate can be added. For oral administration in the 
form of capsules, diluents that can be used include lactose and 
dried corn starch. In oral administration of aqueous Suspen 
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sions the active Substance is combined with emulsifiers and 
Suspending agents. Also, particular Sweeteners and/or flavors 
and/or coloring agents can be added, if desired. 
I0081. The active substance(s) can also be present in micro 
encapsulated form, optionally with one or more of the above 
specified carrier materials. 
I0082 In addition to the active substance(s), suppositories 
may include conventional water-soluble or water-insoluble 
carriers such as polyethylene glycols, fats, e.g. cocoa fat and 
higher esters (for example, Calcohols with C fatty acids) 
or mixtures of these Substances. 
I0083. In addition to the active substance(s), ointments, 
pastes, creams and gels may include conventional carriers 
Such as animal and vegetable fats, waxes, paraffins, starch, 
tragacanth, cellulose derivatives, polyethylene glycols, sili 
cones, bentonites, silica, talc and Zinc oxide or mixtures of 
these Substances. 
I0084. In addition to the active substance(s), powders and 
sprays may include conventional carriers such as lactose, talc, 
silica, aluminum hydroxide, calcium silicate and polyamide 
powder or mixtures of these Substances. In addition, sprays 
may include conventional propellants such as chlorofluoro 
hydrocarbons. 
I0085. In addition to the active substance(s), solutions and 
emulsions may include conventional carriers such as Sol 
vents, solubilizers, and emulsifiers such as water, ethyl alco 
hol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl 
alcohol, benzylbenzoate, propylene glycol, 1,3-butylene gly 
col, dimethylformamide, oils, especially cotton seed oil, pea 
nut oil, corn oil, olive oil, castor oil and sesame oil, glycerol, 
glycerol formal, tetrahydrofurfuryl alcohol, polyethylene 
glycols, and fatty esters of Sorbitan, or mixtures of these 
Substances. For parenteral application, the solutions and 
emulsions may also be present in a sterile and blood-isotonic 
form. 
I0086. In addition to the active substance(s), suspensions 
may include conventional carriers such as liquid diluents, e.g. 
water, ethyl alcohol, propylene glycol, Suspending agents, 
e.g. ethoxylated isostearyl alcohols, polyoxyethylenes orbitol 
and Sorbitan esters, microcrystalline cellulose, aluminum 
metahydroxide, bentonite, agar, and tragacanth, or mixtures 
of these Substances. 
I0087. The drugs can be present in the form of a sterile 
injectable formulation, e.g. as a sterile injectable aqueous or 
oily Suspension. Such a Suspension can also be formulated by 
means of methods known in the art, using Suitable dispersing 
or wetting agents (such as Tween 80) and Suspending agents. 
The sterile injectable formulation can also be a sterile inject 
able solution or Suspension in a non-toxic, parenterally toler 
able diluent or solvent, e-g. a solution in 1,3-butanediol. 
Tolerable vehicles and solvents that can be used include man 
nitol, water, Ringer's solution, and isotonic sodium chloride 
solution. Furthermore, sterile, non-volatile oils are conven 
tionally used as solvents or Suspending medium. Any mild 
non-volatile oil, including synthetic mono- or diglycerides, 
can be used for this purpose. Fatty acids such as oleic acid and 
glyceride derivatives thereof can be used in the production of 
injection agents, e.g. natural pharmaceutically tolerable oils 
Such as olive oil or castor oil, especially in their polyoxyethy 
lated forms. Such oil solutions or Suspensions may also 
include a long-chain alcohol. Such as Ph.Helv., or a similar 
alcohol as diluent or dispersant. 
I0088. The above-mentioned formulation forms may also 
include colorants, preservatives, as well as odor- and taste 
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improving additives, e.g. peppermint oil and eucalyptus oil, 
and Sweeteners, e.g. Saccharine. Preferably, the active Sub 
stances of formula (I) and (II), i.e., the nucleosides of the 
invention, should be present in the above-mentioned pharma 
ceutical preparations at a concentration of about 0.1 to 99.5 
wt.-%, more preferably about 0.5 to 95 wt.-% of the overall 
mixture. 

0089. In addition to the compounds of formula (I) and (II), 
the above-mentioned pharmaceutical preparations may 
include further pharmaceutical active Substances. The pro 
duction of the pharmaceutical preparations specified above 
proceeds in a usual manner according to well-known meth 
ods, e.g. by mixing the active Substance(s) with the carrier 
material(s). 
0090 The above-mentioned preparations can be applied 
in humans and animals on an oral, rectal, parenteral (intrave 
nous, intramuscular, Subcutaneous), intracisternal, intravagi 
nal, intraperitoneal route, locally (powders, ointment, drops) 
and used in the therapy of infections in hollow areas and body 
cavities. Injection Solutions, Solutions and Suspensions for 
oral therapy, gels, brew-up formulations, emulsions, oint 
ments or drops are possible as Suitable preparations. For local 
therapy, ophthalmic and dermatological formulations, silver 
and other salts, ear drops, eye ointments, powders or Solutions 
can be used. With animals, ingestion can be effected via feed 
or drinking water in Suitable formulations. Furthermore, gels, 
powders, tablets, Sustained-release tablets, premixes, concen 
trates, granulates, pellets, boli, capsules, aerosols, sprays, 
inhalants can be used in humans and animals. Moreover, the 
compounds of the invention can be incorporated in other 
carrier materials such as plastics (plastic chains for local 
therapy) collagen or bone cement. 
0091. In another preferred embodiment of the invention 
the compounds of the invention, i.e., the nucleosides of the 
invention, the nucleic acids of the invention, the inventive 
pharmaceutical agents or vectors, cells and organisms, are 
incorporated in a preparation at a concentration of 0.1 to 99.5, 
preferably 0.5 to 95, and more preferably 20 to 80 wt.-%. That 
is, the compounds of the invention are pre-sent in the above 
specified pharmaceutical formulations, e.g. tablets, pills, 
granulates and others, at a concentration of preferably 0.1 to 
99.5 wt.-% of the overall mixture. Those skilled in the art will 
be aware of the fact that the amount of active substance, i.e., 
the amount of an inventive compound combined with the 
carrier materials to produce a single dosage form, will vary 
depending on the host to be treated and on the particular type 
of administration. Once the condition of a host or patient has 
improved, the proportion of active compound in the prepara 
tion can be modified so as to obtain a maintenance dose. 
Depending on the symptoms, the dose or frequency of admin 
istration or both can subsequently be reduced to a level where 
the improved condition is retained. Once the symptoms have 
been alleviated to the desired level, the treatment should be 
terminated. However, patients may require an intermittent 
treatment on a long-term basis if any symptoms of the disease 
should recur. Accordingly, the proportion of the compounds, 
i.e. their concentration, in the overall mixture of the pharma 
ceutical preparation, as well as the composition or combina 
tion thereof, is variable and can be modified and adapted by a 
person of specialized knowledge in the art. 
0092. Those skilled in the art will be aware of the fact that 
the compounds of the invention can be contacted with an 
organism, preferably a human oran animal, on various routes. 
Furthermore, a person skilled in the art will also be familiar 

Apr. 23, 2009 

with the fact that the pharmaceutical agents in particular can 
be applied at varying dosages. Application should be effected 
in such a way that a viral disease is combatted as effectively 
as possible or the onset of Such a disease is prevented by a 
prophylactic administration. Concentration and type of appli 
cation can be determined by a person skilled in the art using 
routine tests. Preferred applications of the compounds of the 
invention are oral application in the form of powders, tablets, 
juice, drops, capsules or the like, rectal application in the form 
of suppositories, Solutions and the like, parenteral application 
in the form of injections, infusions and solutions, inhalation 
of vapors, aerosols and dusts and pads, and local application 
in the form of ointments, pads, dressings, ravages and the like. 
Contacting with the compounds according to the invention is 
preferably effected in a prophylactic or therapeutic fashion. 
In prophylactic administration, an infection with the above 
mentioned viruses is to be pre-vented at least in Such a way 
that, following invasion of single viruses, e.g. into a wound, 
further growth thereof is massively reduced or viruses having 
invaded are destroyed virtually completely. In therapeutic 
contacting, a manifest infection of the patient is already exist 
ing, and the viruses already present in the body are either to be 
destroyed or inhibited in their growth. Other forms of appli 
cation preferred for this purpose are e.g. Subcutaneous, Sub 
lingual, intravenous, intramuscular, intraperitoneal and/or 
topical ones. 
(0093. For example, the suitability of the selected form of 
application, of the dose, application regimen, selection of 
adjuvant and the like can be determined by taking serum 
aliquots from the patient, i.e., human or animal, and testing 
for the presence of viruses, i.e., determining the virus titer, in 
the course of the treatment procedure. Alternatively or con 
comitantly, the condition of the liver, but also, the amount of 
T cells or other cells of the immune system can be determined 
in a conventional manner so as to obtain a general Survey on 
the immunological constitution of the patient and, in particu 
lar, the constitution of organs important to the metabolism, 
particularly of the liver. Additionally, the clinical condition of 
the patient can be observed for the desired effect, especially 
the anti-infectious, preferably antiviral effect. As set forth 
above, especially hepatitis, but also HIV or other diseases can 
be associated with other e.g. bacterial or fungicidal infections 
or tumor diseases, for which reason additional clinical co 
monitoring of the course of Such concomitant infections or 
tumor diseases is also possible. Where insufficient therapeu 
tic effectiveness is achieved, the patient can be subjected to 
further treatment using the agents of the invention, optionally 
modified with other well-known medicaments expected to 
bring about an improvement of the overall constitution. Obvi 
ously, it is also possible to modify the carriers or vehicles of 
the pharmaceutical agent or to vary the route of administra 
tion. In addition to oral ingestion, e.g. intramuscular or Sub 
cutaneous injections or injections into the blood vessels can 
be envisaged as another preferred route of therapeutic admin 
istration of the compounds according to the invention. At the 
same time, Supply via catheters or Surgical tubes can also be 
used. In addition to the above-specified concentrations during 
use of the compounds of the invention, the compounds in a 
preferred embodiment can be employed in a total amount of 
0.05 to 500 mg/kg body weight per 24 hours, preferably 5 to 
100 mg/kg body weight. Advantageously, this is a therapeu 
tical quantity which is used to prevent or improve the Symp 
toms of a disorder or of a responsive, pathologically physi 
ological condition. The amount administered is Sufficient to 



US 2009/010518.6 A1 

prevent or inhibit infection or spreading of an infectious agent 
such as hepatitis B or HIV in the recipient. The effect of the 
compounds of the invention on the above-mentioned viruses, 
with respect to their prophylactic or therapeutic potential, is 
seen e.g. as an inhibition of the viral infection, inhibition of 
syncytium formation, inhibition of fusion between virus and 
target membrane, as a reduction or stabilization of the viral 
growth rate in an organism, or in another way. For example, 
the therapeutic effect can be such that, as a desirable side 
effect, particular antiviral medicaments are improved in their 
effect or, by reducing the dose, the number of side effects of 
these medicaments will be reduced as a result of applying the 
compounds of the invention. Of course, the therapeutic effect 
also encompasses direct action on the viruses in a host. That 
is, however, the effect of the compounds of the invention is 
not restricted to eliminating the viruses, but rather comprises 
the entire spectrum of advantageous effects in prophylaxis 
and therapy. Obviously, the dose will depend on the age, 
health and weight of the recipient, degree of the disease, type 
of required simultaneous treatment, frequency of the treat 
ment and type of the desired effects and side-effects. The 
daily dose of 0.05 to 500 mg/kg body weight can be applied as 
a single dose or multiple doses in order to furnish the desired 
results. The dose levels per day can be used in prevention and 
treatment of a viral infection, including hepatitis B infection. 
In particular, pharmaceutical agents are typically used in 
about 1 to 7 administrations per day, or alternatively or addi 
tionally as a continuous infusion. Such administrations can be 
applied as a chronic or acute therapy. Of course, the amounts 
of active substance that are combined with the carrier mate 
rials to produce a single dosage form may vary depending on 
the host to be treated and on the particular type of adminis 
tration. In a preferred fashion, the daily dose is distributed 
over 2 to 5 applications, with 1 to 2 tablets including an active 
substance content of 0.05 to 500 mg/kg body weight being 
administered in each application. Of course, it is also possible 
to select a higher content of active Substance, e.g. up to a 
concentration of 5000 mg/kg. The tablets can also be sus 
tained-release tablets, in which case the number of applica 
tions per day is reduced to 1 to 3. The active substance content 
of sustained-release tablets can be from 3 to 3000 mg. If the 
active Substance—as set forth above is administered by 
injection, the host is preferably contacted 1 to 8 times per day 
with the compounds of the invention or by using continuous 
infusion, in which case quantities of from 1 to 4000 mg per 
day are preferred. The preferred total amounts per day were 
found advantageous both in human and Veterinary medicine. 
It may become necessary to deviate from the above-men 
tioned dosages, and this depends on the nature and body 
weight of the host to be treated, the type and severity of the 
disease, the type of formulation and application of the drug, 
and on the time period or interval during which the adminis 
tration takes place. Thus, it may be preferred in some cases to 
contact the organism with less than the amounts mentioned 
above, while in other cases the amount of active Substance 
specified above has to be surpassed. A person of specialized 
knowledge in the art can determine the optimum dosages 
required in each case and the type of application of the active 
Substances. 

0094. In another particularly preferred embodiment of the 
invention the compounds of the invention, i.e., the nucleoside, 
the nucleic acid, the pharmaceutical agent, the vector, the 
cells and/or organism, are used in a single administration of 
from 1 to 80, especially from 3 to 30 mg/kg body weight. In 
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the same way as the total amount per day, the amount of a 
single dose per application can be varied by a person of 
specialized knowledge in the art. Similarly, the compounds 
used according to the invention can be employed in Veterinary 
medicine with the above-mentioned single concentrations 
and formulations together with the feed or feed formulations 
or drinking water. A single dose preferably includes that 
amount of active substance which is administered in one 
application and which normally corresponds to one whole, 
one half daily dose or one third or one quarter of a daily dose. 
Accordingly, the dosage units may preferably include 1, 2, 3 
or 4 or more single doses or 0.5,0.3 or 0.25 single doses. In a 
preferred fashion, the daily dose of the compounds according 
to the invention is distributed over 2 to 10 applications, pref 
erably 2 to 7, and more preferably 3 to 5 applications. Of 
course, continuous infusion of the agents according to the 
invention is also possible. 
0095. In a particularly preferred embodiment of the inven 
tion, 1 to 2 tablets are administered in each oral application of 
the compounds of the invention. The tablets according to the 
invention can be provided with coatings and envelopes well 
known to those skilled in the art or can be composed in a way 
So as to release the active substance (S) only in preferred, 
particular regions of the host. 
0096. In another preferred embodiment of the invention 
the compounds according to the invention can be employed 
together with at least one other well-known pharmaceutical 
agent. That is to say, the compounds of the invention can be 
used in a prophylactic or therapeutic combination in connec 
tion with well-known drugs. Such combinations can be 
administered together, e.g. in an integrated pharmaceutical 
formulation, or separately, e.g. in the form of a combination 
of tablets, injection or other medications administered simul 
taneously or at different times, with the aim of achieving the 
desired prophylactic or therapeutic effect. These well-known 
agents can be agents which enhance the effect of the nucleo 
sides according to the invention. In the antibacterial sector, in 
particular, it was found that a wide variety of antibiotics 
improve the effect of nucleosides. This includes agents such 
as benzylpyrimidines, pyrimidines, Sulfoamides, rifampicin, 
tobramycin, fusidinic acid, clindamycin, chloramphenicol 
and erythromycin. Accordingly, another embodiment of the 
invention relates to a combination wherein the secondagentis 
least one of the above-mentioned antiviral or antibacterial 
agents or classes of agents. It should also be noted that the 
compounds of tile invention and combinations can also be 
used in connection with immune-modulating treatments and 
therapies. 
0097. Typically, there is an optimum ratio of compound(s) 
of the invention with respect to each other and/or with respect 
to other therapeutic or effect-enhancing agents (such as trans 
port inhibitors, metabolic inhibitors, inhibitors of renal excre 
tion or glucuronidation, such as probenecid, acetaminophen, 
aspirin, lorazepan, cimetidine, ranitidine, colifibrate, 
indomethacin, ketoprofen, naproxen etc.) where the active 
Substances are present at an optimum ratio. Optimum ratio is 
defined as the ratio of compound(s) of the invention to other 
therapeutic agent(s) where the overall therapeutic effect is 
greater than the sum of the effects of the individual therapeu 
tic agents. In general, the optimum ratio is found when the 
agents are present at a ratio of from 10:1 to 1:10, from 20:1 to 
1:20, from 100:1 to 1:100 and from 500:1 to 1:500. In some 
cases, an exceedingly Small amount of a therapeutic agent 
will be sufficient to increase the effect of one or more other 
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agents. In addition, the use of the compounds of the invention 
in combinations is particularly beneficial in order to reduce 
the risk of developing resistance. Of course, the compounds 
of the invention, such as nucleosides or nucleic acids, can be 
used in combination with other well-known antiviral agents. 
Such agents are well-known to those skilled in the art. 
Accordingly, the compounds of the invention can be admin 
istered together with all conventional agents, especially other 
drugs, available for use particularly in connection with hepa 
titis drugs, either as a single drug or in a combination of drugs. 
They can be administered alone or in combination with same. 
0098. In a preferred fashion the compounds of the inven 
tion are administered together with said other well-known 
pharmaceutical agents at a ratio of about 0.005 to 1. Prefer 
ably, the compounds of the invention are administered par 
ticularly together with virus-inhibiting agents at a ratio of 
from 0.05 to about 0.5 parts to about 1 part of said known 
agents. In this event, tumor-inhibiting or antibacterial agents 
can be concerned. The pharmaceutical composition can be 
present in Substance or as an aqueous Solution together with 
other materials such as preservatives, buffer Substances, 
agents to adjust the osmolarity of the solution, and so forth. 
0099. The invention also relates to the use of the nucleic 
acids of the invention as antisense nucleic acids, particularly 
in an antiviral therapy. Those skilled in the art are familiar 
with the fact that nucleic acids can be used as anti-sense 
nucleic acids. In a preferred fashion the nucleic acid of the 
invention serves to prevent hybridization of the RNA during 
translation, and this proceeds via hybridization of the viral 
RNA with the nucleic acids according to the invention. More 
specifically, the nucleic acids of the invention can be used as 
agents against hepatitis B because degradation thereof by 
cellular restriction enzymes is absent or difficult. In general, 
the nucleic acid of the invention hybridizes with the DNA of 
the hepatitis B virus, thereby not only impeding translation, 
but also transcription into viral DNA. 
0100. The nucleosides and nucleic acids according to the 
invention can be used in the production of pharmaceutical 
agents. Thus, the teaching of the invention may also relate to 
a method for the treatment of a viral, bacterial, fungicidal 
and/or parasitic infection or of cancer, in which method the 
nucleosides and/or nucleic acids of the invention are con 
tacted with an organism. Treatment in the meaning of the 
invention includes both prophylactic and therapeutic treat 
ment. In a preferred fashion the compounds of the invention 
can be used to protect organisms, especially human patients, 
from viral infection during a particular incident, such as 
delivery, or for a prolonged period of time, in a country where 
high risk of hepatitis B infection exists. In such cases, the 
compounds of the invention can be used alone or together 
with other prophylactic agents or other antiviral agents 
enhancing the efficacy of the respective agent. Preferably 
following oral application, the nucleosides of the invention 
advantageously can undergo easy absorption into the blood 
stream of mammals, especially human mammals. Advanta 
geously, the compounds exhibit good water Solubility and 
consistent oral availability. In particular, it is said good oral 
availability that makes the compounds of the invention excel 
lent agents for orally administered cures of treatment and 
prevention against viral infection, especially hepatitis B 
infection. Of course, the compounds of the invention not only 
are orally bioavailable, but advantageously have also a high 
therapeutic index which, in particular, is a measure of toxicity 
Versus anti-viral effect. Accordingly, the compounds of the 
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invention are more effective at lower dose levels compared to 
selected well-known antiviral agents, avoiding the toxic 
effect associated with these medical substances. The potential 
of the compounds of the invention of being released at doses 
far exceeding their active antiviral range is particularly 
advantageous in slowing down or preventing possible devel 
opment of resistant variants. During a prophylactic treatment, 
in particular, the compounds of the invention can be used in a 
healthy, but also in a virally infected, especially in a hepatitis 
B virus infected patient, either as a single agent or together 
with other antiviral agents preferably impairing the replica 
tion cycle of hepatitis viruses. The use of the compounds of 
the invention in prophylaxis and therapy proceeds in a way 
well-knownto those skilled in the art. In those cases where the 
method of treating a viral infection with the nucleosides of the 
invention represents a combination therapy, each agent used, 
i.e., both the well-known compounds and the compounds of 
the invention, has an additive, non-additive or synergistic 
effect in inhibiting virus replication, because action of each 
agent at a different site of replication of the viruses advanta 
geously can be envisaged. Advantageously, the method of 
Such combination therapies can also reduce the dosage of a 
conventional antiviral agent which, in comparison (when 
administering the agent alone), would be required for a 
desired therapeutic or prophylactic effect. Such combinations 
in the method of the invention for the treatment of viral 
diseases can reduce or eliminate the side effects of conven 
tional therapies using single antiviral agents, and Such com 
binations advantageously do not impair but rather synergis 
tically increase the antiviral effect of these agents. These 
combinations reduce the potential of resistance to therapy 
using single agents, while advantageously minimizing the 
toxicity associated therewith. These combinations can also 
increase the efficacy of conventional agents without increas 
ing the toxicity associated therewith. In a particularly pre 
ferred fashion the compound according to this invention, 
together with other antiviral or antibacterial or fungicidal 
agents, prevent replication of the genetic material of viruses 
in an additive or synergistic manner. Inter alia, preferred 
combination therapies include the administration of a com 
pound of the invention together with ddC, d4T, 3TC or a 
combination thereof. Of course, administration together with 
other nucleoside derivatives or viral reverse transcriptase 
inhibitors or protease inhibitors may also be preferred in the 
method of the invention or in the use according to the inven 
tion. Joint administration of the compounds of the invention 
and viral reverse transcriptase inhibitors or aspartyl protease 
inhibitors shows an additive or synergistic effect, thereby 
preventing, essentially reducing or completely eliminating 
virus replication or infection or both, or symptoms associated 
therewith. Administration of a combination of agents can be 
preferred over administration of single agents. The com 
pounds of the invention can also be used together with immu 
nomodulators or immunostimulators; preferred immuno 
modulators or immunostimulators are: bropirimine, anti 
human C-interferon antibodies, IL-2, GK-CSF, interferon C, 
diethyl dithiocarbamate, tumor necrosis factor, naltrexone, 
tuscarasol, rEPO and antibiotics such as pentamidineisethio 
riate, but also agents preventing or combatting malignant 
tumors associated with viral diseases. In the method for the 
treatment of viral, bacterial, fungicidal and/or parasitic infec 
tions or of cancer, the compounds of the invention—as set 
forth above can be administered together with tolerable 
carriers, adjuvants or vehicles. Pharmaceutically tolerable 
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carriers, adjuvants and vehicles that can be used in the drugs 
of this invention include ion exchangers, aluminum oxide, 
aluminum Stearate, lecithin, self-emulsifying drug delivery 
systems (SEDDS), such as d-C-tocopherol-polyethylene gly 
col 1000 succinate, or other similar polymer delivery matri 
ces, serum proteins such as human serum albumin, buffer 
Substances such as phosphates, glycine, Sorbic acids, potas 
sium Sorbate, partial glyceride mixtures of Saturated veg 
etable fatty acids, water, salts or electrolytes such as protamin 
Sulfate, disodium hydrogen phosphate, potassium hydrogen 
phosphate, Sodium chloride, Zinc salts, colloidal silicon diox 
ide, magnesium trisilicates, polyvinylpyrrolidone, materials 
on cellulose basis, polyethylene glycol, Sodium carboxym 
ethylcellulose, polyacrylates, waxes, polyethylene-polyox 
ypropylene block polymers, polyethylene glycol, and wool 
fat, but are not restricted thereto. Cyclodextrins such as C-, 3-, 
and Y-cyclodextrin or chemically modified derivatives such as 
hydroxyalkylcyclodextrins, including 2- and 3-hydroxypro 
pyl-3-cyclodextrins or other solubilized derivatives, can also 
be used with advantage in order to enhance delivery of the 
compounds according to the invention. In the context with 
this method, the compounds of the invention can be admin 
istered orally, parenterally, via inhalation spray, topically, 
rectally, nasally, buccally, vaginally, or via implanted reser 
Voirs. Oral administration or administration via injection is a 
preferred form of contacting. The drugs of this invention may 
include any conventional non-toxic, pharmaceutically toler 
able carriers, adjuvants or vehicles. In some cases, the pH 
value of the formulation can be adjusted using pharmaceuti 
cally tolerable acids, bases or buffers in order to increase the 
stability of the formulated compound or delivery form 
thereof. The term parenteral, as used herein, includes Subcu 
taneous, intracutaneous, intravenous, intramuscular, intra-ar 
ticular, intrasynovial, intrasternal, intrathecal, intralesional 
and intracranial injection or infusion procedures as a form of 
contacting. 
0101 The invention also relates to a kit comprising the 
compounds of the invention, optionally together with infor 
mation on how to combine the contents of the kit. The infor 
mation for combining the contents of the kit relates to the use 
of said kit in the prophylaxis and/or therapy of diseases, 
particularly viral diseases. For example, the information may 
also concern atherapeutic scheme, i.e., a concrete injection or 
application scheme, the dose to be administered, or other. 
0102 The nucleoside analogs of the invention have many 
advantages. In the course of their individual development, 
human and animal organisms must cope with numerous 
pathogens. For example, these pathogens can be fungi, bac 
teria, but also viruses, in particular. Each year, millions of 
people and economically useful animals develop a viral dis 
ease, and a large number of such infections are accompanied 
by significant health impairments. Untreated for a prolonged 
period of time, diseases with human immunodeficiency virus 
and hepatitis viruses can be fatal. 
0103) The viruses an organism has to cope with strongly 
differ in their infectious potential. Highly infectious viruses 
include hepatitis B virus (HBV) which may cause inflamma 
tions of the liver, regularly accompanied by liver cell damage, 
and Such liver damage can develop up to a liver tumor in 
chronic courses with selected viruses, such as hepatitis 
viruses B, C and D. 
0104. To allow successful combatting of viruses in a host 
organism, e.g. in a human or in a farm or domestic animal, the 
prior art has developed various antiviral therapies. A large 
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number of these therapies are chemotherapies intended to 
prevent replication of pathogenic viruses in a host cell. Vari 
ous phases of replication, such as adsorption, penetration, 
translation, transcription of the viral genes, replication of 
nucleic acids, as well as assembly of virus particles, are 
possible as targets of attack for the so-called virustatic agents 
used to this end. Virus adsorption inhibitors interact with 
cationic regions of the viral coat protein, thereby preventing 
association with receptors of the potential host cell. In con 
trast to the adsorption inhibitors, the inhibitors of virus cell 
fusion do not act as early as to prevent binding, but rather act 
at a later stage to prevent fusion with the host cell to form a 
common membrane. Another way would be inhibition of 
penetration with liberation of the viral genome, as has been 
described in the prior art, e.g. for Picorna viruses. Further 
more, it is possible to block the transcription and protein 
biosynthesis of viruses. Methods of inhibiting viral DNA 
polymerase have also been described in the prior art. The 
inhibition of viral DNA polymerase has been disclosed in the 
prior art particularly for herpesviruses. The DNA polymerase 
of herpes viruses assumes various functions. Among other 
things, it is responsible for the introduction of the viral 
genetic information into the host cell genome, for RNA 
dependent DNA synthesis, for DNA-dependent DNA synthe 
sis, and has additional functions. A large number of presently 
known, successfully applied antiviral compounds are nucleo 
side-analogous Substances which, however, are limited in 
their antiviral activity to herpes viruses in particular. 
0105. As the above-mentioned strategies are successful in 
herpes viruses, in particular, and allow application to other 
viruses with less Success in some cases, it has been necessary 
to develop different therapies for each particular group of 
viruses. Thus, for example, vaccines produced by genetic 
engineering have been available for years for the treatment of 
hepatitis B; however, they fail to be helpful in individuals 
already infected and exert significant influence on the above 
mentioned chronic course of said disease. The nucleosides of 
the invention avoid the above-specified drawbacks of the 
prior art. 
0106 Without intending to be limiting, the invention will 
be explained in more detail with reference to the following 
examples. 

EXAMPLES 

1. Synthesis of 4-hydroxyaminopyrimidin-2(1H)-one 
B-L-Nucleosides from the Corresponding Uracil or 

Thymine Nucleosides 
1.1 Synthesis of 1-(2-deoxy-3-L-ribofuranosyl)-4- 
hydroxyaminopyrimidin-2(1H)-one (B-L-N4-hy 

droxy deoxycytidine) 
0107 1-(2,3-Di-O-benzoyl-2-deoxy-B-L-ribofuranosyl) 
uracil (1.3g, 2.98 mmol) was dissolved in triethylamine (1.8 
ml, 12.9 mmol) and anhydrous acetonitrile (70 ml). The solu 
tion was cooled to 0°C. in an argon atmosphere and mixed 
with 2,4,6-triisopropylbenzenesulfonyl chloride (1.95 g. 6.3 
mmol) and 4-dimethylaminopyridine (300 mg, 2 mmol). The 
reaction mixture was left at room temperature overnight with 
stirring. Subsequently, hydroxylamine hydrochloride (450 
mg, 6.47 mmol) was added and the reaction solution was 
stirred at room temperature for 24 hours. Thereafter, water 
(50 ml) and chloroform (75 ml) were added. The organic 
phase was washed with Saturated Sodium chloride Solution 
and dried over sodium sulfate. The residue obtained after 
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removing the solvent in vacuum was purified by means of 
column chromatography on silica gel, using chloroform/ 
methanol (98/2, V/v) as eluent. 1-(2,3-Di-O-benzoyl-f-L-ri 
bofuranosyl)-4-hydroxyamino-pyrimidin-2(1H)-one was 
isolated from the corresponding fractions as a white amor 
phous mass (1.7g). 
0108. The above amount of substance was added to 
ammonia-Saturated methanol (20 ml). The reaction Solution 
was left for 24 hours at room temperature and was Subse 
quently concentrated to dryness in vacuum. The residue was 
purified by means of column chromatography on silica gel. 
using a chloroform/methanol (9/1, V/v) mobile phase. 1-(2- 
Deoxy-3-L-ribofuranosyl)-4-hydroxyaminopyrimidin-2 
(1H)-one was obtained from the corresponding fractions and 
crystallized from methanol/ether (yield: 232 mg, 0.94 mmol. 
31, 6%). 

1.2 Synthesis of 1-(2-Deoxy-3-L-ribofuranosyl)-4- 
hydroxyamino-5-methylpyrimidin-2(1H)-one (B-L- 

5-methyl-N4-hydroxydeoxycytidine) 
0109 According to the general synthetic method 
described above and starting from 1-(3,5-di-O-acetyl-2- 
deoxy-B-L-ribofuranosyl)thymine (500 mg, 1.53 mmol), 
B-L-5-methyl-N4-hydroxydeoxycytidine was obtained (132 
mg, 0.5 mmol, 32%). 

1.3 Synthesis of 1-(2-deoxy-3-L-ribofuranosyl) 
5-fluoro-4-hydroxyaminopyrimidin-2(1H)-one (B-L- 

5-fluoro-N4-hydroxydeoxycytidine) 
0110 B-L-5-Fluoro-2'-deoxyuridine was prepared 
according to established methods for the synthesis of the 
corresponding D-derivative (Ozaki et al., Bull Chem Soc 
Japan 1977, 50: 2197-2198). 
0111. A stirred solution of 1-(5-O-acetyl-2-deoxy-3-L- 
ribofuranosyl)-5-fluorouracil (288 mg, 1 mmol) in anhydrous 
acetonitrile (30 ml) under an argon atmosphere was cooled to 
0° C. To this solution were successively added 2,4,6-triiso 
propylbenzenesulphonyl chloride (654 mg, 2.1 mmol) and 
4-dimethylaminopyridine (132 mg, 1 mmol). The resulting 
mixture was stirred for 20 h at room temperature. Solid 
hydroxylamine hydrochloride (149 mg, 2.1 mmol) was added 
and the mixture was stirred for an additional 24 h. The mix 
ture was partitioned between water (25 ml) and chloroform 
(100 ml). The organic layer was washed with a saturated 
aqueous sodium chloride solution (30 ml), dried over anhy 
drous sodium sulfate, filtered, and the solvent was removed 
under reduced pressure. The resulting residue was purified by 
column chromatography on silica gel eluting with a gradient 
of methanol (0-10%) in chloroform to afford 1-(5-O-acetyl 
2-deoxy-3-L-ribofuranosyl)-5-fluoro-4-hydroxyaminopyri 
midin-2(1H)-one as a white solid (138 mg, 0.45 mmol). A 
Solution of this compound in methanol saturated with ammo 
nia at 0°C. was kept for 24 h at room temperature. After 
removing of the solvent under reduced pressure the residue 
was purified by column chromatography on silica gel with 
chloroform/methanol (9/1, V/v) as eluent to afford 1-(2- 
deoxy-3-L-ribofuranosyl)-5-fluoro-4-hydroxyaminopyrimi 
din-2(1H)-one (94 mg. 036 mmol) as a white solid. 

1.4 Synthesis of 1-(2,3-dideoxy-3-L-glycero-pento 
furanosyl)-5-fluoro-4-hydroxyaminopyrimidin-2 

(1H)-one (B-L-2',3'-dideoxy-5-fluoro-N4-hydroxy 
cytidine) 

0112 B-L-2',3'-Didehydro-2,3'-dideoxy-5-fluorouridine 
was pre-pared according to established methods described for 
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the synthesis of the corresponding D-derivative (Joshi et al., J 
Chem Soc Perkin Trans I 1992, 2537-2544). This compound 
was acetylated in the usual manner with acetanhydride in 
pyridine and purified by column chromatography. The iso 
lated product was activated with 2,4,6-triisopropylbenzene 
Sulphonyl chloride and 4-dimethylaminopyridine, then 
reacted with solid hydroxylamine hydrochlorideas described 
in example 1.3. The reaction product was purified by column 
chromatography to afford the acetylated N4 hydroxycytidine 
derivative. 

0113. A solution of 1-(5-O-acetyl-2,3-dideoxy-3-L-glyc 
ero-pent-2-enofuranosyl)-5-fluoro-4-hydroxyaminopyrimi 
din-2(1H)-one (285 mg, 1 mmol) in dioxane was catalytically 
hydrogenolyzed as described in example 1.6. 
0114. The product of that reaction was deacetylated by 
treatment with a solution of ammonia in methanol (Saturated 
at 0°C.) for 24 h. The solvent was removed under reduced 
pressure. The residue was purified by column chromatogra 
phy on silica gel eluting with chloroform/methanol (95/5. 
V/v). 1-(2,3-dideoxy-f-L-glycero-pentofuranosyl)-5-fluoro 
4-hydroxyaminopyrimidin-2(1H)-one was afforded as a 
white foam (67 mg, 0.27 mmol). 
0115 H-NMR (DMSO-d) & 10.43, 9.99 (2H, s, NH-4, 
OH-4), 7.54 (1H, d, H-6), 5.73 (1H, t, H-1'), 5.21 (1H, t, 
OH-5'), 4.23-4.18 (1H, m, H-4"), 3.70-3.45 (2H, m, H-5", 
H-5"), 2.17-2.04 (4H, m, H-3', H-3", H-2', H-2). 

1.5 Synthesis of 1-(2,3-dideoxy-3-L-glycero-pent-2- 
enofuranosyl)-4-hydroxyaminopyrimidin-2(1H)-one 
(B-L-2',3'-didehydro-2',3'-dideoxy-N4-hydroxycyti 

dine) 

0116 B-L-2',3'-Didehydro-2',3'-dideoxyuridine was pre 
pared according to established methods described for the 
synthesis of the corresponding D-derivative (Horwitz et al., J 
Org Chem 1966, 31:205-211). 
0117 1-(5-O-Acetyl-2,3-dideoxy-f-L-glycero-pent-2- 
enofuranosyl)-uracil (288 mg, 1 mmol) was dissolved in 
dioxane (30 ml) cooled to 0°C. To this solution were added 
Successively under an argon atmosphere 2,4,6-triisopropyl 
benzenesulphonyl chloride (654 mg, 2.1 mmol) and 4-dim 
ethylaminopyridine (132 mg, 1 mmol). 
0118. This solution was stirred for 24h at room tempera 
ture. Hydroxylamine hydrochloride (149 mg, 2.1 mmol) was 
then added, and the mixture was further stirred fox 1 day at 
room temperature. Water (25 ml) was added, and the product 
was extracted with chloroform (100 ml). The organic layer 
was washed with a aqueous solution Saturated with sodium 
chloride (30 ml), dried over anhydrous sodium sulfate, fil 
tered, and concentrated under reduced pressure. 
0119 The resulting residue was purified by column chro 
matography on silica gel eluting with a gradient of methanol 
(0-5%) in chloroform to give 1-(5-O-acetyl-2,3-dideoxy-3- 
L-glycero-pent-2-enofuranosyl)-4-hydroxyaminopyrimidin 
2(1H)-one as a white foam. This compound was concentrated 
vacuo, the residue was purified by column chromatography 
on silica gel eluting with chloroform/methanol (95/5, V/v) to 
afford 1-(2,3-dideoxy-3-L-glycero-pent-2-enofuranosyl)-4- 
hydroxyaminopyrimidin-2(1H)-one (79 mg, 0.35 mmol). 
0120 H-NMR (DMSO-d) & 10.96, 10.01 (2H,2s, NH-4, 
OH-4), 7.64 (1H, s, H-6), 6.58 (1H, d, H-1'), 6.37 (1H, dd, 
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H-3), 6.23 (1H, dd, H2'), 5.53 (1H, d, H-5), 5.21 (1H, t, 
OH-5'), 420-4.12 (1H, m, H-4"), 3.75-3.52 (2H, m, H-5", 
H-5"). 

1.6 Synthesis of 1-(2,3-dideoxy-f-L-glycero-pento 
furanosyl)-4-hydroxyaminopyrimidin-2(1H)-one 

(B-L-2',3'-dideoxy-N4-hydroxycytidine) 
0121 B-L-2',3'-Didehydro-2',3'-dideoxyuridine was pre 
pared according to established methods described for the 
synthesis of the corresponding D-derivative (Horwitz et al., J 
Org Chem 1966, 31:205-211). 
0122) This deoxyuridine derivative was acetylated with 
acetanhydride in pyridine. The reaction product was purified 
by column chromatography. The isolated derivative was acti 
vated with 2,4,6-triisopropylbenzenesulphonyl chloride and 
4-dimethylaminopyridine in acetonitrile, then hydroxy 
lamino chloride was added and the reaction mixture was 
worked up as described in example 1.3. After evaporation of 
the solvent the acetylated hydroxycytidine derivative was 
purified by column chromatography. 
0123. A solution of 1-(5-O-acetyl-2,3-dideoxy-3-L-glyc 
ero-pent-2-enofuranosyl)-4-hydroxyaminopyrimidin-2 
(1H)-one (267 mg, 1 mmol) in dioxane containing 125 mg of 
10% palladium-charcoal catalyst was shaken with 1 atm. of 
hydrogen at room temperature. The theoretical uptake of 
hydrogen was realized in 0.5h, the catalyst was filtered, and 
the filtrate was evaporated to dryness. 
0124. The residue was treated with methanol/ammonia 
(25 ml) overnight at room temperature. After removing the 
Solvent the corresponding residue was purified by column 
chromatography on silica gel with chloroform/methanol (9/1, 
V/v) as solvent to afford 1-(2,3-dideoxy-f-L-glycero-pento 
furanosyl)-4-hydroxyaminopyrimidin-2(1H)-one (105 mg. 
0.46 mmol) as a solid. 
0125 H-NMR (DMSO-d) & 10.41, 9.95 (2H, 2s, NH-4, 
OH-4), 7.54 (1H, d, H-6), 5.73 (1H, d, H-5), 5.58 (1H, t, H-1'), 
5.03 (1H, t, OH-5'), 4.94 (m, 1H, H-4), 3.51 (m, 2H, H-5", 
H-5), 2.31-2.56 (m, 4H, H-3', H-3", H-2', H-2"). 

1.7 Synthesis of 1-(2,3-dideoxy-3-L-glycero-pent-2- 
eno-furanosyl)-5-fluoro-4-hydroxyaminopyrimidin-2 

(1H)-one (B-L-2',3'-Didehydro-2',3'-dideoxy-5- 
fluoro-N4-hydroxycytidine) 

0126 f-L-2',3'-Didehydro-2',3'-dideoxy-5-fluorouridine 
was prepared according established methods for synthesis of 
the corresponding D-derivative (Joshi et al., J Chem Soc 
Perkin Trans I 1992, 2537-2544). 
0127. In a similar manner as described under example 15 
using 1-(5-O-acetyl-2,3-dideoxy-3-L-glycero-pent-2-eno 
furanosyl)-5-fluorouracil (252 mg, 1 mmol) as starting mate 
rial, the title compound 1-(2,3-dideoxy-3-L-glycero-pent-2- 
enofuranosyl)-5-fluoro-4-hydroxyaminopyrimidin-2(1H)- 
one was obtained (69 mg, 0.33 mmol). 

1.8 Synthesis of 1-(2,3-dideoxy-3-L-glycero-pent-2- 
enofuranosyl)-5-methyl-4-hydroxyaminopyrimidin-2 

(1H)-one 
0128 (B-L-2',3'-didehydro-2',3'-dideoxy-5-methyl-N4 
hydroxycytidine) 
0129. 2',3'-Didehydro-2',3'-deoxy-3-L-thymidine (5-L- 
thymidinene) was prepared according to established methods 
described for synthesis of corresponding D-derivative (Hor 
witz et al., JOrg Chem 1966, 31: 205-211). B-L-thymidinene 
was acetylated in the usual manner with acetanhydride in 
pyridine. 5'-O-acetyl-2',3'-didehydro-2', 3'-deoxy-f-L-thy 
midine (266 mg, 1 mmol) was subjected to the same sequence 
of reaction steps as described in the example 1.5 to afford 
1-(2,3-dideoxy-5-L-glycero-pent-2-enofuranosyl)-5-me 
thyl-4-hydroxy-aminopyrimidin-2(1H)-one (132 mg, 0.55 
mmol). 
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0.130 H-NMR (DMSO-d) & 10.44, 10.02 (2H, s, NH-4, 
OH-4), 7.63 (1H, s, H-6), 6.81 (1H, dd, H-1'), 6.42 (1H, m, 
H-3"), 5.95 (1H, m, H-2'), 5.02 (1H, brt, OH-5'), 4.78 (1H, m, 
H-4), 3.62 (2H, m, H-5', H-5"), 1.78 (3H, s, CH). 

2. Synthesis of 4-hydroxyaminopyrimidin-2(1H)-one 
B-L-Nucleosides from the Corresponding Cytosine 

Nucleosides 
2.1 Synthesis of S-L-2',3'-dideoxy-3'-thia-N4-hy 

droxycytidine 
I0131 B-L-2',3'-Dideoxy-3'-thiacytidine was synthesized 
as described (Beach et al., JOrg Chem 1992, 57: 2217-2219). 
500 mg (2.18 mmol) of it was mixed with a 7 M hydroxy 
lamine hydrochloride solution (25 ml). The reaction solution 
was kept at room temperature for four days with stirring. 
Following removal of the solvent in vacuum, the resulting 
residue was purified by means of column chromatography on 
silica gel, using the upper phase of the mixture ethyl acetate/ 
isopropanol/water (4/1/2, V/v/v) as eluent. 
0.132. The solvent of the corresponding fractions was 
removed in vacuum. B-L-2',3'-dideoxy-3'-thia-N4-hydroxy 
cytidine was obtained from the methanol solution of the resi 
due (yield: 95 mg, 0.39 mmol, 17.9%). 

2.2 Synthesis of 1-(2,3-dideoxy-2-fluoro-B-L-glyc 
ero-pent-2-enofuranosyl)-4-hydroxyaminopyridin-2 
(1H)-one(B-L-2',3'-didehydro-2,3'-dideoxy-2'-fluoro 

N4-hydroxycytidine) 
(0.133 B-L-2',3'-Didehydro-2',3'-dideoxy-2'-fluorocyti 
dine was synthesized as described (Lee et al., J Med Chem 
1999, 42:1320-1328). 
0.134 400 mg (1.76 mmol) of this compound was dis 
solved in 10 ml of 5 M hydroxylamine hydrochloride which 
had been adjusted to pH 6.0 with sodium hydroxide. The 
Solution was stirred for 24 h at room temperature, and the 
Solvent was removed under reduced pressure. 
0.135 The residue was purified by column chromatogra 
phy on silica gel with chloroform/methanol (9/1, V/v) as 
eluent to afford 1-(2,3-dideoxy-2-fluoro-B-L-glycero-pent 
2-enofuranosyl)-4-hydroxyaminopyridin-2(1H)one (83 mg, 
0.34 mmol, yield 19.3%). 

2.3 Synthesis off-L-2-(hydroxymethyl)-1,3-oxathi 
olan-4-yl)-5-fluoro-4-hydroxyaminopyridin-2(1H)- 
one(B-L-2',3'-dideoxy-3'-thia-5-fluoro-N4-hydroxy 

cytidine) 
0.136 B-L-2,3'-Dideoxy-3'-thia-5-fluorocytidine was syn 
thesized as described (Beach et al., J Org Chem 1992, 57: 
2217-2219). 
0.137 78 mg (0.31 mmol) of this compound was shaken 
for 24h in 2 ml of aqueous 5M hydroxylamine hydrochloride 
(adjusted to pH 6.0). 
0.138. The solvent was removed in vacuo, and the residue 
was purified by column chromatography on silica gel eluting 
with chloroform/methanol (9/1, V/v). From the correspond 
ing fractions f-L-2-(hydroxymethyl)-1,3-Oxa-thiolan-4-yl)- 
5-fluoro-4-hydroxyaminopyridin-2(1H)-one was isolated as 
a foam (14 mg. 0.05 mmol, yield 16%). 

2.4 Synthesis of 1-(3-azido-2,3-dideoxy-f-L-ribo 
furanosyl)-4-hydroxyaminopyridin-2(1H)-one (B-L- 

3’-azido-2',3'-dideoxy-N4-hydroxycytidine) 
0.139 B-L-3-Azido-2',3'dideoxycytidine was prepared 
according to established methods described for the synthesis 
of the corresponding D-derivative.300 mg, (1.2 mmol) of this 
compound was dissolved in 10 ml aqueous 5 M hydroxy 
lamine hydrochloride (adjusted to pH 6.0) and treated accord 
ing example 2.2. The title compound was obtained as a white 
solid (103 mg, 0.38 mmol, yield 31.6%). 
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2.5 Synthesis of 1-(3-azido-2,3-dideoxy-f-L-ribo 
furanosyl)-5-fluoro-4-hydroxyaminopyridin-2(1H)- 

one (B-L-3'-azido-2',3'-dideoxy-5-fluoro-N4 
hydroxycytidine) 

0140 B-L-3'-Azido-2',3'dideoxy-5-fluorocytidine was 
prepared according to established methods described for the 
synthesis of the corresponding D-derivative (Sandström et 
al., Drugs 1986, 31: 462-467). 
0141 500 mg (1.85 mmol) of this compound were treated 
as described in example 2.2. The title compound B-L-3'- 
azido-2',3'-dideoxy-5-fluoro-N4-hydroxycytidine (121 mg, 
0.42 mmol, yield 22.7%) was obtained. 

2.6 Synthesis of 1-(3-azido-2,3-dideoxy-f-L-ribo 
furanosyl)-5-methyl-4-hydroxyaminopyridin-2(1H)- 
one (B-L-3-azido-2',3'-dideoxy-5-methyl-N4-hy 

droxycytidine) 
0142 B-L-3'-Azido-2, 3"dideoxy-5-methylcytidine was 
prepared according to established methods described for the 
synthesis of the corresponding D-derivative (Lin et al., J Med 
Chem 1983, 26: 544-551). 
0143 450 mg, (1.69 mmol) of this compound were treated 
as described in example 2.2. The title compound B-L-3'- 
azido-2',3'-dideoxy-5-methyl-N4-hydroxycytidine (143 mg, 
0.5 mmol, yield 29.5%) was obtained. 

2.7 Synthesis of 1-(2,3-dideoxy-3-fluoro-B-L-ribo 
furanosyl)-4-hydroxyaminopyridin-2(1H)-one (B-L- 

2',3'-dideoxy-3'-fluoro-N4-hydroxycytidine) 
0144 B-L-2',3'-Dideoxy-3'-fluorocytidine was synthe 
sized as described (von Janta-Lipinski et al. J Med Chem 
1998, 12: 2040-2046.) 
0145 This compound (350 mg, 1.52 mmol) gave accord 
ing to the synthetic method described in example 2.2, 1-(2,3- 
dideoxy-3-fluoro-B-L-ribofuranosyl)-4-hydroxyaminopyri 
din-2(1H)-one (137 mg 0.56 mmol, yield 36.8%) as a solid. 
0146 H-NMR (DMSO-d) & 10.48, 10.06 (2H, s, NH-4, 
OH-4), 7.76 (1H, d, H-6), 6.25 (1H, m, H-1'), 5.47 (1H, d, 
H-5), 5.25 (1H, dd, H-3', J =53.6 Hz), 5.11 (1H, t, OH-5'), 
4.13 (1H, dt, H-4, J-27 Hz), 3.52-3.64 (2H, m, H-5", 
H-5"), 2.38–2.45 (2H, m, H-2', H-2"). 

3. Inhibition of HBV-Replication by the Compounds 
of Invention in HepG2 2.2.15 Cells 

0147 The antiviral efficacy of the compounds of the 
invention was investigated on HepG2 2.2.15 cells, a human 
hepatoblastoma cell line which has the replication-competent 
HBV genome stably integrated therein and produces infec 
tious progeny viruses in a productive manner (Sells et al., 
Proc Natl AcadSci USA 1987, 84: 1005-1009). 
0148. The above cells were cultured under standardized 
conditions as specified by Korba and Gerin, and the amount of 
extracellular viral DNA was determined (Korba et al., Anti 
viral Res 1992, 19:55-70). 
0149 Following passaging, the HepG2 2.2.15 cells were 
seeded at a density of about 60% in 12-well plates and cul 
tured to confluence in 10% FBS Dulbecco MEM. Thereafter, 
the medium was changed to 2% FBS, and the cells were 
cultured for another 24 hours. 
0150. After another change of medium, the cells were 
treated with varying concentrations of compounds according 
to the invention. Every 24 hours the compounds were re 
added together with the medium. On the 6' day of treatment, 
the cell supernatants were centrifuged off and stored at -20° 
C. until analysis of the HBV DNA was effected. 
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0151. Following treatment of the culture supernatants 
with proteinase K, the extracellular viral DNA was amplified 
by means of PCR using the following primers (forward: 
5'-CTC CAG TTC AGG AAC AGT AAA CCC-3'; reverse: 
5'-TTG. TGA GCT CAG AAA GGC CTT GTA AGT TGG 
CG-31. The PCR products were separated on 1% agarose, 
stained with ethidium bromide and quantified using a Fluor 
STM Multimager (Biorad). 
0152 For calibration of the PCR reaction, serial dilutions 
of the puC19 HBV and pTHBV plasmids with known 
genome equivalents (GE) were used, resulting in a lower 
detection limit of about 10 GE and a linearity between 10 
and 10 GE. Table 1 shows the concentrations of compounds 
of the invention required for 50% reduction of extracellular 
HBV DNA (EDs) after 6 days incubation of the HepG2 
2.2.15 cells. 
0153. Between the new compounds -L-2',3'-didehydro 
2',3'-dideoxy-N4-hydroxycytidine (L-HyddeC), 5-L–2',3'-di 
dehydro-2',3'-dideoxy-5-fluoro-N4-hydroxycytidine (L-Hy 
ddeFC) and B-2',3'-didehydro-2',3'-dideoxy-2'-fluoro-N4 
hydroxycytidine (L-HyFddeC) were the most effective 
nucleoside with ECso-values of <0.1 uM. 
0154) A second group of compounds including B-L-2'-3'- 
dideoxy-3'-thia-N4-hydroxycytidine (Hy3TC), 3-L-2'-3'- 
dideoxy-3'-thia-5-fluoro-N4-hydroxycytidine (HyFTC), 
B-L-2',3'-dideoxy-N4-hydroxycytidine (L-HyddC), and B-L- 
2',3'-dideoxy-5-fluoro-N4-hydroxycytidine (L-HyddFC) 
gave ECso-values between 0.3 and 0.65uM. 
0.155. A third group of compounds of the invention with 
ECso-values between 3 and 50 uM includes B-L-N4-hydrox 
ydeoxycytidine (L-HyCdR), B-L-5-fluoro-N4-hydrox 
ydeoxycytidine (L-HyFCdR), B-L-5-methyl-N4-hydrox 
ydeoxycytidine (L-HyMetCdR), B-L-3'-fluoro-2',3'- 
dideoxy-N4-hydroxycytidine (L-FHyCdR), and B-L-3'- 
azido-2',3'-dideoxy-N4-hydroxycytidine (L-NHyCdR). 
0156. It can be argued that the N-4-hydroxy-group of the 
B-L-cytidine derivatives could be metabolized inside of cells 
to the corresponding NH2-group. Such a reaction could Sug 
gest a prodrug function of the presented analogues. In this 
case Hy3TC as the prodrug of 3TC should also display a high 
efficiency against HIV because 3TC inhibits the HIV-repli 
cation at a ECso of 0.002 uM (Schinazi et al., Antimicrob 
Agents Chemother 1992, 38: 2423-2431). 
0157 However, we found that Hy3TC is inactive against 
HIV replication (ECsoda-25 uM) ruling out the possibility 
that the metabolic conversion of the NHOH-group to the 
NH-group could be the reason for its anti-HBV activity. 

TABLE 1 

Inhibition of HBV-replication in HepG2 2.2.15 cells by B-L- 
hydroxycytosine nucleosides compared to 3TC(lamivudine), B-L- 
dideoxycytidine(L-ddC), B-L-thymidine(L-TdR), B-L-5-fluorode 

oxycytidine(L-FCdR). The concentrations required for 50% reduction 
of HBV DNA in the medium of the cells are given(ECso: 

IM). 

Compound ECso: LM 

3TC (lamivudine) O.1 
L-ddC O.25 
L-TdR O.3 
L-FCdR 1.2 
L-HyCdR 3.0 
L-HyFCdR 4.5 
L-HyMetCdR 7.8 
L-FHyCdR 25 
L-NHyCdR 50 
Hy3TC O.S 
HyFTC O.3 
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TABLE 1-continued 

Inhibition of HBV-replication in HepG2 2.2.15 cells by B-L- 
hydroxycytosine nucleosides compared to 3TC(lamivudine), B-L- 
dideoxycytidine(L-ddC), B-L-thymidine(L-TdR), B-L-5-fluorode 

oxycytidine(L-FCdR). The concentrations required for 50% reduction 
of HBV DNA in the medium of the cells are given(ECso: 

IM). 

Compound ECso: LM 

L-HyddO O.65 
L-HyddFC O3S 
L-HyddeC O.OS 
L-HyddeFC <0.1 
L-HyFoldeC <0.1 

Abbreviations: 
3TC (lamivudine) = 2,3'-dideoxy-3'-thiacytidine: 
L-HyCdR = B-L-N4-hydroxydeoxycytidine: 
L-HyFCdR = B-L-5-fluoro-N4-hydroxydeoxycytidine: 
L-HyMetCdR = B-L-5-methyl-N4-hydroxydeoxycytidine: 
L-FHyCdR = B-L-3'-fluoro-2',3'-dideoxy-N4-hydroxycytidine: 
L-NHyCdR = B-L-3'-azido-2',3'di-deoxy-N4-hydroxycytidine: 
Hy3TC = B-L-2'-3'-dideoxy-3'-thia-N4-hydroxycytidine: 
HyFTC = B-L-2'-3'-dideoxy-3'-thia-5-fluoro-N4-hydroxycytidine: 
L-HyddC = B-L-2',3'-dideoxy-N4-hydroxycytidine: 
L-HyddFC = B-L-2',3'-dideoxy-5-fluoro-N4-hydroxycytidine: 
L-HyddeC = B-L-2',3'-didehydro-2',3'-dideoxy-N4-hydroxycytidine: 
L-HyddeFC = B-L-2',3'-didehydro-2',3'-dideoxy-5-fluo-ro-N4-hydroxycyti 
dine; 
L-HyFddeC = B-L-2',3'-didehydro-2',3'-dideoxy-2'-fluoro-N4-hydroxycyti 
dine. 

4. Inhibition of HBV DNA Polymerase by 
B-L-N4-hydroxycytosine Nucleoside Triphosphates 

0158 Synthesis and purification of the triphosphates of 
B-L-N4-hydroxycytosine nucleosides were performed 
according to well-known methods (Yoshikawa et al., Tetra 
hedron Lett 1967, 50:5065-5068; Hoard et Ott, JAm Chem 
Soc 1965, 87: 1785-1788). 
0159. To determine the endogenous HBV DNA poly 
merase activity, about 100 ml of serum from patients with 
untreated hepatitis B virus infections from Charité, Berlin, 
(>107 HBV particles/ml), was centrifuged at 3000rpm. Virus 
particles of the cleared serum were sedimented in a Beckman 
SW28 rotor at 25,000 rpm, 60 min. The virus pellet was 
suspended in 7 ml of TKM buffer (50 mM Tris-HCl, pH 7.5, 
50 mM KC1, 5 mM MgCl), Layered over a step gradient of 
10 ml each of 0.3 M, 0.6 M, 0.9 M saccharose in TKM buffer 
and centrifuged at 25,000 rpm for 20 hours. 
0160 The purified virus pellet was suspended in 250 ul 
TKM buffer, lysed by ultrasound, divided in aliquots and 
frozen at -80° C. (Davies et al., Antiviral Res 1996, 30: 
133-145). 
0161 The HBV DNA polymerase assay contained in 30 ul 
about 2-4x10'purified virus particles (lysed beforehand addi 
tionally in 6% f-mercaptoethanol, 10% Igepal for 15 min at 
room temperature), 42 mM Tris-HCl, (pH 7.5), 34 mM 
MgCl2, 340 mM KC1, 22 mM f-mercaptoethanol, 0.4% 
Igepal, 70 uMTTP, dATP, dGTP and 1 uCi H-dCTP (=0.7 
uM dCTP) (Matthes et al., Antimicrob Agents & Chemother 
1991, 35: 1254-1257) and varying concentrations of B-L-N4 
hydroxycytosine nucleoside triphosphates as inhibitors. 
0162 Following a one-hour incubation at 37°C., 20 ul of 
the assay Volume was placed on paper filter, washed 5 times 
with 5% trichloroacetic acid and 0.1% Na pyrophosphate, 
and the H-dCMP incorporated in the HBV DNA was subse 
quently measured in a Liquid Scintillation Counter. 
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0163. Using the concentration-dependent inhibition 
curves of HBV DNA synthesis, the concentration of 1-L-N4 
hydroxycytosine nucleoside triphosphates resulting in 50% 
inhibition of the HBV DNA polymerase activity was deter 
mined. 
(0164. Table 2 demonstrates that the HBV DNA poly 
merase is inhibited strongly by the triphosphates of 
L-Hy3TC, L-HyddC and L-HyddeC (ICso between 0.15 and 
0.65uM) pointing out that the 4-NHOH-group of the cytosine 
nucleoside triphosphates is effective at the target and does not 
require a previous metabolization to the NH2-group. 

TABLE 2 

Inhibition of HBV DNA polymerase by triphosphates of B-L- 
hydroxycytidine nucleoside analogues in comparison to 3TC-tri 

phosphate(ICsa). 

Triphosphate 
of ICso: LM 

3TC (lamivudine) O.30 
L-HyCdR 6.O 
L-HyMetCdR 4.0 
L-Hy3TC O.65 
L-HyddO 0.55 
L-HyddeC O.28 

5. Cytotoxicity of D-L-N4-hydroxycytosine 
Nucleosides 

0.165. To this end, established cells of a human myeloid 
leukemia (HL-60) in RPMI medium, and the above-men 
tioned HepG2 cells in Dulbecco MEM, respectively, were 
incubated for two days using varying concentrations of com 
pounds, and the proliferation rate of the cells was subse 
quently determined. The data were used to determine the 
concentration of compounds resulting in 50% inhibition of 
proliferation (CDs). Table 3 shows that the new compounds 
display no antiproliferative activity on HepG2- and HL-60 
cells. 
0166 Remarkably, also L-HyddC, L-HyddeFC and L-Hy 
Fdde(C have lost the antiproliferative activity which was 
described for the corresponding cytosine analogues contain 
ing the q-NH-group instead of the 4-NHOH-group (ICs for 
L-ddC–70 uM, Lin et al., J Med Chem 1994, 37: 798-803; 
ICs for ddeFC=7 uM, Lin et al., J Med Chem 1996, 39: 
1757-1759: ICs for L-FddeC=100 uM, Lee et al., J Med 
Chem 1999, 42: 1320-1328). 
0.167 Thus these data further support our suggestion that 
the NH-group could not be formed inside of cells from our 
B-L-N4-hydroxycytosine nucleoside analogues. 

TABLE 3 

Cytotoxicity of B-L-N4-hydroxycytosine-nucleosides 
against HepG2-and HL-60 cells in comparison to 3TC(lamivudine). 

Concentrations producing 50% inhibition of cell proliferation 
were given (CDsa). 

CDso: LIM 

Compound HepG2-cells HL-60 cells 

3TC (lamivudine) 1900 2OOO 
L-HyCdR 545 460 
L-HyFCdR 920 1370 
L-HyMetCdR 490 600 
L-FhyCaR 820 4400 
L-NHyCdR 1160 2OOO 
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TABLE 3-continued 

Cytotoxicity of B-L-N4-hydroxycytosine-nucleosides 
against HepG2-and HL-60 cells in comparison to 3TC(lamivudine). 

Concentrations producing 50% inhibition of cell proliferation 
were given (CDsa). 

CDso: LIM 

Compound HepG2-cells HL-60 cells 

Hy3TC 1230 1450 
HyFTC 975 1100 
L-HyddO 2250 1600 
L-HyddFC 1580 1860 
L-HyddeC >SOOO >3500 
L-HyFoldeC 1370 1130 

Abbreviations: 
3TC (lamivudine) = 2,3'-dideoxy-3'-thiacytidine: 
L-HyCdR = B-L-N4-hydroxydeoxycytidine: 
L-HyFCdR = B-L-5-fluoro-N4-hydroxydeoxycytidine: 
L-HyMetCdR = B-L-5-methyl-N4-hydroxydeoxycytidine: 
L-FHyCdR = B-L-3'-fluoro-2',3'-dideoxy-N4-hydroxycytidine: 
L-NHyCdR = B-L-3'-azido-2',3'-di-deoxy-N4-hydroxycytidine: 
Hy3TC = B-L-2'-3'-dideoxy-3'-thia-N4-hydroxycytidine: 
HyFTC = B-L-2'-3'-dideoxy-3'-thia-5-fluoro-N4-hydroxycytidine: 
L-HyddC = B-L-2',3'-dideoxy-N4-hydroxycytidine: 
L-HyddFC = B-L-2',3'-dideoxy-5-fluoro-N4-hydroxycytidine: 
L-HyddeC = B-L-2',3'-didehydro-2',3'-dideoxy-N4-hydroxycytidine: 
L-HyddeFC = B-L-2',3'-didehydro-2',3'-dideoxy-5-fluoro-N4-hydroxycyti 
dine; 
L-HyFddeC = B-L-2',3'-didehydro-2',3'-dideoxy-2'-fluoro-N4-hydroxycyti 
dine. 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 2 

<210 SEQ ID NO 1 
24 

TYPE: DNA 

<211 LENGTH: 

<212 

<213> ORGANISM: Artificial 

&220s FEATURE: 

<223> OTHER INFORMATION: forward primer 

<4 OO SEQUENCE: 1 

ctic cagttca ggaac agitaa accc 

<210 SEQ ID NO 2 
<211 LENGTH: 32 

&212> TYPE: DNA 

<213> ORGANISM: Artificial 

&220s FEATURE: 

<223> OTHER INFORMATION: reverse primer 

<4 OO SEQUENCE: 2 

ttgtgagct C agaaaggcct totaagttgg cq 
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0.168. The state of the art may disclose more common 
empirical formulae, which do not however describe the spe 
cial, chosen chemical compounds of the doctrine according to 
the application. Those special, precise compounds of the 
invention had not yet been made accessible in the form of 
common terms and conceptions, since it was not possible to 
generate exactly the compounds of the invention only by 
conducting routine experiments; those compounds show Sur 
prising, unobvious characteristics, for example the fact that 
hitherto all efforts of experts in this matter were in vain, a 
different approach to the development of scientific technol 
ogy, the achievement forwards the development, misconcep 
tions about the Solution of the according problem (prejudice), 
technical progress (such as: improvement, increased perfor 
mance, price-reduction, saving of time, material, work steps, 
costs or resources that are difficult to obtain, improved reli 
ability, remedy of defects, improved quality, increased effi 
ciency, augmentation of technical or medical possibilities, 
provision of another product, spare product, alternatives, 
enrichment of the pharmaceutical fund), a special choice 
(since a certain possibility, the result of which was unfore 
seeable, was chosen among a great number of possibilities). 
0169. The precise, claimed chemical compounds of the 
application have not yet been disclosed in greater fields that 
are comprised by a common formula. The precisely chosen 
compounds of the invention are not arbitrarily chosen speci 
men, but it is rather the selective choice that leads to products 
with the above-mentioned surprising characteristics. 

24 

32 
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1. New B-L-N4-hydroxycytosine deoxynucleotides of gen 
eral formula I for the treatment and prophylaxis of HBV and 
HIV infections 

Formula I 

wherein: 
R—H, halogen (F, Cl, Br, I), C-C alkyl, and 

R3 R3 R3 
O O O 

Z= \- 
S 

R R2 

wherein 

R—H, F, OH, N, and 
R=OH, O-acetyl, O-palmitoyl, alkoxycarbonyl, carbam 

ate, phosphonate, monophosphate, bis(S-acyl-2-thioet 
hyl) phosphate, diphosphate or triphosphate. 

2. The B-L-nucleosides according to claim 1, wherein 
R—H, F, Cl, Br, I, or CH. 

3. The B-L-nucleosides according to claim 1, wherein 
R—H, For CH, and 
R—H or F, preferably H, 
R=H, F, OH or N, and 
R-OH. 
4. A?-L-nucleoside according to claim 1, said B-L-nucleo 

side being 
B-L-N4-hydroxydeoxycytidine, 
B-L-5-methyl-N4-hydroxydeoxycytidine, 
B-L-5-fluoro-N4-hydroxydeoxycytidine, 
B-L-2',3'-dideoxy-N4-hydroxycytidine, 
B-L-2',3'-dideoxy-5-fluoro-N4-hydroxycytidine, 
B-L-2',3'-didehydro-2',3'-dideoxy-N4-hydroxycytidine, 
B-L-2',3'-didehydro-2',3'-dideoxy-5-fluoro-N4-hydroxy 

cytidine, 
B-L-2',3'-didehydro-2',3'-dideoxy-5-methyl-N4-hydroxy 

cytidine, 
B-L-2',3'-didehydro-2',3'-dideoxy-2'-fluoro-N4-hydroxy 

cytidine, 
B-L-2',3'-dideoxy-3'-thia-N4-hydroxycytidine, 
B-L-2',3'-dideoxy-3'-thia-5-fluoro-N4-hydroxycytidine, 
B-L-3'-azido-2',3'-dideoxy-N4-hydroxycytidine, 
B-L-3'-azido-2',3'-dideoxy-5-fluoro-N4-hydroxycytidine, 
B-L-3'-azido-2',3'-dideoxy-5-methyl-N4-hydroxycyti 

dine, and 
B-L-3'-fluoro-2',3'-dideoxy-N4-hydroxycytidine. 
5. The B-L-nucleoside according to claim 1, selected from 

the group consisting of a salt, a phosphonate, a monophos 
phate, bis(S-acyl-2-thioethyl) phosphate, diphosphate, triph 
osphate, an other ester and a salt of Such ester. 
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6. The B-L-nucleoside according to claim 1 for producing 
a drug for the treatment and prophylaxis of HBV and HIV 
infections. 

7. Immunostimulatory nucleic acids or oligonucleotides 
for treatment of cancer, HBV- and HIV-infections, asthma 
and allergic diseases containing a central de-oxycytidyl 
deoxyguanosine dinucleotide (CpG) in which the deoxycyti 
dine is replaced by B-L-N4-hydroxydeoxycytidine, B-L-5- 
methyl-N4-hydroxydeoxycytidine, or f3-L-5-fluoro-N4 
hydroxydeoxycytidine. 

8. A pharmaceutical agent comprising a 3-L-nucleoside or 
a derivative according to claim 1 and/or a nucleic acid con 
taining a central de-oxycytidyl-deoxyguanosine dinucleotide 
(CpG) in which the deoxycytidine is replaced by B-L-N4 
hydroxydeoxycytidine, B-L-5-methyl-N4-hydroxydeoxycy 
tidine, or B-L-5-fluoro-N4-hydroxydeoxycytidine, option 
ally together with conventional auxiliaries, preferably 
carriers, adjuvants and/or vehicles. 

9. The pharmaceutical agent according to claim 8, further 
comprising one or more additional agents from the group of 
antiviral, fungicidal or antibacterial agents, anti-cancer 
agents and/or immunostimulators or immunomodulators. 

10. The pharmaceutical agent according to claim 9. 
wherein the antiviral agents are protease inhibitors and/or 
reverse transcriptase inhibitors and/or inhibitors of HBV 
DNA polymerase, the immunostimulators bropirimine, anti 
human alpha-interferon antibodies, IL-2, GM-CSF, interfer 
ons, diethyl dithiocarbamate, tumor necrosis factors, naltrex 
one, tuscarasol and/or rEPO. 

11. The pharmaceutical agent according to claim 8, com 
prising one or more additional anti-HBV-effective agents 
from the group comprising PMEA (adefovir-dipivoxil), fam 
ciclovir, penciclovir, diaminopurine-dioxolane (DAPD), cle 
Vudine (L-FMAU), telbivudine (L-Thymidine) entecavir, 
interferon or thymosinal and/or inhibitors of nucleocapsid 
formation, particularly heteroarylpyrimidines. 

12. The pharmaceutical agent according to claim 8. 
wherein the agents are pegylated. 

13. The pharmaceutical agent according to claim 8 further 
comprising one or more additional agents capable of elimi 
nating the function of cellular proteins essential to HBV 
growth. 

14. The pharmaceutical agent according to claim 8. 
wherein said agent is effective against hepatitis B viruses 
resistant to lamivudine or other cytosine nucleosides such as 
emtricitabine (L-FTC), L-ddC, L-ddec, L-doc and/or elvucit 
abine (L-Fd4C). 

15. The pharmaceutical agent according to claim 8. 
wherein said agent prevents cancer. 

16. The pharmaceutical agent according to claim 8. 
wherein said agent prevents formation of liver carcinoma 
resulting from chronic hepatitis triggered by HBV. 

17. The pharmaceutical agent according to claim 8. 
wherein the carriers are selected from the group comprising 
fillers, diluents, binders, humectants, disintegrants, dissolu 
tion retarders, absorption enhancers, wetting agents, adsor 
bents and/or lubricants. 

18. A method for prophylaxis or therapy of a viral, bacte 
rial, fungicidal and/or parasitic infection, or of cancer com 
prising: 

administering to a person in need of Such prophylaxis or 
therapy the B-L-nucleosides of claim 1 in a viral, bacte 
rial, fungicidal and/or parasitic infection, or cancer pro 
phylaxis or therapy effective amount. 
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19. The method of claim 18, wherein the viral infection is 
associated with hepatitis virus, HIV, bovine immunodefi 
ciency virus, caprine arthritis-encephalitis virus, equine 
infectious anemia virus, ovine Maedi-Visna virus, Visna 
Lenti virus, avian leukosis virus, human T cell leukemia 
virus, and/or feline immunodeficiency virus. 

20. The method of claim 19, wherein the hepatitis virus is 
a hepatitis B or hepatitis D virus. 

21. The method of claim 19, wherein the HIV is HIV-0, 
HIV-1 and/or HIV-2. 

22. The B-L-nucleoside according to claim 1, wherein said 
B-L-nucleoside is a prodrug, a feed additive and/or a drinking 
water additive. 

23. The method of claim 1, wherein the said B-L-nucleo 
side is in form of a gel, poudrage, powder, tablet, Sustained 
release tablet, premix, emulsion, brew-up formulation, drops, 
concentrate, granulate, syrup, pellet, bolus, capsule, aerosol, 
spray and/or inhalant. 

24. The B-L-nucleoside according to claim 1, wherein said 
B-L-nucleoside is present in a preparation at a concentration 
offrom 0.1 to 99.5, preferably from 0.5 to 95, more preferably 
from 20 to 80 wt.-%. 

25. The method of claim 18, wherein said f-L-nucleoside 
is administered orally, rectally, Subcutaneously, intrave 
nously, intramuscularly, intraperitoneally and/or topically 
mute. 

26. The method of claim 18, wherein said f-L-nucleoside 
is administered in overall amounts of from 0.05 to 500 mg/kg, 
preferably from 1 to 100 mg/kg body weight per 24 hours. 

27. The method of claim 18, wherein the f-L-nucleoside 
and/or a nucleic acid containing a central de-oxycytidyl 
deoxyguanosine dinucleotide (CpG) in which the deoxycyti 
dine is replaced by B-L-N4-hydroxydeoxycytidine, B-L-5- 
methyl-N4-hydroxydeoxycytidine, or f3-L-5-fluoro-N4 
hydroxy deoxycytidine are employed administered in a single 
administration of from 1 to 80, preferably from 3 to 30 mg/kg 
body weight. 

28. The method of claim 18, wherein said f-L-nucleoside 
is administered distributed over 2 to 10, preferably 3 to 5 daily 
applications. 
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29. The method of claim 25, wherein 1 to 2 tablets are 
administered in each oral application. 

30. The method of claim 18, wherein said B-L-nucleoside 
is used in combination with at least one other well-known 
pharmaceutical agent. 

31. The method of claim 30, wherein said B-L-nucleoside 
enhances the therapeutic effect of said other pharmaceutical 
agents in a non-additive, additive or synergistic fashion, 
increase the therapeutic index and/or reduce the risk of tox 
icity inherent in the respective compound. 

32. The method of claim 30, wherein said B-L-nucleoside 
is administered together with said other well-known pharma 
ceutical agents at a ratio of about 0.005 to 1. 

33. The method of claim 30, wherein said at least one 
B-L-nucleoside is used in combination with 3-deazauridine. 
34. (canceled) 
35. (canceled) 
36. A kit comprising (a) the B-L-nucleoside according to 

claim 1 and/or (b) a nucleic acid containing a central de 
oxycytidyl-deoxyguanosine dinucleotide (CpG) in which the 
deoxycytidine is replaced by B-L-N4-hydroxydeoxycytidine, 
B-L-5-methyl-N4-hydroxydeoxycytidine, or B-L-5-fluoro 
N4-hydroxy deoxycytidine and/or the pharmaceutical agent 
comprising (a) and/or (b) optionally comprising a B-L- 
nucleoside or a derivative according to claim 1 and/or a 
nucleic acid containing a central de-oxycytidyl-deoxygua 
nosine dinucleotide (CpG) in which the deoxycytidine is 
replaced by B-L-N4-hydroxydeoxycytidine, B-L-5-methyl 
N4-hydroxydeoxycytidine, or B-L-5-fluoro-N4-hydrox 
ydeoxycytidine, optionally together with conventional auxil 
iaries, Preferably carriers, adjuvants and/or vehicles, 
optionally together as well as with information for combining 
the contents of the kit. 

37. Use of the kit according to claim 36 prophylaxis or 
therapy of viral diseases. 

38. A pharmaceutical combination preparation comprising 
at least one B-L-nucleoside according to claim 1 and 3-dea 
Zauridine for the treatment and/or prophylaxis of HBV and 
HIV infections. 
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Mechanism of the Mutagenic Action of Hydroxylamine
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The reaction of aqueous hydroxylamine (pH 6'5) with polycyti dylic acid has
been studied by comparing at intervals the loss of ultraviolet ligh t absorption
(a. measure of the addition of the reagent to the 4,5-double bond) and the ratio
of cytidylic to N6.hydroxycytidyli c acid formed after acid hydroly sis. An initial
lag in the production of N6-hydroxycytidylic acid is taken, with earlier chemical
evidence, to indicate that the primary action of tho reagent leads to the formation
of 4-hydroxylamino-4,5-dihydrocytosine residues. The latter sp ecies is con
sidered to be responsible for replication error in hydr oxylamine mutagenesis.

1. Introduction
In a recent review of the investigation of chemical mutagens using Benzer's (1961)
rII system of bacteriophage T4, Krieg (1963) has directed attention to the lack of
precise knowledge of the molecular mechanism of mutagenic changes . It may be
possible to deduce such mechanisms from knowledge of the detailed chemistry of
the action of a chemical mutagen on model systems, and this paper reports a step
towards the elucidation in the case of hydroxylamine. Use of an in vitro model system,
however, such as that described here, does not of itself pro vide proof that the
chemical changes found are in fact th e c ritical changes in a biological system.

A number of workers (Freese, Bautz & Bautz-Freese, 1961a ; Freese, Bautz-Freese
& Bautz, 1961b; Freese & Strack, 1962; Schu ster & Vielmetter , 1961; Champe &
Benzer , 1962) have studied the mutagenicity of hydroxylamine. Th e evidence that
this reagent acts on hydroxym ethylcytosine residues in the ba cteriophage DNA has
been summarized by Krieg (1963). Th e reversion data of Champe & Benzer (HI62)
demonstrate the high specificity of hydroxylamine for a single class of transition, and
the study of the pH-dependence of hydroxylamine-induced mutati on compared with
that of the reaction with the pyrimidine bases by these workers and by Schuster &
Vielmetter (1961) indicates that the transition involved is the conversion of a GC
bas e pair to an AT base pair. Re cently, Tessman, P oddar & Kumar (1964) have used
a single-stranded system (bacteriophage S13) to demonstrate further the ab solute
spe cificity of the reagent for a single base and have concluded that the substrate
base is in fact the cyt osine residue. These conclusions seem to be reinforced by the
chemical investigations carried out by Freese et al. (1961a) , Schuster (1961), Verwoerd,
Kohlhage & Zillig (1961) and Verwoerd , Zillig & Kohlhage (1963).

Brown & Schell (1961,1965) have elucidated the chemistry of the reaction between
hydroxylamine and cytosine and its derivatives, including 5-hydroxymethylcytosine,
in vitro, under conditions of an excess of hydroxylamine, either as the anhydrous
reagent or in concentrated aqueous solution at known pH. They isolated products
oftype IV (Fig. 1), in which two molecules of hydroxylamine had undergone reaction
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with each cytosine residue I. Clearly two alternative mechanisms may be proposed
for the formation of IV, through intermediate formation of either II or III, but it
was not possible to distinguish between these experimentally. The work reported
here was undertaken to show which of these primary products was in fact formed.
The intermediate formation of II seemed very much more probable. A nucleophilic
exchange reaction at the amino group of cytosine, exemplified by base-catalysed
hydrolysis, is very slow (Brown, Dekker & Todd, 1952) compared with the correspond
ing reaction on 4,5-dihydrocytosine derivatives (Green & Cohen, 1957). Consequently,
an initial conjugate addition in which hydroxylamine saturates the 4,5-double bond,
followed by a rapid exchange at C-6 by the highly nucleophilic reagent, would be
the expected course of the reaction. The present experiments confirm this view.

2. Experimental Details
Reaction between cytidylic acid (cytidine-2'(3') phosphate) and hydroxylamine

Forty mg of cytidylic acid were dissolved in 10 ml. 0·1 M·NaCI. The reaction was started
by adding 10 ml. of aqueous 5 M.hydroxylamine hydrochloride adjusted to pH 6·6 with
aqueous ammonia (it had previously been shown that use of ammonia to adjust the pH
has no effect on the reaction products). Both solutions were at 25°C, and the reaction was
followed at this temperature by withdrawing portions of 0·1 ml., diluting these with
5 mI. of water, and measuring the optical density (O.D.) of the solution at 270 mJL in a
I-em cuvette by means of a Unicam spectrophotometer against a suitable blank solution.
The pH of the reaction mixture was measured during the reaction and found to be 6·6.

Samples (2'5 mI.) for acidification were withdrawn after 30, 60, 120, 185 and 300 min,
and after 24 hr, and added to 2·5 ml , 3 N-HCI. The mixtures were warmed at 60°C for I min
and then left to stand at room temperature for 24 hr. They were diluted to 75 mI., when the
pH was found to be 1·7. Hydroxylamine was then removed from the solutions by perco
lation through a column of Dowex 50(H+) (1'6 em X 1l·4 em). The nucleotides in the
mixture were washed through with 0·05 N·HCl (200 ml.) and the column was then eluted
with 0·5 M-KH2P04 to remove N6.hydroxycytosine followed by cytosine. The nucleotide
containing fractions were pooled and the pH was adjusted to 7 with sodium hydroxide
solution. The mixture was then separated on a column of Dowex 2(CI-) (1,2 em X

12·2 em; 200-400 mesh). Cytidylic acid was eluted with about 200 mI. 0·0025 N-HCI;
N6-hydroxycytidylic acid was eluted with about 200 ml, of 0'05 N-HCI which had been
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brought to pH 1·9 with dilute NaOH solution. The column was finally eluted with 1 N-HCI
to bring off any uridylic acid.

Nucleotide-containing fractions were pooled and brought to pH 1 and known volume.
The O.D. of each at "max was measured ana the nucleotide content expressed as mg of
original cytidylic acid, using E values (pH 1) of 12,590 for cytidylic acid and 12,200 for
N6-hydroxycytidylic acid. Recovery from the columns was in all cases better than 97%.

The only components of the acid hydrolysates were these two nucleotides. Traces of
N6-hydroxycytosine and cytosine were detected, but these were in all casea less than
0'5% together, and no uridylic acid could be detected.

Polycytidylic acid (poly C) was obtained from Miles Chemical Co. (K + salt) and had
8 20 = 3·5 s. Other samples were gifts from Dr L. Grossman and Dr l\L Grunberg-Manago,
to whom we are indebted.

Reaction between hydroxylamine and polycytidylic acid

Experiments were performed essentially as for cytidylic acid. In one experiment,
25·5 mg of poly C were dissolved in 10 ml, 0·1 M-NaCl. The reaction was started as above,
and was performed at pH 6·4 at 26°C. It was followed by measuring the O.D. of samples
in I-mm cuvettes against a suitable solution. At intervals 4-ml. portions were added to
4 ml, 3 N-HCI. Warming these mixtures at 60°C for 1 min was sufficient to hydrolyse and
redissolve the precipitated poly C, after which they were left at room temperature for
24 hr before dilution to 100 ml. (pH then 1'7). They were then assayed as previously
described.

One technical complication in the large-scale poly C experiments was that some precipi
tation occurred during the reaction at the concentration of poly C used. This was not
observed in experiments with more dilute solutions of poly C, and in Fig. 3 the optical
density curve has been corrected to allow for this.

The recovery of all samples from the assay procedure was more than 90%. Minute
traces of N6-hydroxycytosine and cytosine (less than 0'5% together) were the only
components found apart from N6-hydroxycytidylic acid and cytidylic acid.

Preparation oj N6-hydroxy-4,5-dihydro-4-hydroxylaminocytidine-2'(3') phosphate

Cytidine-2'(3') phosphate (100 mg) was dissolved in a 5 M-aqueous solution of hydroxyl
ammonium acetate (1 ml.) previously adjusted to pH 7 with acetic acid. It was maintained
at 35°C for 15 hr, by which time reaction was complete. It was then evaporated under
high vacuum for 24 hr at room temperature, followed by 10 hr at 50°C to remove excess
hydroxylammonium acetate by sublimation. The residue was recrystallized from methanol
ether to yield colourless crystals which were washed with ether and dried over P205'

Found: C, 26'5; H, 5·05. C9H20NsOllP (mono-NH20H salt) requires C, 26'7; H, 4'94%.
The compound had "max 225 mfJ- (E(P) 12,300) in water at pH 7.

Preparation oj N6-hydroxycytidine-2'(3') phosphate

N6-hydroxy-4,5-dihydro-4-hydroxylaminocytidine-2'(3') phosphate (about 250 mg) was
prepared as above and dissolved in 1 N-HCI (10 ml.), After setting aside at room tempera
ture for 18 hr, the solution was taken to dryness at room temperature, and lyophilized
twice from methanol and finally from dry ethanol. N6-hydroxycytidylic acid was then
precipitated with ether from solution in dry ethanol as a dilithium salt. The product was
recrystallized from ethanol. Found: C, 31'0; H, 4·9; N, 12'0. C9H12NaOgLi2P requires C,
30·8; H, 3'45; N, 12·0%. It had "max 234 mfJ- (E(P) 12,400), 270 ttu» (E(P) 6,200); "mID

261 mfJ- (E(P) 6,050) in water at pH 7; "max 278 mfJ- (E(P) 12,200); "mIn 246 »» (E(P) 4,160)
in 0·1 N-HCl.

3. Results
The reaction between a cytosine derivative and hydroxylamine may be followed

spectrophotometrically by observing the decrease of absorption in the 270 m,.,.

region, since the products (Fig. 1, IV) absorb in the 220 mu region of the spectrum

only. That the observed decrease in optical density is not quite exponential may be
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ascribed to acid-catalysed conversion of IV into III to give a final equilibrium
mixture (Schell, 1963). Using the following technique, attempts were made to assay
portions of reaction mixtures in a search for possible accumulations of species related
to II or III: samples from the reaction, which was followed in a spectrophotometer,
were acidified to halt the reaction (which proceeds at a pH optimum of about 6) and
to cause elimination of hydroxylamine from the 4,5-positions. In this way, II would
be converted to I, and IV to III, which itself (if present as an intermediate) remains
unchanged. Cytosine and N 6-hydroxycytosine derivatives were then separated by
ion-exchange chromatography and estimated. An accumulation of II in the reaction
should then be represented by more cytosine in the sample than would have been
expected from the spectrophotometric reaction curve. (which effectively measures
saturation of the 4,5-double bond), and an accumulation of III, itself absorbing in
the 270 mfL region and so not contributing to the decrease in optical density, would
be represented by an excess of N 6-hydroxycytosine.

The products of such a reaction scheme were verified by preparation and isolation
on a large scale, using the methods already reported (Brown & Schell, 1965). In
initial experiments, three main side reactions were found to occur during the acidifi
cation stage.

(1) Hydrolysis at the 6-position to yield uracil derivatives (Schuster, 1961). This
is not unexpected in view of the easy loss of ammonia from 4,5-dihydrocytosine
derivatives commented on above.

(2) Isoxazolone formation. Previous workers (Schuster, 1961; Verwoerd et al.,
1961,1963) have reported the formation of isoxazol-5-one from the reaction between
hydroxylamine and uracil derivatives, presumably by a mechanism analogous to
pyrazolone formation in hydrazinolysis. We have found that a similar reaction occurs
under conditions of mild acid hydrolysis of compounds of type IV.

(3) Glycosidic bond fission. It is well known that dihydropyrimidine nucleosides
and nucleotides undergo easy glycosidic bond fission under acid conditions; saturation
of the 4,5-double bond by hydroxylamine has a similar labilizing effect.

These aspects of the chemistry of the hydroxylamine adducts will be published
elsewhere; for present purposes, acidification conditions were developed in which
these three side reactions were negligible.

Figure 2 shows the results for such an experiment with cytidylic acid. The two
curves plotted are essentially complementary; in other words, the proportion of
cytidylic acid in the acid hydrolysate exactly follows the decrease in optical density,
and is neither less than this nor in excess of it. From this experiment it could only be
concluded that neither II nor III is accumulating in the reaction mixture; thus the
second reaction is fast compared with the first, so that it was not possible to decide
between the alternative routes.

We next turned our attention to polycytidylic acid (poly C) as a convenient model
nucleic acid. We are indebted to Dr P. Schell for carrying out some initial experiments
on this reaction. A typical reaction curve is shown in Fig. 3 (curve A). The length
of the apparent induction period was found to vary slightly with different samples
of poly C, but the general shape of the curve was always similar. Dr G. D. Fasman
(personal communication) has found considerable variations in value of the hypo
chromicity of poly C preparations, depending on the previous history of the sample.

When a similar reaction between 2·5 M-hydroxylamine and poly C was carried out
using 85% ethylene glycol instead of water as a solvent, the induction period was
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FIG. 2. The reaction between cytidylic acid and 2·5 M-aqueous hydroxylamine hydrochloride,
pH 6'6, 25°0.

Curve A. Optical density of samples expressed as the percentage of O.D. range at Amax> 270 rnu.
o.n, at zero time = 1·2; at 24 hr = 0·09.

Curve B. Percentage N6-hydroxycytidylic acid in acid hydrolysates. The only other component
of the mixtures was cytidylic acid.
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FIG. 3. Reaction with 2·5 M-hydroxylamine hydrochloride, pH 6,0, 20°C. The reactions were
followed directly in l-cm cuvettes at 270 mf-L. The results have been normalized to an initial O.D.

of 1·0.
Curve A. Poly C in water (initial O.D. = 1,2).
Curve B. Poly C in 85% aqueous ethylene glycol (initial O.D. = 0·44; this was restricted by the

low solubility of poly C in the solvent).
Curve O. Cytidylic acid in water (initial O.D. = 1,6).
Curve D. Cytidylic acid in 85% aqueous ethylene glycol (initial O.D. = 1,05).
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found to disappear (Fig. 3, curve B) . This solvent has been shown to effect complete
destruction of the helical content of t he poly C (Fasman, Lindblow & Grossman,
1964). A cont rol experiment Using cytidylic acid showed that the only effect of su ch
a change of solvent on the reacti on curve was a slight decrease of the reaction rate,
attributable to the greater viscosity of the medium.

It was concluded from this experiment that the reaction curve for poly C was
compou nd in nature, result ing from a decrease of O.D . owing to reaction of hydroxyl
amine with the pyrimidine components, and an increase of O.D . owing to decreasing
hypochromicity of t he poly C during the early stages of the reaction. A further
sample of poly C was dissolved in 2·5 xr-aqueous ammonium chloride at pH 6,9 ;
it was found that the optical density remained approximately constant over 16 hours.
This indicates that the inferred decrease in hypochromicity resulted from the reaction
itself and was not simply caused by denaturation du e to the high ionic concentration
of the hydroxylamine hydrochloride solution.

It may also be noted that poly C reacts somewhat more slowly than the monomer
in both water and 85% glycol, but especially in the former. This may be of interest
in view of the study by Freese & Strack (1962) on the dependence on temperature,
pH and solvent of the mutageni c effect of hydroxylamine on transforming DNA;
they concluded that highly ordered st ructure in the free DNA was associated with a
markedly decreased rate of mutati on .

The results of acidification of samples taken during the reacti on between poly C
and hydroxylamine are shown in F ig. 4. Under the conditions used to halt the reaction,
the polynucleotide was degraded quant it at ively to mononucleotides, and the mixture
was assayed for cytidylic and N 6-hydroxycytidylic acids as before. It can be seen
that t here was an "induct ion period" for the production of N 6.hydroxycyt idylic
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F lO. 4. The reac ti on between poly 0 and 2·5 sr.aqueous hydroxylam ine hydrochloride, pH 6,4,
26°0. This F igure is compounded fro m t he results obtained in two separate exper iments.
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Curve B. P ercen tage N6.hydroxycytidylic ac id in acid hydrolyaates. The only other component
of the mixtures was cytidy lic acid .
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acid similar to that for t he decrease of o.n ., and that this curve is dissimilar from
that obtained from the reaction of hydroxylamine with cytidylic acid (Fig. 2). In an
exp eriment in which a lower concent ration (1,5 :\1) of hydroxylamine was used in the
reaction (pH 6·6; 21°C) no N 6.hydroxycytidy lic acid (less than 0·5%) could be
detected in the acid hydrolysate 5·5 hours after the addition of hydroxylamine to
the poly 0, at which t ime t he decrease of O.D . was 6% of the total decrease recorded.
We have been unable to measure the decrease in hypochromicity during the course
of the reaction, and consequently an observe d decrease in optical density of 6%
represents the minimum possible extent of reacti on, which is presumably considerably
in excess of this figure .

4. Discussion
We have seen that it is not possible to follow the extent of reaction of hydroxylamine

with poly C directly by the decrease in absorption of ultraviolet light. There is a
concomitant increase in absorption due to a decrease in th e initial hypochromism
of the polymer, leading to an Svshaped curve. The latter effect can be removed by
changing from water as solvent to 85% glycol as solvent , and th en the reaction profile
is essentially exponential. We may therefore assume that, in aqueous solution, the
disappearance of cytosine residues is more rapid than the decrease of opt ical density
of the reaction mixture. But Fig. 4 shows that the profile for the appearance of
N6.hydroxycytidy lic acid in the acid hydrolysates is not similar to that found when
the monomer , cyt idylic acid , is used as the reactant ; the cur ves are of similar form
only in the later stages o f reaction. I n the react ion with poly 0 , there is initially a lag
period in the producti on of N 6.hydroxycyt idy lic acid (indeed the two curves in Fig . 4
are roughly complement ary), indi cating that the addition reaction, which is the
process resulting in decrease of optical density , must precede the exchange reaction.
We conclude that the lat ter reaction, normally fast , is depressed if seconda ry struct ure
is present in the polymer , allowing the accu mulation of the intermediate II (Fig. 1).
Furth ermore, we think it very likely tha t II is the intermediate in reaction with
monomeric cytosine derivatives leading to IV hut that its steady -state concentration
is very low.

Although it has not been conclusively shown that hydroxylamine and not one of
it s transformation products, such as hyponitrite (see Borcnfreund , Krim & Bendich,
1964) is the active mutagenic reagent in vivo, the work of Schus ter & Vielmetter
(1961) makes this possibilit y seem likely, and we may consider the implications of
the above results for mutagenic theory. It must be recognized that although the nature
of the secondary structure of poly°below pH 5·7 is fairly well understood (Akinrimisi,
Sand er & 'I's'o, 1963), above pH 5·7 the "acid" form of th e helix is lost and at
pH 6·4 the detailed st ructure is uncertain. The recent work of Fasman et al. (1964)
indi cates that the secondary structure may be attributed to a single.st ra nded helical
form stabilized by hydroph obic forces, and extrapolation of results obtained with
this system to the case of DNA must be treated cautiously.

However, we feel t hat the chemical pathway elucidated here is of general applica
bility . Some evidence that th is is the case with ribosomal RNA can be adduced from
t he work of Verwoerd et al . (1961,1963). However , regardl ess of these considerations,
it seems most improbable that, in a mutagenesis experiment in which bacteriophage
particles are suspended in a hydroxylamine solution (usually abo ut 1 M) for only a
brief period, more than one hydroxylamine molecule will be implicat ed at the site of
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the transition. A recent experiment in which different concentrations of hydroxylamine
have been used in the mutagenizing solution has confirmed that the kinetics of
mutation are first-order in' hydroxylamine (Freese & Freese, 1964). If, then, the
primary product of reaction is II (Fig. 1), this is the species leading to the replication
error. Accordingly, we feel justified in eliminating from consideration structures III
and IV (or tautomers thereof); and, although hydrolytic deamination cannot be
eliminated as the actual change giving rise to the transition in vivo, we could not
detect any uridylic acid formation under the conditions of our experiments.

These conclusions are of considerable interest in view-of Ono, Wilson & Grossman's
(1965) recent in vitro replication study using RNA polymerase in conjunction with a
poly C primer irradiated with low doses of ultraviolet light. They provide strong
evidence that the species responsible for inducing a GC -+ AT transition is the
4-hydroxy-4,5-dihydrocytosine residue. They, too, could detect no significant
deamination of cytosine residues. Using the rII system, Drake (1963) found that
most transition mutants induced by ultraviolet light were attributable to GC -+ AT
changes, and Howard & Tessman (1964) found that irradiation with ultraviolet
light led to C -+ T transitions. Furthermore, addition to or reduction of the 4,5-double
bond of a pyrimidine residue by hydrazine (Brown & McNaught, unpublished work)
leads to analogous structures and may provide an explanation for its action as a base
analogue type mutagen (Orgel, 1960). In addition, X-irradiation leads to
4-hydroperoxy-5-hydroxy-4,5-dihydropyrimidines (Ekert & Monier, 1959).

Ono et al. (1965) have made the reasonable suggestion that the water addition
product of cytosine should have a higher pK value than cytosine itself (pK 4'4),
by analogy with that of 4,5-dihydrocytosine (pK ,...." 6,3) (Janion & Shugar, 1960).
This should be so, too, for the structure II. The degree of protonation on N-1 at
physiological pH values will be much greater than that for cytosine. There is clearly
a possibility, then, for a rather strong interaction between such a positively charged
species and an adenine residue. If the primary cause of replication error due to the
mutagens under discussion depends on base-pairing of the type A-dihydroC, one
might ask why transversion type mutations due, for example, to hemiprotonated
A-A or C-C pairings are not apparently observed. One explanation may be that
purine-pyrimidine complementarity is dependent on a high order of spatial specificity
in the replicating enzymes (cf. Cavalieri & Rosenberg, 1963) and that, in the normal
situation, the specific AT and GC pairing is dependent on additional (e.g. H-bonding)
interactions.

A D.S.I.R. maintenance award to one of us (J.H.P.) is acknowledged.
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의견내용

I. 거절이유의 개요

특허출원 제10-2020-7014737호(이하, "본원" 이라 합니다)는 "N4-하이드록시사이티딘

및 유도체 및 이와 관련된 항-바이러스 용도"에 대한 것으로서, 2020. 6. 29.자 의견제출통

지서에 의하면 심사관님의 거절이유의 요지는 다음과 같습니다:

거절이유 1: 본원 청구항 전항에 기재된 발명은 인용발명 1에 의하여 진보성이 없습니다

(특허법 제29조 제2항):

- 인용발명 1: 국제공개공보 WO2016/106050 (2016.06.30.)

거절이유 2: 본원 청구항 제36항, 제38항, 제40항, 제41항은 보호받고자 하는 사항이 명확

하고 간결하게 기재된 것이 아닙니다(특허법 제42조 제4항 제2호);

거절이유 3: 본원 청구항 제58항 및 제59항은 의료행위에 해당하는 발명이므로 산업상 이

용가능성이 없는 발명입니다(특허법 제29조 제1항 본문).

Ⅱ. 명세서의 보정

본 의견서와 동일자로, 본원의 특허청구범위를 보정하는 명세서 등 보정서를 제출하오니,

심사에 반영하여 주시기 바랍니다. 금번 보정의 요지는 다음과 같으며, 구체적인 보정내용

은 명세서 등 보정서를 참고하여 주시기 바랍니다:

- 청구항 제36항, 제38항, 제40항, 제41항의 약제학적 조성물의 의약 용도를 '바이러스 감

염의 치료 또는 예방용'으로 특정하였습니다(명세서 식별번호 [0559] 근거).

- 청구항 제58항, 제59항은, 당초 치료 또는 예방 방법을 청구하고 있던 것을 '약제학적 조

성물'을 청구하도록 보정하였습니다.

- 청구항 제60항 내지 제62항으로서, EIDD 2801, 2800, 2898 화합물에 대한 청구항을 추

가하였습니다(실시예 및 도 13 근거).

- 청구항 제63항, 제64항, 제68항으로서, 본원에 기재된 화합물의 제조방법에 의해 제조되

는 화합물에 대한 청구항을 추가하였습니다(실시예 8 내지 10 근거).

- 청구항 제65항으로서, 제63항의 화합물을 포함하는 약제학적 조성물에 대한 청구항을

추가하였습니다.

- 청구항 제66항, 제67항, 제69항으로서, 본원에 기재된 화합물의 제조방법에 대한 청구항

을 추가하였습니다(실시예 8 내지 10 근거).



이상 설명드린 바와 같이, 금번 보정은 출원 당시의 명세서 및 도면의 기재범위 내에서 이

루어진, 특허법 제47조 제2항의 규정을 만족하는 적법한 보정입니다.

아울러, 이와 같은 보정은 본원의 조속한 권리화를 위해 행한 것일 뿐, 보호받고자 하는 권

리 범위 또는 본원발명의 균등 범위를 본 출원인이 의도적으로 감축 또는 배제하고자 함이

아님을 말씀드립니다. 또한, 본원의 심사과정 중 행하여지는 보정이 거절이유의 유효성을

인정한다는 의미나, 인용된 문헌이 본원의 특허성에 중요하다는 것을 인정한다는 의미로

해석되어서는 아니됩니다. 본원에서 명시적으로 언급되지 않는 한, 청구항의 삭제 또는 보

정, 또는 발명의 설명의 보정은 본원에서 청구하는 사항에 대한 포기를 의미하는 것이 아니

며, 출원인은 상기 삭제 또는 보정되는 사항에 대하여 본원 또는 하나 이상의 분할출원을

통하여 다시금 추구할 권리를 가집니다.

Ⅲ. 거절이유 1에 대한 출원인의 의견

1. 심사관님의 지적

거절이유 1은, 본원 청구항 전항에 기재된 발명은 인용발명 1(국제공개공보

WO2016/106050)에 의하여 진보성이 없다는 것입니다(특허법 제29조 제2항).

대표적으로, 심사관님께서는 본원 제36항 및 제38항에 대해 다음과 같이 지적하셨습니다:

"제36항 발명은 『약제학적으로 허용 가능한 부형제 및 다음으로부터 선택되는 화합물을 포

함하는, 약제학적 조성물』이고,

제38항 발명은 『약제학적으로 허용 가능한 부형제 및 다음으로부터 선택되는 화합물을 포

함하는, 약제학적 조성물』에 관한 것입니다.

그러나, 인용발명 1에는 화학식 ｌ[  ]의 화합물의 메르스 코로나 바이

러스(MERS coronaviruses), 사스 코로나바이러스(SARS coronavirus) 등의 다양한 종

류의 바이러스 감염으로 인한 치료용 약학 조성물이 기재되어 있습니다(2 페이지, 39 페이

지, 121페이지, 청구항 제1항, 제15항 내지 제20항 등 참조)

제36항 및 제38항 발명과 인용발명 1을 대비하면 다음 [표]와 같습니다.





본원 제36항 및 제38항 발명과 인용발명 1을 비교해 보면, 두 발명 모두 ‘의약용도’는 동일

하고, 또한 ‘유효성분’으로서 청구하는 화합물은 모두 ‘모핵’으로 [  ]

구조를 가지고 있다는 점에서 동일합니다. 다만, 인용발명 1의 치환기로서 R1은 다양한 종

류의 사이클로알킬 또는 알킬로 치환된 포르밀이고, R3, R4은 하이드록시 또는 다양한 치

환기로 치환된 하이드록시를 청구하고 있으나, 본원 제1항 발명은 제36항 및 제38항의 R1,



R3, R4 에 해당하는 위치에 ‘포스페이트’ 등 광범위 치환기를 청구하고 있다는 점에서 차

이가 있습니다.

의약화학 분야에서 기본 모핵구조에서 치환기의 종류나 위치를 달리하여 제조하는 것은 더

나은 효과를 얻기 위한 통상적인 구조-활성 간의 연구이고,

인용발명 1에는 본원 제1항 발명의 ‘R1, R3, R4 위치’에 해당하는 자리에 실시예로서 ‘하

이드록시’, ‘포스페이트’ 등을 포함하는 화합물이 광범위하게 기재되어 있는 바(121페이지

내지 124페이지, 청구항 등 참조),

통상의 기술자라면 더 나은 ‘바이러스 등의 치료’에 효과를 보이는 화합물를 얻기 위하여

인용발명 1의 모핵에 인용발명 1의 R1, R3, R4의 치환기의 종류나 위치를 변경하여 적용

하여 제36항 또는 제38항 발명의 화합물을 도출하는데 별다른 어려움이 없을 것으로 보입

니다.

효과 면에 있어서도, 발명의 설명을 살펴보면

‘예시적인 화합물’로서 화학식 화합물 1. ‘EIDD-1931’(모핵구조 화합물로서 인용발명 1

의 R1=H, R3=OH, R4=OH에 해당), 2.‘EIDD-2800’(인용발명 1의 R1= , R3= , R4= 에 해

당, 제36항 화합물[  ]과 동일), 3. ‘EIDD-2801’(인용발명 1의 R1= ,

R3=OH, R4=OH에 해당, 제38항 화합물[  ]과 동일))의 인플루엔자,

SARS, MERS등의 항바이러스 효과가 기재되어 있으나(식별번호 [0682] 내지 [0845], [도

4] 내지 [도 23] 참조),

상기 본 발명의 실시예의 ‘예시적인 화합물’(1. ‘EIDD-1931’, 2. ‘EIDD-2800’,

3.‘EIDD-2801’)이 인용발명 1로부터 예측할 수 없는 현저한 효과가 있다고 볼 수 없고, 또



한 상기 세가지 ‘예시적인 화합물’을 제외한 구조식이 서로 상이한 제36항 및 제38항 발명

이 청구하는 구체적인 화합물에 대해서는 인용발명 1로부터 예측할 수 없을 정도로 현저하

게 향상된 효과를 나타낸다는 것을 입증할 만한 구체적이고 객관적인 근거가 제시되어 있

지 않습니다.

따라서 제36항 및 제38항 발명은 통상의 기술자가 인용발명 1로부터 쉽게 발명할 수 있는

것입니다."

이하, 본원의 금번 보정 후 청구범위에 기반하여 본원발명의 진보성을 설명드리겠습니다.

2. 출원인의 의견

(1) 인용발명 1은 본원발명의 구체적인 화합물들을 개시하지 않으며, 통상의 기술자로 하

여금 이를 변경하여 본원발명의 화합물에 이르도록 하는 동기나 시사도 제공하지 않습니

다.

심사관님께서는 통상의 기술자라면 인용발명 1의 화학식 1의 R2, R3, R4, R5, R6, R7, W,

X, Y, Z, R'', Q의 변수들의 종류나 위치를 변경하여 적용하여 본원발명의 화합물을 도출

하는 데 별다른 어려움이 없을 것이라고 지적하셨습니다.

그러나, 본원발명은 인용발명 1에 기재된 유리딘 4-히드록실아민(EIDD-1931)의 알킬/사

이클로알킬 에스테르 프로드러그를 포함하는 매우 구체적인 뉴클레오시드 프로드러그를

청구하고 있습니다. 심사관님께서도 인정하시는 바와 같이, 인용발명 1은 본원발명에서 청

구하는 EIDD-1931의 구체적인 프로드러그들을 개시하고 있지 않습니다.

인용발명 1은 뉴클레오시드 EIDD-1931 및 이의 몇몇 프로드러그의 항바이러스 활성을 살

펴보고 있지만, 통상의 기술자로 하여금 EIDD-1931을 추가로 변경하여 본원발명의 알킬/

사이클로알킬 에스테르에 이를 만한 동기나 시사는 제공하지 않습니다.

인용발명 1 본원발명



(2) 인용발명 1은 EIDD-1931의 장 투과성 문제의 해결책은 커녕, 장 투과성 문제 자체도

인식하지 못하고 있으므로, 통상의 기술자가 인용발명 1로부터 본원발명에 이르는 데에는

상당한 곤란성이 수반됩니다.

보다 구체적으로 설명드리면, 인용발명 1은 EIDD-1931 및 그 유사체가 알파바이러스 감

염, VEEV, 노로바이러스, SARS 코로나바이러스, 치쿤군야 바이러스, MERV 등과 같은 다

양한 바이러스에 대해 광범위한 항바이러스 활성을 나타낸다고 개시합니다. 이와 관련하

여 인용발명 1은 VEE 바이러스는 에어로졸 노출 수 시간 내에 뇌에서 발달될 수 있으므로,

뇌에서 빠르게 약물의 치료 수준에 도달하려면 즉효성 항바이러스제가 바람직하다고 개시

합니다(실시예 55). 이에, EIDD-1931의 경구 공급 및 이의 중요 장기계(뇌를 포함)로의 조

직 분포 프로파일을 래트에서 측정하였습니다. 그 결과, EIDD-1931은 약 28%의 낮은 경

구 이용률을 나타냈습니다. 그럼에도 불구하고, EIDD-1931은 조직 속으로 분포되는 것으

로 밝혀졌으며, 특히 주목할 것은 뇌 조직으로 빠르게 분포되었습니다. 일단 뇌 속에 분포

되면, EIDD- 1931은 이의 활성 형태인 5'-트리포스페이트로 빠르게 대사되어 2.5시간 및

24시간에서 526ng/g 및 135ng/g의 뇌 수준을 각각 나타냈습니다. 따라서, 인용발명 1은

에어로졸(비강 스프레이) 투여가 비점막 및 뇌에서 약물의 치료 수준을 즉시 달성할 수 있

는 것으로 기재하고 있습니다.

본원발명의 발명자들에 의한 추가 연구에서(본원의 도 11 내지 15 참조), 경구 공급으로 사

이노몰거스 마카크(영장류의 일종)에 투여시, EIDD-1931은 장의 장세포에서 거의 변하지

않은 상태로 격리(sequester)된다는 것이 밝혀졌습니다(실시예 43). 이는 사이노몰거스 마

카크에서 이 화합물의 매우 낮은 생체이용률과 연관이 있습니다. 하지만, 이 화합물을 정맥



내 주사로 투여시에는 넓게 분포되었습니다. 이 연구 결과, EIDD-1931은 장 및 위의 내층

으로부터 순환 혈류로의 비효율적인 수송/방출의 결과로서 사이노몰거스 원숭이에서의 낮

은 생체이용률을 갖는다는 것이 밝혀졌고, 유사한 결과가 다른 영장류에서 예상됩니다.

따라서, EIDD-1931을 항바이러스제로서 효과적으로 이용하기 위해서는 흡입이나 정맥내

와 같은 경로로 임상에서 투여할 필요가 있습니다. 이와 같은 투여 경로의 주된 단점은 환

자 순응도가 낮으며, 비용이 많이 들고 투여에 노력이 들 뿐만 아니라, 환자에 따라서는 불

쾌감을 느낄 수 있다는 점입니다. 그리고 흡입 요법의 경우 천식과 같은 만성 호흡기 병태

를 갖는 환자에게는 권장되지 않습니다. 또한 소아 환자군에게 흡입이나 정맥내 투여도 또

한 어렵습니다. 따라서, EIDD-1931은 낮은 경구 생체이용률 때문에, 인간 코로나바이러스

감염을 치료하는 능력이 제한적일 수밖에 없습니다.

그러므로, EIDD-1931이 광범위한 항바이러스 활성을 나타낸다는 것은 알려져 있었지만,

인용발명 1은 장 투과 문제를 해결하기 위한 해결책까지는 다루고 있지 않습니다. 실제로,

인용발명 1은 EIDD-1931의 장 투과성 문제 자체에 대해서도 침묵하고 있습니다. 인용발

명 1을 비롯한 선행기술의 당시에는 투과성 문제가 아직 알려지지 않았기 때문에, 본원발

명에서 청구하는 프로드러그 모이어티(moiety)를 도입함으로써 이러한 투과성 문제를 극

복할 수 있다는 데 대한 인식이나 시사가 전혀 없습니다.

인용발명 1은 몇몇 프로드러그의 예를 논의하고 이의 효능(efficacy)을 분석하고 있지만,

경구 생체이용률은 검토한 바가 없습니다. 따라서, 인용발명 1은 EIDD-1931의 낮은 경구

생체이용률 문제에 대해서 그 해결책은 물론 문제 자체에 대해서도 인식하고 있지 않으므

로, 통상의 기술자는 장 투과성을 극복하기 위한 목적을 가지고 인용발명 1을 용이하게 참

고하기 어렵습니다.

(3) 본원발명은 특정 프로드러그 모이어티를 이용함으로써 EIDD-1931의 장 투과성 문제

를 해결하였으며, 이는 인용발명 1에 기재되지 않았으며 그로부터 예측할 수 없는 이질적

인 효과입니다.

반면, 본원발명에서는 EIDD-1931과 관련된 장 투과성 문제를 확인하고, EIDD-1931의

장 벽을 통한 순환 혈류로의 이동을 촉진시키는 화학적 및/또는 효소적 분해가능한 프로

드러그 모이어티를 이용함으로써 성공적으로 이 문제를 해결하였습니다(실시예 43 참조).

EIDD-2800, EIDD-2801, EIDD-2898의 프로드러그는 EIDD-1931의 사이노몰거스 마카



크에서의 생체이용률을 4배 내지 8배로 현저하게 개선시켰습니다(도 14 및 15 참조, 아래

발췌). tmax, t1/2 등의 추가적인 약물동태학적 파라미터는 본원 표 2 및 3에 정리되어 있습니

다.

[도 14]

[도 15]

다음으로, 본원 실시예 44, 46, 49, 50, 60, 62, 64에서, EIDD-2801은 MERS 및 SARS를

포함한 바이러스 감염을 마우스, 개 및 페럿 모델에서 경구 투여를 통해 성공적으로 치료하

였습니다.



이와 같은 본원 실시예에서의 실험 결과는, 특정 프로드러그 모이어티를 갖는 본원발명의

알킬/사이클로알킬 에스테르 화합물이 인용발명 1에서 해결하지 못하였던 EIDD-1931의

장 투과성 문제를 해결한다는 것을 명백히 입증하는 것입니다.

3. 소결

이상을 정리하면, 인용발명 1은 본원발명의 구체적인 화합물들을 개시하지 않으며, 인용

발명 1은 EIDD-1931의 장 투과성 문제의 해결책은 커녕, 장 투과성 문제 자체도 인식하

지 못하고 있으므로, 통상의 기술자가 인용발명 1로부터 본원발명에 이르는 데에는 상당

한 곤란성이 수반됩니다. 반면, 본원발명은 특정 프로드러그 모이어티를 이용함으로써

EIDD-1931의 장 투과성 문제를 해결하였으며, 이는 인용발명 1에 기재되지 않았으며 그

로부터 예측할 수 없는 이질적인 효과입니다.

따라서, 금번 보정된 본원발명은 통상의 기술자라 하더라도 인용발명 1로부터 용이하게 발

명해 낼 수 없다는 의견을 드리오니, 이 점 재고하시어 본 거절이유를 거두어 주시기를 부

탁드립니다.

Ⅳ. 거절이유 2에 대한 출원인의 의견

거절이유 2는, 본원 청구항 제36항, 제38항, 제40항, 제41항의 '~ 약제학적 조성물'은 의

약용도에 관한 발명으로 판단되나, 의약용도를 질병 또는 질병의 진단, 치료, 경감, 처치 및

예방에 해당하는 구체적인 약효로써 기재해야 함에도 불구하고, 의약용도가 전혀 기재되어

있지 않은바, 상기 항들은 발명의 보호받고자 하는 사항이 명확하고 간결하게 기재되지 않

았다는 것입니다(특허법 제42조 제4항 제2호).

Ⅱ. 항목에서 보시는 바와 같이, 금번 보정에서는 청구항 제36항, 제38항, 제40항, 제41항

의 약제학적 조성물의 의약 용도를 '바이러스 감염의 치료 또는 예방용'으로 특정하였는바,

이에 의해 본 거절이유는 해소된 것으로 판단됩니다.

Ⅴ. 거절이유 3에 대한 출원인의 의견

거절이유 3은, 본원 청구항 제58항 및 제59항은 의료행위에 해당하는 발명이므로 산업상

이용가능성이 없는 발명이라는 것입니다(특허법 제29조 제1항 본문).

Ⅱ. 항목에서 보시는 바와 같이, 금번 보정에서는 당초 치료 또는 예방 방법을 청구하고 있

던 청구항 제58항, 제59항을 '약제학적 조성물'을 청구하도록 보정하였는바, 본 거절이유

는 해소된 것으로 판단됩니다.



Ⅵ. 결론

위에서 살펴본 바와 같이, 본 의견서 및 보정서에 의하여 본원발명의 거절이유는 모두 해소

된 것으로 사료되오니, 다시 심사하시어 특허결정을 내려 주시기를 부디 부탁드립니다.
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Opinion Contents

I. The summary of the reason for refusal.

The gist of the reason for refusal of 10-2020-7014737 A (it the hereinafter says

to be " the present application " this) is the examiner according to 2020. 6. 29

person. Notification of Reason for Refusal as being about "the anti- virus use

associated with the N4- hydroxy cytidine and derivative and this" are same as

those of the next :

Reason for refusal 1:there the inventive step is no as to the invention in subject

claim preceding clause, with the cited invention 1 (the article 29(2) of Patent

Act):

- cited invention 1:international Laid-open publication

WO2016/106050(2016.06.30.)

Reason for refusal 2: the matters aiming at protection is clear and the concisely

the present application claim 36, claim 38, claim 40, claim 41 is not written (the

article 42(4)(2) of Patent Act).

Reason for refusal 3:since it is the invention in which the present application

claim 58 and claim 59 correspond to the medical practice it is the invention

without the industrial applicability(patent Act twenty ninth preparation 1 claim

text).

Ⅱ. The correction of specification.

The Amendment to Description etc. amending the patent claim of the present

application is submitted on the same date of the written opinion. It hopes in

their heart to reflect to the examination. The gist of this shot correction is the

same as that of the next time and the detailed contents of amendment wants the

Amendment to Description etc. to refer :

The medicinal use of the pharmaceutical composition of - claim 36, claim 38,

claim 40, claim 41 was specified to 'the treatment or prevention dragon of the

virus infection' (the specification identification number [0559] basis).



- claim 58, and claim 59 originally amended to claim the treatment or prevention

method in order to claim 'pharmaceutical composition'.

As - claim 60 to claim 62, the EIDD 2801, 2800, and claim about 2898 compound

were added (the embodiment and Figure 13basis).

As - claim 63, claim 64, and claim 68, claim about the compound manufactured

with the manufacturing method of the compound written in the present

application was added (the embodiment 8 through 10 basis).

As - claim 65, claim about the pharmaceutical composition including the

compound of claim 63 was added.

As - claim 66, claim 67, and claim 69, claim toward the manufacturing method

of the compound written in the present application was added (the embodiment 8

through 10 basis).

As shown in it abnormally explains it is the legitimate correction which is

satisfied the rules in which this shot correction is comprised of the specification

of at the time of application and record range of drawing of the article 47(2) of

Patent Act.

And this kind of correction performs for the right of the present application.

Prompt it says the applicant purposely reduces the extent of right or the

equivalent range of the invention for to being protected or it tries to exclude

being not. Moreover, it is construed as the meaning, that the performed

correction admits the validity of the reason for refusal among the examination

process of the present application or the meaning of admitting that the cited

literature is important in the patentability of the present application and it

must not. The abort about the matter which the correction of the description

of the deletion of claim or the correction or the invention it is not mentioned

by the present application to the explicit claims in the present application is

not meant but it has the right which the applicant again seeks about deletion or



the corrected matter through the present application or at least one divisional

application.

Ⅲ. The opinion of the reason for refusal 1 the applicant.

1. Indication of the examiner.

The invention in the reason for refusal 1, is the subject claim preceding clause is

the cited invention 1( International Laid-open publication.There is no inventive

step with the WO2016/106050) (the article 29(2) of Patent Act).

Remarkably, the examiner pointed out about claim 36 of the present application

and claim 38 like the next :

" The 36 claim invention is 『the pharmaceutical composition including the

compound selected from the pharmaceutically acceptable diluting agent and

next』.

The 38 claim invention relates to 『the pharmaceutical composition including

the compound selected from the pharmaceutically acceptable diluting agent and

next』.

But the chemical formula l [ in the cited invention 1  The

treatment pharmaceutical composition due to the virus infection of the various

kind including the virus (MERS coronaviruses), the SARS-coronavirus (SARS

coronavirus) etc. is written as *** nose of the compound (2 page, 39 page, 121

page, claim 1, claim 15 to the twentieth identity reference)

Claim 36 and 38 claim invention and cited invention 1 are made to be equal to

the next [table] it compares.





The compound, which it claims as moreover, 'active ingredient' if it attempts to

compare claim 36 of the present application and 38 claim invention and cited

invention 1 , the altogether 'medicinal use' is identical with two inventions.

Altogether, 'mother nucleus'.  It is identical in that it has with

the] structure. But the R1 is the cycloalkyl or the formyl substituted as the alkyl

of the various kind as the substituent of the cited invention 1 and the hydroxy



in which the R3 , and the R4 are substituted with the hydroxy or the various

substituent is claimedThe present application claim 1 invention corresponds to

the R1 of claim 38 and claim 36, the R3, and the R4 position has the difference

in that the wide range substituent including 'phosphate' etc. is claimed to the

position in which.

In the medicinal chemistry field, it is the research between the normal structure

- activity for more obtaining the better effect to differentiate the kind or

the position of the substituent in the basis mother nucleus structure and

manufacture.

The compound including 'hydroxy' as the embodiment in the place

corresponding to 'the R1, the R3, and the R4 position' of the present application

claim 1 invention in the cited invention 1, and 'phosphate' etc is extensively

written (the reference including 121 page to 124 page, claim etc).

The R1 of the cited invention 1, the R3, and the kind of the substituent of

the R4 or the position are altered and it applies to the mother nucleus of the

cited invention 1 and the compound which shows the effect in 'the treatment

including the virus etc' if it is the normal technical engineer is obtained the

compound of claim 36 or the 38 claim invention is drawn but there seems to be

no particular difficulty.

As to the description of the invention as to the effect aspect.

Chemical formula compound 1. 'EIDD-1931' (the R1=H of the cited invention 1

as the mother nucleus structure compound, the R3=OH, and the corresponding

in the R4=OH) as 'the illustrative compound', the corresponding in the R1= ,

R3= , R4= of 2 'EIDD-2800' (cited invention 1, and the 36 claim compound



[.  The identical), and 3. 'EIDD-.The R1= , R3=OH of

2801'( cited invention 1, the corresponding in the R4=OH, and the 38 claim

compound [.  The antiviral effect including the influenza of

the identical )), SARS, MERS etc. is written (the identification number [0682] to

[0845], and [4] to [23] reference).

It has the notable effect that 'the illustrative compound' (1. 'EIDD-1931', 2.

'EIDD-2800', 3.'EIDD-2801') of the embodiment of the invention cannot predict

from the cited invention 1 and the concrete and objective basis proving showing

the remarkably improved effect as much as it cannot predict about claim 36

in which moreover, the structural formula except for the man of influence

paper 'the illustrative compound' is different from each other and the specific

compound which the 38 claim invention claims from the cited invention 1 is not

presented.

Therefore, the normal technical engineer claim 36 and 38 claim invention easily

can invent from the cited invention 1. "

Hereinafter, the inventive step of the invention be explained after this shot

correction of the present application based on the claims.

2. The opinion of the applicant.



(1) Ordinarily, the cited invention 1 does not disclose the specific compounds of

the invention.This is changed to the technical engineer and the synchronization

or the premiere reaching the compound of the invention does not provide.

It pointed out that if the examiner was the normal technical engineer the kind

of the variables of the R2, R3, R4, R5, R6, R7, W, X, Y, Z, R'', Q of the chemical

formula 1 of the cited invention 1 or the position was altered and it applied and

the compound of the invention was drawn but there was no particular difficulty.

But the detailed nucleoside prodrug including the alkyl / cycloalkyl ester

prodrug of the uridine 4- hydroxylamine. (EIDD-1931) in which the invention is

written in the cited invention 1 is claimed. The examiner admits.Cited invention

1.The detailed prodrugs of the EIDD-1931 claimed in the silver the invention is

not disclosed.

The cited invention 1 looks into the antiviral activity of its some prodrug and

nucleoside EIDD-1931. However the EIDD-1931 is additionally changed and the

synchronization or the premiere reaching the alkyl / cycloalkyl ester of the

invention does not provide for the normal technical engineer.

Cited invention 1. Invention.

(2) The cited invention 1 the field transparent problem itself does not recognize

clearly the solution of the field transparent problem of the EIDD-1931.



Therefore the normal technical engineer tells from the cited invention 1 to the

invention but the suitable difficulty is accompanied.

More specifically, it explainsCited invention 1.The silver EIDD-1931 and

analogue disclose about the various virus like the alphavirus infection, VEEV,

norovirus, SARS coronavirus, chikungunya virus, MERV etc to show the wide

range antiviral activity. The cited invention 1 the VEE virus can be developed

in connection with this within the aerosol exposure number time in brain.

Therefore if rapidly wants to reach the therapeutic level of the drug it is sweet

with be desirable and the immediate effect antiviral agent discloses in brain

(embodiment 55). Thus, the organization distribution profile to the oral supply

of the EIDD-1931 and its importance internal organ group (the inclusion brain)

were measured in the rat. Consequently, the EIDD-1931 showed the low oral

availability ratio of about 28%. Nevertheless, the EIDD-1931 was shown to be

distributed inside the organization and the rapidly was distributed at the brain

tissue to especially pay attention. One end, the EIDD- it is distributed in brainIt

the rapidly was metabolized with 5'- triphosphate which was its activation

type and 1931 showed the brain level of 135ng / g and 526ng / g in 2.5 hours

and 24 hours. ThereforeIn the cited invention 1, the aerosol (nasal spray)

administration the therapeutic level of the drug in the nasal mucous membrane

and brain, realtime, the achievement.It describes that it can do.

In the administration in the oral supply the cynomolgus macaque (A kind of

the primate) in the further study (the present application is 11 through 15

reference), by the inventors of the invention.The state that the EIDD-1931

nearly does not change from the enterocyte of field the isolation (sequester)It

was clarified to become (embodiment 43). In this is the cynomolgus macaque, it

has linkage with the bioavailability which is very low of this compound. However,

the widely was this compound distributed at the intravenous injection in the

administration. This research result , and the EIDD-1931 were clarified from



field and internal layer to have the low bioavailability at the cynomolgus monkey

as the result of the inefficient transportation / emission to the circulation blood

flow and field are expected in the primate in which the result which is similar

differs.

Therefore, it need to administer to the route such as the suction and within a

vein in the clinic the EIDD-1931 is effectively used as the antiviral agent. The

disadvantage of this kind of administration route of being principal the patient

adaptation is low and it very much requires cost and the effort gives in the

administration. In addition the unpleasant can be felt according to the patient.

And in case of the inhalation therapy, it is not recommend to the patient having

the chronic respiratory disease crack like asthma. Moreover, the suction or the

intravenous administration is moreover difficult to the pediatric patient group.

Therefore, the EIDD-1931The capability which therefore cures the human

coronavirus infection with oral bioavailability low cannot help being restrictive.

Therefore, it was known to show the antiviral activity in which the EIDD-1931

was of very wide rangeIt does not handle to the solution in which the cited

invention 1 solves the field penetration problem. In fact, the cited invention 1

keeps silence about the field transparent problem itself of the EIDD-1931.In at

the time of the prior art including the cited invention 1, the transparent problem

yet did not inform. Therefore there is no recognition or the premiere which it

can overcome such transparent problem by introducing the prodrug moiety

which in the present invention, it claims but it confronts at all.

It debates about the example of the some prodrug and the cited invention 1

analyzes its effect (efficacy). However the example there is no because the oral

bioavailability examines.Therefore, the cited invention 1 does not recognize

clearly about the oral bioavailability problem of being low of the EIDD-1931

about the problem itself as well as the solution. Therefore it is difficult to easily



refer to the cited invention 1 having the purpose that the normal technical

engineer overcomes the field transparency.

(3) The invention relates to the different effect that it since then cannot predict

this was not written in the cited invention 1 it resolved the field transparent

problem of the EIDD-1931 it used the special program drug moiety.

On the other handInvention.By using the prodrug moiety which was possible

with enzymatic decomposition accelerated the movement to the circulation

blood flow through the obstacle of the EIDD-1931 the field transparent problem

associated with the EIDD-1931 is confirmed this problem was successfully

solved.Embodiment 43.Reference).The EIDD-2800, the EIDD-2801, and the

prodrug of the EIDD-2898 is the quadruple to the eight times the bioavailability

at the cynomolgus macaque of the EIDD-1931, remarkably, the improvement.It

made (fig. 14 and 15 reference, and the lower part excerpt). tmax, t1/2The

additional pharmacokinetic parameter of the etc. is put in order in the present

application table 2 and 3.

[Fig. 14]

[Fig. 15]



Next, present applicationThe embodiment 44, 46, 49, 50, 60, 62, 64.The west.The

mouse the virus infection in which the EIDD-2801 includes MERS and SARS, and

the oral administration in dog and pellet model, successfully, the treatment.It

was.

The experimental result at this kind of present application embodiment.It

has the special program drug moiety.Invention.Alkyl / cycloalkyl ester

compound.Cited invention 1.The resolution the field transparent problem of the

EIDD-1931 which it was unable to resolve.It clearly proves doing.

3. Sintering.

If the ideal is put in order , the cited invention 1 discloses the specific

compounds of the invention.Not and the cited invention 1 the field transparent

problem itself does not recognize clearly the solution of the field transparent

problem of the EIDD-1931. Therefore the normal technical engineer tells from

the cited invention 1 to the invention but the suitable difficulty is accompanied.

On the other hand, the invention relates to the different effect that it since then

cannot predict this was not written in the cited invention 1 it resolved the field

transparent problem of the EIDD-1931 it used the special program drug moiety.



Therefore, although the invention which this shot is corrected says to be the

normal technical engineer the opinion of easily inventing is given from the cited

invention 1. It requests to collect the reason for refusal reconsidered with the

advantage.

Ⅳ. The opinion of the reason for refusal 2 the applicant.

As to the reason for refusal 2, '~ pharmaceutical composition' of the present

application claim 36, claim 38, claim 40, claim 41 was determined as the

invention about the medicinal use. But it had to describe the medicinal use

as the detailed effect of medicine corresponding to the diagnosis, treatment,

reduction, treatment of the disease or the disease and prevention. In spite of

that the medicinal use was not written. And the matters aiming at protection of

the invention was clear and claims were not written (the article 42(4)(2) of Patent

Act).

Ⅱ. As shown in the item, claim 36 in this shot correction, and claim 38Claim

40, and the medicinal use of the pharmaceutical composition of claim 41 were

specified to 'the treatment or prevention dragon of the virus infection'. And the

reason for refusal looked with this is solved and it is determined.

Ⅴ. The opinion of the reason for refusal 3 the applicant.

Since the reason for refusal 3 is the invention in which the present application

claim 58 and claim 59 correspond to the medical practice it is the invention

without the industrial applicability (patent Act twenty ninth preparation 1 claim

text).

Ⅱ. As shown in the item, in this shot correction, claim 58 claiming the treatment

or prevention method, and claim 59 were originally amended in order to claim

'pharmaceutical composition'. And this reason for refusal is solved and it is

determined.

Ⅵ. Outcome.



As shown in it looks into in the upper part the reason for refusal of the invention

is altogether solved by the written opinion and Amendment and it is taken into

consideration. It by all means requests to again examine and give the Patent

decision.
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