) A Mylan Company

To, From
The Controller of Patents Mr. Sandeep K. Rathod,
Mumbai Patent Office, Matrix Laboratories Limited,
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on behalf of Matrix Laboratories Limited
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grant opposition u/s 25(1) against the afore mentioned applicatiop_

The relevant statement and accompanying evidence are attached.

Please take our opposition on record and give us an acknowledgient of the same.

Please grant us a personal hearing in this matter.
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Afttachments:
a) Statement of Opposition and
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1.1

The Patents Act, 1970
IN THE MATTER OF:;

A representation under scction 25(1) of The
Patents Act, 1970 as amended by the Patents
{Amendment) Act 2005 (“the Act”) and Rule 55
of The Patents Rules, 2003 as amended by the
Patents Rules, 2006 (*the Rules™)

by
M/s Matrix Laboratories Limited
... (the “Opponent™)

And

IN THE MATTER OF:

Indian Patent Application 894/MUMNP/2007,
filed on 14" June,2007

by Abbott L.aboratories
... (the “Applicant™)

STATEMENT OF OPPOSITION

The Opposition in brief:

The Opponent hereby files a pre-grant opposition under Section 25(1) of the
Patent Act 1970, as amended by the Patents (Amendment) Act, 2005 against the
Application entitled:

“Crystalline Pharmaceutical”, filed by Abbott Laboratories, dated 14/June/2007,
bearing No. 894/MUMNP/2007 (the “Application™).

The bibliographic details of the Application were published in the Official Journal
of the Patent Office dated 03/Aug/2007. The First Examination Report was

issued by the Patent Office on 28/Dec/2010. A copy of the data from the Patent

office website, showing the Application’s present status on IPAIRS, is attached as
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2.2

3.0

(Exhibit 1).

Maintainability of the present Opposition:
The Act states:

“25. Opposition to the patent:

(1) Where an application for a patent has been published but a
patent has not been granted, any person may, in writing,
represent by way of opposition to the Controller against the grant
of patent on the ground --..."

[Emphasis supplied]

Thus, the Act clearly allows any person to file a written opposition to a published

application for patent that has not matured into a patent.

Matrix Laboratories Limited (“Matrix™), the Opponent herein, is a key player and
has significant commercial interests on a global level in the business of anti-retro
viral drugs [the field to which the present Application pertains]. It is a leading
supplier of generic anti-retro viral drug compositions in the global market such as the
US President’s Emergency Plan for AIDS Relief [PEPFAR] as well as other
National tenders issued by governments and hence is directly impacted by the
Application. Matrix had also filed a pre-grant opposition to the parent Application
[of the present ‘894 Application} IN/PCT/2002/01243/MUM in May 2009. The
Patent Office, Mumbai, in a decision dated 27/Sep/2010 rejected the parent *1243
Application, in its entirety.

As noted carlier, a first examination report was issued recently against this
Application. No patent has been granted to the same, as of 04/Mar/2011. Hence
this pre-grant opposition is covered within the framework envisaged in the Act

and the Rules made there under.

Jurisdiction of the Patent Office:
The Application was filed at the Patent Office in Mumbai. Therefore the Mumbai
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4.0

5.0
5.1

Patent Office has the jurisdiction to hear and deliberate upon this pre-grant

opposition.

Lopinavir: In Brief

The present Application relates to compositions of crystalline forms of Lopinavir,
chemically known as (28)-N-[(2S, 48,58)-5- [2-(2,6-dimethylphenoxy) acetamido]-
4-  hydroxy-1,6-diphenylhexan-2-yl]  -3-methyl-2-  (2-oxo0-1,3-diazinan-1-yl)

butanamide.

As Per the Applicant’s own admission, Lopinavir and preparation for its process was
disclosed in US 5,914,332 (Exhibit 2), published on 22/June/1999 [refer para 2,
page 2 of the present Specification, henceforth “Specification™). Lopinavir is
commercially available only in combination with Ritonavir, under the brand name
Kaletra™. The United States Food and Drug Administration (US FDA) approved
capsules and oral solutions for this combination on Sep 15, 2000. A third dosage

form — oral tablets were approved on Oct 28, 2005.

The Application — Filing details:

The Application’s genesis is graphically represented below:
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5.2

6.0
6.1

6.2

Original US priority documents:
09/538,257 filed on 30/Mar/2000 &
09793 526 filed on 27{F ebi200)

PCT: WO 2001/74787
Filed on 21/Mar/2001

h 4

India - National Phase:
IN/PCT/2002/01243/MUM
Filed on 11/8ep/2002
REJECTED on 27/SEP/2010

r

Present divisional: 894/MUMNEP/2007,
Filed on 14/June/2007

In view of the above, publications or public use prior to 30/Mar/2000 will be

considered as prior art against the Application and the invention[s] claimed therein.

The Application — in brief:

The Application claims processes to make Lopinavir compositions as well as

compositions so prepared, of the above referred forms of Lopinavir.

The Specification discloses various crystalline/ hydrate/ solvated/ non solvated forms

of Lopinavir as well as their preparation in examples 1 - 17. The Application divides

the various forms of lopinavir in IV categories:

Type I 2
Typell =
Type 11l 2
TypelV =2

Crystalline hydrate forms;
Crystalline solvated forms;
Crystalline solvated forms and

Crystalline non-solvated forms.

The Application also gives an example of a soft elastic gel capsule composition for
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Lopinavir + Ritonavir. The specification defines the term “substantially pure” in the

context of crystalline lopinavir as follows:

“substantially pure”, when used in reference to crystalline form
of lopinavir, refers to that crystalline form of lopinavir which is
greater thar about 90% pure. This means that the crystalline
Jorm of lopinavir does not contain more than about 10% of any
other compound and, in particular, does not contain more than
about 10% of any other form of lopinavir, such as amorphous,
solvated forms, non-solvated forms and desolvated forms. More
preferably, the term “substantially pure”, refers to a crystalline
Jorm of lopinavir which is greater than about 95% pure. This
means that the crystalline form of lopinavir does not contain
more than about 3% of any other compound and, in particular,
does not contain more than about 3% of any oiher form of
lopinavir, such as amorphous, solvated forms, non-solvated

Jorms and desolvated forms.

Most preferably. the term “substantiallv pure”. refers to a
crystalline form of lopinavir which is greater than about 99%
pure. This means that the crystalline form of lopinavir does not
contain more than about 1% of any other compound and, in
particular, does not contain more than about 1% of any other
Jorm of lopinavir, such as amorphous, solvated forms, non-
solvated forms and desolvated forms.’

There is however no data on therapeutic differences/ efficacy comparing any of the
crystalline/ hydrated/ solvated/ non-solvated lopinavir firms with prior art lopinavir

form of the *332 patent.

The Application, as filed, has a total of 43 claims. The claims, as available on

IPAIR, are reproduced below:

1. A process for preparing a pharmaceutical composition
comprising lopinavir, wherein the process comprises:

adding a crystalline form of lopinavir to a receptacle;
and converting the added lopinavir and additional
ingredients in the receptacle to said pharmaceutical
composition, and

the crystalline form of lopinavir is selected from the
group consisting of:

a hydrated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1652-1666 cm™ and a peak in the solid state infrared
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spectrum at a position within the range 1606-1615 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1661-1673 cm™, a peak in the solid state infrared spectrum at
a position within the range 1645-1653 cm™ and a peak in the
solid state infrared spectrum at a position within the range
1619-1629 em’';

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm™';

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm’! and a peak in the solid state infrared spectrum at a
position within the range 1636-1647 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm'E;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™' and a peak in the solid state infrared
spectrum at a position within the range 1625-1630 ¢cm '

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray ditfraction pattern at
values of two theta of 6.85° £0.1°, 9.14°, 12.88° £0.1°,
15.09° £0.1°, 17.74° £0.1°, 18.01° £0.1°, and 18.53° £0.1°;

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.850° £0.1°, 9.14° £0.1°, 10.80°
£0.1°, 12.04° £0.1°, 12.88° £0.1°, 15.09° +0.1°, 17.74°
+0.1°, 18.01° £0.1°, 18.26° +0.1°, 18.53°+0.1°, 20.47°
+(0.1°, and 25.35° £0.1°;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1668-1674 cm™ and a
peak in the solid state infrared spectrum at a position within
the range 1656-1662 cm™’ and a peak in the solid state
infrared spectrum at a position within the range 1642-1648
cm™ and a peak in the solid state infrared spectrum at a
position within the range 1625-1630 cm™;

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
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1655-1662 em™';

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm™';

a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° £0.1°, 7.76° £0.1°,
8.55°£0.1°, 9.70° £0.1°, 10.56° £0.1°, 14.76° +0.1°, 15.57°
+0.1°, 18.30° £0.1°, 18.95° +0.1° and 22.74° +0.1°; and .

a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta 0f 3.89° £0.1°, 6.55° £0.1°, 7.76° +0.1°,
8.55°+0.1°,9.70° £0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.06°
+0.1°, 15.57° £0.1°, 16.49° £0.1°, 17.51° +0.1°, 18.30° £0
1°,18.95° +0.1°, 21.73° £0.1° and 22.74° £0.1°.

2. The process according to claim 1, wherein the receptacle is
a mixing tank.

3. The process according to claim 1, further comprising
adding the additional ingredients to the receptacle.

4. The process according to claim I, wherein the converting
comprises mixing the added lopinavir and the additional
ingredients in the receptacie.

5. The process according to claim 1, wherein the
pharmaceutical composition is a solution,

6. A process for preparing a pharmaceutical composition
comprising lopinavir, wherein the process comprises:
adding a crystalline form of lopinavir to a receptacle; and
mixing the added lopinavir and additional ingredients in the
receptacle, and

the crystalline form of lopinavir is selected from the group
consisting of:

a hydrated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1652-1666 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1606-1615 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1661-1673 cm™', a peak in the solid state infrared spectrum at
a position within the range 1645-1653 cm™ and a peak in the
solid state infrared spectrum at a position within the range
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1619-1629 cm't;

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm'l;

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm™ and a peak in the solid state infrared spectrum at a
position within the range 1636-1647 cm";

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 em’™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm’ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 ¢cm™';

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state infrared
Spectrum at a position within the range 1625-1630 om™:

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° +0.1°, 9.14°, 12.88° +0.1°,
15.09° +0.1°, 17.74° £0.1°, 18.01° £0.1°, and 18.53° +0.1°;

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.850° +£0.1°, 9.14° £0.1°, 10.80°
+0.1°, 12.04° +£0.1°, 12.88° £0.1°, 15.09° +0.1°, 17.74°
=0.1°, 18.01° +£0.1°, 18.26° +0.1°, 18.537 £0.1°, 20.47°
+0.1°, and 25.35° +£0.1°;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1668-1674 cm™ and a
peak in the solid state infrared spectrum at a position within
the range 1656-1662 cm™ and a peak in the solid state
infrared spectrum at a position within the range 1642-1648
cm™' and a peak in the solid state infrared spectrum at a
position within the range 1625-1630 cm™; “

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm’';

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm’™' and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm™;

a higher hydrated crystalline form of lopinavir with
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characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° +0.1°, 6.55° £0.1°, 7.76° +0.1°,
8.55°+0.1°,9.70° £0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.57°
+0.1°, 18.30° £0.1°, 18.95° £0.1° and 22.74° £0.1°; and

a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° £0.1°, 7.76° £0.1°,
8.55°£0.1°,9.70° £0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.06°
+0.1°, 15.57° £0.1°, 16.49° £0.1°, 17.51° +0.1°, 18.30° =0
1°, 18.95° +0.1°, 21.73° £0.1° and 22.74° £0.1°.

7. A process for preparing a pharmaceutical composition
comprising lopinavir, wherein the process comprises:

adding lopinavir that comprises a crystalline form of
lopinavir to a receptacle; and

converting the added lopinavir and additional ingredients
in the receptacle into the pharmaceutical composition, and

the crystalline form of lopinavir is selected from the
group consisting of’

a hydrated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1652-1666 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1606-1615 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1661-1673 cm’™ | a peak in the solid state infrared spectrum at
a position within the range 1645-1653 cm™ and a peak in the
solid state infrared spectrum at a position within the range
1619-1629 cm™';

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm™;

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm™ and a peak in the solid state infrared spectrum at a
position within the range 1636-1647 cm™;

a solvated crystaliine form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm’';

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm™;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™' and a peak in the solid state infrared
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spectrum at a position within the range 1625-1630 cm™;

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° £0.1°, 9.14°, 12.88° +0.1°,
15.09° £0.1°, 17.74° £0.1°, 18.01° +0.1°, and 18.53° £0.1°;

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° £0.1°, 9.14° +0.1°, 10.80° £0.1°,
12.04° £0.1°, 12.88° £0.1°, 15.09° £0.1°, 17.74° +0.1°,
18.01°+0.1°, 18.26° £0.1°, 18.53°+0.1°, 20.47° +£0.1°, and
25.35° +0.1°;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state inﬁ-ared
spectrum at a position within the range 1668-1674 cm™ and a
peak in the solid state mfrared spectrum at a position within
the range 1656-1662 cm™ and a peak in the solid state
mfrared spectrum at a position within the range 1642-1648
am™ and 3 peak in the solid state JJJfJ‘BJ‘f‘d Spegffum ata
position within the range 1625-1630 cm™

a desolvated crystalline form of Iopmavir with a peak in
the solid state mfrared spectrum at a positjon within the range
1655-1662 cm’

a deso[vated crystalline form of lopinavir with a peak in
the solid state mfrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm™':

a higher hydrated crystalline form of Jopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° %0.1°, 7.76° +0.1°,
8.55°+0.1°,9.70° =0.1°, 10.56° £0.1°, 14.76° +0.1°, 15.57°
=0.1°, 18.30° £0.1°, 18.95° £0.1° and 22.74° +0).1°; and

a higher hydrated crystalline form of Jopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° 4.0.1°, 7.76° £0.1°,
8.55° £0.1°, 9.70° +£0.1°, 10.56° +0.1°, 14.76° £0.1°, 15.06°
+0.1°, 15.57°£0.1°, 16.49° £0.1°, 17.51° +0.1°, 18.30° £0
1°, 18.95° +0.1°,21.73° £0.1° and 22.74° +0.1°,

8. The process according to claim 7, wherein the receptacle is
a mixing tank.

9. The process according to claim 7, further comprising
adding the additional ingredients to the receptacle.

10. The process according to claim 7, wherein the converting
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comprises mixing the added lopinavir and the additional
ingredients in the receptacle.

11. A process for preparing a pharmaceutical composition
comprising lopinavir, wherein the process comprises:
adding lopinavir that comprises a crystalline form of
lopinavir to a receptacle; and

mixing the added lopinavir and additional ingredients in the
receptacle, and the crystalline form of lopinavir is selected
from the group consisting of:

a hydrated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1652-1666 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1606-1615 cm’™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1661-1673 cm™, a peak in the solid state infrared spectrum at
a position within the range 1645-1653 cm™ and a peak in the
solid state infrared spectrum at a position within the range
1619-1629 cm’';

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm’

a crystalline form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm™ and a peak in the solid state infrared spectrum at a
position within the range 1636-1647 cm'l;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm’';

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm™;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1625-1630 cm™';

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° £0.1°, 9.14°, 12.88° +0.1°,
15.09° +£0.1°, 17.74° +0.1°, 18.01° +0.1°, and 18.53° £0.1°;

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° 20.1°, 9.14° £0.1°, 10.80° £0.1°,
12.04° +£0.1°, 12.88° £0.1°, 15.09° +£0.1°, 17.74° +0.1°,
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18.01° 20.1°, 18.26° £0.1°, 18.53°x0.1°,20.47° +0.1°, and
25.35° +0.1°;

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1668-1674 cm™ and a
peak in the solid state infrared spectrum at a position within
the range 1656-1662 cm™ and a peak in the solid state
infrared spectrum at a position within the range 1642-1648
cm’' and a peak in the solid state infrared spectrum at a
position within the range 1625-1630 cm™;

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm'];

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™' and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm’™';

a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° £0,1°, 7.76° £0.1°,
8.55°40.1°,9.70° +0.1°, 10.56° +0.1°, 14.76° £0.1°, 15.57°
£0.1°, 18.30° £0.1°, 18.95° £0.1° and 22.74° £0.1°; and

a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° +£0.1°, 6.55° £0.1°, 7.76° £0.1°,
8.55° 0.1°, 9.70° £0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.06°
+0.1°, 15.57° £0.1°, 16.49° £0.1°, 17.51° £0.1°, 18.30° +0
1°, 18.95° £0.1°, 21.73° £0.1° and 22.74° +0.1°.

12. A process for preparing a pharmaceutical composition
comprising lopinavir, wherein the process comprises:
adding a crystalline form of topinavir to a reactor to
produce the pharmaceutical composition, and
the crystalline form of lopinavir is selected from the
group consisting of:

a hydrated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1652-1666 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1606-1615 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1661-1673 cm™, a peak in the solid state infrared spectrum at
a position within the range 1645-1653 cm™ and a peak in the
solid state infrared spectrum at a position within the rarige
1619-1629 cm’™;
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a crystalline form of lopinavir with 2 peak in the solid
state mfrared spectrum at a position within the range 1655-
1662 cm’

a crystal]ine form of lopinavir with a peak in the solid
state infrared spectrum at a position within the range 1655-
1662 cm™' and a peak in the solid state infrared spectrum at a
position within the range 1636-1647 cm™;

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm’';

a solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm”™

a non-solvated crystalline form of lopinavir with a peak
in the solid state infrared spectrum at a position within the
range 1680-1685 cm’! and a peak in the solid state mfrared
specirum at a position within the range 1625-1630 cm™

a nan-solvated crystalline, facra of lepinavir w ith
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° £0.1°, 9.14°, 12.88° +0.1°,
15.09°+0.1°, 17.74° 0.1°, 18.01° +0.1°, and 18.53° +0.1°;

a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° £0.1°, 9.14° +0.1°, 10.80° =0.1°,
12.04° £0.1°, 12.88° £0.1°, 15.09° £0.1°, 17.74° =0.1°,
18.01° +0.1°, 18.26° £0.1°, 18.53° +0.1¢, 20.47° =£0.1°, and
25.35°+0.1¢;

a non-solvated crystalline form of lopinavir with a peak
in the solid state mfrared spectrum at a position within the
range 1680-1685 cm™ and a peak in the solid state mfrarcd
spectrum at a position within the range 1668-1674 cm™ and a
peak in the solid state infrared spectrum at a position within
the range 1656-1662 cm™' and a peak in the solid state
infrared spectrum at a position within the range 1642-1648
cm’ and a peak in the solid state infrared spectrum at a
position within the range 1625-1630 cm™';

a desolvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the range
1655-1662 cm™';

a desolvated crystalline form of lopinavir with a peak in
the solid state mfrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range 1636-1647 cm’”!

a higher hydrated crystalline form of lopinavir Wlth
characteristic peaks in the powder X-ray diffraction pattern at
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values of two theta of 3.89° +0.1°, 6.55° £0.1°, 7.76° +0.1°,
8.55°£0.1°,9.70° £0.1°, 10.56° £0.1°, 14 76° +0.1°, 15.57°
+0.1°, 18.30° £0.1°, 18.95° £0.1° and 22 74° +0.1°; and

a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° +0.1°, 7.76° +0.1°,
8.55°+0.1°,9.70° £0.1°, 10.56° +£0.1°, 14.76° +0.1°, 15.06°
+0.1°, 15.57° £0.1°, 16.49° +0.1°, 17.51° 20.1°, 18.30° +0
1°, 18.95° £0.1°, 21.73° £0.1° and 22.74° 10.1°.

13, The process according to any one of ¢laims 1, 6 or 12,
wherein the added crystalline form of Lopinavir is a hydrated
crystalline form of Lopinavir with a peak in the solid state
mfrared spectrum at a position within the range 1652-1666
em™ and a peak in the solid state mfrared spectrum at a
position within the range 1606-1615 cm’!

14. The process according to any one of ¢laims 1, 6 or 12,
wherein she 20ded cryssalline Sorm of Lopinavir is a solvated
form of Lopinavir with a peak in the soli state infrared
spectrum at a position within the range 1661-1673 ecm™, a
peak in the solid state mfrared spectrum at a position w1thm
the range 1645-1653 cm’ "and a peak in the solid state
infrared spectrum at a position within the range 1619-1629
em™.

15. The process according to any one of ¢laims 1, 6 or 12,
wherein the added crystalline form of Lopinavir is a

crystalline form of Lopinavir with a peak in the solid state
infrared spectrum at a position within the range1652-1666

-1
cm .

16. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of Lopinavir is a
crystalline form of Lopinavir with a peak in the solid state
lnfrared spectrum at a position within the range1652-1666
cmi and a peak ir the solid state infrared Spect[ um at a
position within the range 1636-1647 cm’!

17. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of Lopinavir is a solvated
crystalline form of Lopinavir with a peak in the solid state
infrared spectrum at a position within the range1652-1666

cem’l,

18. The process according to any one of claims 1, 6 or 12,
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wherein the added crystalline form of Lopinavir is a solvated
crystalline form of Lopinavir with a peak in the solid state
infrared spectrum at a position within the range1652-1666
cm’’ and a peak in the solid state infrared spectrum at a
position within the range 1636-1647 cm™,

19. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of Lopinavir is a non-
solvated crystalline form of Lopinavir with a peak in the solid
State infrared spectrum at a position within the range]680-
1685 cm™ and a peak in the solid state infrared spectrum at a
bosition within the range 1625-1630 em™,

20. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of lepinavir is a non-
Solvated crystalline form of lopinavir with characteristic
beaks in the powder X-ray diffraction pattern at values of two
theta of 6.85° £0.1°, 9.14° £0.1°, 12.88° £0.1°, 15.09° +0.1°,
17.74° £0.1°, 18.01° £0.1°, and 18.53° £0.1°.

21. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of lopinavir is a non-
Solvated crystalline form of lopinavir with characteristic
heaks in the powder X-ray diffraction pattern at values of two
theta of 6.85° £0.1°, 9.14° +£0.1°, 10.80° £0.1°, 12.04° +0.1°,
12.88° £0.1°, 15.09° £0.1°, 17.74° £0.1°, 18.01° £0.1°,
18.26° +0.1°, 18.53°+0.1°,20.47° +0.1°, and 25.35° £0.1°.

22. The process according to any one of claims 1, 6 or 12,
wherein the added crystaliine form of lopinavir is a non-
Solvated crystalline form of lopinavir with a peak in the solid
State infrared spectrum at a position within the range 1680-
1685 cm™ and a peak in the solid state infrared spectrum at a
Position within the range 1668-1674 cm™ and a peak in the
Solid state infrared spectrum at a position within the range
1656-1662 cm™ and a peak in the solid state infrared
Spectrum at a position within the range 1642-1648 cm™ and a
Peak in the solid state infrared spectrum at a position within
the range 1625-1630 cm’.

23. The process according to any one of claims 1, 6 or 12,
Wherein the added crystalline form of lopinavir is a
desolvated crystalline form of lopinavir with a peak in the
Solid state infrared spectrum at a position within the range
1655-1662 cm™'.
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24. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of [opinavir is a
desolvated crystalline form of lopinavir with a peak in the
solid state infrared spectrum at a position within the range
1655-1662 cm™ and a peak in the solid state infrared
SO Bt & POSRION Withine the range V636-0646 coe !

25. The process according to any one of claims 1, 6 or 12,
wherein the added crystalline form of lopinavir is a higher
hydrated crystalline form of lopinavir with characteristic
peaks in the powder X-ray diffraction pattern at values of two
theta of 3.89° £0.1°, 6.55° £0.1°, 7.76° +£0.1°, 8.55° £0.1°,
9.70° =0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.57° £0.1°, 18.30°
0 1°, 18.95° £0.1°, and 22.74° £0.1°.

26. The process according to any one of claims 1, 6 or 12,
Wherein the added crystalline form of lopinavir is a higher
hydrated crystalline form of lopinavir with characteristic
peaks in the powder X-ray diffraction pattern at values of two
theta of 3.89° +0.1°, 6.55° £0.1°, 7.76° £0.1°, 8.55° +0.1°,
9.70° +0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.06° £0.1°, 15.57°
+0.1°,16.49° £0.1°, 17.51°£0.1°, 18.30° 0 1°, 18.95°
+0.1°,21.73° £0.1° and 22.74° £0.1°.

27. The process according to any one of claims 1, 6 or 12,
wherein the added lopinavir is a substantially pure crystalline
form of lopinavir.

28. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is 2 hydrated crystalline form of lopinavir with a peak in the
Yolid state infrared spectrum at a position within the
range1652-1666 cm™” and a peak in the solid state infrared
Spectrum at a position within the range1606-1615 cm”™.

29. The process according to claims 7 or 11, wherein the
4dded lopinavir comprises a crystalline form of lopinavir that
Is a solvated crystalline form of lopinavir with a peak in the
Solid state infrared spectrum at a position within the
rangel1661-1673 cm™', a peak in the solid state infrared
Spectrum at a position within the range1645-1653 cm™, and a
Reak in the solid state infrared spectrum at a position within
the range1619-1629 cm’.

30. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir with
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a peak in the solid state infrared spectrum at a position within
the rangel655-1662 cm™.

31. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir with
a peak in the solid state infrared spectrum at a position within
the range1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range1636-1647 cm™.

32. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a solvated crystalline form of lopinavir with a peak in the
solid state infrared spectrum at a position within the
range1655-1662 cm’.

33. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a solvated crystalline form of lopinavir with a peak in the
solid state infrared spectrum at a position within the
range1655-1662 cm™ and a peak in the solid state infrared
spectrum at a position within the range1636-1647 cm™.

34, The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a non-solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the
range1680-1685 cm™ and a peak in the solid state infrared
spectrum at a position within the range1625-1630 cm™.

35. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° +£0.1°, 9.14° £0.1°, 12.88° £0.1°,
15.09° +0.1°, 17.74° £0.1°, 18.01° £0.1°, and 18.53° £0.1°.

36. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a non-solvated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 6.85° £0.1°, 9.14° £0.1°, 10.80° £0.1°,
12.04° +0.1°, 12.88° +£0.1°, 15.09° £0.1°, 17.74° £0.1°,
18.01°£0.1°, 18.26° +£0.1°, 18.53°+0.1°, 20.47° +£0.1°, and
25.35° +0.1°.

37. The process according to claims 7 or 11, wherein the
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added lopinavir comprises a crystalline form of lopinavir that
is a non-solvated crystalline form of lopinavir with a peak in
the solid state infrared spectrum at a position within the
range1680-1685 cm™’, a peak in the solid state infrared
spectrum at a position within the range1668-1674 cm™', a
peak in the solid state infrared spectrum at a position within
the range1656-1662 cm’™', a peak in the solid state infrared
spectrum at a position within the range1642-1648 cm™, and a
peak in the solid state infrared spectrum at a position within
the range1625-1630 cm™.

38. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a desolvated crystalline form of lopinavir with a peak in the
solid state infrared spectrum at a position within the
range|655-1662 cm ™'

39. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a desolvated crystalline form of lopinavir with a peak in the
solid state infrared spectrum at a position within the
range1655-1662 cm " and a peak in the solid state infrared
spectrum at a position within the range1636-1647 em™.

40. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
is a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° £0.1°, 7.76° =0.1°,
§.55°£0.1°,9.70° £0.1°, 10.56° £0.1°, 14.76° £0.1°, 15.57°
+0.1°, 18.30° 0 1°, 18.95° =0.1°, and 22.74° +0.1°.

41. The process according to claims 7 or 11, wherein the
added lopinavir comprises a crystalline form of lopinavir that
i5 a higher hydrated crystalline form of lopinavir with
characteristic peaks in the powder X-ray diffraction pattern at
values of two theta of 3.89° £0.1°, 6.55° £0.1°, 7.76° +0.1°,
§.55°+0.1°,9.70° £0.1°, 10.56° +£0.1°, 14.76° £0.1°, 15.06°
+0.1°, 15.57° £0.1°, 16.49° £0.1°, 17.51° +0.1°, 18.30° £0
1°, 18.95° £0.1°,21.73° £0.1° and 22.74° +0.1°,

42. A pharmaceutical composition prepared according to
the process of any one of claims 1, 6, 7, 12 or 16.

43. The pharmaceutical composition according to claim 42,
wherein the composition is encapsulated in a soft gelatine
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capsule.

7.0 Grounds for Opposition:
7.1 The Opponent opposes the present Application on the following grounds under

section 25(1):

25. Opposition to the patent: —
(1) Where an application for a patent has been published but a patent has
not been granted, any person may, in writing, represent by way of
opposition to the Controller against the grant of patent on the ground —
(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 —
(i1} in India or elsewhere, in any document:...

(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;

() 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;

(h) that the applicant failed to disclose to the Controller the
information required by section 8 or has furnished the

information which in any material particular was false to his
knowledge;

8.0 Discussion of above grounds for opposition:

The Opponent opposes the Application, in its entirety. The grounds stated above are
distinct and independent of each other. Each ground provides sufficient reason to

bar the issuance of a patent from the Application.
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9.0 8. 25(1)(b) Invention is published in any document [lack of novelty]:
9.1 S. 25(1)(b) states:

{(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 —
(i) in any specification filed in pursuance of an application for a
patent made in India on or after the 1% day of January 1912; or
(ii) in India or elsewhere, in any 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;
{emphasis ours)

9.2 The present Specification has a total of 43 claims, each of the independent claims 1,
6, 7, 11 and 12- though worded slightly different from one another- seem to be
focussed on following concept — a lopinavir composition with the following
parameters:

a) Using Lopinavir [in its various polymorphic forms] as the
starting drug;

b) Adding additional ingredients;

¢} Taking items [a] and [b] in a receptacle; and

d) Making a pharmaceutical compasition.

The entire claim-set does not have any specific limitation/ mention of:
a) What is the quantity of Lopinavir?
b) What is/ are the additional ingredients and quantity of these additional
ingredients?

¢) What is the process employed — for instance- is it granulation/ compaction/
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plain mixing etc?
d) What is the final composition — injection/ tablet/ capsule/ suppository etc?
With this claim position for all relevant claims, let’s look at Applicant’s own prior
publication- the*332 Patent, which discloses Lopinavir and process to make

Lopinavir compositions.

Example 38E of the ‘332 Patent discloses that Lopinavir was crystallised from an
ethyl acetate/ heptane system [Example 38 at column 68, lines 1 through 7]. The
Opponent states that this Lopinavir form disclosed in e.g. 38E of ‘332 is the same as
type Il solvated crystal form of lopinavir of the present Application. The opponent
has discussed this aspect of anticipation of type 1l solvated crystal in detail, in our
opposition to the parent application i.e. IN/PCT/2002/01243/MUM. For the sake of
brevity, the Opponent does not repeat the arguments therein, but incorporates the

same in entirety,

While there is a plurality of independent claims, as noted earlier, the present
specification provides only one example of a composition — a soft elastic gelatin
capsule, mentioned on pg 45 and on pg.46, describes a process to make soft gelatin
composition. The composition mentioned on page 45, is as below:

“The preferred pharmaceutical composition for administering
Lopinavir comprising a 4:1 ratio of Lopinavir : ritonavir has the
following composition , encapsulated in soft gelatin capsule”

Lopinavir 1333 mg
Ritonavir 333 mg
Oleic acid, NF 598.6 mg
Propylene Glycol, USP 64.1 mg
Polyoxyl 35 Castor Oil, NF 21.4 mg
(Cremophor EL®)

Water, purified, USP (distilled) 4.3 mg

“A mixing tank and suitable container are purged with nitrogen.
578.6 g of oleic acid is then charged into the mixing tank. The
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9.3

mixing tank is heated to

28 °C (not to exceed 31 °C) and mixing is started. 33.3 g of
ritonavir is then added to the oleic acid with mixing. The
propylene glycol and water are added to the mixing tank and
mixing is continued Until the solution is clear. 1333 g of
lopinavir is then added into the mixing tank and mixing is
continued. 10 g of oleic acid is then charged into the tank and
mixed until the solution is clear, 21.4 g of polvoxyl 35 castor oil,
NF is added to the mixing tank and mixing is continued, followed
by the addition of 10 g of oleic acid. The solution is stored at 2-8
°C until encapsulation. 0.855 g of the solution is filled into each
soft gelatin capsule and the soft gelatin capsules are then dried,
and stored at 2-8 °C.”

Whatever be the verbiage, the scope of the term “composition™ in the present claims
is enabled in the Specification, only to the extent of the above example for a soft
gelatin capsule, and hence has to be restricted to such a soft gelatin capsule
composition. If the term “composition” is given any broader interpretation, then the
current Specification does not support such broader interpretation and hence the
Opponent argues that only the soft gelatin capsule is the composition that needs to be

debated, for the purposes of patentability of the claims, here on forward.

At this juncture, the Opponent states that a composition and process of making
composition is disclosed in the ‘332 Patent (Exhibit 2, col 74, line 35-56),
categorically destroys the novelty of the soft gelatin capsule composition (SEC)

provided in the present Application. Composition is pasted below:

Component % By Weight
Compound of Example 2B (free 30

base)

Ethanol (USP, 200 proof) 10
Polyoxyl 35 castor oil (Cremophor® 10

EL)

Oleic acid, 6321, NF 50
Butylated hydroxyl toluene (BHT), 0.01
NF

“The mixing tank was purged with nitrogen. Oleic acid (499.9 g)
and ethanol (100 g) were mixed in the tank. The butylated
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10.0

hydroxytoluene (0.1 g) was charged into the tank and mixed until
the solution was clear. The Compound of Example 2B (300 g)
was slowly charged into the tank and mixed until the solution
was clear. The polyoxyl 35 castor oil (100 g) was added to the
tank and mixed. The resulting solution was filled into soft elastic
capsules (0.333 g of solution/SEC) to provide a dosage of 100
mg of compound of Example 2B/SEC or 0.667 g/SEC to provide
a dosage of 200 mg of compound of Example 2B/SEC.”

Compound of example 2B is Lopinavir- identified by its chemical name as described
above. The ‘332 Patent discloses crystalline as well as amorphous form of Lopinavir

exemplified in example 38(E) and example 39 respectively.

" While comparing composition disclosed in ‘332 Patent and the claims of the present

Specification, it is important to note that:
a) the current ‘hydrates/ solvates/ crystalline Lopinavir’ are also in ‘free base’
form; and
b) the current ‘Lopinavir crystals/ crystalline/ hydrate/ solvated/ non solvated
forms of Lopinavir’® will lose its polymorphic identity once it is dissolved in a
solvent, to make a solution to be filled in the soft gelatin capsule
composition.
Hence, in both cases (‘332 as well as present Specification’s single example), the
final composition will have the drug in same state- dissolved in the solvent and

devoid of its palymorphic identity.

It is worth noting that the *332 includes technical details for making soft gelatin
lopinavir capsules. Example covers steps / components — like adding Lopinavir,
adding excipients to a receptacle and making a composition (soft gelatin capsule) —

the key features of the current claims and hence the current claims are clearly

" anticipated by the ‘332 document and are therefore liable to be rejected, in entirety.

8. 25¢1)(e) Lack of inventive step/ invention obvious:
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10.1

10.2

S. 25(1)(e) states:

(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 following definitions from the Act, are important for the present argument:

*S. 2(j} “invention” means a new product or process involving an
inventive step and capable of industrial application;

S. 2(ja) “inventive step” means a feature of an invention that
involves technical advance as compared to existing knowledge or
having economic significance or both and makes the invention
not obvious to a person skilled in the art; ’

S. 2(]) “new invention” means any invention or technology which
has not been anticipated by publication in any document or used
in the country or elsewhere in the world before the date of filing
of patent application with complete specification, i.e. the subject
matter has not fallen in public domain or that it does not form
part of the state of the art;’

The invention in claims 1 through 41, is a process invention, while claims 42/ 43 are
product claims based on the earlier process claims. Hence, the alleged invention that
needs to assessed is a ‘process’ to make a composition. The critical/ necessary steps
of all the independent process claims are:

a) adding crystalline or similar (hydrate/ solvate ctc.) form of lopinavir to a

receptacle;

b) adding additional ingredients in the receptacle; and

c) converting lopinavir + ingredients into a pharmaceutical composition.
As can be seen, there is no specific process step/ sequence/ conversion method

mentioned in the claim.

The Opponent states that the present claims, while categorically anticipated by the
disclosure of ‘332 Patent, are also obvious and lack an inventive step on the face of

the same document in conjunction with the state of the art, when seen through the
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eyes of a person skilled in the art. The Opponent reiterates the argument made under
the ground of novelty/ prior publication to highlight the lack of inventive step in the
alleged invention. The present claims cover a process of making a Lopinavir
composition by mixing it with excipients in a receptacle (no specific process step/
sequence mentioned in the claim). As noted earlier, the *332 Patent discloses
making Lopinavir soft gelatin composition using the same active agent, excipients

and process.

A person skilled in the art can easily substitute the present ‘Crystalline Lopinavir/
crystalline/ hydrate/ solvated/ non solvated forms of Lopinavir’ as the starting drug
with Lopinavir as disclosed in exémple 38(E) of *332 Patent and still make the same
soft gelatin capsule composition with process disclosure in ¢332, with more than a
reasonable expectation of success. Indeed, the Opponent submits that this is what the
Applicant has done, with no inventive merit in the underlying process or
composition per se and leading to a composition. In a composition invention, the
process steps and claimed excipients are crucial to the invention and since the
present process claims are exactly the same as disclosed in ‘332 Patent, there is lack
of new knowledge/ inventive process step, which renders the entire set of claims

non-patentable under the Act.

The basic premise of patent law is that the inventor discloses his ‘new’ information/
claimed wventian in arder to broaden the scientific knowledge as a whole, in return
for a limited time monopoly. The quid pro quo here is the increase in human
knowledge for such limited time monopoly. Granting a monopoly for claims that do
not increase the scope of human knowledge goes against the very foundation of
patent law. As noted earlier, the process in the present claim is the same as the prior
art and no differentiation / new knowledge has been added on the composition’
clements. Based on the above arguments, the Opponent’s contends that all the
claims of the Application are devoid of inventive merit and obvious to a person

skilled in the art; hence deserve to be rejected in their entirety.
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10.3

10.4

Additionalty, Crystai forms/ hydrates/ solvates of a known compound [and
specifically, anti-retro protease inhibitors] can be prepared by using techniques well
known in art. Many Journal Articles and Standard textbooks in the field have taught
crystallisation techniques and solvent selection methods long before in the prior art,
for instance:

1. Vogels’ Textbook of practical organic chemistry [Wiley].

2. Theory and origin of polymorphism - article by D. 1. W. Grant.

7S]

Methods for the characterization of polymorphs and solvates — article by H:
G. Brittain and E. F. Fiese
Articles 2 and 3 appear in Polymorphism in Pharmaceutical Solids edited by H. G.

Brittain and published by Marcel Dekker, Inc., New York, 1999,

As mentioned earlier, prior art document the ‘332 Patent discloses Lopinavir.
Prima-facie, the only ‘alieged’ difference in the earlier form versus the present
crystalline/ hydrate/ solvated/ non solvated forms seems. to be in the crystalline state
of the present forms. However, lopinavir, in the present Specification, has been
crystatlised from known solvents using standard crystallisation methods. Such
crystallisation will lead to formation of various hydrated crystals [when water was
used for crystallisation] and solvates, when non-aqueous solvents were used.

For instance, example | of the Specification discloses making hydrated lopinavir
[Type I] by precipitation of lopinavir from an ethanol/ water mixture; while example
3 discloses making the same hydrated lopinavir from water/ cthanol system using

filtration/ crystallisation method. Similarly, solvated forms of lopinavir [Type 1] are
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10.5

10.6

prepared by precipitating lopinavir from isopropanol — example 6.

Solvents used as well as the processes employed to arrive at various crystalline/
hydrated forms is well known in the art and routine laboratory work used for
producing solvates/ crystalline/hydrate forms of a known substance. There is no
inventive merit in creating crystalline forms/ hydrate forms/ solvates etc., of a known
substance by applying well known crystallisation techniques in general and
crystalline products per se of similar protease inhibitor drugs were weli known in the

prior art.

Apart from the specific discussion above, the Opponent would also like to point out
the following text from various decisions related to crystalline forms/
hydrates/solvates etc. issued by the Patent Office.

For instance, in a case where an amorphous form of a crystalline macrolide was
disclosed in prior art and the applicant sought an Indian patent for its crystalline
forms (including its solvated and hydrated forms), the Patent Office while admitting

novelty for the crystalline forms, rejected the application based on lack of inventive

step. The reasoning from the case is presented below: -'

‘After a careful study of the present specification 1 understood
that the applicant is the first person to identify the crystalline
structures of a known amorphous form of a known
pharmaceutical compound. Being the first person to prepare the
crystalline compound of a known amorphous form does not
fulfill the requirement of inventive step under the Indian Patents
Act. Nowhere in the description of the present application the
object of the invention is mentioned and there no hint is given
with respect to the problem, if any, persisting with the prior art
and the solution offered to solve such problem.
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Therefore it is understood from the description as understood by
me that the applicant has discovered the formation of crystalline
forms as a routine experimentation and the additional properties
or uses associated with such crystalline forms. Hence [ agree
with the opinion given under IPER and with arguments put
forward by the agent for the opponent with respect to the
discovery of the crystalline forms. As admitted by the applicant
the process of preparing the crystals is known and can be
prepared by any conventional manner. And therefore I conclude
that the alleged invention does not involve any inventive step.’

Patent Office decision [1440/MAS/1998]; emphasis supplied.

10.7 In yet another case. where the hydrate form was known and the claims were for a
novel tri-hydrate form, the Patent Office held:

‘... discloses the procedure for preparation of magnesium salt of
S-omeprazole wherein the wet cake formation of magnesium salt
has been referred. From there to arrive to the trihydrate form of
the present invention and then to its pharmaceutical preparation
based on the knowledge and teaching available in the prior art,
appears to me, to be quite obvious to a person skilled in the art.’
Patent Office decision [1344/DEL/1998]; emphasis supplied

10.8 Formation of crystalline pure forms/ solvates/ hydrates from a known substance is a
matter of routine experimentation [refer above discussion] and the Patent Office has
repeatedly upheld this reasoning. Based on the prior art teachings of crystallisation
in general [both solvent and process selection] and the fact that similar protease
inhibitor drugs were crystallised, the Opponent contends that invention of solvates/
hydrates/ crystalline forms of the Application is obvious and does not involve any
inventive merit. The Opponent, based on arguments laid above, asseris that the
complete set of claims in the Application is not inventive, under the Patent Act and

hence liable for rejection in roto.
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11 $.25()(H Not an invention:
rnr 5. 2301 )(7 states:

(f) that the subject of any claim of the complete specification is
Mot an invention within the meaning of this Act, or is not
patentable under this Act;

Chapter Il of the Act is titled ‘Inventions not patentable’ and specifically enumerates
categories of developments that are, by statute, not considered to be patentable
inventions, Claims | through 43 of the Application fall squarely within such
categories and hence are not patentable in India. The relevant section is set forth
below:

“The following inventions are not inventions within the meaning
of this Act, -....

{d) 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 of 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.

Explanation: For the purposes of this clause, salts, esters, ethers,
Polymorphs, metabolites, pure form, particle size, isomers,
mixtures of isomers, complexes, combinations and other
derivatives of known substance shall be considered to be the
same’ {emphasis ours)

11.2 The Application, as noted previously, relates to ‘crystalline forms® and ‘crystal forms
of lopinavir that is substantially pure, by virtue of exclusion of other lopinavir
forms’. The Applicant has acknowledged that lopinavir per se was known from the
‘332 Patent. Hence the invention of Application is nothing but merely multiple pew

forms of & previously known substance or purer forms of a known substance |
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11.3

11.4

should also be noted that the entire Specification does not contain any data regarding
the therapeutic efficacy of any of the ‘new’ crystalline or solvated or non solvated
form(s) of lopinavir; much less any comparative data on enhanced therapeutic
efficacy of ‘crystalline [opinavir’ or lopinavir crystalline/solvates/ hydrates versus its

earlier known form of the 332 patent.

Section 3(d) requires that the new form of a known substance should show
improvement in the therapeutic efficacy [i.e. demonstrate difference in therapeutic
efficacy of the new entity versus known entity], which has not been proven/ clarified

by the Applicant in the present instance.

The Applicant has admitted that Lopinavir and its compositions are already disclosed
in 332 Patent. The present specification goes on to say that the (alleged) invention

in the present invention is a substantially pure crystalline/hydrates/ solvates of

Lopinavir.  This means that the present broad and vague ‘process to make
composition’ claim are only a masked way of getting claims that protect the
underlying polymorphs/ hydrates. Since, Indian law does not allow patenting of
polymorphs, unless enhancement of efficacy is shown against the earlier known form
{which has not been shown in the present Specification), the Applicant has worded
his claims in a round about manner of process/ composition claims to stop others

from using Lopinavir polymorphs/ hydrates in a pharmaceutical composition.

The patent office has consistently held that crystal forms/ hydrates etc. of known
substances are patentable only when they pass the enhanced efficacy criterion. For
instance, the Controller has held:

“.. there has to be an improvement in the therapeutic content or
capacity in a same amount of drug compound of the present
invention vis-a-vis prior art compound.

(the present application) claims only a new form of a already
known compound without any significant enhancement in the
known therapeutic efficacy and therefore the said new form is not
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patentable under section 3(d) of the Patents (Amendment) Act

20057
Patent Office decision [1577/DEL/1996]

In another case, the Controller has noted:

“A mere difference in physical property is a weli known
conventional variation of the same pure substance not showing
any unobvious properties. Therefore the change alleged by the
applicant is in the physical properties and not in the therapeutic
efficacy. | therefore conclude that the instant invention claim
[&2 are not patentable under section 3{(d} of the Patent
{Amendment) Act.”
Patent Office decision [IN/PCT/2002/507/DEL]

Likewise, in yet another case, the Controller has gone on to hold:

“The requirement of section 3(d) is that the new form of a known
substances should show improvement in the therapeutic efficacy,
which has not been proved by the Applicants and they are not
ready to prove the difference in therapeutic efficacy of the
different entities.

Hence, | conclude that the subject matter of this application is not
patentable Under section 3(d) of the Patents Act...”

Patent Office decision [799/CHE/2004)]

The claims have flimsy language pertaining to a process for a composition, but the
real intention is to block all compositions using Lopinavir crystalline/ hydrates/
solvates as the starting material. The end result of the present claims (if granted)
would be the same as the claims of now rejected parent — public would be stopped
from using the various physical forms of lopinavir, which per se, are specifically not
patentable u/s 3(d) as the efficacy requirement for these new forms is not fulfilled in
the present Specification. As can be readily seen, there really is no novel underlying
formulation/ composition or process to make the same. The Applicant has tried to
protect polymorph claims in a process/ composition format, without specifying the
process or the composition aspects! Since the Specification does not disclose
enhanced efficacy of a Lopinavir crystalline / solvates/ hydrates with respect to
earlier known Lopinavir / composition in ‘332 patent nor any advantages of using

this ‘Lopinavir crystalline / solvates/ hydrates over the earlier Lopinavir; the claims
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11.6

12.0
12.1

12.2

are nothing but masked attempt to claim/ block Lopinavir being used as the starting
drug, hence the claims fall short of passing the benchmark laid down by $.3(d).

Additionally, the process comprises only known steps and composition claims are
only for admixture of known substances, since the ‘332 patent already discloses
Lopinavir and same process to make soft gelatin capsules. There is no synergy
shown/ explained in connection with what is the benefit of using Lopinavir
crystalline / solvates/ hydrates as the starting drug versus Lopinavir known in prior

art and hence the present claims do not pass the burden of S. 3(e).

Hence, in absence of data regarding enhanced therapeutic efficacy for any of the
crystalline/ hydrate/ solvate/ non solvate forms of Lopinavir or any showing of
synergy for current ‘composition’, all the claims of the present application are

unpatentable and liable to be rejected in entirety.

S. 25(1(g) Invention not sufficiently and clearly described
S. 25(1)(g) states:

(g) that the complete specification does not sufficiently and
clearly describe the invention or the method by which it is to be
performed;

The Opponent further opposes all the claims on the ground that process and
composition resultant there from is not sufficiently and clearly described in the

Application.

The only example for a composition in the specification is a soft gel capsule
formulation for Lopinavir + Ritonavir (not just Lopinavir). There are no examples/
guidance for making any other types of solid oral dosage forms such as tablets/
capsules/ pellets or other pharmaceutical compositions such as parenterals or topical
compositions etc. The disclosed soft gelatin capsule was already disclosed in the
prior art’332 Patent and there is no discussion of how the present soft gelatin capsule

is inventive/ different from the *332 soft gelatin capsule.
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12.4

As has been noted in the earlier part of the present representation, the claims also are
vague and lack specificity. Since the presently worded process claims cover all
compositions without the Specification sufficiently and clearly describing any other
alternative compositions besides the soft gel capsule, the Opponent asserts that all
the claims are extremely broad and seek a monopoly that is not warranted — all
compositions, when nothing but a soft gelatin capsule is described. The premise of
patent law is that the inventor discloses sufficient and complete scientific knowledge
tor make the invention available to the public at large, in return for a limited time
monopoly, so that the public can utilise the invention, post expiry of the patent. In
the present Specification, the Inventor has not disclosed any data/ guidance/
technical method to make different types of lopinavir compositions, except the lone
soft gel capsule. This point is very important since the same Applicant has a whole
host of patent applications filed across the world on various types of lopinavir and
lopinavir + ritonavir compositions — for instance separate applications for soft gel
capsule, separate applications for tablets etc. In the Mumbai patent office itself
(apart from other patent offices in India), it has the following applications pertaining
to lopinavir and lopinavir + ritonavir compositions [not a comprehensive list]:

a) IN/PCT/2002/01243/MUM

b) 676/MUMNP/2007 [composition]

¢) 677/MUMNP/2007

dy 1638/MUMNP/2007

e) 339/MUMNP/2006 [composition]

f) 726/MUMNP/2009 [composition]

On the other hand, the Applicant’ present claims are unrestricted in scope and seek

to cover all forms of pharmaceutical compositions, not just soft gel capsules.

The Applicant uses terms like “receptacle” or “reactor” in the claims of the present
Specification which are nowhere defined in the Specification, and hence render the

present claims unclear and opaque to a person skilled in the art to practice the
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13.0
13.1

13.2

alleged invention. Additionally, the lack of description/ method to prepare other
lopiﬁavir compositions like tablets, pellets etc. renders the present specification
completely insufficient to enable a person possessing average skills in, and average
knowledge of, the art of formulation development in making any lopinavir
compositions, besides the soft gelatin capsule. Granting a monopoly for such a non-
enabled, but claimed invention (that would cover all types of compositions,
including public domain prior art as well as non-enabled dosage forms), goes against

the very foundation of patent law.

Moreover, Claims 1 through 43 seem to be the same — rather a repetition of the same
concept— with very minor edits in the claim language. Such repetition only creates
further ambiguity. Hence, the Opponent contends that all the present claims are not
patentable in India on the ground of claimed invention not being sufficiently and

clearly described in the specification and hence liable for outright rejection.

S. 25(1)(h) Non intimation of information under 8. 8 fo the Controller:
The Opponent also opposes the present Application, in its entirety, under S.25(1)(h)
pertaining to non-disclosure of information required under S. 8 of the Act. The

section states:
(h) that the applicant has failed to disclose to the Controller the
information required by section 8 or has furnished the
information which in any material particular was false to his
knowledge;

Immediately following are some of corresponding National phase entries for original

PCT parent patent application:

AUS5092001;

BR0109433;

EP1268442;

MXPA02009559;
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13.4

14.0
14.1

US6608198;
US6864369;
Us2007027172 and
ZA200206962

In the above European filing [EP ‘442], the European Patent Office [EPO] rejected

the entire set of claims vide its Examination report. The Applicant then went on to

file an appeal but the appeal too was rejected in entirety, on the ground of subject

matter of claims lacking an inventive step. The Applicant was supposed to respond
within three months to this appeal rejection — which it failed to do. Finally, the EPO
issued a ‘Notice of loss of rights’ on 13/July/2010- indicating that all appeal
proceedings are terminated and that the European Application is ‘deemed
withdrawn’. Later, a confirmation of ‘termination of appeal procedure’ indicating
complete ‘withdrawal’ was dispatched on 02/F'eb/2011. A copy of the EPO Notice is
attached as (Exhibit 3). This means that the Applicant has abandoned the European
Application, based on the EPO’ Appeal rejection.

The Opponent believes that above details for National phase entries as well as the

critical EPO appeal rejection and its complete abandonment were not submitted by

the Applicant to the patent office. This is, by itself, an independent ground for
rejecting the present application in its entirety, and such action is respectfully

requested by the Opponent.

The Opponents’ arguments are based on the Specification and claims as originally
filed. The Opponent prays that based on the above arguments and the evidence

attached in Exhibits 1 to 3; the claims of present Application [894/MUMNP/2007]

are liable to be rejected in entirety.

Additional submissions:

The Opponent also would like to emphasize the fact that the present divisional
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15

application is not a valid divisional filing, under the scheme of the Patents Act, 1970.
As can be seen from the file history of the parent ‘1243, the Examiner never issued a
‘multiplicity of invention’ rejection. Without this rejection, the very basis for filing
the present divisional is lost. While the Applicant may argue that the present
divisional is different in scope than the rejected parent (1243), we submit that this is
mere hog wash! The ‘1243 Application was also focused on protecting the various
‘forms’ of Lopinavir — hydrates/ solvates etc. The present divisional (‘894), while
using a round about language of ‘process to make composition’ is actually a masked
attempt at protecting the very same ‘forms’ of Lopinavir. By comparing the present
Application’ claims — in practical terms- to that of originally filed claims of the
parent application, it is seen that the Applicant is trying to keep the rejected claims of

the parent Application alive by filing this divisional application.

Any situation where the divisional application contains substantially the same claims
(which is the case here) as the parent application may be considered an abuse of the
patent application process by the applicant for the sole purpose of resurrecting claims
lapsed / rejected in an earlier patent, or for allowing substantially similar claims to
remain pending, indefinitely, with the Patent Office. Therefore, it is clear, that in the
present situation, the Applicant has merely filed the present divisional application
not as a way to divide the subject matter of the parent application, but to keep the
similar claims and trying to cover the objected claims of the parent application filed
at the Patent Office. Hence, the present application is in complete contravention of

Sec 16 of Indian Patent Act and liable to be rejected, as such.

PRAYERS:

The Opponent now prays for the following:
e That the Controller take the present Opposition on record;
e Reject the claims of the present application, in toto;

e Leave to file further evidence and additional grounds, if necessary;

Page 36 of 37

1.0 MAR 201



¢ Revert with arguments, additional evidence and additional grounds,
should the Applicant choose to amend the claims;
¢ Grant of hearing to the Opponent; and

e Grant such additional relief as the Controller may deem fit.

15.1 Qur address for service in connection with these proceedings is:-

Sandeep K. Rathod,

Matrix Laboratories Limited
Formulations R & D,

Plot No. 34A, ANRICH Industrial Estate,
Bollaram, Jinnaram (Mandal),

District: Medak, Andhra Pradesh,

India  PIN: 502 325

Email: Sandeep.Rathod@Matrixlabsindia.com

Dated this O§" day of March, 2011

For Matrix Laboratories Limited

[ Sartd . Rathod,
Assocral€ Vice President- IP Counsel

To:

The Controller of Patents
The Patent Oftice,
Mumbai
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[57] ABSTRACT

A compound of the formula:
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is disclosed as an HIV protease inhibitor. Methods and
compositions for inhibiting an HIV infection are also dis-
closed.
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1

RETROVIRAL PROTEASE INHIBITING
COMPOUNDS

This is a continuation-in-part of U.S. patent application
Ser. No. 08/572,226, filed Dec. 13, 1995, now abandoned.

TECHNICAL FIELD

The present invention relates to novel compounds and a
composition and method for inhibiting retroviral proteases
and in particular for inhibiting human immunodeficiency
virus (HIV) protease, a composition and method for inhib-
iting a retroviral infection and in particular an HIV infection,
processes for making the compounds and synthetic interme-
diatcs employed in the processes.

BACKGROUND OF THE INVENTION

Retroviruses are those viruses which utilize a ribonucleic
acid (RNA) intermediate and a RNA-dependent deoxyribo-
nucleic acid (DNA) polymerase, reverse transcriptase, dur-
ing their life cycle. Retroviruses include, but are not limited
1o, the RNA viruses of the Retroviridae family, and alsc the
DNA viruses of the Hepadnavirus and Caulimovirus fami-
lies. Retroviruses cause & variety of disease states in man,
Animals.and nlants Same of the more imnndant retrovinises
from a pathological standpoint include buman immunode-
ficiency viruses (HIV-1 and HIV-2), which cause acquired
immune deficiency syndrome (AIDS) in man, human T-cell
lymphotrophic viruses 1, II, IV and V, which cause human
acute cell leukemia, and bovine and feline leukemia viruses
which cause leukemia in domestic animals.

Proteases are enzymes which cleave proteins at specific
peptide bonds. Many biological functions are controiled or
mediated by proteases and their complementary proteasc
inhibitors. For example, the protease remin cleaves the
peptide angiotensinogen to produce the peplide angiotensio
1. Angiotensin 1 is further cleaved by the protease angio-
tensin converting enzyme (ACE) to form the hypotensive

peptide angiotensin II. Iphibitors of renin and ACE are

known to reduce high blood pressure in vivo. An inhibitor of
a retroviral protease will provide a therapeutic agent for
diseases caused by the retrovirus.

The genomes of retroviruses encode a protease that is
responsible for the proteclytic processing of one or more
polyprotein precursors such as the pol and gag gene prod-
ucts. Scec Wellink, Arch. Virol. 981 (1988). Retroviral pro-
teases most commonly process the gag precurser into core
proteins, and also process the pol precursor into reverse
transciptase and retroviral protease. In addition, retroviral
proteases are sequence specific. See Pearl, Nature 328 482
(1987).

The correct processing of the precursor polyproteins by
the retroviral protease is necessary for the assembly of
infectious virions. It has been shown that in vitro mutagen-
esis that produces protease-defective virus leads 10 the
production of immature core forms which lack infectivity.
See Crawford, J. Virol. 53 899 (1985); Katoh, et al., Virol-
ogy 145 280 (1985). Therefore, retroviral protease inhibition
provides an attractive target for antiviral therapy. See
Mitsuya, Nature 325 775 (1987).

Current treatments for viral diseases usually involve
administration of compounds that inhibit viral DNA synthe-
sis. Current treatments for AIDS involve administration of
compounds such as 3'-azido-3'-deoxythymidine (AZT),
2" 3'-dideoxycytidine (DDC), 2',3-dideoxyinosine (DDI),
d4T and 3TC and compounds which treat the opportunistic
infections caused by the immunosuppression resulting from
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HIV infectjon, None of the current AIDS treatments have
proven 10 be totally effective in treating and/or reversing the
disease. I addition, many of the compounds currently used
o treal AIDS cause adverse side effects including low
platelet coypy, renal toxicity and bone marrow cytopenia.

Recently (he HIV protease inhibitors ritonavir, saquinavir
and indimayir have been approved in the U'S. for treatment
of HIV infections. However, there is a continuing need for
improved HIV protease inhibitors.

DISCLOSURE OF THE INVENTION

In accardance with the present invention, there is a
compound of the formula

o) R, Rj [
H
R
RN )L . N
. Ly % Rs
OH R; o

wherein R, and R, arc independently sclected from the
group congjsting of loweralkyl, cycloalkylalikyl and aryla-

R, is lD‘weralk_vl, hydroxyalkyl or cycloalkylaikyl;
R, is ary] or heterocyclic;
R; is

a)

b)

)

&4
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3
-continued
U]
x
~ Z 5
N
L 3
(CHo)w
D a0
X
~ )L
N Y
L4 .
(CH2)
&
X
/u\ 2
~
N T=R6
e
W 25
o
\N N=Rq
I\)\ or 30
OH
0
o 35
~ /u\
N N=R¢
HO/I\/,
40
whereinnis 1,2 or3, mis 1,203, m'sslor2, Xis O,
S or NH, Y is —CH,—, —0—, —S— or —N{R)—
wherein R, is hydrogen, loweralkyl, cycloalkyl,
cvcloalkylalkyl, aryl or arylalkyl, Y" is —CH,— or 45
—N(R4.)— wherein R,. is hydrogen, loweralkyl,
cycloalkyl, cycloalkylalkyl, aryl or arylalkyl, Y' is
—N(R,}— wherein R, is hydrogen, loweralkyl, cycloalkyl,
cycloalkylalkyl, aryl or arylalkyl, and Z is O, § or NH;
and 50
L,is
a) —0—,
b) —S—,
¢} —N(R,}— wherein R, is hydrogen, loweralkyl,
cycloalkyl or cycloalkyialkyl, 55
d) —O-alkylenyl-,
e) —S-alkylenyl-
f) —S(0)-alkylenyl-,

£) —S(0),-alkylenyl.,
h) —N(R,)-alkylenyl- wherein R, is defined as above,
i) -alkylenyl-O—,
7) -alkylenyl-5—,
k) alkylenyl-N{R)— wherein R, is defined as above,

60

) alkylenyl or
m) alkenylenyl;
or a pharmaceutically acceplable salt, ester or prodng
thereof.
Preferred compounds are compounds of the formula 1
wherein R, and R, are arylalkyl, R, is loweralkyl, R, is aryl,
R is

a)

X

NP

N\ Y
(an)n_/ ,

b)

a4

&

wherein X, Y, Y, Y", Z, R4, 0, m and m' ar¢ defined as
above and L, is —O-alkylenyl.

More preferred compounds are compounds of the formula
I wherein R, and R, are benzyl or R, is benzyl and R, is
loweralkyl, R, is loweralkyl, R, is (a) phenyl which is
substituted with two loweralkyl groups and which is option-
ally substituted with a third substituent sclected from the
group consisting of loweralkyl, hydroxy, amino and halo or
(b) pyridyl or pyrimidinyl either of which is substiiuted with
two Joweralkyl groups znd which is optionally substituted
with a third substituent selected from the group consisting of
loweralkyl, hydroxy, amino and halo, Ry is
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X
NN
\

(CHz). —/

whereinnis 1 or 2, Xis O or S and Y is —CH, or —NH—,
b)

b4
NN
N

Y
/

)— (CH)yy

z

whereinmis lor2, Xis Q, Yis —CH.— and Z is O,
<)
X
.
™2

wherein m'is 1, X is O, Zis Q and Y is —~-NH—,

d)

whereinm'is 1, Xis 0, Y"is —NH— and Y' is —NH—or

©

wherein X is O and R,. is hydrogen
and

L, is —O-—CH.—.

Even more preferred compounds are compounds of the
formuta I wherein R, and R are benzyl or R, is benzyl and
R, is isopropyl, R, is loweralkyl, R, is 2,6-dimethylphenyl
which is optionally substituted with a third substituent
selected from the group consisting of loweralkyl and halo,
Ry is
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2)
x

A

\
(CHz)n—/
whereinnis 1or2, Xis O or S and Y is —CH, or —NH—,
b

X
\N

Y
/

)— (CHp),

Z

whereinmislor2, Xis O, Y is —CH_— and Z is O,

<}
x
< A
L
(CH)w 2

wherecin m'is 1, X is O, Z is O and Y is —NH—,

d)

whereinm'is 1, X1s 0, Y" is —=NH—and Y' is —NH—or

<}

wherein X is O and R, is hydrogen

and

L, is —O—CH_—.

Most preferred compounds are compounds of the formula
I wherein R, and R, are benzyl or R, is benzyl and R. is
isopropyl, R, is lowcralkyl, R, is 2,6-dimethylphenyl which
is optionally substituted with a third substituent selected
from the group consisting of loweralkyl and hale, R, is
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a)
)}L
~ N\ v
(CHz)nJ
whereinnis1or2,XisOQorSand Y is —CH, or —NH—,
b)
X
~ NL/[I\ v
(CH)m Z
whereinm'is 1, Xis O, Zis O and Y is —NH—,
)

A,
L1

-
(CH2 )

whereinm'is 1, X is O, Y™ is —NH—and Y' is —NH—or

X

N=— R

gt
P

wherein X is O and R, is bydrogen
and

L, is —O0—CH.—.

Most highly preferred compounds are compounds of the
formula I wherein R, and R are benzyl or R, is benzyl and
R, is isopropyl, R; is loweralkyl, R, is 2,6-dimethylphenyl
which is optionally substituted with a third substituent
selected from the group consisting of loweralkyl and halo,

R, is
A

N
\

(o),

Y

whereinnis lor 2, X is Qor S and Y is —CH, or —NH—
and

L, is —0—CH.—.

Examples of highly and most highly preferred compounds
of the formula [ are selected from the group consisting of:
(25,38,58)-2-(2,6-dimethylphenoxyacetyl)amino-3-

bydroxy-5-[28-(1-1etrahydro-pyrimid-2-onyl)-3-methyl

butanoyl]amino-1,6-diphenylhexane;
(25,38,58)-2-(2,6-Dimethylphenoxyacely)amino-3-

hydroxy-5-(25-(1-imidazolidin-2-onyl)-3,3-dimethyl

butanoyl)amino-1,6-diphenylhexane;
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8
(25,38,58)-2-(2,6-dimethylphenoxyacetyl)amino-3-
hydroxy-5-(28-(1-imidazolidin-2-thionyl)-3-methyl
butanoyljamino- 1,6-diphenylhexane;
(28,35,58)-2-(2,4,6-trimethylphenoxyacetyl)amino-3-
bydroxy-5-(28-(1-imidazolidin-2-onyl}-3-
methylbutanoyl)amino-1,6-diphenylhcxane;
(2S,35,58)-2-(4-fluoro-2,6-dimethylphenoxyacetyl)amino-
3-bydroxy-5-(2S-(1-imidazolidin-2-onyl)-3-methyl-
butanoyl)amino-1,6-diphenylhexane;
(28,38,58)-2-(2,6-dimethylphenoxyacetyl)amino-3-
hydroxy-52S<{1-pyrrolidin-2-onyl}-3-methyl-butanoyl)
amino-1,6-diphenylhexane;
(285,38,55)-2-(2,6-dimethylphenoxyacetyl)amino-3-
bydroxy-5-(25-(1-pyrrolidin-2,5-dionyl)-3-methyl-
butanoyl)amine-1,6-diphenylhexane;
{28,38,58)-2-(trans-3-(2,6-dimethylphenyl)propenoyl)
amino-3-hydroxy-5-(25-1-tetrabydropyrimidie-2-onyl)-
3-methyl-butanoyl)amino-1,6-diphenylhexane;
(25,35,58)-2-(3-(2,6-dimethylphenyl)propanoyl)amino-3-
hydroxy-5-(28-(1-tetrahydropyrimidin-2-onyl)-3-methyl-
butanoyl)amino-1,6-diphenylhexane;
(25,38,58)-2-(2,6-Dimecthylphenoxyacetyl)amino-3-
hydroxy-5-(28-(1-tetrahydro-pyrimid-2,4-dionyl)-3-
methylbutanoylyamino-1,6-diphenylhexane;
(28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-(28-(4-aza-1-tetrabydro-pyrimid-2-onyl)-3-
meihyl-butanoyl)amino-1,6-dipbenylhexane;
(28,38,558)-2-(2,6-Dimethylphenox yacetyl}amino-3-
bydroxy-5-(2S-(1-tetrahydro-pyrimid-2-onyl)-3-
methylbutanoyl)amino-1-phenyl-6-methylheptane;
(28,35,58)-2-(2,6-Dimcthylphenox yacetyl)amino-3-
hydroxy-5-(2S-(1-tetrahydro-pyrimid-2,4-dionyl)-3-
methylbutanoyl)amino-1-phenyl-6-methylheptane; and
(28,35,58)-2-(2,6-DimethylphenoxyacetylJamino-3-
bydroxy-5-(28-{4-aza-4,5-dehydro-1-pyrimid-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane;
or a pharmaceutically acceptable salt, ester or prodrug
thereof.

The most highly preferred compound of the formula [ is
(25,35,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-[28-(1-tetrabydro-pyrimid-2-onyl)-3-methyl
bulanoyl)amino-1,6-diphenylhexane;
or a phammaceutically acceptable sall, ester or prodrug
thereof.

In some circumstances 1t is preferred to be able to prepare
(28,38,58)-2-(2,6-DimethylplenoxyacetylJamino-3-
hydroxy-5-[2S-(1-tetrahydro-pyrimid-2-onyl}-3-methyl
butanoyl]amino-1,6-diphenylhexane (or a pharmaceutically
acceptable salt, ester or prodrug thercof) as an amorphous
solid. Such an amorphous solid can be prepared by dissolv-
ing (28,38,58)-2-(2,6-Dimethylphenoxyaceiyljamino-3-
hydroxy-5-{2S-(1-tetrahydro-pyrimid-2-onyl)-3-methyl
butanoyl]amino-1,6-diphenylhexane in an organic solvent
(for example, ethanol, isopropanol, acetone, acetonitrile and
the like) and then adding the solution to water. Preferably,
(2S,38,58)-2-(2,6-Dimcthylphenoxyacetyl)amino-3-
hydroxy-5-[28-(1-tetrahydro-pyrimid-2-onyl)-3-methyl
butanoyl]amino-1,6-diphenylhexane is dissolved in ethanol
(from about 2 to about 4 mL/g) and the ethanolic solution is
added with stirring 1o water (from about 10 about 100 mL/g)
to provide amorphous (28,38,58)-2-(2,6-
Dimethylphenoxyacetyl)amino-3-hydroxy-5-[258-(1-
tetrahydro-pyrimid-2-onyl}-3-methyl butanoyl]amino-1,6-
diphenylhexane.

Anolher embodiment of the present invention comprises
an HIV protease inhibiting compound comprising a sub-
stituent of the formula II:
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wherein R, is loweralkyl, hydroxyalkyl or cycloalkylalkyl;

and

R; is

X

~ A

h{ Y
cha,

»

—

135

8)

b 25

3s

d)

45

50
€)

55
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-continued
8

X
\NJ\T=R6-
l\/N .
b)
o]
~ )k
N N=R,
K)\ or
OH

i

whereinnis 1,2o0r3, mis 1,2or 3, mis1or2, Xis O,
Sor NH,Yis —CH,— —0—, —5— or —N({Ry)—
wherein R, is hydrogen, loweralkyl, cycloalkyl,
cycloalkylalkyl,
aryl or arylalkyl, Y" is —CH,— or —N(R4-}— wherein R,-
is hydrogen, loweralkyl, cycloalkyl, cycloalkylalkyl, aryl or
arylalkyl, Y' is —N(R,}— wherein R,. is hydrogen,
loweralkyl, cycloalkyl, cycloalkylalkyl, aryl or arylalkyl,
and Z is O, S or NH.

Preferred compounds are HIV protease tnhibiting com-
pounds comprising a substituent of the formula II wherein
R, is loweralkyl and R; is

2)

b)

<}
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-continued
d)

e}

wherein X, Y, Y', Y", Z, R;., n, m and m' are defined as
above.
More preferred compounds are HIV protease inhibiting

compounds comprising a substituent of the formula II
wherein R, is loweralkyl and R, is
%)
X
\N\)k'i
(CH)
whereinnislor2, XisOor S and Y is —CH, or —NH—,
b)

X
<A
N

Y
/

)v~ (CH)e

z

whercinmis1or 2, Xis 0, Yis —CH,—and Z is O,

<)

d)

Lh
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wherein m'is 1, X is 0, Y" is —NH— and Y" is —NH— or

&)

wherein X is O and R is bydrogen.

Even more preferred compounds are HIV protease inhib-
iting compounds comprising a substituent of the formula 11
wherein R, is isopropyl and R, is

X
<A,
i

(CHy), J

)

whereinnis 1 or2, Xis O or § and Y is —CH, or —NH—,

b
™~ bvd

i

z

whereinmis 1or2, Xi1s0,Y is —CH,— and Z is O,

N
(e

Ctaey “Z

<)

whereinm'1s 1, X is O, Z is O and Y is —NH—,

Lt

e}

wherein X is O and Rg- is hydrogen.
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Most preferred compounds are HIV protease inhibiting
compounds comprising a substituent of the formula II
wherein R, is isopropyl and R, is

X
~ )I\
N Y
\

(CHan—/

a}

whercinnis Lor 2, Xis QO or § and Y is —CH, or —NH—,

b)
\N/H\
L(Cﬂﬁwk
wherein m'is 1, X 1s O, Zis O and Y is —NH—,
Q)

X
~ .
L]
(CHa)

whereinm’is 1, X is O, Y" is —NH— and Y" is —NH— or

4

\N/LH,,
@

wherein X is O and R,. is hydrogen.

Most highty preferred compounds are HIV protease inhib-
iting compounds comprising a substituent of the formula 11
wherein R, is 1sopropyl and R; is

A
\ .

(CHz).—/

whereinnislor 2, XisQor § and Y is —CH, or —NH—.
Examples of such HIV protease inhibiting compounds
include:
cis-N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-
(28-(1-tetrahydropyrimid-2-onyl}-3-methylbutanoy])
aminobutyl}-(4aS,8aS)-isoquinoline-3(S)-carboxamide;
cis-N-tert-butyl-<decabydro-2{2(R)-hydroxy-4-thiophenyl-3
(S)-(2S-(1-tetrahydropyrimid-2-onyl)-3-methylbutanoyl)
aminobutyl]-(4a8,8aS)-isoguinoline-3(8)-carboxamide;
and
4-Amino-N-((2syn,3S8)-2-hydroxy-4-phenyl-3-(25-(1-
tetrahydropyrimid-2-onyl)-3-methylbutanoylamino)-
butyl)-N-isobutyl-benzenesulfonamide; and the like;
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or phamapentically acceptable salis thereof

Such HIV prolease inhibiting compounds comprising a
substitucnt ©f the formula II can be prepared by coupling a
suitable intermediate or precursor having an amino group
(—NH, or —NHR* wherein R* is loweralkyl), a hydroxyl
group (—(OH)} or a thiol group (—SH) 10 the compound of
the formula III or a salt or an activated ester derivative

thereof:

HO— Rs

m

wherein Ry is loweralkyl, hydroxyalkyl or cycloalkylalkyl,

and

R;1s

IR

a}

b)

d)

°)
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h)

or

whereinnis1,2or3, mis1,2or3, mistor2 Xis O,
S or NH, ¥ is —CH,—, —O0—, —8— or —N(R)—
wherein R, is hydrogen, loweralkyl, cycloalkyl,
cycloalkylalkyl, aryl or arylalkyl, Y" is —CH,— or
—N(R4-)— wherein Ry. is hydrogen, loweralkyl,
cycloalkyl, cycloalkylalkyl, aryl or arylalkyl, Y' is
—N(R, }— wherein R, is hydrogen, loweralkyl, cycloalkyt,
cycloalkylalkyl, aryl or arylalkyl, and Z is O, S or NH.

Preferred compounds are compounds of the formula IT1 or
an activated ester derivative thereof wherein R, is lower-

alkyl and R is

N

cc}i;),,

A
_/,

b JoN

a)

b)
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A
L&

-continued

g

(CH)w 4
)
\h/lT
A
(CH z)g ar
€)

wherein X, Y, Y', Y, Z, R, n, m and m' are defined as

above.

More preferred compounds arc compounds of the formula
1l or an activated ester derivative thereof wherein R, is
loweralkyl and R, is

a}

~

(CLz‘h._/

whereinnisior2, Xis QO or S aed Y is —CH, or —NH—,

b)

A

(CHa)o

whereinmis 1or2, X180,Y is —CH.— and Z is O,

<)

T‘i

(CHo)w 2
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wherein m'is 1, X is O, Zis O and Y is —NH—,

1

\ N
L YI
(CHYY:

d)

whercit m' 15 1, X is O, Y" is —NH— and Y' is —NII— or

)

wherein X is O and R,- is hydrogen.

Even more preferred compounds are compounds of the
formula III or an activated ester derivative thereof whereia
R, is isopropyl and Ry is

A
\

(CHalg

a)

whereinnis Ior2, XisOorS and Y is —CH, or —NH—,

b)

DER

whereinmis1or2,Xis 0, Y is —Cl,— and Z is O,

%)
P
P
wherein m'is 1, X is O, Z is O and Y is —NH—,
)

ey
{CHg)oy

18
whereinm'is 1, Xis O,Y" is —NH—and Y' is —NH—or

e}

th

\h

A
@

0
wherein X is O and R, is hydrogen.
Most preferred compounds are compounds of the formula
IIl or an activated ester derivative thereof wherein R, is

isopropyl and R 1s
~ i

20 N Y
o)

a)

whercinnis1or2, Xis O or S ard Y is —CI, or —NH—,

25
b)
\A/H\
: X
CHlw “Z
35 wherein m' is 1, X is 0, Zis O and Y 1s —NH—,
<)
4 \r\/ﬂ\‘f
L A

45 whereinm'is 1, Xis O, Y" is —NH— and Y" is —NH—or

d)

50

55 wherein X is O and R,. is hydrogen.
Mos! highly preferred compounds are compounds of the
formula II or an activated ester derivative thereof wherein
R, is isopropyl and R, is

PN

N Y

a0

(C\Hz)- '/
65

whereinnis lor2, Xis Q or S and Y is —CH, or —NH—.



5,914,332

19

The compounds of the invention can comprise asymmetri-
cally substituted carbon atoms. As a result, all stereoisomers
of the compounds of the invention are meant to be included
in the invention, including racemic mixtures, mixtures of
diastereomers, as well as single diasiercomers of the com-
pounds of the invention.

The terms “S” and “R” configuration are as defined by the
TUPAC 1974 Recommendations for Section E, Fundamental
Stereochemistry, Pure Appl. Chem. (1976) 45, 13-30.

The term “N-protecting group™ or “N-protected” as used
herein refers to those groups intended to protect the
N-terminus of an amino acid or peptide or to protect an
amino group agaiost undersirable reactions during synthetic
procedures. Commonly used N-protecting groups are dis-
closed in Greene and Wuts, “Protective Groups [n Organic
Synthesis,” (John Wiley & Sons, New Yoik (1991)), which
is hereby incorporated by reference. N-protecting groups
comprise acyl groups such as formyl, acetyl, propicnyl,
pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl,
trifluoroacetyl, trichloroacetyl, phthalyl,
o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl,
4-chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl, and the
tike; sulfonyl groups such as benzenesulfonyl,
p-toluenesulfonyl and the like; carbamate forming groups
such as benzyloxycarbonyl, p-chlorebenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, p-pitrobenzyloxycarbooyl,
2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-
dimethoxybenzyloxycarbonyl, 3,5-

dimethoxybenzyloxycarbonyl, 2,4-
dimethoxybenzyloxycarbonyl,

4-methoxybenzyloxycarbonyl, 2-nitro-4,5-
dimethoxybenzyloxycarbonyl, 3,4,5-

trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-
methylethoxycarbonyl, a,a-dimethyl-3,5-
dimethoxybenzyloxycarbonyl, henzhydryloxycarbonyl,
t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isoprapyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl,
allyloxycarbonyl, 2,2,2 -trichlerocthoxycarbonyl,
phenoxycarbonyl, 4-pitrophenoxycarbonyl, fiuorenyl-9-
methoxycarboayl, cyclopentyloxycarbonyl,
adamantyloxycarbonyl, cyclohexyloxyecarbonyl, phenylih-
iocarbonyl and the like; alkyl groups such as benzyl,
triphenylmethyl, benzyloxymethyl and the like; and silyl
groups such as trimethylsilyl and the like. Preferred
N-protecting groups are formyl, acetyl, benzoyl, pivaloyl,
t-butylacetyl, phenylsuifonyl, benzyl, t-butyloxycarbonyl
{Boc) and benzyloxycarbonyl (Cbz).

The term “activated ester derivative” as vsed herein refers
to acid hahdes such as acid chlorides, and activated esters
including, but not limited to, formic and acetic acid derived
anbydrides, anhydrides derived from alkoxycarbonyl
halides such as isobutyloxycarbonylchloride and the like,
N-bydroxysuccinimide derived eslers,
N-bhydroxyphthalimide derived eslers,
N-hydroxybenzotriazole derived esters, N-hydroxy-5-
norbornenc-2,3-dicarboxamide derived esters, 2,4,5-
trichlorophenol derived esiers, thiophenol derived esters,
propylphosphonic acid derived anhydrides and the like.

The term “alkanoyl” as used herein refers to R,,C(0)—
wherein R, is 2 loweralkyl group.

The term “alkenylenyl” as used herein refers to a divalent
group derived from a straight or branched chain hydrocar-
bon containing from 2 1o 10 carbon atoms and also contain-
ing at least one carbon-carbon double bood. Examples of
alkenylene include —CH=CH—, —CH,CH=CH—,
—{{CH y}=CH—, —CH,CH=CHCH,—, and the like.

The terms “alkoxy” and “thioalkoxy” as used herein refer
to R,;0— and R,;5—, respectively, wherein R,; is a
Joweralkyl group.
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The term “alkoxyalkoxy” as used herein refers to R,,0—
R,;0— wherein R, is loweralkyl as defined above and R,
is an alkylenyl group. Represcntative examples of alkoxy-
alkoxy groups include methoxymethoxy, ethoxymethoxy,
t-butoxymethoxy and the like.

The term “alkoxyalkyl” as used herein refers 10 an alkoxy
group appended ko a loweralky] radical.

The term “alkoxycarbonyl™ as used berein refers to R, C
(0)— wherein R, is an alkoxy group.

The term “alkylaminc” as used herein refers to —NHR, 4
wherein R, is a loweralkyl group.

The term “alkylaminocarbonyl” as used herein refers to
R, C(0)y— wherein Ry, is an alkylamine group.

The term “alkylenyl” as used herein refers to a divalent
group derived from a straight or branched chain saturated
hvdrocarbon having from 1 to 10 carbon atoms by the
removal of iwo hydrogen atoms, for example methylene
(—CH,—), 1,2-ethylene (—CH,CH,-—), 1,1-ethylene
=CH—CH,, 1,3-propylene (—CH,CH.CH.—), 2,2-
dimethylpropylene (—CH,C(CH;),CH,—), and the like.

The term “aminocarbonyl” as used herein refers to
—C(O)NH,.

The term “aryl” as used herein refers to a mono- or
bicyclic carbocyclic riug system comprising 6 to 12 carbon
atoms and having one or two aromatic rings including, but
not limited 10, phenyl, naphihyl, tetrahydronaphthyl,
indanyl, indenyl and the like. Aryl groups can be unsubsti-
tuted or substituted with one, two or three substituents
independently selected from loweralkyl, halo, baloalkyl,
haloalkoxy, alkoxy, alkoxvcarbonyl, thioalkoxy, amino,
alkylamino, dialkylamino, aminocarbonyl, mercapto, nitro,
carboxaldehyde, carboxy and hydroxy.

The term “arylalkyl” as used herein refers to an aryl group
as previously defined, appended to a loweralkyl radical, for
example, benzyl and the like.

The term “cycloalkyl” as used herein refers to an aliphatic
ring system having 3 to 8 carbon atoms including, but not
Limited to, cyclopropyl, cyclopentyl, cyclohexyl, and the
like.

The term “cycloalkylalkyl” as used herein refers to a
cycloalkyl group appended to 2 Joweralkyl radical, including
but not limited to cyclobexylmetbyl.

The term “dialkylamino™ as used herein refers to
—NR, R, wherein R, ; and R, ; are independently selected
from loweralkyl groups.

The term “dialkylaminocarbonyl” as used herein refers (o
R,,C(0)— wherein R,, is a dialkylamino group.

The term “halo” or “halogen™ as used herein refers to
—Cl, —Br,  or —T.

The term “haloalkoxy”™ as used herein refers to R;,0—
wherein R 4 is a haloalkyl group.

The term “haloalkyl” as used herein refers to a loweralkyl
group in which one or more hydrogen atoms are replaced by
halogen, for example, chloromethyl, chloroethyl, trifluo-
romethyl and the like.

The term “heterocyclic ring” or “heterocyclic” or “het-
erocycle” as used herein refers to any 3- or 4-membered ring
containing a heteroatom selected from oxygen, nitrogen and
sulfur; or a 5-, 6- or 7-membered ring conlaining one, two
or three heteroatoms independenily selecied from the group
consisting of nitrogen, oxygen and sulfur or a S-membered
ring containing 4 nitrogen atoms; and includes a 5-, 6- or
7-membered ring containing one, two or three¢ nitrogen
aloms; one oxygen atom; one sulfur alom; one nitrogen and
one sulfur atom; one nitrogen and one oxygen atom; iwo
oxygen atoms in non-adjacent positions; one oxygen and
one sulfur alom in non-adjacent positivns; iwo sulfur atoms
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in non-adjacent positions; two sulfur atoms in adjacent
positions and one nitrogen atom; two adjacent nitrogen
atoms and one sulfur atom; two non-adjacent nitrogen atoms
and one sulfur atom; two non-adjacent nitrogen atoms and
one oxygen atom. The 5-membered ring has 0-2 double
bonds and the 6- and 7-membered rings have 0-3 double
bonds. The nitrogen heteroatoms can be optionally quater-
nized. The term “heterocyclic” also includes bicyclic groups
in which any of the above heterocyclic rings is fused to a
benzene ring or a cyclohexane ring or another heterocyclic
ring (for example, indolyl, quinolyl, isoquinoclyl,
tetrahydroquinolyl, benzofuryl, bistetrahydorfuranyl or ben-
zothienyl and the like). Heterocyclics include: azetidinyl,
pymolyl, pyrrolinyl, pymolidinyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl,
pyridyl, piperidinyl, homopiperidinyl, pyrazinyl,
piperazinyl, pyrimidioyl, pyridazinyl, oxazolyl,
oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholiny],
thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl,
indolyl, quinolinyl, iscquinolinyl, benzimidazolyl,
benzothiazolyl, benzoxazolyl, furyl, thienyl,
tetrahydrofuranyl, tetrahydrothienyl, thiazolidinyl,
isothiazolyl, triazolyl, tetrazolyl, isoxazolyl, oxadiazolyl,
thiadiazolyl, pyrrotyl, pyrimidyl and benzothienyl. Hetero-
cyclics also include compounds of the formula

AN
| v

P

N

wherein X* is —CH,—, —NH— or —O0—, Y* is
—(0)— or [C(R™,—], wherein R" is hydrogen or
C,—C,-alkyland vis 1, 2 or 3 and Z* is —O0— of —NH--;
such as 1,3-benzodioxolyl, 1,4-benzodioxany] and the like.

Heterocyclics can be unsubstituted or substituted with
one, two, three or four substituents independently selected
from the group comsisting of hydroxy, halo, oxo (=0),
alkylimino {R*N== wherecin R* is a loweralkyl group),
amino, alkylamino, dialkylamino, alkoxy, alkoxyalkoxy,
haloalkyl, cycloalkyl, aryl, arylalkyl, —COOH, —SO,H
and loweralkyl. In addition, nitrogen containing hetero-
cycles can be N-protected.

The term “bydroxyalkyl” as used berein refers 1o a
loweralkyl radical to which is appended an hydroxy group.

The term “loweralkyl” as uscd hercin refers to a straight
or branched chain alkyl radical containing from 1 to 6
carbon atoms including, but not limited to, methyl, ethyl,
n-propyl, iso-prapyl, n-butyl, iso-butyl, sec-butyl, t-butyl,
n-pentyl, 1-methylbuiyl, 2,2-dimethylbutyl, 2-methylpentyl,
2,2.dimethylpropyl, n-hexyl and the like.

The term *“thioalkoxyalkyl” as used herein refers 1o a
thioalkoxy group appended Lo a loweralkyl radical.

The compound of the invention of formula I can be
prepared as shown in Schemes I-TV. As cutlined in Scheme
I, intermediates 1 and 2 (wherein P, is an N-protecting
group, for example, t-butyloxycarbonyl) can be coupled
using standard peptide coupling reagents and methods, for
example, reaction of 1 and 2 in the presence of
i-hydroxybenzotriazole and a diimide such as dicyclohexy-
lcarbodiimide (DCC} or N-ethyl-N'-dimethylaminepropyl
carbodiimide (EDAC) and the like to give 3. Alternatively,
a salt or an activated esler derivative of inlermediate 1 (for
example, the acid chloride, prepared by reaction of the
carbaxylic acid with thionyl chloride) can be rezcted with
intermediate 2.
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Compound 3 czn be N-deprotected to give compound 4.
N-deprotection of 3 wherein P, (especially wherein P, is
t-butyloxycarbonyl) is an acid 1abile N-protecting group can
lead to formation of impurities resulting from migration of
the acyl group R,—L,—C(0}~ from the amino group to
the hydroxyl group. The formation of this impurity can be
minimized or eliminated by performing the deprotection
using (1) trifluorcacetic zcid in methylene chloride or (2)
concentrated hydrochloric acid (from about 2 molar equiva-
lents to about 6 molar equivalents, preferably, from about 2
molar equivalents to about 4 molar equivalents) in acelic
acid at about room temperature. A preferred N-deprotection
method comprises reacting compound 3 (wherein P, is
t-butyloxycarbonyl) with concentralied hydrochloric acid
(from about 10 to about 20 molar equivalents) in acetonitrile
(from about 2 to about 10 liters/kilogram of compound 3) at
a temperature of from about 0° C. 10 about 5° C. Compound
5 or an activated ester derivative thereof can then be coupled
to compound 4 to give the compound of the formula I (iec.,
6).

An alternative process is shown in Scheme [IA. Com-
pound 7 (wherein P, is an N-protecting group, for cxample,
benzyloxycarbonyl) can be coupled to compound 5, or a salt
or an activaled ester derivative thereof (for example, the acid
chloride, prepared by reaciion of the carboxylic acid with
thionyl chloride), to give 8. Compound 8 can be
N-deprotected to give 9. Compound 9 can be coupled with
compound 1, or an activated ester derivative thereof, 1o give
the compound of the formula 1 (ie., 6).

Scheme [1B shows a preferred alternative process wherein
the N-protecicd amino aloohol 7a (P, is hydrogen and P, is
an N-protecting group or both P, and P, are N-protecting
groups, preferably, P, and P, are benzyl) is reacted with
from about 1 to about 1.3 meolar equivalents of carboxylic
acid 5 or a salt or an activated ester derivative thereof (for
example, the acid chloride, prepared by reaction of the
carboxylic acid with thionyl chlonde in ethyl acetate or THF
or oxalyl chloride in toluene/DMF and the like) in the
presence of from about 1.0 to about 4.0 molar equivalents
(preferably, from about 2.5 to about 3.5 molar equivalents)
of an organic amine hase (for example, imidazole,
l-methylimidazole, Z-melhylimidazole,
2-isopropylimidazole, 4-methylimidazole, 4-nitroimidazole,
pyridine, N,N-dimethylaminopyridine, 1,2,4-triazole,
pyrrole, 3-methylpyrrole, triethylamine or
N-methyimorphoiine and the like) or from about 1 to about
20 molar equivalents of an inorganic base (for ¢xample,
sodium carbonale or sodium bicarbonate and the like) in an
inert solvent (for example, cthyl acetate,
dimethylformamide, THF, acetonitrile, isopropyl acetate or
toluene and the like) at a iemperalure of from about 0° C. 1o
about 50° C. to provide compound 8a. Preferred organic
amine bases include imidazole and 1,2,4-triazole.

N-Debenzylation of 8a (for example, using hydrogen and
a hydrogenation catalyst or Pd/C and a formic acid salt (for
cxample, ammoenium formate and the like) or Pd/C and
formic acid and the like) provides 9. Compound 9 can be
advantageously purified by crystallization with an organic
carboxylic acid (for example, S-pyroglutamic acid, succinic
acid or fumaric acid and the like). A preferred organic
carboxylic acid is S-pyroglutamic acid.

Compound 9 (or an organic carboxylic acid salt of com-
pound 9) is reacted with from about 1.0 to about 1.3 molar
equivalents of carboxylic acid 1 or a salt or an activated ester
derivative thercof (for example, the acid chloride) in the
presence of (1) from about 4 to ahout 8 molar equivalents
(preferably, from about 5 10 about 7 molar equivalenis) of an
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inorganic base (for example, NaHCQ,, Na,CO,, KHCO,,
K,CO,, NaOH or KOH and the like) in an inert solvent (for
example, 1:1 ethyl acetate/water or isopropyl acetale/water
or toluene/water or THF/water and the like) at about room
temperature or (2) from about 1.0 to about 4.0 molar
cquivalents (preferably, from about 2.5 to about 3.5 molar
equivalents) of an organic amine base (for example,
imidazole, 1l-methylimidazole, 2-methylimidazole,
2-isopropylimidazole, 4-methylimidazole, 4-nitroimidazole,
pyridine, N,N-dimethylaminopyridine, 1,2,4-triazole,
pyrrole, 3-methylpyrrole, triethylamine or
N-methylmorpholine and the like) in an inert solvent (for
example, ¢thyl acctate, isopropyl acetate, THF, toluene,
acetonitrile, dimethylformamide and the like) at a lempera-
turc of from about 0° C. 1o about 50° C. to provide
compound 6.

In a preferred embodiment of the invention (shown in
Scheme II), intermedizte compound 5 has the formula of
compound 10 (R is as defined for the compound of formula
I and is preferably isopropyl). Compound 10 can be prepared
in variely ways as shown in Scheme III. In one methed,
amino gcid 11 (cither as the frec carboxylic acid or as the
carboxylic acid ester (i.c., loweralkyl ester)) is converted to
carbamate 12 (R" is phenyl, loweralkyl-substituted phenyl,
halo-substituted phenyl, nitro-substituted phenyl, trflue-
romethylphenyl and the like) by reaclion with the appropri-
ate chloroformate ester and the like. Reaction of carbamate
12 with from about 1.0 to about 1.5 molar equivalents of
amine 13 or an acid addition salt thereof (Q is a leaving
group, for example, Cl, Br or 1, or 2 sulfonate such as
methancsulfonatc, triflate, p-tolucnesulfonate, benzenc-
sulfonate and the like) in an inert solvent (for example, THF,
methyl t-butyl ether, dimethoxyethane, THF/water,
dimethoxyethane/waler, toleene or heptane and the like) in
the presence of a base (for example, LiOH, NaOH, Li,CO,,
Na_ CO;, lithium phenoxide or sodium phenoxide and the
like) in the amount of from about 2.5 to about 3.5 molar
equivalents provides urea 14. Urea 14 can be isolated aad
reacted further or can be converted in sifty to cyclic urea 10
by reaction in an imert solvent (for example, THF,
dimethoxyethane, methyl -butyl ether, toluene or heptane
aid the like) with a base (for cxample, potassium t-butoxide,
sodium hydride, potassium hydride or dimethylaminopyri-
dine and the like) in the amount of from about 2.0 10 about
5.0 molar equivalents. If the amino acid ester of 11 was the
starting malerial, the ester is then bydrolyzed to provide the
carboxylic acid 10.

Alternatively, amino acid 11 (either as the free carboxylic
acid or as the carboxylic acid ester) is converted 1o urea 14
by reaction with from about 1.0 to about 1.5 molar equiva-
lents of isocyanate 15 (Q is a leaving group, for example, Cl,
Br or I, or a sulfonate such as methanesulfonate, triflate,
p-iolucnesulfonate, benzenesulfonate and the like) in an
inert solvent (for example, THF, dimethoxyethane, methyl
1-butyl ether, toluene or heptane and the like) in the presence
of a basc.

In yet another altemative, amino acid 11 (either as the free
carboxylic acid or as the carboxylic acid ester} is converted
lo diamine 16 by reaction with from about 1.0 1o about 1.5
molar equivalents of amine 13 or an N-protecied derivative
thereof (Q is a leaving group, for example, C, Brorl,or a
sulfonate such as methanesulfonate, triflate,
p-toluenesulfonate, benzenesulfonate and the like) in an
inert solvent (for example, THF, dimethoxyethane, methy!
t-butyl cther, toluene or heptane and the like) in the presence
of a base (for example, NaH or potassium t-butoxide and the
like) in the amount of from aboul 1.0 1o about 4.0 molar
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equivalents. N-deprotection is required if the N-protected
derivative of 13 was used. Rcaction of diamine 16 with a
carbonyl equivalent 17 (for example, phosgene, carhonyl-
diimidazole and the like wherein Q' and Q" are leaving
groups such as Cl, Br, I, —O-loweralkyl, —QO-aryl or
imidazolyl and the like) in an inert solvent (for example,
THEF, dimethoxyethane, methyl t-bautyl ether, tolveme or
heptane and the like) in the presence of a base (for example,
NaH or potassium i-butoxide and the like and the like) in the
amount of from about 20 to about 4.0 molar equivalents
provides cyclic urea 10. If the amino acid ester of 11 was the
starting material, the ester is then hydrolyzed to provide the
carboxylic acid 10.

1n yet another alternative shown in Scheme I'V, compound
11 (either as the free carboxylic acid or as the carboxylic
acid ester (i.c., loweralkyl ester)} is reacted with acrylonitrile
according to 3. Am. Chem. Soc. 72, 2599 (1950) to give
aminonitrile 18. Alternatively, acrylonitrile can be replaced
with 3-chloropropionitrile to provide 18. N-protection of
aminonitrile 18 as the carbamate (R, is loweralkyl or
pheny! or haloalkyl (for example, 2-chloroethyl,
2-bromoethyl and the like) and the like) using standard
conditions (for example, reaction of the amine with the
appropriate chloroformate cster {CIO(O)OR,, wherein Ry,
is loweralkyl, phenyl, haloalkyl and the like) neat or in an
inert solvent (for example, water, THF and the like) in the
presence of an inorganic base (for example, NaOH, KOH,
K,CO; and the like) or an organic base (for example, an
alkylamine or dialkylamine and the like) and the like)
provides compound 19. Hydrogenation of 19 in the presence
of a catalyst (for cxample, Ni—Al alloy (basic) or Rancy
aickel (neutral or basic) or PLO, (acidic) and the like) in an
inert solvent (for exampie, water or methanol or ethanol or
THF and the like} provides cyclic urea 10, In 2 preferred
process, compound 19 is hydrogenated in the presence of a
Ni—Al alloy catalyst in an inert solvent (for example, waler
or methanol or ethanol or THF and the like) in the presence
of a basc (for cxample, KOH or NaOH or LiOH or an
organic amine base and the like) in the amount of from about
1.1 to about 5 molar equivalents to provide cyclic urea 10.
If the amino acid ester of 11 was the starting material, the
ester is then hydrolyzed to provide the carboxylic acid 10.

Alternatively, hydrogenation of compound 18 (as
described above for compound 19) provides diamine 16
which can be converted to compound 10 as previously
described, If the amino acid ester of 11 was the starting
material, the ester is then hydrolyzed to provide the car-
boxylic acid 10.

Scheme 1
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Key imermediates for the preparation of the compounds -continued
of the invention include compounds of the formula Iil as
described above and compounds of the formula 1V: g
v 5
; Rs \NJ/\ —Re,
B k/l
P3_| Rs /N
Py OH Ra 10
h)
o]
or a salt thereof, )k
wherein P, and P, are independently selected from hydro- ~
gen or an N-protecling group; 15 I\/l\
R, and R, are independently selected from the group OH or
consisting of loweralkyl, cycloalkylalkyl and arylalkyl;
R, is loweralkyl, hydroxyalkyl or cyciloalkylalkyl; and )]
. ’ I\/ﬁ\
%) ~ N—R;
Ho)\)
\N\J\Y’ 25
(CHz)n—/
b whereinnis1,2o0r3, mis 1,2or3, mislor2, Xis O,
a0 Sor NH, Yis —CH.—, —0—, —8— or —N(R)}—
wherein Rg is hydrogen, loweralkyl, cycloalkyl,
\ cycloalkylalkyl, aryl or arylalkyl, Y™ is —CH,— or
—N(R,.)— wherein R,. is hydrogen, loweralkyl,
(CH?)nv cycloalkyl, cycloalkylalkyl, aryl or arylalkyl, Y' is
z 35 —N(R,}— wherein R, is hydrogen, loweralkyl, cycloalkyl,

o cycloalkylalkyl, aryl or arylalkyl, and Z is O, S or NI

Preferred compounds are compounds of the formula IV

& 40 wherein P; and P, arc hydrogen or benzyl, R, and R, arc
S
Z,

arylalkyl, R, is loweralkyl and R, is

45
~ N/TL \N\/”\Y,

a)

CH Yz, 50 .
b}
e) X
NP
Z, Y
™~ 55 /
CHy)p,
P
(CHy)yy

) <

60 X

B
e

2
E’}

65
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wherein m' is 1, X is O, Y" is —NH-— and Y" is —NH— or

-continued
4
x o
~ )k 5 N/ﬂ\ i
N Y or
L O
A |\/|
(CHp)y N
) 10
wherein X is O and R, is hydrogen.
~ Even more preferred compounds are compounds of the
N—Re formula IV wherein R, and R, are benzyl or R, is benzy! and
k/l R, s isopropyl, R, is loweralkyl and R, is
/N 15
#)
x
wherein X, Y, Y', Y", Z, Rg-, 0, m and m' arc defined as )'\
above. 20 \N Y
o
More preferred compounds are compounds of the formula (CHz)

IV wherein R, and R, are benzyl or R, is benzyl and R, is

lo i 1 and Ry i ..
weralkyl, R, is loweralkyl and Ry is whereinnis ] or2, Xis O or S and Y is —CH, or —NH—,

a)

X B
S i
~ ),\
N\ 30 ~ N Y
(CH /
)— (CHz)n

whereinnis 1 or2, X is O or § and Y is —CH, or ——NH—,
¥ wherein mis 1 or 2, X is O, Y is —CH,— and Z is O,

b)
o)
X
~
N ; 40 )J\
/ NNy
CH'z)m L &
Z (CHim %
. . - 45
whercin M js 1 or 2, X is 0, Yis —CH,—and Z is O, whereinm' is 1, X is O, Z is O and Y is —NH—,
<) <))

X
so Az
~ ~x v

/k L ,‘Ii'
{CHa)py (CHY)

55

: 15 . " . Vi WM
wherein m' js 1, X is O, Z is O and Y is —NH—, wherein m' iy 1, X is O, Y" is —NH— and Y' is —NH— or

€}

d)
o0 x
S . N ? Rg
L A #"
(CH)r 65

wherein X is O and R, is hydrogen.

1 0 MAR 201
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Most preferred cornpounds are compounds of the formula
IV wherein R, and R, are benzyl or R, is benzyl and R, is
isopropyl, R, is loweralkyl and R; is

1)

whereinnis lor 2, XisOor S and Y 1s —CH, or —NH—,

b)
X
~ A,
(CHz)m/'KZ
wherein m'is 1. X is O, Zis O and Y is —NH—,
<)

A
L |

Y
(CHI

whereinm'is 1, Xis 0, Y"is —NH— and Y' is —NH—or

4

wherein X is O and R, is hydrogen.

Most highly preferred compounds are compounds of the
formula IV wherein R, and R, are benzyl or R, is benzyl and
R, is isopropyl, R, is loweralkyl and R is

\
@t

whereinnis 1 or2,XisQorSand Y is —CH, or —NH—.

Preferred salis of the compound of formula IV are organic
carboxylic acid salts, especially the (S)-pyroglutamic acid
salt.

‘The following examples will serve to turther illustrate the
preparation of the povel compounds of the invention.
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EXAMPLE 1

(28,38 58)-2(2,6-dimethylphenoxyacetyl)amino-3-
hydroxy-5{25-(1-imidazolidin-2-onyl)-3-methyl-
butanoyl]amino-1,6-diphenylhexane

A. N,N-Dibenzyl(L}-phenylalanine Benzyl Ester

A solulion coniaining L-phenylalanine (161 kg, 975
moles), potassium carbonate (445 kg, 3220 moles), water
(675 L), ethanol (340 L), and benzyl chloride (415 kg, 3275
moles) was heated to 90+15° C. for 10-24 hours. The
reaction mixture was cooled to 60° C. and the lower aqueous
layer was removed. Heptane {850 L) and waier (385 L) were
added to the organics, stimred, and the layers scparated. The
organics were then washed once with 1 water/methanol
mixture (150 L/150 L). The organics were then stripped to
give the desired product as an oil, which was carried on in
the next step without purification.

IR (neat) 3090, 3050, 3030, 1730, 1495, 1450, 1160 cm ™",
H NMR (300 MHz, CDCl,) 7.5-7.0 (m, 20H), 5.3 (d, 1H,
I=13.5 Hz), 5.2 (4, 1H, J=13.5 Hz), 4.0(d, 2H, J=15 Hz), 3.8
(1, 2H, J=8 4 Hz), 3.6 (4, 2H, J=15 Hz), 3.2 (dd, 1H, J=8.4,
14.4 Hz), **C NMR (300 MHz, CDCl,) 8172.0, 139.2,
138.0,135.98.2,128.1, 128.1, 126.9, 126.2, 66.0, 62.3, 54.3,
35.6. [a], -79° (c=0.9, DMF).

B. (45)-4-(N,N-Dibenzylamino)-3-oxo0-5-phenyl
pentanonitrile :

A solution containing the product of Example 1A (ie.,
benzyl ester) (approx. 0.45 moles) in 520 mL tetrahydrofu-
ran and 420 mL acetonitrile was cooled to -40° C. under
nitrogen. A second solulion containing sodium amide (48.7
g, 1.25 moles) in 850 ml tetrahydrofuran was cooled to
~40° C. To the sodium amide solution was slowly added 75
ml.. acetonitrile and the resulting solution was stirred at ~40°
C. for more than 15 mioutes. The sodium amide/acetonitrile
solution was then slowly added to the benzyl ester solution
at —40° C. The combined solution was stirred at —40° C. for
one hour and then quenched with 1150 mL of a 25% (w/v)
citric acid solution. The resulting slurry was warmed to
ambient temperature and the organics separated. The organ-
ics were then washed with 350 mL of a 25% (w/v) sodium
chloride solution, then diluted with 900 mL heptanc. The
organics were then washed three times with 900 mI.of a 5%
(wfv) sodiym chloride solution, two times with 900 mL of a
10% methanolic water solution, one time with 900 mL of a
15% methanolic water solution, and then one time with 900
mL of a 209 methanolic water solution. The organics were
stripped and the resulting material dissolved into 700 mL of
hot ethanol. Upon cooling to room temperature, the desired |
product precipitated. Filtration gave the desired product in
59% yicld from the L-phenylalanine. IR (CHCl,) 3090,
3050, 3030, 2250, 1735, 1600, 14990, 1450, 1370, 1300,
1215 cm™, "H NMR (CDCl,) 87.3 (m, 15H), 3.9 (d, 1H,
1=19.5 Hz), 3.8 (d, 2H, J=13.5 Hz), 3.6 (d, 2H, J=13.5 Hz),
3.5 (dd, 1H, J=40, 10.5 Hz), 3.2 (dd, 1H, J=10.5, 13.5 Ha),
3.0 (dd, 1H, J=4.0, 13.5 Hz), 3.0 (4, 1H, J=19.5 Hz), **C
NMR (300 MHz, CDCl,) 5197.0, 138.4, 138.0, 1295,
129.0, 1288, 128.6, 127.8, 126.4, 68.6, 54.8, 30.0, 28.4.
[als ~95° (cmD.5, DMF).

C. (58)-2-Amino-5-(N,N-dibenzylamino)-4-oxo0-1,6-
diphenylhex-2-ene

To a =5° C. solution of the nitrile product of Example 1B
(90 Kg, 244 moles) in tetrahydrofuran (288 L), was added
benzylmagnesium chioride (378 Kg, 2M in THF, 708
moles). The solution was warmed to ambient temperature
and stirred until analysis showed no starting malerial. The
solution was then recooled to 5° C. and slowly transferred to
a solution of 15% citric acid (465 kg). Additional tetrahy-
drofuran (85 L) was used to rinse out the original container
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and the rinse was added to the citric acid quench container.
The organics were separated and washed with 10% sodium
chloride (235 kg) and stripped to a solid. The product was
stripped again from ethanol (289 L) and then dissolved in
80° C. ethanol (581 L)). Afier cooling to room temperature
and stirring for 12 hovurs, the resulting product was filtered
ard dried in a vacuum oven at 30° C. to give approx. 95 kg
of the desired product. mp 101-102° C,, IR (CDX(C1,) 3630,
3500, 3110, 3060, 3030, 2230, 1620, 1595, 1520, 1495,
1450 em™*, "H NMR (300 MHZ, CDCL,) d 9.8 (br 5,1 H),
7.2 (m, 20H), 5.1 (s, 111), 4.9 (br s, 1H), 3.8 (d, 211, J=14.7
Hz), 3.6 {d, 2H, J=14.7 Hz), 3.5 (m, 3H), 3.2 (dd, 1H, J=7.5,
14.4 Hz), 3.0 (dd, 111, J=6.6, 14.4 Hz), *C NMR (CDCl,)
d 198.0, 162.8, 140.2, 140.1, 1360, 12935, 129.3, 1289,
128.7, 128.1, 128.0, 127.3, 126.7, 125.6, 96.9, 66.5, 54.3,
42.3, 324, [a}, -147° (c=0.5, DMF).

D. (28,35,55)-5-Amino-2-(N,N-dibenzylamino)-3-
hydroxy-1,6-diphenylhexane

i) A suspension of sodium borohydride (6.6 kg, 175
moles) in tetrahydrofuran (157 L) was cooled (o less than
-10£5° C. Methanesulfonic acid (41.6 kg, 433 moles) was
slowly added and the temperature kept below 0° C. during
the addition. Once the addition was complete, a solution of
water (6 L, 333 moles), the product of Example 1C (20 kg,
43 moles) and tetrahydrofuran (61 L) was slowly added
while maintaining the temperature below 0° C. during the
addition. The mixiure was stirred for not less than 19 b at
0+5° C.

i) To a separate flask was added sodium borohydride (6.6
kg, 175 moles) and tetrahydrofuran (157 L). After cooling to
-5£5° C., trifluomacetic acid (24.8 kg, 218 moles) was
added while maintaining the temperature below 15° C. The
solution was stirred 30 min at 15+5° C. and was then added
to the reaction mixture resulting from step i, keeping the
temperature at less than 20° C. This was stirred at 2025° C.
until reaction was complete. The solution was then cooled 1o
1025° C. and quenched with 3N NaOH (195 kg). After
agitating with tert-butyl methyl ether (162 L), the organic
layer was separated and washed one time with 0.5N NaOH
(200 kg), one time with 20% w/v aqueous ammonium
chloride (195 kg), and two times with 25% agqueous sodium
chloride (160 kg). The organics were stripped to give the
desired product as an il which was used directly in the next
step.

IR (CHCL,) 3510, 3400, 3110, 3060, 3030, 1630, ‘H
NMR (300 MHz, CDCl,) 87.2 (m, 20H), 4.1 (d, 2H, J=135
Hz), 3.65 (m, 1H), 3.5 (d, 2H, J=13.5 Hz), 3.1 (m, 2H), 2.8
(m, 1H), 2.65 (m, 3H), 1.55 (m, 1H), 1.30 (m, 1H), *C
NMR (300 MHz, CDCl,) 51408, 140.1, 1382, 1294,
129.4, 128.6, 128.4, 128.3, 128.2, 126.8, 126.3, 125.7,72.0,
63.6,54.9, 533, 46.2, 40.1, 30.2.

E. (25,35,58)-2-(N,N-Dibenzylamino)-3-hydroxy-5-(1-
butyloxycarbonylamino)-1,6-diphenylhexane

To a solutior of the [28,38,55)-2-N,N-dibenzylamino-3-
hydroxy-5-amino-1,6-diphenylhexane (approx. 105 kg, 226
moles) in MTBE (1096 L), was added BOC Anhydride (65
kg, 373 moles) and 10% potassium carbonate (550 kg). This
mixture was stirred until reaction was complete (approx. 1
hour). The bottem layer was removed and the organics were
washed with water (665 L). The solution was then stripped
to give the desired product as an oil. 300 MHz 'H NMR
(CDCl,) 61.40 (s,9H), 1.58 (s, 2H), 2.45-2.85 (m, 4H), 3.05
(m, 1H), 3.38 (d, 2H), 3.6 (m, 1H), 3.79 (m, 1H), 3.87 (d,
2H), 4.35 (s, 1H), 4.8 (s, broad, 1H), 7.0-7.38 (m, 20H).
F-1. (28,38,58)-2-Amino-3-hydroxy-5-(t-
butyloxycarbonylamino)-1,6-diphenylhexanc

To a stirred solution of [2§,38,58]-2-N,N-dibenzylamino-
3-bydroxy-5-t-butyloxycarbonylamino-1,6-diphenylbexane
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(12 g, 21.3 mmol) in methanol (350 mlL) was charged
ammonium formate (8.05 g, 128 mmol, 6.0 eqj and 10%
palladium on carbon (2.4 g). The solution was stirred under
nitrogen at 60° C. for three hours and then at 75° C. for 12
hours. An additional amount of ammonium formate (6 g}
and 10% palladivm on carbon (1.5 g) was added as well as
1 ml. of glacial acetic acid. The reaction was driven to
completion within 2 hours at a reflux temperature. The
reaction mixture was then cooled to room temperature and
then filtered through a bed of celite. The filter cake was
washed with metharol (75 mL) and the combired filtraies
were concentrated under reduced pressure. The residue was
taken up in 1IN NaOH (300 mL} and extracted into meth-
ylene chloride (2x200 ml). The combined organic layers
were washed with brine (250 mL) and dried over sodium
sulfate. Concentration of the solition under reduced pres-
sure provided the desired product as a light colored oil which
slowly crystallized upon standing (5 g). Further purification
of the product could be accomplished by flash chromatog-
raphy (silica gel, 5% methanol in methylene chloride). 300
MHz 'H NMR (CDCl,) 81.42 (s, 9H), 1.58 (m, 1H), 1.70
(m,tH), 2.20 (s, broad, 2H), 2.52 (m,1H), 2.76-2.95 (m,
4H), 3.30 (m, 1H), 3.95 (m,1H), 4.80 (d, broad,1H),
7.15-7.30 (m,10H).

F-2. [28,35,55]-2-Amino-3-hydroxy-5-t-
butyloxycarbonylamino-1,6-diphenylhexzne succinate sall

To a solution of [2S,3%,55])-2-N,N.dibenzylamino-3-
hydroxy-5-t-butvloxycarbonylamino-1,6-diphenylhexane
(approx. 127 kg, 225 moles) in methanol (437 L), was added
a methanolic {285 L) slurry of 5% palladium on carbon (24
kg). To this was added a solution of ammonium formate (84
kg, 1332 moles) in methanol (361 L). The solution was
heated to 75° C. for 6-12 hours and then cooled o room
temperature. Solids were filtered from the reaction mixture
using a filter coated with filieraid (Celite) and the methanol
was stripped from the reaction mixture using heat and
vacuum (up to 70° C.). The residue was dissolved in
isopropyl acetate (4400 kg) with heat (40° C.) and then
washed with a 10% sodium carbonate solution (725 kg), and
finally witk water (665 L). Both of the washes were per-
formed at 40° C. to keep the product in solution. The solvent
was removed under vacuum wilth heat (up 1o 70° C).
Isopropyl alcohol (475 L) was then added and stripped off to
remove residual solvents. Isopropancl (1200 L) was added
to the residue and stirred until homogeneous. To this solu-
tion was added a solution of succinic acid (15-40 kg) in
isopropanol (1200 L). The solution jacket was heated to 70°
C. to dissolve ali of the solids and then allowed to slowly
cool to room temperature and stir for 6 hours. The solution
was then filtered to give the desired product as a white solid
(55-80 kg).

mp: 145-146° C. 'H NMR: (Me,50-d,, 300 MHz) $0.97
(d, 3H, IPA), 1.20 (s, 9H), 1.57 (1, 2H), 2.20 (s, 2H, succinic
acid), 2.55 (m, 2H), 2.66 (m, 2H), 2.98 (m, 1H), 3.42 (m,
1H), 3.70 (m, 1H), 3.72 (m, 1H, IPA), 6.60 (d, 1H, amide
NH), 7.0-7.3 (m, 10H).

*H NMR: (CT},0D, 300 MHz) 81.11 (4, 3H, J=7 Hz,
IPA), 1.29 (s, 9H), 1.70 (m, 2H), 2.47 (s, 2H, succinic acid),
2.65 (m, 2Hj, 2.85 (m, 2H), 3.22 (m,1H), 3.64 (m, 1H]}, 384
(m,1H), 7.05-7.35 (m,10H).

G. Ethyl 2,6-dimethylphenoxy acetate

To a solution of 2,6-dimethylphenol (8.0 g, 66 mmole) in
dioxane (600 ml) was added ethyl bromoacetate (18.2 ml,
164 mmole) and cesium carbonale (58 g, 176 mmole). The
reaction mixture was heated at reflux for 18 h, cooled to
room temperature, filtered and concentrated in vacuo. Puri-
fication by silica gel column chromatography (5% 1o 20%
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ether in hexane) provided the desired compound (80%). 300
MHz 'H NMR (CDCL,) $1.35 (1, J=7.5 Hz, 3H), 2.30 (s,
6H), 4.31 (g, J=7.5 Hz, 2H), 4.40 (s, 2H), 7.0 (m, 3H).
H. 2,6-Dimethylphepoxy acetic acid

To a solution of the compound from Example 1G (5.15 g,
24,7 mmole) in methanol (170 ml) and water (56 ml) was
added 5.3 g of lithium hydroxide at 0° C., the solution was
stirred for 1.5 h at RT and concentrated in vacuo. The residue
was acidificd with 0.5M HCI and cxtracted with cthyl
acetate (300 ml). The organic layer was dried and concen-
trated to give a white solid (4.05 g, 91%). 300 MHz ' H
NMR (CDCL,) 82.30 (s, 6H), 4.48 (s, 2H), 7.0 (m, 3H).
1. (28,358,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5<{t-butyloxycarbonylamino)-1,6-diphenylhexanc

Coupling of the amine from Example 1F with the acid
from Example 1H using standard EDAC coupling procedure
provided the desired compound (78%). 300 MHz 'H NMR
(CDC,) 81.40 (s, 9H), 1.65 (m, 3H), 2.18 (s, 6H), 2.78 (m,
2H), 2.98 (d, J=0 Hz, 2H), 3.75 (m, 1H), 3.90 (m, 1H), 4.15
{m, 1H), 4.20 (s, 2H), 4.60 (m,1H), 70 (m, 3H), 7.25
(m,10H). Mass spectrum: (M=HY =547,
1. 2-N-(Benzyloxycarbonyl)amino-acetaldehyde

'To a solution of 1.45 ml of DMSO in 20 ml of CH,CI, at
-78° C. was added dropwise 1.34 ml of oxalyl chlorde.
After 15 minutes at ~78% (., a solution of N-Chz-
aminocibanol in 40 ml of CH,Cl, was added. Afier 15
minutes at -78° C. and 2 minutes at 0° C., the solution was
cooled to -78° C. and triethylamine (6.14 ml) was added
dropwise. The solution was stirred at —=78° C. for 30 minutes
and poured into 50 ml of cold 10% aq. citric acid and
extracted with ether (150 ml). The combined organic layer
was washed with brine and dried with anhydrous Na.SO,;
filtered and concentrated in vacuo. Purification of the crude
product by silica gel column chromatography (10% EtOAc/
CH,CL) provided the desired compound (42%). 300 MHz
'H NMR (CDC1,) 84.17 (d, J=6 Hz, 2H), 5.15 (s, 2H), 5.40
(br s,1H), 7.36 (m, 5H), 9.66 (5, 1H). Mass spectrum:
(M+NH,y*=211.
K. N{Benzyloxycarbonylamino)-ethyl valine methyl] ester

To a solution of the aldehyde from Example 17 (0.829 ¢,
4.29 mmole} in 17 ml of methanol was added valine methyl
ester hydrochloride (0.72 g, 4.29 mmole), sodium acetate
(0.7 g, 8.58 mmolc), and sodium cyarnoborobydride (0.54 g,
8.58 mmole. The mixture was stirred at RT overnight and the
solvent was evaporated in vacuo. The residue was taken up
in ethyl acetate (100 ml) and washed with satd. NaHCO, (10
ml) and the ag. layer was extracted with ethyl acetate (2x50
ml). The combined organic layer was washed with brine and
dried with anhy. sodium sulfate, filiered and concentrated in
vacuo. The residue was purified by silica gel column chro-
matography (20% EtQAc/CH,Cl.) 1o provide the desired
compound {60%). 300 MHz "H NMR (CDCl,) 50.91 (d, J=3
Hz, 3H), 0.94 {d, J=3 Hz, 3H), 1.90 (m, 1H), 2.55 (m, 1H),
2.80 (m, 1H), 2.98 (d, }=6 Hz, 1H), 3.20 (m, 1H), 3.30 (m,
1H), 3.71 (s, 3H), 5.10 (s, 2H), 5.27 (br s, 1H), 7.37 (m, 5H).
Mass spectrum: (M+H)"=309.
L. 28-(1-Imidazolidin-2-onyl}-3-methyl butanoic acid
methyl esier

The Cbz-protecting of the compound in Example 1K was
removed by hydrogenolysis and the crude product was
treated with one equivalent of 1,1,-carbonyldiimidazole in
CH,Cl, to provide the desired compound {64%), 300 MHz
1H NMR (CDCl,) 80.95 (d, J=7.5 Hz, 3H), 0.98 (d, J=7.5
Hz, 3H), 2.15 {m, 11}, 3.47 (m, 311), 3.71 (s, 311}, 3.73 (m,
1H), 4.23(d, J=10.5 Hz, 1H), 4.81 (br s,1H), Mass spectrom:
(M+H)*=201.
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M. 2541-Imidazelidin-2-onyl)-3-methyl butanoic acid

To a solution of the compound from Example 1L (151 mg,
0.75 mmole) in 2.5 ml of water and 5 ml of dioxane was
added at 0° C. lithium hydroxide monohydrate (2.0 eq.). The
solution was stirred at 0° C. for 1.5 h and RT for 1 h.
Acidification with 1N HCl, extraction with EiDAc (100
ml+2x50 ml), dried with sodium sulfate and evaporation of
the filtered solution in vacuo provided the desired compound
(88%). 300 MHz "H NMR (DMSO-d) 30.85 (d, J=12 Hz,
3H), 0.92 (d, J=12 Hz, 3H), 2.05 (m, 1H), 3.25 (m, 2H), 3.30
(m, 1H), 3.50 (m, 1H}, 3.90 (d, }=15 Hz, 1H), 6.40 (br s,
1H), 12.60 (br s, 1H). Mass spectrum: (M+H)*=187.
N. (25,35,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-amino-1,6-dipheoylhexanc

To 4.5 g of the compound from Example 11 was added 40
ml each of CH,Cl, and triflucroacetic acid. The solution was
left at RT for 1 h. Concentration of the solution in vacuo
provided the desired compound (1004). 300 MHz I NMR
(CDC1,) 51 .48 (m, 1H), 1.62 (m, 1H), 2.05 (m, 1H), 2.24 (s,
6H), 2.50 (m, 1H), 2.80 (m, 1H), 3.0-3.10 (m, 4H), 3.90 (d,
J-10 Hz, 1H), 4.17 (m, 1H), 4.26 (ABg, J=13.5 Hz, 2H), 7.0
(m, 3H), 7.10 (m, 2H), 7.30 (m, 7H), 7.41 (d, J=10 Hz, 1H).
Mass specirum: (M+H) =447,
0. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
tydroxy-5{25<1-imidazolidin-2-onyl)-3-methyl-butanoyi]
amino-1,6-diphenylhexape

Coupling of the amino compound from Example 1N with
the acid from Example 1M using standard coupling proce-
dure [1-(3-dimethylaminopropyl)-3-ethylcarbodiimide in
DMF] provided the desired compound. (80%). 300 MHz 'H
NMR (CDCl,) 80.83 (d, J=6 Hz, 3H), 0.86 (d, J=6 Hz, 3H),
1.75 (m, 2H), 2.16 (m, 1H), 2.18 (s, 6H), 2.76 (m, 2H), 2.97
(d, J=7.5 Hz, 2H), 3.14 (m, 2ZH), 330 (m, 2H), 3.70 (d,
J=1-Hz, 1H), 3.75 (m, 1H), 4.20 (m, 4H), 4.50 (br s, 1H),
6.70 (d, J=7.5 Hz, 1H), 7.0 (m, 3H), 7.25 (m, 10H). Mass
Spectrum: (M+H)*=615,

EXAMPLE 2

(25,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-[28+1-tetrahydro-pyrimid-2-onyl)-3-
methyl butanoyl]amino-1,6-diphenylhexanc
A. 28-(1-Tetrahydro-pyrimid-2-onyl)-3-methyl butanoic

acid

Using the procedures described in Examples 1J io 1M, but
replacing the N-Cbz-aminocthanol in Example 1J with
N-Cbz-3-ammopropanol provided the desired compound.
300 MHz 'H NMR (DMS0O-d,) 80.82 (d, J=7 Hz, 3H), 0.93
(d, J-7 Hz, 3H), 1.77 (m, 2H), 2.10 (m, 1H), 3.10-3.23 (m,
4H), 4.42(d, J=10.5 Hz, iH), 6.37 (br 5,1H). Mass spectrum:
(M+H)*=201.
B. (28,38,58)-2-(2,6-Dimethylphenoxyacetylj)amino-3-
hydroxy-5-{28-(1-tetrahydro-pyrimid-2-onyl)-3-methyl
butanoyl]amino-1,6-diphenylbexane

Coupling of the amino compound from Example 1N with
the acid from Example 2A using standard procedure (EDAC
in DMF) provided the desired compound (70%). 300 MHz
‘H NMR (CDCl,) 80.80 (d, J=4.5 Hz, 3H), 0.83 (4, 1=4.5
Hz, 3H), 1.50 (m, 1H), 1.65-1.72 (m, 6H), 2.20 (s, 6H), 2.68
(m, 1H), 2.82 (m, 2H), 3.0 (d, J=7.5 Hz, LH), 3.05 (m, 4H),
3.77 (m, 1H), 4.07 (d, J=4.5 Hz, 11), 4.20 (m, 4H), 4.50 (br
s, 1H), 6.78 (br 4, 1H), 7.0 (m, 3H), 7.25 (m, 10H). Mass
spectrum: (M+H) =629,
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EXAMPLE 3

(28,358,58)-2-(2,6-Dimethylphenoxyacetyljamino-3-
hydroxy-5{25-(3-oxazolidin-2-onyl)-3-methyl-
butanoyl]amino-1,6-diphenylhexane
A. 28-(3-Oxazolidin-2-onyl)-3-methyl-butanocic acid

methyl ester

To a solution of L-valine methyl ester hydrochloride (7.6
mmole) was added a solution of ethylene oxide in ethanol
(1.5 equivalent). The solution was kept at 0° C. for 0.5 h and
then at RT for 18 h, at which time 0.01 equivaient of
BF,.E1,0 was added. Fresh cthylene oxide was bubbled
directly inio the solution for 3 to 4 minutes. After 8 h the
solution was concentrated to dryness and the residuc was
dissolved in CH,Cl, and cooled to 0° C. To this solution was
added 1.2 equivalents of riethylamine and 1.0 equivalent of
triphosgene. Afier 1 h, the solvent was removed in vacuo and
the residuc was washed with water (30 ml) and extracied
with CH,Cl, (3x50 ml), dried and concentrated. Purification
of the crude product by silica gel column chromatography
(5% EtOAc/CH,Cl,) provided the desired compound (42%,
2 steps). 300 MHz ‘H NMR (CDCI,) 80.98 (4, J=4.0 Hz,
3H), 1.0 (d, J=4.0 He, 3H), 2.16 (m, 1H), 3.60{m, 2H), 3.73
(s, 3H), 4.20(d, J=10 Hz, 1H), 437 (m, 2H). Mass spectrum:
(M+H) =202,
B. 28-(3-Oxazolidin-2-onyl)-3-methyl-butanoic acid

Hydrolysis of the methyl ester from Example 3A, using
the procedure described in Example 1M provided the
desired compound. 300 MHz *H NMR (DMS0-d,) 0.90(d,
I=6 Hz, 3II), 0.95 (d, J=6 Hz, 31D, 2.1 (m, 111), 3.55 (m,
1H), 3.70 (m, 1H), 3.88 (d, J=0 Hz, 1H), 4.30 (m, 2H), 13.0
(br s,1H). Mass spectrum: (M+NH,)*=205,
C. (2S8,38,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-[25+(3-oxazolidin-2-onyl)-3-methyl-butanoyl]
amino-1,6-diphenylhexane

Coupling of the amine from Example 1N with the acid
from Examplc 3B using standard coupling procedurcs
(EDAC in DMF) provided the desired compound. 300 MHz
TH NMR (CDCl,) 50.83 (d, J=4.5 Hz, 3H), 0.87 (d, J=4.5
Hz, 3H), 1.75 (m, 1H), 2.10 (m, 1H), 2.20 (s, 6H), 2.65 (m,
1H), 2.85 (m, 14}, 3.0 (m, 3H), 3.30 (m, 1H), 3.60 (m, 2H),
3.77 (m, 1H), 4.20 (m, 4H), 6.25 (br d, J=6 Hz, 1H), 7.0/ (m,
3H), 7.25 (m, 10H). Mass spectrum: (M+H)*=616.

EXAMPLE 4

(28,38,55)-2{(3R,3a85,6aR)-Bis-
tetrahydrofuranyloxy Jamino-3-hydroxy-5{25-(3-
meihyl-1-imidazolidin-2-ony])-3-methy] butanoyl]
amino-1,6-diphenylhexane

A. 25-(3-Methyl-1-imidazolidin-2-onyl)-3-methyl butanoic
acid methyl ester

To a suspension of 45 mg (60% oil dispersion) of sodium
hydride in 0.5 ml of DMF was added a solution of 150 mg
of the compound from Example 1L in 4.5 mi of DME. After
20 minutes at RT, (1.5 equivalent, 0.07 ml) methyl iodide
was added. Reaclion was complete in 1 h. The reaclion was
quenched with satd. NH,Cl solution and exiracted with cther
(100 ml+50 mlx2), dried and concentrated in vacuo. The
crude product was purified by silica ge! columa chromatog-
raphy (20% EtOAc/CH.Cl,) to provide the desired com-
pound (61%). 300 MHz ‘H NMR (CDCl,) 50.95 (d, }=6 Hz,
3H), 0.97 (d, J=6 Hz, 3H, 2.15 (m, 1H), 2.80 (s, 3H), 3.32
(m, 3H), 3.60 (m, 1H), 3.70 (s, 3H), 4.25 (d, J=10.5 Hz, 1H).
Mass spectrum: (M+H)*=215.
B. 28-(3-Methyl-1-imidazolidin-2-onyl)-3-methyl butancic
acid

Hydrolysis of the methyl ester from Example 4A using the
procedure described in Example 1M provided the desired
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compound. 300 MHz 'H NMR (DMSO0-d,) 80.85 (d, =6
Hz, 3H), 0.92 (d, J=6 Hz, 3H), 2.05 (m, 1H), 2.65 (s, 3H),
325 (m, 3H), 3.42 (m, LH), 3.90 (d, J=10 Hz, 1H). Mass
specirum: ('M-!-H)‘-ZOI.
C. (3R,3a8,02R)-Bis-tetrahydrofuranyl-(4-nitrophenyl)
carbonate

To a splution of 3R-hydroxy-(3aS,6aR)-bis-
tetrahydrofyran [3. Med. Chem. 37, 25062508 (1994)] (200
mg, 1.54 mmole) in 10 ml of CH,Cl, was added triethy-
lamine (0.26 ml, 1.85 mmole), and p-nitrophenyl chlorcfor-
mate (341 mg, 1.69 mmole). The solution was kept at RT for
3 days, diluted with CH,Cl, (100 ml) and washed with satd,
N2HCO, (15 ml). The organic layer was dricd and concen-
trated in vacuo. Purification by silica gel column chroma-
tography (5% L{OAc/CH,CL;) provided the desired com-
pound (42%). 300 MHz '"H NMR (CDCL,) 82.0 (m, 1H),
2.20 (m, 1H), 3.18 (m, 1H), 4.0 (m, 3H), 4.17 (m, 1H), 5.27
(m, 1H), 5.80 (d, J=6 Hz), 7.40 (d, J=7.5 Hz, 2H), 8.30 (d,
Je7.5 Hz, 2H). Mass spectrum: (M+NH,)*=313.
D. (25,35,58)-2{(3R 3a8,6aR)-Bis-tetrahydrofuranyloxy]
amino-3-hydroxy-5-(1-butyloxy carbonyl)aminoc-1,6-
dipbcnylhexanc

To a solurion of the carbonate from Example 4C (100 mg,
0.34 mmole)} in 3.4 mi of DMF was added the compound
from Example 1F (130 mg, 0.34 mmole). The solution was
kept at RT ovemight and (hen concentrated in vacuo. Puri-
fication of the crude product by silica gel column chroma-
tography (2% to 5% MeOH/CH,Cl,) provided the desired
compound (93%). 300 MHz 'H NMR (CDCl;} 51.40 (s,
9H), 1.64 (m. 3H), 2.76 (m, 2H), 2.87 (m, 2H), 3.66~4.0 (m,
7H), 4.53 (m, 1H), 5.06 (m, 2H), 5.68 (d, J=6 HZ, 1H),
7.10-7.28 (m, 10H). Mass spectrum: (M+NH,)"=558.
E. (25,33,53)-2-[(3R,3aS,6aR)-Bis-lctrahydrofurauyloxy]
amino-3-hydroxy-5-amino-1,6-diphenylhe xane

To a solution of the compound from Example 4D (170
mg, 0.31 mmole} in 5 ml of CH,Cl; was added 5 mf of
trifluoroacetic acid. After 0.25 h, the solvent was removed in
vacuo. The residue was dissoived in 100 ml of EtOAc and
washed with satd. NaHCO, and then brine, dried and
concentrated 1o provide the desired compound (91%). 300
MHz 'H NMR (CDCL,) $1.27-1.60 (m, 4H), 1.75 (m, 2H),
2.47 (m, 1H), 2.80 (m, 1H), 2.88 (m, 2H), 3.0 (m, 2H), 3.80
(m, 4H), 4.0 (m, 1H), 5.10 (m, 1H), 5.30 (d, J=10.5 Hz, 1H),
5.70 (d, J=6 Hz, 1H), 7.05-7.25 (m, 10H). Mass spectrum:
(M+H)*=441.
F. (25,35,53)-2-{(3R 3aS,6aR)-Bis-letrahydrofuranyloxy)
amipo-3-hydroxy-5-{28-(3-methyl-1-imidazolidin-2-onyl)-
3-methy] butanoylJamino-1,6-diphenylhexane

Coupling of the carboxylic acid from Lxample 4B with
the amino compound from Example 4E using standard
procedure (EDAC in DMF) provided the desired compound.
300 MHz 'H NMR (CDCl,) 80.82 (d, J=3H, 3H), 0.85 {d,
JeHz, 3R}, 1.65 (m, 1H), 2.77 (s, 3H), 2.85 (m, 3H), 3.17
(tn, 2H) 3.47 (m, 1H), 3.60 (m, 2H), 3.75 (m, 1H), 3.87 (m,
1H), 4.0 (m, 1H), 4.20 (m, 1H), 5.05 (m, 2H), 5.68 (d, J=6
Hz, 1H), 6.45 (br d, J=7.5 Hz, 1H), 7.20 (m, 10H). Mass
spectrum: (M+H) =623,

EXAMPLE 5

(28,38,55)-2{(3R,3aS,6aR )-Bis-
tetrahydrofuranyloxylamino-3-hydroxy-5{25-(1-
imidazolidin-2-onyl)-3-methyl butanoylJamino-1,6-
diphenylhexane
Coupling of the amino compound from Example 4E with

the car’omcylic acid from Example 1M using standard pro-
cedure (EDAC/DMEF) provided the desired compound. 300
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MHz H NMR (CDCl,) 50.85 (d, J=7 Hz, 3H), 0.88 (4,
J=Hz, 3H}, 1.70 (m, 2H, 2.18 (m, 1H), 2.80 (m, 3H), 2.95
(m, 1H), 320 (m, 4H), 3.60 (m, 3H), 3.75 (m, 2H), 4.0 (m,
1H), 4.20 (m, 1H), 4.45 (s, 1H), 5.10 (m, 2H), 5.67 (d, J=6
Hz, 1H) 6.60 (d, J=7.5 Hz, 1H), 7.20 (m, 10H). Mass
spectrum: (M+H)" =609,

EXAMPLE 6

(28,35,58)-2{N-{(5-Thiazolyl)methoxycarbonyl)
amino)-5-((28-(1-imidazolidin-2-onyl)-3-methyl-
butanoyl)-amino)-3-hydroxy-1,6-diphenylhexane
A. Ethyl 2-Chloro-2-formylacetate
To a three neck 2 L rownd botiom flask charged wiih
potassium t-butoxide ((.5 mol, 500 mL of 2 1M solution in
THF) and 500 mL of dry THF cooled 1o 0° C. was added
dropwise from an addition funnel a solution of ethyl chlo-
roacetate (0.5 mol, 53.5 mL) and elhyl formate (0.5 mol,
40.4 mL), in 200 mL of THF over 3 hours. After completion
of addition, the reaction mixture was stirred for 1 hour and
allowed to stand overnight. The resulting solid was diluted
with diethyl ether and cooled in an ice bath. Then, the pH
was lowcred to approximately 3 using 6N HCl. The organic
phase was separated, and the aqueous layer was washed 3
times with dicthyl ether. The combined cthereal portions
were dried over NaSQ,, and concentrated in vacuo. The
crude desired compound was stored at =30° C. and used
without further purfication.
B. Ethyl Thiazole-5-carboxylate
To a round bottom flask was added 250 mL. of dry acetone,
7.5 g (0.123 mol) of thioformamide, and 18.54 g (0.123 mal)
of cthyl 2-chloro-2-formylacetate. The reaction was healed
at reflux for 2 hours. The solvent was removed in vacua, and
the residue was purified by chromatography (810, 6 cmod.
column, 100% CHCl,, R=0.25) 10 provide 11.6 g (60%) of
the desired compound as a light yellow oil. NMR (CDCt,
81.39 (1, J=7 Hz, 3H), 4.38 (q, J=7 Hz, 2H), 8.50 (s, 1H),
8.95 (s, 1H).
C. 5-(Hydroxymethyl)thiazole
“To a precooled {ice bath) three neck 500 mL Hask con-
taining lithium aluminum hydride (2.89 g, 76 mmol) in 250
mL of THF was added ethyl thiazole-5-carboxylate (11.82 g,
75.68 mmol) in 100 mL of THF dropwise over 1.5 hours to
avoid excess foaming. The reaction was stirred for an
additional howr, and treated cautiously with 2.9 mL of waler,
2.9 mL of 15% NaOH, and 8.7 mL of water. The solid salts
were filtered, and the filtrate set aside. The crude salts were
heated at reflux in 100 mL of ethyl acetate for 30 minutes.
The resulting mixture was filtered, and the two filtrates were
combined, dried over Na,S0,, and concentrated in vacuo.

The product was purified by silica gel chromatography s

cluting sequentially with 0% -2% -4% methanol in
chloroform, to provide the desired compound, Rf-0.3 (4%
methanol in chloroform), which solidified upen standing in
75% yield. NMR (CDCl,) $4.92 (s, 2H), 7.78 (s, 1H), 8.77
(s, 1H). Mass spectrum: (M+H)"=116.
D. ((5-Thiazolymethyl)-(4-aitrophenyl)carbonaic

A solution of 3.11 g (27 mmol) of 5«{hydroxymethyl)
thiazole and excess N-methyl morpholine in 100 ml of
methylene chloride was cooled to 0° C. and treated with 8.2
g (41 mmol) of 4-nitrophenyl chloroformate. After being
stimed for 1 h, the reaction mixture was diluted with CHCl,,
washed successively with IN HCIl, saturated aqueous
NaHCO,, and saturated brine, dried over NaSO,, and con-
centrated in vacuo. The residue was purified by silica gel
chromatography (8i0,, 1-2% MeOH/CHCl,, Rf=0.5 in 4%
MeOQH/CHCL,) 1o yield 5.9 g (78%) of the desired com-
pound as a yellow solid. NMR (CDCly) 85.53 (s, 2H), 7.39
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(d1, 1=9, 3 Hz, 2H), 8.01 (s, 1H), 8.29 (dt, Je9, 3 Hz, 2H),
8.90 (s, 1H). Mass spectrum: (M+H)"=281.
E. (25,38,58)-5-Amino-2-(N-{(5-thiazolyl}-
methoxycarbonyl)amino)-3-hydroxy-1,6-diphcnylhexanc

Coupling of the amino compound from Example 1F with
the carbonate from Example 6D using the procedure from
Example 4D, followed by removal of the Boc-protecting
group using TFA/CH,Cl, provided the desired compound.
300 MHz 'H NMR (CDCl,) §1.3-1.6 (m, 2H), 2.40 (dd,
1=14, 8 Hz, 1H), 2.78 (dd, J=5 Hz, 1H), 2.88 (d, I=7 Hz, 2H),
3.01 (m, 1H), 3.72 (br g, 1H), 3.81 (br d, J=10 Hz, 1H), 5.28
(s, 2H), 5.34 (br d, J=9 He, 1H), 7.07 (br d, J=7 Hz, 2H),
7.15-735 (m, 8H), 7.87 (s, 1H), 8.80 (s, 1H). Mass spec-
rum: (M+H) =426,
F. (28,38,55)-2-(N~((5-thiazolyl)methoxycarbonyl)amino)-
5-{((25(1-imidazolidin-2-onyl)-3-methyl-butanoyl}-amino)-
3-hydroxy-1.6-dipbenylhexane

Coupling of the amino compound from Example 61 with
the carbox¥lic acid from Example 1M using standard pro-
cedure (Et)AC in DMF) provided the desired compound
(52%). 300 MHz 'H NMR (CDCl,) 50.82 (d, J=7.5 Hz, 3H),
0.85 (4, J=7.5 Hz, 3H), 1.65 (m, 2H), 2.15 (m, 1H), 2.70 (m,
3H), 2.85 (d, 7.5 Hz, 2H), 3.08 (m, 1H), 3.18 (m, 1H), 3.30
(M, 2H), 3.60 (m, 3H}, 3.80 (m, 1H), 4.16 (m, 1H), 4.40 (s,
1H), 5.16{d, J=9 Hz, 1H), 5.24 (s, 2H), 6.60 (d, J=0 Hz, 1H),
7.20 (m, 10H), 7.83 (s, 1H), 8.80 (5, 1H). Mass spectrum:
(M+H)*=594.

EXAMPLE 7

(25,38,58)-2-(N-((5-Thiazoly])-methoxycarbonyl)
amino)-B-hydroxy-S-(ZS-(1-imidazolidin-2—0nyl)-3,
3.dipeethyl butanoyl)amino-1,6-diphenythexane
A. 25-(1-Imidazolidin-2-onyl)-3,3-dimethy] butanoic acid

Using the procedures described in Example 1J to 1M, but
replacing L-valine methyl cster with L-t-butyl-leucine
methyl est¢r provided the desired compound. 300 MHz 'H
NMR (DMSO-dﬁ) 61.0 (s, 9H), 3.22 (1, J=7.5 Hz, 2H), 3.55
(g, J=7.5 Hz, 1H), 3.65 (q, =7.5 Hz, 1H), 4.14 (s, 1H), 6.40
(s, 1H), 12.62 (br s, 1H). Mass specirum: (M+H)*«201.
B. (28,39,55)-2-(N-((5-Thiazolyl)-mcthoxycarbonyl)
amino)-3-hydroxy-5-(28-(1-imidazolidin-2-ony1)-3,3-
dimethyl butanoyl)amino-1,6-diphenylhexane

Coupling of the amino compound from Example 6E with
the carboxylic acid from Example 7A using standard pro-
cedure (EPAC in DMF) provided the desired compound
(77%). 360 MHz *H NMR (CDCl,} 51.0 (s, 9H), 1.68 (m,
2H), 2.60-2.80 (m, 3H), 2.85 (d, J=7.5 Hz, 1H), 3.10 {m,
1H), 3.30 (M, 1H), 3.50 (m, tH), 4.56 (s, 1H), 5.15 (4, I=7.5
Hz, 1H), 5:25 (ABq, 1H), 6.50 (d, J=7 Hz, 1H), 7.20 (m,
10H), 7.83 (s, 1H), 8.80 (s, 1H). Mass spectrum: (M+H)"=
609.

EXAMPLE 8

(25,38,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydmy-s-(zs-( 1-imidazolidin-2-onyl)-3,3-dimethyl
butanoyl)amino-1,6-diphenylhexane

Coupling of the amino compound from Example 1N with
the carboxylic acid from Example 7A using standard pro-
cedure (EI)AC in DMF) provided the desired compound
(80%). 300 MHz 'H NMR (CDCl,) 51.0 (s, 9H), 2.18 (s,
6H), 2.68 (1, 1H), 2.80 (m, 1H), 2.98 (m, 3H), 3.10 (m, 1H),
327 (g, J=7 Nz, 111}, 3.53 (m, 1H), 3.77 (m, 111), 4.0 (s, 1H),
420 (m, 4H), 6.72 (m, 1H), 7.0 (m, 3H), 7.10-7.25 (m,
10H). Musé spectrum: (M+H) =629,
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EXAMPLE 9

(25,35,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-(2S<1-imidazolidin-2-1hionyl}-3-methyl
butanoyl)amino-1,6-diphcnylhexane

A. 28-(1-Imidazolidin-2-thionyl)-3-methyl butanoic acid

Using the same procedures described in Example 17 1o
1M, but replacing 1,1-carbonyl-diimidazole with 1,1-
thiocarbonyldiimidazole provided the desired compound.
300 MHz 'H NMR (DM80-4,) 50.87 (d, J=6 Hz, 3H), 0.96
(d, J=6 Hz, 3H), 2.11 (m, 1H), 3.45 (m, 2H), 3.62 (m, 1H),
3.80 (q, J=9 Hz, 1H), 4.80 (d, J=10 Hz, 1H), 830 (s, 1H),
12.75 (br s, 1H).
B. (25,35,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-(28-(1-imidazolidin-2-thionyl)-3-methyl
butanoyl)amino-1,6-diphenylhe xane

Couphing of the amino compound from Example IN with
the carboxylic acid from Example 9A using standard pro-
cedure (EDAC in DMEF) provided the desired compound
(53%). 300 MHz 'H NMR (CDCL,) 30.82 (d, J=6 Hz, 3H),
0.93 (d, J=6 Hz, 3H), 1.75 (m, 1H), 2.20 (5, 6H), 2.65 (m,
1H), 2.84 (m, 1H), 3.0 (m, 3H), 3.25 (m, 1H), 3.40 (m, 2H),
3.54 (d, J=Hz, 1H), 3.78 (m, 1H), 4.22 (m, 4H), 4.56 (d,
1=10.5 Hz, 1H), 5.65 (s, 1H), 6.60 (d, J<Hz, 1H), 7.0 (m,
3H), 7.25 {m, 10H). Mass spectrum: (M+H) =631,

EXAMPLE 10

(25,35,58)-2-(4-Amino-2,6-dimethylphenoxyacetyl)
amino-3-hydroxy-5-28-(1-imidazolidin-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

A. 2,6-Dimecthyl-4-nitro phenoxyacetic acid cthyl ester

To a solution of 10.5 g (54.6 mmale) of ethyl 2,6-
dimethylphenoxy acetate and 7.5 g (109 mmole) of sodium
nitrite in 100 ml of methylene chloride was added 50 ml of
triffuoroacetic acid slowly. The reaction mixture became
solid after addition. Additionat 35 ml of trifluoroacetic acid
was added. After the reaction mixture was stirred at room
temperature for 3 b, it was carefully partitioned between
saturated sodium bicarbonate solution and methylene chlo-
ride. The combined organic ¢xtracts were washed with brine
and dried over anhydrous sodium sulfate, filtered and evapo-
rated to dryness under reduced pressure. The residue was
recrysialized in 30% ethy) acetate and hexanes 1o give 4.75
g (36%) of ethyl 2,6-dimethyl-4-nitro phenoxyaceiate as
light yellow prisms. 300 MHz "H NMR (CDCl;) 51.34 (3H,
t, J=7.5 Hz), 2.39 (6H, 5), 4.31 (2H, q, }=7.5 Hz), 7.93 (21,

s).
B. 2,6-Dimethyl-4-nitro-phenoxyacetic acid

To a solution of 0.962 g (4.06 mmole) of cthyl 2,6-
dimethyl-4-nitro phenoxy acetate in 10 m] of methanol was
added 1 ml of 3N sodium bydroxide. After the reaction
mixture was stirred at room temperature for 30 minutes it
was acidified with 3N HCI and partitioned between water
and methylene chloride. The combined organic extracts
were washed with brine and dried over anhydrous sodium
sulfate, filtered and evaporated to dryness under reduced
pressure lo give 0.82 g (97%) of 2,6-dimethyl-4-nitro phe-
noxy acetic acid as light yellow solid. 300 MHz 'H NMR
(d;-DMSO0) 52.35 (6H, s), 4.55 (2H, 5) 7.97 {2H, 5), 13.02
(1H, bs).
C. (25,38,58)-241-Butyloxycarbonyl)amino-3-hydroxy-5-
(28-(1-imidazolidin-2-only)-3-methyl-butapoylamino-1,6-
diphenylhexane

Coupling of (28,38,58)-2-(t-butyloxycarbonylJamino-3-
hydroxy-5-amino-1,6-diphenylhexane with the carboxylic
acid from Example 1M using standard procedure (EDAC in
DMF) provided the desired compound (100%). 300 MHz 'H

44
NMR (CDCl,) 50.83 (d, J=6 Hz, 3H), 0.87 (d, J=6 Hz, 3H),
1.40 (s, 9H), 1.70 (m, 2H), 2.16 (m, 1H), 2.58-2.80 (m, 4H),
3.10-3.30 (m, 4H), 3.65 (m, 2H), 4.20 (m, 1H), 4.38 (s, LH),
483 (d, J=Hz, 1H), 6.53 (d, J=9 Hz, 1H), 7.20 (m, 10H),

5 Mass spectrum: (M+H)*=553,
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D. (28,38,55)-2-Amino-3-hydroxy-5-(25-(1-imidazolidin-
2-onyl)-3-methyl-butanoyl)amino-1,6-diphenylhexane

Deprotection of the Boc-protecting group of the com-
pound from Example 10C by standard procedure (TFA/
CH,Cl,) provided the desired compound. 300 MHz ‘H
NMR (CDCl,) 50.87 (d, J=6 Hz, 3H), 0.90 (d, }=6 Hz, 3H),
133 (d, J=4.5, 9.0 Hz, 1H) 2.18 (m, 1H), 2.50 (m, 1H), 2.80
(m, 5H), 3.20 (m, 4H), 3.72 (d, 1=10 He, 1H), 4.30 (m, 1H),
450 (s, 1H), 6.67 (d, J=7 Hz, 1H), 7.20 {m, 10H). Mass
spectrum: (M+H) =453,
E. (28,35,58)-2-(4-Nitro-2,6-dimethylphenoxyacetyl)
amino-3-hydroxy-5-(2S-(1-imidazolidin-2-onyl)-3-methy!-
butanoyl)amino-1,6~diphenylhexane

Coupling of the aminc compound from Example 10D
with the carboxylic acid from Example 10B using standard
procedure (EDAC in DMF) provided the desired compound.
300 MHz *H NMR (CDCl;) 80.83 (d, 7=Hz, 3H), 0.86 (4,
I=7 Hz, 3H), 1.70 {m, 3H), 2.18 {m, 2H), 2.28 (s, 6H) 2.75
(m, 3H), 2.95-3.50 {m, 6H), 3.67 (d, J=10.5 Hz, 1H), 3.75
(m, 1H), 3.82 (d, J=4 Hz, 1H), 4.25 {m, 5H), 6.55 (d, J=7 Hz,
1H), 7.20 (m, 10H), 7.92 (s, 2H). Mass specirum: (M+H)*=
660

F. (28,38,58)-2-(4-Amino-2,6-dimethviphenoxyacetyl)
amino-3-hydroxy-5-(28-(1-imidazolidin-2-onyl)-3-methyl-
butanoyl)amine-1,6-diphenylhexane

To a suspension of 7 mg of 109 Pd/Cin 5 ml of methanol
was added a solution of 69 mg of the compound from
Example 10E. The reaction mixture was stirred vigorously
under a hydrogen atmosphere (balloon filled with hydrogen
attached (o a 3-way stopcock). After 1 h, reaction was
complete by TLC analysis; the catalyst was filtered off and
the filtrate was concentrated in vacuo. The crude product
was purified by silica gel column chromatography (2% to
5% MeOH/CH.Cl,) to provide the desired compound
(65%). 300 MHz 'H NMR (CDCL,) 50.82 (d, J=Hz, 3H),
087 (d, J=6 Hz, 3H), 1.70 (m, 2H), 2.10 (s, 6H), 2.15 (m,
2H), 2.72 (m, 2H), 2.97 (d, J=7.5 Hz, 2H), 3.08 {m, 1H),
3.15 (m, 1H), 3.30 {m, 2H), 3.45 (br s, 2H), 3.66 (d, J=10 Hz,
1H), 3.72 (m, 1H), 3.90 (d, J=3 Hz, 1H), 4.10-4.20 (m, 4H),
430 (s, 1H), 6.33 (s, 2H), 6.57 (d, =9 Hz, 1H), 7.20 (m,
10H). Mass spectum: {(M+H) =630,

EXAMPLE 11

(25,35,55)-2-(2 4 ,6-TrimethylphenoxyacetylJamino-
3-hydroxy-542S-(1-imidazolidin-2-onyl)-3-
methylbutanoyl)amino-1,6-diphenylhexane

A. 2,4,6-Trimethylphenoxyacetic acid

Using the procedures from Example 1G and 1H, but
replacing 2,6-dimethyiphenol with 2,4,6-trimethylphenol
provided the desired compound. 300 MHz 'H NMR
(CDCL,) 82.25 (s, 9H), 4.43 (s, 2H), 6.84 (s, 2H). Mass
spectrum: (M+H)"=195.
B. (28,38,558)-2+2,4,6-Trimethylphenoxyacetyl)amino-3-
bydroxy-5-{2S-{i-imidazolidin-2-onyl)-3-methylbutanoyl)
amino-1,6-diphenylhexane

Coupling of the amino compound from Example 10D
with the carboxylic acid from Example 11 A using standard
procedure (EDAC in DMF) provided the desired compound
(51%). 300 MHz "H NMR (CDCl,) 80.82 (d, I=6 Hz, 3H),
085 (d, J=6 Hz, 3H), 1.70 (m, 4H), 2.13 (s, 6H), 2.25 (s,
3H), 2.75 (m, 2H), 2.97 (d, J=7 Hz, 1H), 3.13 {m, 2H), 3.28
{m, 2H), 3.68 (d, I=10 Hz, 1H), 3.72 (m, 1H), 4.16 (m, 4H),

1 0 MAR Z0¥
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4.40 (br s, 1H), 6.67 (d, =8 Hz, 1H), 6.80 (s, 2H), 7.20 (m,
10H). Mass spectrum: (M+H)* =620,

EXAMPLE 12

(28,38,58)-2-(4-Fluoro-2,6-dimethylphenoxyacetyl)
amino-3-hydroxy-5-(2S-(1-imidazolidin-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

A. 4-Fluoro-2,6-dimethylphenoxyacetic acid

Using the procedure from Example 1G and 1H, but
replacing 2,6-dimethylphenol with 4-fluoro-2,6-
dimethylphenol provided the desired compound. 300 MHz
!H NMR (CD,0D) 52.26 (s, 6I1), 4.37 (s, 2H), 6.73 (d, J=9
Hz, 2H). Mass spectrum: M*=198.
B. (28,38,55)-2-(4-Fluoro-2,6-dimethylphenoxyacetyl)
amino-3-hydroxy-5-(28{1-imidazolidin-2-onyl)-3-methyl-
butanoyl)amino-1,6-diphenylhexane

Coupling of the amino compound from Example 10D
with the carboxylic acid from Example 12A provided the
desired compound. 300 MHz *H NMR (CDCl,;) 50.83 (d,
J=6 Hz, 3H), 0.86 (d, I=6 Hz, 3H), 1.72 (m, 2H), 2.15 (s,
6I1), 2.20 (m, 111), 2.76 (m, 2H), 2.98 (d, I=7 Hz, 2H), 3.12
(m, 2H), 3.30 (m, 2H), 3.67 (d, J=10 Hz, 1H), 3.72 (m, 1H),
4.13 (AB q, I=8, 9 Hz, 2H), 4.20 (m, 2H), 4.37 (s, 1H), 6.64
(d, 7= Hz, 1H), 6.70 (d, J=Hz, 2H), 7.20 {m, 10H). Mass
spectum: (M+H)* =633,

EXAMPLE 13

(25,38,55)-2-(4,6-Dimethy] pyrimidin-5-oxy-acetyl)
amino-3-hydroxy-5425-(1-imidazolidin-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

A. 4,6-Dimethyl pyrimidin-5-oxy-acetic acid

Using the procedures from Example 1G and 1H, but
replacing 2,6-dimethylphenol with 5-hydroxy-4,6-
dimethylpyrimidine (prepared according to Chem. Ber. 93
pe- 1998, 1960) provided ihe desired compound. 300 Mz
IH NMR (DMSO-d,) 5245 (s, 6H), 4.55 (s, 2H), 8.50 (s,
1H). Mass spectrum: (M+H) =183,
B. (28,38,58)-2-(4,6-Dimecthy] pyrimidin-5-oxy-acctyl)
amino-3-hydroxy-3-(28(1-imidazolidin-2-onyl)-3-methyl-
butanoylyamino-1,6-diphenylhexane

Coupling of the amino compound from Example 10D
with the carboxylic acid from Example 13A provided the
desired compound. 300 MHz ‘H NMR (CDCl,) 50.82 (d,
J=6 Hz, 3H), 0.85 (d, J=6 Hz, 3H), 1.70 (m, 2H), 2.15 (m,
1H), 2.40 (s, 6H), 2.75 (m, 2H), 2.97 (d, J=7 Hz, 2H), 3.12
(m, 2H), 3.30 (m, 2H), 3.66 (d, J=10 Hz, 1H), 3.74 (m, 1H),
3.88 (d, J=Hz, 1I1), 4.20 (m, 41, 6.62 {(d, J=9 Hz, 1H), 7.0
(d, J=9 Hz, 1H), 7.20 (m, 10H), 8.70 (s, 1H). Mass spectrum:
(M+H)*=617.

EXAMPFLE 14

D. (28,38,55)-2-(2,4-Dimethyl-pyridin-3-oxy-
acetyl)amino-3-hydroxy-5-(28-(1-imidazolidin-2-
onyl)-3,3-dimethyl butanoyl}amino-1,6-
diphenylhexanc

A. 2,4-Dimethyl-pyridin-3-oxy-acetic acid

Using the procedures from Example 1G and 1H, but
replacing 2,6-dimethylphenol with 2.4 dimethyl-3-
hydroxypyridine (prepared according to J. Med. Chem. 35,
pg- 3667-3671, 1992) provided the desired compound. 300
MHz 'H NMR (DMS0-d,) 82.26 (s, 3H), 2.42 (s, 3H), 4.44
(s, 2H), 7.08 (d, J=5 Hz, 1H), 8.07 {d, J=5 Hz, 1H). Mass
spectrum: (M+H) =182,
B. (28,38,58)-2-(2,4-Dimethyl-pyridin-3-oxy-acetyl)
amino-3-hydroxy-5-(t-butyloxycarhonyl)amino-1,6-
diphenylhexane
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Coupling of the amino compound from Example 1F with
the carboxylic acid from Example 14A using standard
procedure (EDAC in DMF) provided the desired compound.
300 MHz *H NMR (CDCl,) 51.40 (s, 9H), 1.70 (m, 2H),
2.18 (s, 3H), 2.40 (s, 3H), 2.77 (m, 2H), 2.98 (d, I=7 Hz,
2H), 3.75-3.95 (m, 3H), 4.20 (s, 2H), 4.22 (m, 1H), 4.60 (br
d, 1H), 7.0 (d, J=5H, 1H), 7.10 (m, 3H), 7.25 (m, 7H), 8.16
(d, J=5 Hz, 1H). Mass spectrum: (M+H)*=548.

C. (28,38,58)-2-(2,4-Dimethyl-pyridin-3-oxy-acetyl)
amino-3-hydroxy-5-amino-1,6-diphenylhexane

Deprotection of the Boc-group in the compound from
Example 14B using standard procedure (TFA/CH,CL,) pro-
vided the desired compound. 300 MHz 'H NMR (CDCL,)
51.45 (m, 1H}, 1.62 (m, 1H), 2.23 (s, 3H), 2.45 (s, 3H), 2.50
(m, 1H), 2.80 (m, 1H), 3.0 (m, 2H), 3.12 (m, 1H), 3.90 (m,
1H), 4.18 (m, 1H), 4.25 (ABq, J=9, 12 Hz, ZH), 6.98 (d, J=5
11z, 1), 7.10 (m, 2H), 7.30 (m, 811), 8.17 (d, J=5 Hz, 1I).
Mass spectrum: (M+H)* =448,

D. (28,38,58)-2-(2,4-Dimethyl-pyridin-3-oxy-acetyl)
amino-3-hydroxy-5-(28-(1-imidazolidin-2-onyl)-3,3-
dimethyl butanoyljamino-1,6-diphenylhexane

Coupling of the amino compound from Example 14C
with the carhoxylic acid from Example 7A using standard
procedure (EDAC in DMF) provided the desired compound.
300 MHz *H NMR {CDCL,) 1.0 (s, 9H), 1.70 (m, 3H), 2.18
(s, 3H), 2.42 (s, 3I0), 2.75 (m, 2H), 3.0 (m, 411}, 3.30 (m,
1H), 3.55 (m, 1H}), 3.80 (m, 1H), 4.05 (s, LH), 4.20 (m, 4H),
4.60 (s, 1H), 6.70(d, J=7 Hz, 1H), 6.97 (d, J=5 Hz, 1H), 7.15
(m, 3H), 7.25 (m, 7H), 8.17 (4, J=Hz, 1H), Mass spectrum:
(M+H)"=630,

EXAMPIE 15

(28,38,55)-2-(2,4-Dimethyl-pyridin-3-oxy-acetyl)
amino-3-hydroxy-5-(28-(1-imidazolidin-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

Coupling of the amino compound from Example 14C
with the carboxylic acid from Example 1M using standard
procedure (EDAC in DMF) provided the desired compound.
300 MHz 'H NMR (CDCl,) 50.82 (d, J=6 Hz, 3H), 0.86 (d,
J=6 Hz, 3H), 1.75 (m, 3H), 2.15 (m, 1H), 2.18 (s, 3H), 2.40
(s, 3H), 2.75 (m, 2H), 2.97 (d, J=7.5 Hz, 2H), 3.20 (m, 4H),
3.70 (d, J-10 Hz, 1H), 3.75 (m, 1H), 4.20 (m, 6H), 4.52
(s,1H), 3.75 (m, 1H), 4.20 (m, 6H), 4.52 (s, 1H), 6.80(d, J-7
Hz, 1H), 6.96 (d, J=4.5 Hz, 1H), 7.20 (m, 10H), 8.17 (d,
J=4.5 Hz, 1H). Mass spectrum: (M+H)*=616.

EXAMPLE 16

(25,38,58)-22,6-Dimethylthiophenoxyacetyl)
amino-3-hydroxy-5(25-{1-imidazolidin-2-ony1)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

A. 2,6-Dimethylihiophenoxy acetic acid

Using the procedures from Example 1G and 1H, but
replacing 2,6-dimethylphenol with 2,6-dimethylthiophenol
provided the desired compound. 300 MHz 'H NMR
(CDCl,) 82.56 (s, 6H), 3.40 (s, 2H), 7.10 {m, 3H). Mass
spectrum: (M+H)*=197,
R. (25,35,55)-24(2,6-Dimethylthiophenaxyacetyl)amino-3-
hydroxy-5-(25-(1-imidazolidin-2-onyl)-3-methyl-butanoyl)
amino-1,6-diphenylhexane

Coupling of the carboxylic acid from Example 16A with
the amino compound from Example 10D provided the
desired compound. 300 MHz *H NMR (CDCl,) 30.82 (d,
1=6 Hz, 3H), 0.86 (d, J=6 Hz, 3H), 2.15 (m, 1H), 2.52 (s,
6H), 2.70 (m, 4H), 3.10(m, 2H), 3.30 (m, 4H), 3.60 (m, 2H),
4.0(m, 1H), 4.10 (m, 111), 4.22 (s, 111), 6.39 (d, J=7 [z, 1),
658 (d, J=9 Hz, 1H), 7.20 (m, 13H). Mass spectrum:

(M+H)*=631.
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EXAMPLE 17

(28,35,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-2S-(1-pymolidin-2-onyl)-3-methyl-
butanoyl)amino-1,6-diphenylhexanc

A. 4-Bromobutanoyl-L-valine methyl ester

To a solution of 1.08 g (8.4 mmole) of L-valine methyl
ester in 30 m] of CH,Cl, was added 1.36 ml (16.8 mmole)
of pyridine, cooled to 0° C. and 1.55 g (8.4 mmole) of
4-bromobutanoyl chioride added. The solution was stirred at
0° C. for 40 minutes and at RT for i h. The solution was
washed with satd. NaHCO,, brine and dried with anhy.
Na,S0,; filtered and concentrated in vacuo. The crude
product was purified by silica gel column chromatography
(5% EtOAc/CH,CL) 1o provide 1.82 g (77%) of desired
product. 300 MHz 'H NMR (CDCL,) 60.92 (d, J=6 Hz, 3H),
0.96 {d, J=6 Hz, 3H) 2.20 {m, 3H), 2.46 (m, 2H), 3.50 (m,
2H), 3.76 (s, 3H), 4.58 (dd, J=4,7 Hz, 1K), 5.97 (br d, J=7
Hz, 1H). Mass spectrum: (M+H)*=297.
B. 28-(1-Pyrrolidin-2-onyl)-3-methyl-butanoic acid

To a solution of 1.49 g (5.3 mmole) of the compound from
Example 17A in a mixture of DMF/CH,CL, cooled ta 0° C.
was added 0.234 g (1.1 equivalent) of 60% sodium hydride
in miperal oil. The mixture was slowly warmed up to RT and
stirred overnighl. The mixture was poured into said. ammo-
nium chloride and extracted with ethyl acetate, dried and
concentrated in vacuo. The crude product was hydrolvzed
using lithuim hydroxide as in Example 1H to provide the
desired compound. 300 MHz *H NMR (CDCl,;) 80.96 (d,
J=7 Hz, 3H), 1.06 (d, J=7 Hz, 3H), 2.10 (m, 2H), 2.40 (mm,
1H), 2.50 (1, J=7 Hz, 2H), 3.56 (m, 2H), 4.14 (4, J=10 Hz,
1H). Mass spectrum: (M+H)*=186.
C. (28,38,558)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-(25~(1-pyrrolidin-2-onyl)-3-methyl-butanoyl)
amino-1,6-diphenylhexane

Coupling of the carboxylic acid from Example 17B with
the amine from Example 1N using standard procedure
(EDAC in DMF) provided the desired compound. 300 MHz
I1f NMR (CDCl,) $0.77 (d, J=7 Iiz, 3H), 0.83 (4, J=7 Hz,
3H), 1.75 (m, 3H), 2.10 (m, 1H), 2.20 (s, 6H), 2.25 (m, 1H),
2.65 (m, 1H), 2.85 (m, 1H), 3.0 (d, J=7 Hz, 2H), 3.20 (m,
1H), 3.77 (m, 2H), 3.88 (d, I=10 Hz, 1H), 4.20 (m, 3H), 6.30
(d, J=7 Hz, 1H), 6.98 (m, 3H), 7.20 (m, 10H). Mass
spectrum: {(M+H) =614,

EXAMPLE 18

(25,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-(28{1-pyrmolidin-2,5-dionyl)-3-methyl-
butanoylamino-1,6-diphenylhexane
A. 2S-(1-Pyrrolidin-2,5-dionyl)-3-methyl-butanoic acid

benzyl ester

To a solution of 700 mg (3.38 mmole) of L-valine benzyl
ester in 6 ml of chloroforin was added 1 equivalent of
succinic anhydride, After 1 h at RT, the solvent was removed
in vacuo and the residue was dissolved in 20 m! of DMF. To
this solution was added 0.52 g of N-bydroxy-benzoiriazole,
0.68 g of EDAC and 0.52 ml of tricthylamine. After 24 h at
RT, 20 mg of 4-dimethylaminopyridine was added. The
solution was left a1t RT for 3 days. After standard work-up,
the crude product was purified by silica gel column chro-
matography to provide 0.25 g of desired product (26%). 300
MHz ‘H NMR (CDCl;) 50.84 (d, J=7 Hz, 3H), 1.12 (d, J=7
Hz, 3H), 2.70 (m, 1H), 2.71 (s, 4H), 4.45 (d, J=9 Hz, 1H),
5.15 (s, 2H), 7.30 (m, SH).
B. 28-(1-Pyrrolidin-2,5-dieuyl)-3-methyl-butanoic acid

A mixture of 0.245 of the product from Example 18A, 30
mg of 10% palladium on charcoal in 50 ol of methanol was
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stired vigorously under hydrogen atmosphere (balloon
filled with hydrogen) for 1 h. The catalyst was filtered off
and the solvent was removed under vacunm to provide 168
mg of the desired compound. 300 MHz *H NMR (CDCl,)
80.84 (d, J=6 Hz, 3H), 1.13 (d, J=6 Hz, 3H), 2.65 (m, 1H),
2.80(s, 4H), 4.45 (d, J=8 Hz, 111). Mass spectrum: (M+H)"=
200

C. (28,38,58)-2-(2,6-Dimethylpbenoxyacetyl)amino-3-
hydroxy-5-(28-(1-pyrrolidin-2,5-dionyl)-3-methyl-
butanoyl)amine-1,6-diphenylhexane

Coupling of the carboxylic acid from Example 18B with
the amine from Example 1N using standard procedure
(EDAC in DMF) provided the desired product (75%). 300
MHz *H NMR (CDCL,) 50.70 (d, J=4 Hz, 3H), 0.72 (4, J=4
Hz, 3H), 1.70 (m, 1H), 2.20 (s, 61), 2.45 (m, 2H), 2.60 (s,
4H), 2.80 (m, 2H), 3.0 (m, 2H), 3.76 (m, 1H), 4.20 {(m, 6H),
7.0 (m, 3H), 7.20 (m, 10H). Mass spectrum: (M+H)" =628,

EXAMPLE 19

(28,38,58)-2+( Trans-3-(2,6-dimethylphenyl)
propenoyl)amino-3-hydroxy-5425-1-
tetrahydropyrimidin-2-onyl}-3-methyl-butanoyl)
amino-1,6-diphenylhexane

A 2,6-Dimethyl benzaldehyde

Oxidation of 2,6-dimethyl benzyl aleohol by standard
Swern oxidation procedure {(oxalyl chloride/DMSQ) pro-
vided the desired compound. 300 MHz 'H NMR (CDCl,)
§2.62 (s, 6H), 7.10 (m, 2H), 7.33 (1, J=7 Hz, 1H), 10.63 (s,
1H), Mass spectrum: (M+H)*=135. ’
B. Trans-3-(2,6-dimethylphenyl)-propenoic acid methyl
cstet

To a solution of trimethyl phosphonoacetate (149 mg,
0.82 mmole) in 15 ml of THF was added 36 mg of sodivm
hydride (60% in oil). After 15 minutes 100 mg of the
compound from Example 19A in 2 ml of THF was added.
After 2 h, the reaction was quenched carefully with water
and extracted with ethyl acetate {70 ml), dried and concen-
trated. Purification of the crude product by silica gel column
chromatography (hexane/EtOAc 95:5) provided the desired
compourd (75%). 300 MHz ‘H NMR {CDCL) 8235 (s,
6H), 3.82 (s, 3H), 6.07 (d, J=16 Hz, 1H). 7.10 (m, 3H), 7.85
(d, J=16 Hz, 1H). Mass spectrum: (M+NH,)*=191.
C. Trans-3-(2,6-dimethylphenyi)-propenoic acid

Hydrolysis of the methyl ester from Example 19B using
lithium hydroxide in a mixture of methanol and water
provided the desired compound (84%). 300 MHz 'H NMR
(CDCl,) 82.38 (s, 6H), 6.13 (d, J=16 Hz, 1H), 7.10 (m, 3H),
796 (d, =16 Hz, 1H). Mass spectrum: (M+H)"'=194.
D. (28,35,55)-2«(Trans-3+2,6-dimethylphenyl)propenoyl)
amino-3-hydroxy-5-(1-butyloxycarbony 1,6-diphenylhexane

Coupling of the carboxylic acid from Example 19C with
the amine from Example 1F using standard procedure
(EDAC/DMF) provided the desired compound (84%). 300
MHz 'H NMR (CDC1,) 81.40 {s, 9H), 1.68 (m,1H), 2.34 (s,
6H), 2.75 (m, 2H), 2.96 (m, 2H), 3.72 (m, 1H), 3.85 (m, 1H),
4.08 (m, 2H), 4.60 (m, 1H), 5.88 (d, J=10 Hz, 1H), 5.94 (d,
I=16 Hz, 1H), 7.10 (m, 5H), 7.25 (m, 8H), 7.72 (d, J=16 Hz,
1H). Mass spectrum: (M+H)"=543.
E. (25,358,58)-2-(Traps-3-(2,6-dimethylphenyl)propenoyl)
amino-3-hydroxy-5-(2S-1-tetrahydropyrimidin-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

Removal of the Boc-protecting group of the compound
from Example 19D (TFA/CH,Cl)) and coupling of the
resulting amine with the carboxylic acid from Example ZA
using standard procedure {(EDAC/DMF} provided the
desired compound (73%). 300 MHz 'H NMR (CDCL,)
80.82 (d, J=6 Hz, 3H), 0.87 (d, J=6 Hz, 3H), 1.50 (m, 1H),
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1.70 (m, 2H), 2.20 (m, 1H), 2.33 (s, 6H), 2.68 (m, 1H), 2.78
(m, 1H), 2.85 (m, 1H), 3.05 (m, 5H), 3.73 (m, 1H), 4.17 (m,
1H), 4.30 (d, J=3 Hz, 1H), 4.60 (s, 1H), 5.95 (d, J=15 Hz,
1H), 6.0 (d, J=0 Hz, 1H), 6.80 (d, J=7 Hz, 1H), 7.25 (m,
13H), 7.70 (d, J=15 Hz, 1H). Mass spectrum: (M+H)*=625.

EXAMPLE 20

(25,38,55)-2-(3«2,6-Dimethylphenyl)propanoyl)
amino-3-hydroxy-5-(2S-(1-tetrahydropyrimidin-2-
onyl)-3-methyl-butanoyl)amine-1,6-diphenylhexane

A. 3{(2,6-DimethylphenyDpropanoic acid methyl ester

Asoluticn of 400 mg of the compound from Example 19B
in 25 ml of methanol and 40 mg of 10% Pd/C was stirred
vigorously under a hydrogen atmosphere (balloon pressure)
for 3 h. The catalyst was filtered off and concentration of the
filtrate in vacuo provided the desired compound (98%). 300
MHz 'H NMR (CDCl,) $2.35 (s, 6H), 2.45 (m, 2H), 2.98
(m, 2H), 3.22 (s, 3H), 7.02 (s, 3H). Mass spectrum:
(M+H)*=210.
B. 3+2,6-Dimethylphenyl)propancic acid

Hydrolysis of the methyl ester from Example 20A, using
lithium hydroxide in methancl and water provided the
desired compound (93%). 300 MHz 'H NMR (CDCL.)
82.36 (s, 6H), 2.50 {m, 2H), 3.0 (m, 2H), 7.03 (s, 3H). Mass
spectrum: (M+NH, ) =196.
C. (25,35,55)-2+(3-2,6-Dimcthylphenyl}propanoyl)amino-
3-hydroxy-5-(t-butyloxycarbonyl)amino-1,6-
diphenylhexane

Coupling of the carboxylic acid from Example 20B with
the amine from Example 1F using standard coupling pro-
cedure (EDAC/DMF) provided the desired compound. 300
MHz 'H NMR (CDCL,) 1.40 (s, SH), 1.55 (m, 2H), 2.20
{m, 2H), 2.30 (s, 6H), 2.74 {m, 2H), 2.85 (m, 4H), 3.66 (m,
1H), 3.82 (m, 1H), 3.95 (m, 2H), 4.57 (brd, 1H), 5.66 (d, =9
Hz, 1H), 7.0 (s, 3H), 7.22 (m, 10H). Mass spcctrum:
(M+H)*=545.
D. (25,38,58)-2-(3-(2,6-Dimethylphenyl)propanoyl )amino-
3-hydroxy-5-(25-( 1-tetrahydropyrimidin-2-onyl}-3-methyl-
butanoyl)amino-1,6-diphenylhexane

Removal of the Boc-protecting group of the compound
from Example 20C. using trifluoroacetic acid in CH,Cl, and
coupling of the resulting amine with the carboxylic acid
from Example 2ZA using standard coupling procedure
(EDAC/DMF) provided the desired compound. 300 MHz
IH NMR (CDCl,) 80.82 (d, J=6 Hz, 3H), 0.86 (d, J=6 Hz,
3H), 1.55 (m, ZH), 1.65 (m, 1H), 1.70 (s, 3H), 2.20 (m, 3H),
2.30 (s, 6H), 2.65 (m, 1H), 2.75 (m, 1H), 2.86 (m, 5H), 3.10
(m, 3H), 3.68 (m, 1H), 4.10 {m, 4H), 4.63 (s, 1H), 5.75 (d,
=7 Hz, 1H), 6.76 (d, J=7 Hz, 1H), 7.0 (m, 3H), 7.20 (m,
10H). Mass spectrum: (M+H)*=627.

EXAMPLE 21

(285,38,58)-22,6-Dimethyl-4-hydroxy-
phenoxyacetyl)amino-3-bydroxy-5(25-(1-
tetrahydropyrimidin-2-onyl)-3-methyl-butanoyt)
amino-1,6-diphenylhexane

A. 2,6-Dimethyl-4-tert-butyldimethylsilyloxy pbenol

To a solution of 2.5 g (14.7 mmole) of 2,6-
dimethylquinone in 5 ml of methanol was added 200 mg of
Pd/C (20%). The reaction mixture was stirred under 1
atmosphere of hydrogen for overnight. The Pd/C was
removed over a celite pad, and the solvent was evaporated
to dryness under reduced pressure to give 2.0 g (100%) of
2,6-dimethyldihydroquinone as a light yellow oil.

To a solution of 2.0 g (14.7 mmole) of 2,6-
dimethyldihydroguinone in 10 ml of methylene chloride was
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added 1.2 g (17.6 mmole) of imidazole and 2.2 g (14.7
mmol) of tert-butyldimethylsilyl chloride subsequently at 0°
C. After the reaction was complete as indicated by TLC, it
was partitioned between methylene chloride and 1:1 mixture
of 3N bydrogen chloride and brine. The organic layer was
washed with brine, dricd over sodium sulfate, filtercd and
evaporaled to dryness under reduced pressure. Silica gel
chromatography using 5% cthyl acetate:hexanes gave 1.8 g
{49%) of 2 6-dimethyl-4-tert-butyidimethylsityloxy phenol
as a white solid. 300 MHz *H NMR (CDCl,) 80.16 (s, 6H),
0.98 (s, 9H), 2.19 (5, 6H), 4.22 (s, 1H), 6.48 (s, 2H). Mass
spectrum: (M+H)*=253.
B. Ethyl 2,6-Dimethyl-4-tert-Butyldimethylsilyloxy phe-
noxyl acelate

A solution of 1.8 g (7.1 mmole) of 2,6-dimethyl-4-tert-
butyldimethylsilyloxy phenol in 5 mi of dimethyHormamide
was trealed with 2.0 g (1.43 mmole) of potassium carbonate
and 830 ul (7.5 mmole) of ethyl bromoacetate. The resuiting
solution was heated at 70° C. for 4 hr. After cooled to room
temperature, the reaction mixture was partitioned between
ethyl acetate and 3N hydrogen chloride. The combined
orgenic layer was washed with diluted brine, dried over
magnesivm sulfate, fillered, and evaporated in vacuo. Silica
gel chromatography using 5% cthyl acetatc:hexancs gave
2.03 g (85%) of ethyl 2,6-dimethyl-4-tert-
butyldimethylsilyloxy phenoxyl acetate as a light yellow oil.
300 MHz *H NMR (CDCl,) 80.17 (s, 6H), 0.97 s, 9H), 1.33
(1. 3H, }J=6.3 Hz), 2.22 (s, 6H), 4.30 (q, 2H, J=6.3 Hz), 4.35
(s, ZH), 6.57 (s, 2H). Mass spectrum: (M+H)*=356.
C. 2,6-Dimethyl-4-Hydroxyl phenoxyacetic acid

To a sohution of 2.03 g (6.0 mmolc) of cthyl 2,6-dimcthyl-
4-tert-butyldimethysilyloxy phenoxy acetate in 10 ml of
methanol was added 4 ml of 3N sodium hydroxide. Afier the
reaction mixture was stirred at room iemperature for 30
minutes it was acidified with 3N HCl. The reaction was
allowed to stir for additional 1 b, and then partitioned
between water and methylene chloride. The combined
organic extracts were washed with brine and dried over
anhydrous sodium sulfate, filtered, and evaporated to dry-
ness under reduced pressure. Trituration with hexanes gave
910 mg (77%) of 2,6-dimethyl-4-hydroxyl phenoxyacetic
acid as a white solid. 300 MHz "H NMR (CD,0D) §2.18 (s,
6H), 4.31 (s, 2H), 6.41 (s, 2H). Mass spectrum: (M+H)"=
214.
D. (28,38,58)-242,6-Dimethyl-4-hydroxy-phenoxyacetyl}
amino-3-hydroxy-5-(t-butyloxycarbonyl)amino-1.6-
diphenylhexane

Coupling of the carboxylic acid from Example 21C with
the amine from Example 1T using standard coupling pro-
cedure (EDAC/DMF) provided the desired compound. 300
MHz '"H NMR (CDCl,) §1.40 (s, 9H), 1.68 (m, 2H), 2.07 (s,
6H), 2.77 (4, J=6 Hz, 2H), 2.98 (m, 2H), 3.74 (m, 1H), 3.90
(m, 1H), 4.10 (m, 3H), 4.58 (m, 1H), 5.20 (m, 1H), 6.44 (s,
2H), 7.10-7.30 (m, 10H).
E. (25,38,55)-242,6-Dimethyl-4-hydroxy-phenoxyacetyl}
amino-3-hydroxy-5-(28-(1-tctrahydropyrimidin-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane

Removal of the Boc-protecting group of the compound
from Example 21D using TFA/CH,Ci, and coupling of the
resulting amine with the carboxylic acid from Example ZA
using standard procedure (EDAC/DMF) provided the
desired compound. 300 MHz *H NMR (CDCl,) 30.78 (d,
J=5 Hz, 3H), 0.81 (d, J=5 Hz, 3H), 1.47 {m, 1H), 2.03 (s,
6H), 2.18 (m, 1H), 2.62 (m, 1H), 2.80 (m, 2H), 3.05 (m, 6H),
3.78 (m, 111), 4.12 (M, 6H), 4.37 (M, 1H), 4.71 (s, 111), 6.47
(s, 6.94 (br d, 1H), 7.20 {(m, 10H). Mass spectrum: (M+H)*=
645.
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EXAMPLE 22

(25,38,58)-2-(cis(x}-1,1-dioxo-2-isopropyl-3-
tetrahydrothiophenoxy)amino-3-hydroxy-5-(28-(1-
tetrahydropyrimid-2-onyl)-3-methyl butanoyl)
amino-1,56-diphenylhexane

A. Cis(1)-2-isopropyl-3-hydroxy-tetrahydrothiophene

To a solution of ethyl-3-mercaptopropionate (27.25 ml,
0.246 mole) in 200 ml of ethanol was added carefully
sodium ethoxide (16.75 g, 0.246 mole) in several portions.
The resulting suspension was then cooled 1o —20° C. and
ethyl-2-bromoisovalerate (50 g, 0.239 mole) in 50 ml of
ethanol was added dropwise over 2 h. After addition was
complete, the reaction was warmed to ambient temperaiure
and stirred for 3 h. The mixture was peured into 600 ml of
ethyl acetate and 600 ml of saturated NH,Cl. The ethyl
acelale layer was removed and the agueous layer extracted
(2x200 ml) with ethyl acelate. The combined organic layer
was dried over sodium sulfate, filtered and concentrated in
vacuo to give an orange oil. The oil was dissolved in 500 ml
of toluene and sodium ¢thoxide (16.75 g, 0.246 molc) was
added. The reaction mixture was heated o reflux for 6 h,
cooled to RT, and then poured into an ice-cold solution of 1N
HCl (235 ml) and extracted with ethyl acetate (3x150 ml).
The combined organic layers were dnied over sedium
sulfate, filtered and concentrated to an oil that was used in
the next step without purification.

The crude product was added to 500 ml of aqueous 10%
sulfuric acid and the resulting mixture beated to reflux for
several hours, and then cooled 1o RT and neutralized with 6N
sodium hydroxide and extracted with ethy] acetate {3300
ml}). The combined organic layer was dried, filtered and
concentrated in vacuo to give a dark burgundy oil. The crude
product (ketone) was purified by vacuum distillation at
75°-80° C. 300 MHz *H NMR (CDCl;) 30.93 (d, J=0 Hz,
3H), 1.03 (4, J=9 Hz, 3H), 2.32 (m, 1H), 2.55-2.70 (m, 2H),
2.93(t,J=7.5 Hz, 2H), 3.38 (d, J=4 Hz, 1H). Mass spectrum:
(M+H)*=145,

To a stirred solution of the above ketopne in 125 ml of
CH,Cl, at 0° C. was added diisobutylaluminum hydride (86
ml, 1M in THF) dropwise over 20 minutes. The reaction
mixture was allowed 1o warm to room temperalure and then
was quenched by cautious addition of 1N HC1 (255 ml). The
reaction mixture was extracted with ether (3x150 ml) and
the combined ether solution was washed with said. sodinvm
bicarbonate, brine and dried over magnesium sulfate. The
solution was concentrated in vacuo and the resuliing oil was
purified by silica gel column chromatography {10% EtOAc/
hexane). 300 MHz ‘H NMR (CDCl,) 51.03 (d, J=7 Hz, 3H),
1.08 (d, J=7 Hz, 3H), 1.80 (d, J=¢ Hz, 1H), 1.90 (m, 2H),
224 (m, 1H), 2.90-3.10 (m, 3H}), 4.36 (m, 1H). Mass
spectrum: (M+H)*=147.

B. Cis(x)-(2-1s0propyl-3-thiophenyl)-2(2-pyridyl)carbonate

To the product from Example 22A (2.2% g, 15.7 mmole)
in 40 ml of CH,Cl; was added diisopropylethyl amine (4.65
ml, 26.7 mmole) and diH(2-pyridyl)carbonate (5.42 g, 25.1
mmole), After 18 h at RT, the reaction mixture was diluted
with chloroform and washed sequeatially with 10% citric
acid, satd. sodium bicarbonaic, brine and then dricd over
sodium sulfate; filtered and concentrated in vacuo. Purifi-
cation of the crude product by silica gel column chroma-
tography (20% EtOAc/hexane) provided the desired com-
pound. 300 MHz *H NMR (CDCl,) $1.05 (d, J=7 Hz, 3H),
1.08 (d, J=7 Hz, 3H), 1.90 (m, 1H), 2.05 (m, 2H), 2.58 (dd,
J=6, 15 Hz, 2H), 3.10 (m, 2H), 3.28 (dd, J=3, 12 Hz, 1H),
5.47 (m, 1H), 7.12 (m, 1H), 7.27 (m, 1H), 7.80 (m, 1H), 8.41
(m, 1H). Mass spectrum: (M+H) =268,

C. (25,35,58)-2-(cis(z)-2-isopropyl-3-
tetrahydrothiophenoxy)amino-3-hydroxy-5-(1-
butyloxycarbonyljamino-1,6-diphenylhexanc
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To a solution of the compound from Example 22B (500
mg, 1.87 mmole) in 5 ml of CH,Cl, was added the amine
from Example 1F (791 mg, 2.06 mmole). The reaction was
stirred at RT uniil all the compound from Example 228 was
consumed. The reaction mixture was diluted with chloro-
form and washed with 10% citric acid, satd. sodium
bicarhonate, brine and then dried with sodium sulfate;
filtered and concentrated in vacuo. Purification of the crude
product by silica gel column chromatograpby (2% MeOH/
CH,Cl,) provided the desired compound (73%). 300 MHz
H NMR (CDCl,) 30.83-1.05 (m, 6H), 1.40 (s, 9H), 1.90
(m, 3H), 2.20 (m, IH), 2.75 (m. 2H), 2.85 (m, 4H),
295-3.15 (m, 3H), 3.67-3.90 (m, 4H), 4.55 (m, 1H), 5.10
(m, 1H), 5.30 (m, 1H), 7.10-7.26 (m, 10H). Mass spectrum:
(M+ID)*=557.
. (28,35,58)-2-(cis(x)-1,1-Dioxo-2-isopropyl-3-
tetrahydrothiophenoxy)amino-3-bydroxy-5-(i-
butyloxycarbonyl)amino-1,6-diphenyihexane

To the compound from Example 22C (523 mg, 091
mmole) in 10 ml of acetone and .5 ml of water was added
Oxone (839 mg, 1.37 mmole) and sodium bicarbonate (152
mg, 1.82 mmolc). The resulting solution was stirred for 2 h,
at which time a white precipitate appeared. The reaction was
quenched with agueous sodium bisulfite and extracted with
ethyl acetate (2x 100 mi), dried with sodium sulfate, filtered
and concentrated in vacuo. The crude product was purified
by silica gel column chromatography (2% MeOH/CH,CL,)
1o provide 422 mg of product. 300 MHz *H NMR (CDCL,)
81.20 (m, 6H), 1.40 (s, 9H), 1.60 (m, 4H), 2.10-2.32 (m,
4H), 2.67 (m, 2H), 2.75 (m, 2H), 2.85 (m, 2H), 3.15 (m, 2H),
3.70-3.90 (m, 311), 4.56 (m, 1H), 5,30 (m, 2H), 7.10-7.30
(m, 10H).
E. (25,38,58)-2-(cis(x)-1,1-Dioxo-2-isopropyl-3-
tetrabhydrothiophenoxy)amino-3-hydroxy-5-{28-(1-
tetrahydropyrimid-2-onyl)-3-methyl butanoyl)amino-1,6-
dipbenylhexane

Removal of the Boc-protecting group of the compound
from Example 22D using TFA/CH,Cl, and coupling of the
resulting amine with the carboxylic acid from Example 2A
provided the desired compound (82%). 300 M1z 'H NMR
(CDCI,) $0.82 (m, 6H), 1.0-1.20 (m, 6H), 1.60 (, 2H), 2.07
(m, 1H), 2.25 (m, 2H), 2.65-3.20 (m, 12H), 3.70 (m, 1H),
3.90 (m, 1H), 4.10-4.20 (m, 2H), 5.07 (m, 1H), 5.37 (m,
1H), 5.87-5.98 (m, 1H), 6.95-7.05 (m, 1H), 7.20 (m, 10H).
Mass spectrum: (M+H) =671.

EXAMPLE 23

(25,35 ,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5425-{1-dihydropyrimid-2,4-dionyl)-3-
methyl-butanoylamino-1,6-diphenylhexane
A. N-(2-Ethoxyacryloyl)-N'<{18-carbomethoxy-2-meihyl-

propyl)-urea

To 1.74 g (0.013 mcle) of 2-ethoxy-acryloyl chloride in
18 ml of toluene was added 3.90 g (0.026 mole) of silver
cyanate. The mixture was heated to reflux for 0.75 h. The
mixture was allowed to cool te RT and the precipitate
allowed to settle. The supernatant {9.6 ml) was withdrawn
and added 10 18 ml of dry DMF and 5 ml of Et,0, cooled
to =15° C. for 45 minutes and lefi in freezer overnight. The
solvent was evaporated in vacuo and the residue was puri-
fied by silica gel column chromalography (2% MeOH/
CH.CL) to provide 1.59 g of desired compound (90.2%).
300 MHz *H NMR (CDCI,) 80.96 (d, J=7 Hz, 3H), 1.0 (d,
1=7 Hz, 3H), 1.37 (t, J=7.5 Hz. 3H), 2.25 (m, 1H), 3.74 (5,
3H), 3.97 (g, J=7.5 Hz, 2H), 4.42 (dd, J=4.5, 8.0 Hz, 1H),
5.25 (d, 3=12 Hz, 1H), 7.68 (d, J=12 Hz, 1H), 855 (s, 1H),
910 (d, J=8 Hz, 1H). Mass spectrum: (M+H)*<273.
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B. 284(1-Dibydropyrimid-2,4-dionyl}-3-methyl butanoic
acid

Asolution of 174 mg (0.64 mmole) of the compound from
Example 23A in 10 ml of 2N sulfuric acid was refluxed for
2 h, cooled to RT and left in freezer overnight. ‘The mixture
was concenirated and the residue was extracted with ethyl
acelate (2x100 ml), dried and concentrated in vacuo to give
122 mg of desired compound. 300 MHz 'H NMR {CDCL,}
81.06 (d, J=7 Hz, 3H),1.13 (d, J=7 He, 3H), 2.25 (m, 1H),
5.04 (d, J=10 Hz, 1H), 5.74 (d, J=7 Hz, 1H), 7.50 (d, J=10
Hz, 1H), 8.43 (s, 1H).
C. (25,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5<28-(1-dihydropyrimid-2,4-dionyl)-3-methyl-
butanoyl)amino-1,6-diphenylhexane

Coupling of the carboxylic acid from Example 23B with
the amine from Example 1N using standard coupling pro-
cedure (EDAC in DMF) provided the desired compound.
300 MHz ‘H NMR (CDCl,) 50.81 (d, J=7 Hz, 3H}, 0.92 (d,
J=7 Hz, 3H), 2.18 (s, 6H), 2.23 (m, 1H), 2.63 (m, 1H), 2.85
(m, 1H), 3.0 (m, 2H), 3.78 (m, 1H), 4.20 (m, 4H), 4.58 (d,
J=10 Hz, 1H), 5.68 (dd, J=1.5, 7.5 Rz, 1H), 7.0-7.25 (m,
13H), 7.50 (d, J=7.5 Hz, 1H), 9.50 (s, 1H). Mass spectrum:
(M+H)*=640.

EXAMPLE 24

Alternale Preparation of (28,38,58)-2+2,6-
Dimethylphenoxyacetyl)amino-3-hydroxy-5{25-(1-
tetrahydro-pyrimid-2-onyl)-3-methyl butanoyl]
amino-1,6-diphenvlhexane

A. 2,6-Dimethylphenoxyacetic acid

2,6-Dimecthylphenoi (102.8 g, 0.842 mol) and chloroace-
tic acid (159.6 g, 1.68 mol) in 1000 ml of H,O was added
to a 3-L, 3-necked round botiom fAask with mechanical
stirring and a water-cooled condenser. A solution of NaOH
(134.9 g, 3.37 mol) dissolved in 500 ml of water was slowly
added 1o the above mixture via addition funnel and heat to
reflux. After 2 hours, additional chloroacetic acid (79.4 g,
0.84 mol) and NaOH solution (67.2 g, 1.68 mol in in 200 ml
water) was added to the reaction mixture. After 19 hours,
additional chloroacetic acid (39.8 g, 0.42 mol) and NaOfl
solution (33.6 g, .84 mol in in 100 m] water) was added to
the reaction mixture and refluxing was continued until
starting phenol was consumed. The reaction flask was
cooled in and ice-waler bath and acidified o pH=1 with
conc. HCl, causing a precipitate to form. The resulting siurry
was stirred in the ice bath for 1 hour then filtered. The solid
was dissolved in hot (100° C.) water and cooled to crystal-
lize the product as white plates, mp=136-137° C., yicld=
788 g, 52%.

B. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5+(1-butyloxycarbonylamino)-1,6-diphenylhe xane

Oxallyl chloride (36.3 ml, 0.42 mol) was added to a slurry
of 2-6 dimethylphenoxyacetic acid (50 g, 0.28 mol) in 500
ml toluene followed by addition of 5 drops of DMF and
stirred at room temperature for 30 min, then at 55° C. for 1.5
hours. The tolucne was removed on a rotary evaporator and
rernaining volatiles were removed in vacuo to afford 2,6-
dimethylpbenoxyacetyl chloride as an amber oil, 55 grams,
100%.

[28,38,58])-2-Amino-3-bydroxy-5-1-
butyloxycarbonylamino-1,6-diphenylhexanex0.5 succinate
(111.9 g, 0.25 mol) was charged to a 2L, 3-necked round-
bottomed flask with mechanical stirring. NaHCO, (106 g,
1.26 mol), 600 ml H,O and 600 ml EtOAc were added and
stired vigorously until all solids were dissolved (15
minutes). Stirring was slowed and a solution of the 2,6-
dimethyl-phenoxyacetyl chloride apd EtOAc (100 ml) was
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added in a parrow stream via addition funnel. After 30 min
of stirring, starting materials were consumed (HPLC
analysis) and the Jayers were separated. The aqueous layer
was extracted with EtOAc, the organic layers were com-
bined and washed with 200 ml of 1M NaOH, 200 ml of 10%
HIICL 200 m] of brine, dried over MgSQ,, fillered and
concentrated to provide the desired product as a white solid.
C. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-amino-1,6-diphenylhexane

(25,35,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5(t-butyloxycarbonylamine)-1,6-diphenylhexane
(1751 g, 0.32 mol) and 500 ml CH,Cl, were mixed with
stirring. CF,CO,H (249 ml, 3.2 mol) was added and stirred
2025 minutes, then the reaction mixture was poured inte a
separatory funnel containing 1000 ml of walter and 200 ml
of CH,CL,. The resulting mixture was shaken carefully and
the layers were separated. The organic layer was washed
again with 500 ml of water, then 3x500 ml of NaHCO, and
finally 500 ml of brine. The organic solution was dried over
Mg80,, filtered and concentrated to a golden oil that pulled
into a foam 300 mi of diethyl ether was added to the crude
product and shaken vigorously to dissolve. Within minutes
solid began to crystallize and the mixture became thick.
Encugh dicthyl ether was added to make the mixture stir-
rable 2ad he mixture was stizred at room leaperature for
hour. The solid was filtered and air dried to give the desired
product as 115 g of white needies, $1% vield.

Asolution of HCl/diethy] ether was added to the filtrate 10
precipitate the remaining product as the HCl salt. This
pinkish solid was collected by filtration, taking care o keep
the solid flnoded with N, whilc it was wel with ether. When
dry, transfered the amine salt to a separatory funnel and
extracted with CH,Cl, and NaHCO, (ag). The organic layer
was washed with brine, dried over MgS0,, concentrated and
treated as above to afford an additional 15 g of the desired
product, the 1otal yield is 91%.

D. N-Carbpnylbenzyloxy-3-aminopropanol

To a 121 3-peck round bottom flask was added isopropyl
acetate (6.5 L). The solvent was cooled to 0° C. in an
ice-water hath and 3-amino-1-propanol (1.14 Kg, 15.1 mol,
2.15 eq) was added in one partion. To this rapidly stirring
solution, benzyl chloroformate (1.20 Kg, 7.03 mol, 1.0 eq)
was added dropwise over 2 h while maintaining the internal
temperature of the fiask between 10° C. and 15° C. After the
addition was complete, the reaction mixture was allowed to
stir between 10° C. and 15° C. for an additional 0.3 h afier
which time water (3.5 L) was added in one portion. The
solution was then partitioned and washed with an additional
2x3.5 L of water. The organic layer was dried over potas-
stum carbopate and concentrated to give a solid that was
dissolved in excess isopropyl acelate and precipitated from
solution by adding the compound to heptane. The solid was
filtered under nitrogen to yield 1.20 Kg (82%) of the desired
product as a colorless solid.

E. N-Carbonylbenzyloxy-3-aminopropanal

335 ml, of dimethylsulfoxide and 9 L of mcthyicne
chloride Were combined and chilled to <48° C. 313 mL of
oxalyl chloride was added over 25 minutes so that the
temperature remained below —40° C. Cooled 1o -48° C., and
added 300 grams of N-Cbz-3-amino-1-propanol dissolved in
1 L of methylene chloride so that the temperature remained
below —40° C. Stirred for 2n additional hour at —45° C. £325
mL of tricthylamine was added at such a rate that the
temperature remained below -40° C. After stirming an addi-
tional 15 mjputes at —40° C., the mixture was allowed to
warm o -30° ., then added 2.5 L of 20% aqueous
potassium dihydrogen phosphate. Stirred for one hour, then
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separated the layers, washed the organic layer with brine,
amd dried with magnesium sulfate. The resulting aldehyde
was kept in solution a1 =20° C. until needed.
F. N-(N-(Benzyloxycarbonyl-3-amino)-propyl)valine
methyl ester

To a 5 L 3-neck round bottom flask was added the crude
(unchromatographed)} product of Example 24E (115 g, 0.555
mol, 1.0 eq) followed by addition of water (400 mL) and
methanol (1600 ml.). The reaction mixture was maintained
at 25° C. throughout the course of the reaction. After the
solution became homogeneous, (S)-Valine methyl ester
hydrochloride (90.2 g, 0.538 mol, 0.97 eq) was added in one
portion followed by rapid addition of sodium acetate trihy-
drate (151 g, 1.11 mol, 2.0 eq) and sodium cycanoborohy-
dride (73.2 g, 1.17 mol, 2.1 ¢q)} in said order. The reaction
mixture was allowed to stir at room temperature for 0.5 kb
and was concentraled in vacuo lo remove all methanol
present. To this solution, saturated aq sodium bicarbonate
(400 mL) was added and the mixture was extracted with
isopropyl acetate (1 L). The organic layer was washed with
waier (2x400 mL), dried over sodium sulfate, and concen-
trated 1o yicld 150 g of crude preduct, which was dissolved
in isppropyl acetate (300 mL) and heptane (2400 mL). Dry
HCl was bubbled in and an oily solid precipitated out of
solution. The liquid was decanted away from the solid and
was dissolved in dichloromethane (3 L). The solulion was
washed with water (600 ml) and saturated 2q sodium
bicarbonate (630 mL) and dried over sodium sulfate. It was
concentrated in vacuo to yield 105 g (59%) of the desired
product as a light yellow oil.
G. N(3-amino)-propyl)valine mecthyl cster

To a 3 1. flask was added the product of Example 24F (120
g, 0.372 mol) and methanc] (1 L). This solution was allowed
to stir in the presence of Raney Nickel (180 g) for 1 h. After
removal of Raney Nickel by filtration, Pd(OH)., (24 g) was
added and the solntion was allowed to stir under 60 psi of a
bydrogen atmosphere for 12 h. The solution was purged with
nifrogen and repressurized with 60 psi of hydrogen for an
additional 1 h. The solution was filtered and concentrated to
give 63 g of an oil (90%). To this oil toluene (120 mL) was
added and the solution was again concentraied in vacuo to
give the desired product.
H. 28-(1-tetrahydro-pyrimid-2-onyl)-3-methyl butapoic
acid methyl ester

To a 5 L. 3-neck round bottom flask with stir bar was
added the crude product of Example 24G (150 g, 0.8 mol)
and dichloromethane (3.2 L). Carbonyldiimidazole (232 g,
1.44 mol, 1.8 eq) was added slowly in portions over 25 min.
The solution was allowed lo stir at ambient temperature for
40 h. Water (200 mL) was added over 1 h with careful
slirring until no more gas evolution occurred. A solution of
35% HCl was slowly added to the stirring solution until the
solution became acidic. The solution was then partitioned
and was washed with water (2x300 mL). The organic layer
was dried over sodium sulfate and was concentrated to yield
126 g (74%) of the desired product as a colorless solid.
1. 2S-(1-tetrahydro-pyrimid-2-onyl)-3-methy] butanoic acid
methyl ester

To a 12 L 3-neck round bottom flask with stir bar was
added the product of Example 24H (126 g, 0.588 mol), water
(1.3 L), and THF (3.9 L)). The solution was cooled to 0° C.
in an ice-water bath and lithium hydroxide monohydrate (74
g, 1.76 mol, 3.0 eq) was added in ene portion with rapid
stirring. The solution was allowed 1o stir at 0° C. for 14 h.
It was then acidificd to pll 11 by slow addition of 50% ag
phosphoric acid and the THF was remaved in vacno. The
aqueous phase was washed with isopropyl acetate (2 L) and
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was subsequently acidified to pH by slow addition of 35%
aq HCL. The agueous layer was then extracted with ethyl
acelale (5%2.2 L). The combined organic layers were con-
centrated to give the desired product (105 g) as a white solid.
The compound was then purified by addition of isopropyl
acetate (500 mL) and ethanol (15 ml) and bringing the
solution to a boil with rapid stirring until 50 mL of solvent
had evaporated. The solution was cooled to 0° C. and filered
to give 92 g (75%) of pure desired product.
J. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5{25-(1-tetrahydro-pyrimid-2-onyl)-3-methyl
butanoylJamino-1,6-diphenylhexane

In a 2 L, 3-pecked round-bottomed flask were combined
the product of Example 24C (100 g, 0.22 mol), the product
of Example 241 (44.8 g, 0.22 mol) and 750 ml DMF and ihe
mixture was cooled in an ice/water bath. HOBT (90.9 g, 0.67
mol), EDAC (86 g, 0.45 mo!l} and triethylamine (62.5 ml,
045 mol) were added and the ice bath was removed,
allowing the reaction mixture lo stir with warming to room
temperature for 5 h. The reaction was diluted with 1000 ml
of IPAC and quenched with 1000 ml of water. The mixture
was shaken and separated, the ag. layer was extracted 1x400
ml IPAC, the organics were washed with 1x400 ml 10%
HC, 1x500 ml NaHCO,, diluted with 100 ml hexanes, then
washed 4x500 ml water, and 1x500 ml brine, dried over
MgSO0,, filtered and concentrated to provide the desired
product as a white foam.

EXAMPLE 25

(28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5425-(1-tetrahydro-pyrimid-2,4-chonyl)-3-
methylbutanoyljamine-1,6-diphenylhexane

A. N-(2-Carbomethaxy)ethyl-I.-Valine t-butyl ester

To a solution of 1.73 g of L~Valine t-butyl] ester in 10 ml
of methanol was added 9.0 ml of methyl acrylate. The
solution was heated (o reflux overnight. Another 9.0 ml of
methyl acrylate was added and continued the reflux for 24 h.
The solvent was evaporated in vacuo and the crude product
was purified by silica gel column chromatography (20%
etbyl acetate in hexane) to provide 2.435 g of desired
compound (93.9%). 300 MIlz "H NMR (CDCl,) 80.91 (d,
J=3.5Hz,3H), 0.93 (d, J=3.5 H7, 3H), 1.47 (s, 9H), 1.85 (m,
1), 2.47 (1, J=7 He, 2H), 2.68 (m, 1H), 2.81 (d, J=6 Hz,
1H), 2.95 (m, 1H), 3.68 (s, 3H). Mass spectrum: (M+H)"=
260.
B. N-(2-Carboxamido)ethyl-L-Valine t-butyl ester

To a solution of 1.86 g of the product from Example 25A
in 5 ml of THF was added 0.415 g of lithium hydroxide
monochydrate in 10.& ml of water. After 40 min, 10.8 ml of
1N HCl was added. The reaction mixture was evaporated to
dryness and dry pyridine was added and evaporated to
dryness two times. The residue was dissolved in 25 ml of
acetonitrile and 0.62 ml of dry pyridine added. To this
solution was added 2.02 g of N,N'-disuccinimidyl carbonate.
The reaclion mixture was stirred for 3.5 b. The solvent was
removed in vacuo and 90 ml of THF added followed by 1.43
ml of conc. ammonium hydroxide. The reaction was allowed
to go overnight. The reaction mixture was filtered and the
filtrate concentrated in vacuo. The residue was dissolved in
ethyl acetate and washed with sodinum bicarbonate, brine and
dried with anhy. sodium sulfate. After filtering off the drying
ageat, the filtrate was conc. in vacuo and the crude product
was purified by silica gel column chromatography (5%
MeOH in CH,Cl)) to give 1.19 g (68%) of desired com-
pound. 300 MHz 'H NMR (CDCL;) 80.95 (d, J=7 Hz, 3H),
0.97 (d, J=7 Hz, 31), 1.48 (s, SI), 1.93 {m, 1), 237 (m,
2H), 2.65 (m, 1H), 2.95 (m, 2H), 5.30 (br s, 1H), 7.85 (brs,
1H). Mass spectrum: (M+H)Y =245,
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C. 25-(1-Tetrahydro-pyrimid-2,4-dionyl)-3-methylbutanocic
acid t-butyl ester

A solution of 0.92 g of the product from Example 25B in
10 ml of THF and 1.83 g of carbonyldiimidazole {CDI) was
refluxed for 26 h. Then 1.83 g of CDI was again added and
the solution was refluxed for 72 h more. The solvent was
evaporated in vacuo and the residue was dissolved in ethyl
acetate and washed with water, satd. sodium bicarbonate,
dilute hydrochloric acid and then brine. The organic layer
was dried, filtered and conc. in vacuo. The crude product
was purified by silica gel column chromatography (2% to
5% MeOH in CH.CL) to give 0.54 g (52%) of desired
compound. 300 MHz *H NMR (CDCl,) 80.96 (d, J-7 Hz,
3H), 1.05 (d, J=7 Hz, 3H), 1.48 (s, YH), 220 (m, 1H), 2.66
(m, 2H), 3.43 (m, 1H), 3.75 (m, 111), 4.63 (d, J=9 Iz, 1II),
7.35 (br s, 1H). Mass spectrum: (M+H)*=271.
D. 28-(1-Tetrahydro-pyrimid-2,4-dionyl)-3-methylbuianoic
acid

A solution of 0.53 g of the compound from Example 25C
in 5 ml of trifluoroacetic acid was stirred at 0° C. for 1.25 h.
Solvent was evaporated in vacuo, dried and purified by silica
gcl column chromatography (2% McOH/4% HOAc in
CH.CL,) to give 0.36 g of desired compound. 300 MHz 'H
NMR (DMSO-d,) 80.86 (d, J=7 Hz, 3H), 0.97 (d, J=7 Hz,
3H), 2.15 (m, 1H), 340 (m, 4H), 439 (d, J=10 Hz, 1H).
Mass spectrum: (M+H) =215.
E. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-[2S-(1-tetrahydro-pyrimid-2,4-dionyl)-3-
methylbutanoyljamino-1,6-diphenylhexane

Coupling of the amino compound from Example IN with
the acid from Example 25D using standard coupling proce-
dure (EDAC in DMF) provided the desired compound
{68%). 300 MHz 'H NMR (CDCL,) 30.83 (d, J=7 Hz, 3H),
0.88 (d, J=7 Hz, 3H), 1.80 (m, 2H), 2.20 (s, 6H), 2.40 (m,
1Hj), 2.58 (m, 1H), 2.80 (m, 1H), 2.92 (m, 1H), 3.05 {m, 3H),
3.65 (d, J=5 Hz, 1H), 3.83 (m, 1H), 4.20 (m, 5H), 6.18 (d,
J1=9 Hz, 1H), 7.0-7.38 (m, 14H). Mass spectrum: (M+H) =
643.

EXAMPLE 26

(25,358,58)-2-(2,6-Dimethylphenoxyacetylamina-3-
hydroxy-5] 28-(4-aza-1-tetrabydro-pyrimid-2-onyl)-
3-methyl-butanoylJamino-1,6-diphenylhexane

A. N(1)-t-butyloxycarbonyl-N(2)-allyl hydrazine

To a solution of 18.18 g of t-butyloxycarbonyl protected
hydrazine in 50 ml of acetonitrile was added 19.0 g of
potassium carbonate, followed by 11.9 ml of allyl bromide.
The reaction mixture was heated at reflux for a total of 3 b,
filtered and conc. in vacuo. The residue was dissolved in
ethyl acetate and washed with said. sodium bicarbonate and
dried with anhydrows sodium sulfate and fillered. After
concentration in vacuo, the crude product was purified by
silica gel column chromatography (20% EtOAc/hexane) to
give 447 g of desired compound. 300 MHz 'H NMR
(CDCIl,) 81.45 (s, 9H), 3.46 (m, 2H), 4.0 (br s, 1H), 5.10 (m,
2H), 5.83 (m, 1H), 6.0 (br 5, 1H). Mass spectrum: (M+H)" =
173.
B. N(1)-t-butyloxycarbonyl-N(2)-allyl-N(2)-
benzyloxycarbonyl hydrazine

To a solution of 4.8 g of the compound from Example 26A
in 15 ml of DMF was added 4.69 g of
benzyloxycarbonyloxy-succinimide. The reaction mixture
was stirred at RT for 72 b and the solvenl was evaporated in
vacuo. The residue was dissolved in ethyl acetate, washed
with satd. sodium bicarbopate and dried with anbydrous
sodium sulfate. The crude product nbtained after concentra-
tion was purified by silica gel colwmn chromatography (20%
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to 50% EtOAc in hexane) and provided 5.27 g of desired
compound. 300 MHz 'H NMR (CDCl,) 51.43 (br s, 9H),
4.15 (br s, ZH), 5.18 (s, 2H), 5.20 (m, 2H), 5.82 (m, 1H),
6.39 (br 5, 1H), 7.36 (m, SH). Mass spectrum: (M+H)*=307.
C. N(1)-t-butyloxycarbonyl-N(2)-formylmethyl-N(2)-
benzyloxycarbonyl hydrazine

A solution of 6.5 g of the compound from Example 26R
in 100 m] of melhanol was wooled with a dry ice/acetone
bath. Ozone was bubbled in for 1.75 h until a pale blue color
persisted. Air was passed through the solution for 10 min
and then 15.6 ml of dimethyl sulfide was added and the
reaction mixture was allowed to warm gradually to RT
overnight. Solvent was evaporated in vacuo and the residue
was dissolved in ethyl acetate and washed with water, then
brine several times. The organic layer was dried with anhy-
drous sodium solfate, filtered and conc. in vacuo to provide
7.2 g of the desired compound. 300 MHz "H NMR (CDCl,)
81.40 (br s, SH), 4.35 (m, 2H), 5.20 (s, 2H), 6.65 (br s, 1H),
736 (s, SH), 9.70 (br s, 1H). Mass spectrum: (M+NH,)"=
326.
D. N-[2-(N-(2)-benxyloxycarbonyl-N-(1)-t-
butyloxycarbonylhydrazinyl]ethyl-L-Valine methyl ester

To a solution of 7.2 g of the compound from Example 26C
in 100 mi of methanol was added 3.55 g of L-valine methyl
ester hydrochioride, followed by 3.48 g of sodium acetate
and 1.33 g of sodium cyanoborohydride. The reaction mix-
ture was stirred at RT overnight. The mixture was filtered
and concentrated in vacuo. The crude product was purified
by silica gel column chromatography (2% MeOH in
CH_CL,) to provide 5.8 g of desired compound. 300 MHz 'H
NMR (CDC1,) 80.90 (d, J=6 Hz, 611), 1.43 (br s, 911), 1.87
(m, 1H), 2.60-3.0 (m, 4H), 3.72 (s, 3H), 5.18 (s, 2H), 7.37
(m, 5H}). Mass spectrum: (M+H)* =424,
E. 28{4-benzyloxycarbonylaza-1-tetrahydro-pyrimid-2-
onyl)-3-methyl-butanoic acid methyl ester

A solution of 2.4 g of the compound from Example 26D
in 20 ml of HCl in dioxane was stirred at RT under argon for
1 h. Solvent was evaporated in vacuo and the residue was
washed with satd. sodium bicarbonate and extracted with
cthyl acctate. The organic layer was dried, filtered and
concentrated in vacuo. The crude product was dissolved in
28 ml of CH,CL, and 0.56 g of carbonyldiimidazole was
added. The solution was left at RT for 48 h. The solvent was
removed and the residue was purified by silica gel column
chromatography (10% to 30% EtOAc in CH,Cl,) to give
0.78 g of desired compound. 300 MHz ‘H NMR (CDCL;)
30.90 (d, J=7 Hz, 3H), 0.98 (d, J-7 Hz, 3H), 2.17 {m, 1H),
3.34 (m, 11), 3.61 (m, 2H), 3.72 (s, 3H), 3.98 (m, 1H), 4.71
(d, =10 Hz, 111), 5.20 (s, 2H), 6.72 (br s, 1H), 7.38 (m, SH).
Mass spectrum: (M+H)*=350.
F. 25-(4-Benzyloxycarbonylaza-1-tetrahydro-pyrimid-2-
onyl)-3-methyl-butancic acid

Hydrolysis of (.78 g of the compound from Example 26E
using lithivm hydroxide in aqueous dioxane provided 0.35 g
of desired compound. 300 MHz *H NMR (CDCl,) 80.85 (d,
J=7 Hz, 3H), 1.04 (d, J=7 Hz, 3H), 2.40 (m, 1H), 3.40 (m,
1H), 3.50(m, 1H), 3.80 (m, 2H), 3.95 (&, }=10 Hz, 1H), 5.20
(s, 2H), 7.30 (s, 1H), 7.36 (s, 5H). Mass spectrum: (M+H)"=
336.

G. (28,38,58)-2-(2,6-Dimelhylphenoxyacetyl)amino-3-
bydrexy-5[28-(benzyloxycarbonylaza-1-tetrahydro-
pyrimid-2-onyl)-3-methyl-butanyl]amino-1,6-
diphenylhexane

Coupling of the amino compound from Example 1N with
the acid from Example 26F using standard coupling proce-
dure (EDAC/DDMF) provided the desired compound (36%).
300 MHz "H NMR (CDCL,) 60.72 (d, J=7 Hz, 3H), 0.83 (d,
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J=7 Hz, 3H), 2.20 (s, 6H), 2.65 (m, 1H), 2.83 (m, 1H),
3.0-3.10 (m, 4H), 3.90 (m, 1H), 6.65 (m, 1H), 7.0-7.35 (m,
18H). Mass spectrum: (M+H) =764.
H. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5[2S-(4-aza-1-tetrahydro-pyrimid-2-0xyl)-3-
methyl-butanoyllamino-1,6-diphenylhexane

Removal of the benzyloxycarbonyl protecting group of
the compound from Example 26G by hydrogenolysis using
10% palladium on carbon as catalyst provided the desired
compound. 300 MHz 'H NMR (CDCl,) 50.83 (d, J=4.5 Hz,
3H), 0.86 (d, J=4.5 Hz, 3H), 1.80 (m, 1H), 2.20 (s, 6H), 2.58
(m, 1H}, 2.67 (m, 1H), 2.90 (m, 2H), 3.0 {m, 2H}, 3.80 (m,
1H), 4.20 (m, 3H), 6.72 (m, 1H), 7.0 (m, 2H), 7.20 (m, 11H).
Mass spectrum: (M+H) =630,

EXAMPLE 27

{28,38,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-[28-(1-fetrahydro-pyrimid-2-onyi)-3-
methylbutanoyljamino-1-phenyl-6-methylheptanc

A (25.,38,58)-2-Amipo-3-hydroxy-5-(1L-
butyloxycarbonylamino)-1-phenyl-G-methylheptane

Following the procedures described in Example 1A to
Example 1F-1, but substituting isopropylmagnesium chlo-
ride for benzylmagnesium chloride in Example 1C provided
the desired compound. 300 MHz 'H NMR (CDC1,) §0.88
(d, J=7 Hz, 3H), 0.92 (d, J=7 Hz, 3H), 1.43 (s, 9H),
1.50-1.80 (m, 4H), 2.55 (m, 1H), 2.90 (m, 1H), 3.0 (m, 1H),
3.54 (m, 211), 4.62 (m, 111}, 7.30 (m, SH), Mass spectrum:
(M+H)* =337
B. (28,3§,55)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-(t-butyloxycarbonylamino)-1-phenyl-6-
methylheptane

Coupling of the amine compound from Example 27A
with the acid from Example 1H using standard EDAC
coupling procedure provided the desired compound. 300
MHz ‘H NMR (CDCl,) 50.85 (d, ]=7 Hz, 3H), 0.90 (d, J=7
Hz, 3I1), 1.43 (s, 911), 1.70 (m, 211}, 2.20 (s, 611), 3.03 (4,
J=8 Hz, 2H), 3.42 (m, 1H), 3.80 (m, 1H), 4.20 (m, 2H), 4.22
(s, 2H), 455 (m, 1H), 7.0 (m, 3H), 7.30 (m, 5H}. Mass
spectrum: (M+H)* =499,
C. (28,358,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-amino-1-phenyl-6-methylheptane

Removai of the t-butyloxycarbonyl proiecting group of
the compound from Example 27B using the procedure of
Example 1N provided the desired compound. 300 MHz 'H
NMR (CDCli,) 30.90 (d, J=3 Hz, 3H), 0.94 (d, J=3 Hz, 3H),
1.60 (m, 4H), 2.20 (s, 6H), 2.85 (m, 2H), 3.0 (m, 1H), 3.85
(m, 1H), 420 (m, 2H), 7.0 (m, 2H), 7.35 (m, 6H). Mass
spectrum: (M+H) =399,
D. (28,35,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-[28,(1-tetrabydro-pyrimid-2-onyl)-3-
methylbutanoyl]amino-1-phenyl-6-methylheptane

Coupling of the amino compound from Example 27C
with the acid from Example 2A using standard coupling
procedure (EDAC/DMF) provided the desired compound.
300 MHz 'H NMR (CDCl,) 50.88 (m, 12H), 1.67 (m, 2H),
1.90 (m, 1H), 2.20 (s, 6H), 3.0(d, 1=8 Hz, 2I1), 3.22 (m, 4H),
3.67 (m, 1H), 3.77 (m, 1H), 4.20 (s, 2H), 4.40 (m, 1H), 4.76
(m, 1H), 7.0 (m, 3H), 7.30 (m, 5H). Mass spectrum:
{(M+H)*=581.

EXAMPLE 28
(25,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-{25-(1-tctrahydro-pyrimid-2,4-dionyl)-3-

methylbutanoy!Jamino-1-phenyl-6-methylheptane
Coupling of the amino compound from Example 27C
with the acid from Example 25D using slandard coupling
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procedure (EDAC/DMF) provided the desired compound.
300 MHz H NMR (CDCl,) 50.83 (d, J=7 Hz, 6H), 0.92 (1,
J=7 Hz, 6H), 1.73 (m, 2H)}, 2.18 (s, 6H), 2.30 (m, 1H), 2.62
(m, 2H), 3.03 (m, 2H), 3.45 (m, 1H), 3.55 (m, 1H), 4.72 (m,
2H), 4.20 (m, 4H), 6.40 (br d, J=9 Hz, 1H), 7.0 {m, 3H), 7.30
(m, 5H), 7.62 (br s, 1H). Mass spectrum: (M+H)"=595.

EXAMPLE 29

(2S,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-[25(1-piperazin-2,3-dionyl)-3-
methylbutanoyljamino-1,6-diphenylhexane

A. 28-(4-benzyloxycarbonyl-1-piperazin-2,3-dionyl)-3-
methylbutanoic acid methyl ester

To a solution of 0.77 g of N{(benzyloxycarbonylamino)-
ethyl-L-Valine methyl ester in 20 ml of toluene and 10 ml of
acetonitrile was added 0.79 g of axalyl diimidazole. The
reaction mixture was kept al 50° C. for 24 b and 0.2 g of
oxalyl diimidazole was added. The reaction mixture was
kept at 50° C. for another 72 h. Evaporation of solvent in
vacuo and purification of the crude preduci by silica gel
column chromatography (10% EtOAc in CH,CL,) provided
the desired compound. 300 MHz ‘H NMR (CDCl,) 80.95
(d,J=7 Hz, 3H), 1.03 (d, J=7 Hz, 3H), 2.20 (m, 1H), 3.60 (m,
1H), 3.73 (s, 3H), 3.85 (m, 1H), 4.0 (m, 1H), 4.10 (m, 1H),
490 (d, JI=10 Hz, 1H), 5.36 (s, 2H), 7.20 (m, 5H). Mass
spectrum: (M+NH, ) =380.
B. 28-(1-piperazin-2,3-dionyl)-3-methylbutancic acid
methyl ester

Removal of the benzyloxycarbonyl protecting group of
the compound from Example 29A by hydrogenolysis using
105 Pd/C as catalyst provided the desired compound. 300
MHz 'H NMR (CDCL,) §0.95 (d, J=7 Hz, 3H), 1.03 (d, J=7
Hz, 3H), 2.20 (m, 1H), 3.50 (m, 3H), 3.74 (s, 3H}, 3.83 (m,
1H), 5.0 (d, J=10 Jz, 1H), 7.30 (br s, 1H). Mass spectrum:
(M+H)" =229,
C. (28,35,58)-2-(2,6-Dimethylphenoxyacetyl)amine-3-
hydroxy-5[28-(1-piperazin-2,3-dionyl)-3-methylbutanoyl]
amino-1,6-diphenylhexane

The methyl ester from Example 29B was hydrolyzed
using the procedure of Example 1M and the resulting acid
was coupled to the amino compound from Example IN
using standard EDAC coupling procedure to provide the
desired compound. 300 MHz "H NMR (CDCl,) 80.82 (d,
Je6 Hz, 3H), 0.85 (d, J=6 Hz, 3H), 1.80 (m, 2H), 2.18 (m,
1H), 2.20 (s, 6H), 2.65 (m, 1i), 2.82-3.0 (m, 4H), 3.30 (wn,
3H), 3.70 (m, 1H), 3.82 (m, 1H), 4.22 {m, 3H), 4.54 (d, J=10
Hz, 1H), 6.30 {(br s, 1H), 6.65 (br 4, 1H), 7.0-7.30 (m, 13H).
Mass spectrum: (M+H) =643,

EXAMPLE 30

(28,38,58)-2-(2,6-Dimethylphenoxyacetyl Jamino-3-
hydroxy-5[2S-(4-aza-4,5-dehydro-1-pyrimid-2-
onyl)-3-methyl-butanoyl Jamino-1,6-diphenylhexane
A. 28-(4-Aza-4,5-dehydro-1-pyrimid-2-onyl}-3-methyl-

butanoic acid

From the hydroysis product mixture of Examplc 26F, the
desired product was isolaled after column chromatography
(5% McOH/5% AcOH in CH,CL,) in 12.5% yield. 300 MHz
H NMR (CD,0D) 50.93 (d, J=7 Hz, 3H), 1.04 (d, ]=7 Hz,
3H), 2.20 (m, 1H), 3.92 (dd, J=15, 3 Hz,, 1H), 4.09 (dd,
J=13, 3 Hz, 1H), 4.50 (d, ]=10 Hz, 1H}, 6.95 (t, J=3 Hz, 1H).
Mass spectrum: (M+H)"=334.
B. (28,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5[25-(4-aza-4,5-dehydro-1-pyrimid-2-oxyl)-3-
methyl-butanoyl]amino-1,6-diphenylhexane

Coupling of the compound from Example 1IN with the
acid from Example 30A using stzndard coupling procedure

1 0 MAR 20%)
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(EDAC/DMF) provided the desired compound (70%). 300
MHz "H NMR (CDCI,) 50.80 (d, J=7 Hz, 3H), 0.85 (d, J=7
Hz, 3H), 1.75 (m, 2H), 2.15 (m, 1H), 2.20 (s, 6H), 2.62 (m,
1H), 2.85 (m, 1H), 3.02 (m, 2H), 3.55 (m, 2H), 3.80 (m, 1H),
4.20 (m, 4H), 6.38 (br d, 1H), 6.72 (1, J=3 Hz, 1H), 7.0 (m,
31, 7.22 (m, 10H), 7.63 {5,1H). Mass spectrum: (M+I1)*=
628,

EXAMPLE 31

cis-N-tert-buiyl-decahydro-2-[2(R)-hydroxy-4-
phenyl-3(S)}(25(1-tetrahydropyrimid-2-onyl)-3-
methylbutanoyl)aminobutyl]{4aS,8a8)-
isoquinoline-3(S)-carboxamide

The title compourd can be prepared by coupling the
product of Example 2A with cis-N-tert-butyl-decahydro-2-
[2(R)-hydroxy-4-phenyl-3(§)-aminobutyl]-{4a8,8a8)-
isoquinoline-3(8)-carboxamide (disclosed in PCT Patent
Application No. W09426749 and U.S. Pat. No. 5,196,438,
issued Mar, 23, 1993, both of which are incorporated hercin
by reference) using a standard coupling procedure (EDAC in
DMF).

EXAMPLE 32

cis-N-tert-butyl-decabydro-2-[2(R)-hydroxy-4-
thiophenyl-3(S}(251-tetrahydropyrimid-2-onyl)-3-
methylbutanoylaminobutyl]{4aS,8a5)-
isoquinoline-3(8)-carboxamide

The title compound can be prepared by coupling the
product of Example 2A with cis-N-tert-butyl-decahydro-2-
[2(R)-hydroxy-4-thiophenyl-3(S)-aminobutyl}-(4aS.8aS)-
isoquinoline-3(8}-carboxamide (disclosed in PCT Patent
Application No. W095/09843, published Apr. 13, 1995 and
U.S. Pal. No. 5,484,926, issued Jan. 16, 1996, buth of which
are incorporated herein by reference) using a standard
coupling procedure (EDAC in DMF).

EXAMPLE 33

4-Amino-N-((2syn,3S)-2-hydroxy-4-phenyl-3-(2S-
(1-tetrahydropyrimid-2-onyl)-3-
methylbutanoylaming)-butyl)-N-isobutyl-
benzenesulfonamide

The title compound can be prepared by coupling the
product of Example 2A with 4-Amino-N-({(2syn,38)-2-
bydroxy-4-phenyl-3-amino)-butyl)-N-isobutyl-
benzenesulfonamide (disclosed in PCT Patent Application
No. W094/05639, published Mar. 17, 1994, which is incor-
porated hercin by reference) using a standard coupling
procedure (EDAC in DMF).

EXAMPLE 34

A. Alternative Preparation of (28,38,58)-2-(2,6-
Dimethylpbenoxyacetyljamino-3-hydroxy-5-amino-
1,6-diphenylhexane

To a 1 liter 3-necked flask equipped with a mechanical
stimer, J-Kem® temperature probe, dropping addition
funnel, and dry nitrogen line was charged 30.0 g (54.87
mmol) of the product of Example 11 and 120 mlL of
acetonitrile. The resultant slurry was cooled to 0-5° C. and
54.1 g (549 mmol) of 37% aqueous hydrochloric acid was
slowly added, maintaining an intemal temperature of oot
more than +5° C. during the addition. The reaction mixture
was stirred at 6-5° C. and samples were taken periodically
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to analyze for consumption of slarting material by HPLC
(Zorbax C-8 column, mobile phase=1:1 acetonitile/0.1%
aquecus phosphoric acid, flow rate=1.5 ml./minute, detec-
tion at 205 nm).

After stirring for 3 hours the reaction was complete. The
reaction was quenched by the slow addition of 105 mL of
20% aqueous sodium hydroxide, again maintaining an inter-
nzl temperature of not more than +5° C. during the addition.
Once the pH of the rcaction mixturc was confirmed to be
basic, the solution was warmed to room temperature. Ethyl
acetate (180 mL) was added with mixing and, after settling,
the lower aqueous phase was separated and discarded. The
organic phase was then washed once with 105 mL of 10%
aqueous sodium chioride.

The title compound was crystallized from 12 mL/g of 1:2
ethyl acetate/heptane (yield 80-85%).

B. Alternative Preparation of (28,38,58)-2-(2,6-
Dimethylphenoxyacetyljamino-3-hydroxy-5-amino-1,6-
dipbenylhexane

To a round-bottom 3-neck 1 L flask with atiached
mechanical stirbar and thermometer was added the product
of Example 11 (51.6 g, 0.095 mol) and 100 mL of glacial
acetic acid. To the resulting suspension was added 35%
agueous HC1 (10.5 mL, 0.103 motl) in 1 portion. The solution
was allowed to stir under a N, atmosphere for 3 b, at which
time an additional 10.5 mL of 35% aqueous HC] was added.
After an additional 1.5 h, the reaction flask was immersed in
an ice bath and a NaOH solution (16 mL, 0.198 mol) was
added at a rate to maintain the internal temperature of the
flask below 30° C. Water (200 ml) was added and the
mixture extracted with 4x200 mL of Isopropyl Acetate. The
combined organic layers were washed with 2.5M NaOH
(2%200 ml), 100 mL H,O, brge, dried over Na,S80,,
filtered and evaporated in vacuo 1o yield 39.7 g (94% crude)
of product as a colorless solid in greater than 95% purity by
HPLC. The product conld be further purified by dissolving
in 200 mL isopropano! heated over a stcam bath, aliowed to
cool with stirring to 0-5° C. to yield 32.2 g (76%) of the
desired product, m.p.=131° C.

EXAMPLE 35

Allernative Preparation of 28-(1-Tetrahydro-
pyrimid-2-onyl}-3-methyl butanoic acid
A. N-phenoxycarbonyl-L-valine

N-phenoxycarbonyl-L-valine may be prepared according
1o the procedures disclosed in U.S. patent application Ser.
No. 08/08/671,893, filed Jun. 28, 1996, which is incorpo-
rated herein by reference, and which include the following
method.

Into a reactor equipped with an overhead stirrer, chiller,
pH probe and thermocouple was added lithium chloride
(15.6 kg, 368 moles), L-valine (26.0 kg, 222 moles), neutral
alumina (8.1 kg, 150 mesh, Aldrich) and 156 kg of distilled
water. The heterogeneous mixture was stirred and cooled to
-14° C.25° C. The pH was adjusted to 10.1 with 10%
aqueaus lithiumn hydroxide. Precooled (-20° C.) phenylchlo-
rformate (36.6 kg, 234 moles) was added while maintaining
a temperature of not more than —-9° C. and the pH was
controlled during the reaction (maimaining a pH within the
range of 9.5 10 10.5 with a target of 10.0) using a continuous
addition of 10% aqueous lithium hydroxide.

The reaction was stirred for 2 hours at about ~14° C, The
reaction mixture was filtered through Celite and the filter
cake was washed with 42 kg of distilled watcr. The aqueous
filtrate was extracted with methyl t-butyl ether (65 kg) to
remove residual phenol. The equeous phase was then cooled
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to 0~5° C. and mixed with 200 kg of toluene. The stirred
biphasic solution was adjusted to pH 1.8-2.0 with 25%
(w/w) sulfuric acid. The toluene layer was concentrated at
not more than 40° C. to approximalely 120 L, filtered (30 kg
rinse of toluene) and then concentrated apain at not more
than 40° C. to approximately 120 L.

To the resulting solution was added 44.2 kg of heptane
and the resulting sclution was beated to 40° C.210° C. for
15 minutes. The heat was removed and the solution was
sceded and stirred overnight. The product crystallized on the
walls of the reactor and was resuspended in 80 kg of toluene,
reconcentrated at not more than 50° C. to approximately 130
L, then 45.2 kg of heptane was added. The resuiting solution
was then heated to 40° C.#10° C. for not less than 15
minutes and then cooled at not more than 20° C./hour to 18°
C.+5° C. After not less than 12 hours, the resulting white
slurry was couled to 14° C.25° C. and slirred for not less
than 3 hours. The white slurry was filtered and the solid
washed with 41 kg of 1:1 toluenc/heplane. The solid product
was dried at not more than 50° C. to provide the desired
product (47.8 kg) as a white powder.

B. 28-(1-Tetrabydro-pyrimid-2-onyl)-3-methyl butanoic
acid

A mixture of N-phenoxycarbony!-L-valine (25 g, 0.106
mol) and 3-chloropropylamine hydrochloride (15.2 g, 0.116
mol) in THF (250 ml) was cooled to 2° C. Sodium
hydroxide (12.7 g, 0.318 mol) was added 1o the stirring
suspension. After about 35 minuies, a slow exotherm to 10°
C. occurred. The reaction was stirred at less than 10° C. for
2 bours. A solution of potassivm t-butoxide (29.6 g, 0.265
mol) in 125 mL of TIIF was added over 10 minutcs,
followed by a 20 ml. THF rinse. The temperature of the
reaction mixture was allowed to rse to 20° C. during the
addition. The reaction mixture was stirred at room tempera-
ture for 19 hours.

The reaction mixture was quenched with 200 mL of
distilled water and then acidified to pH 9 using 262 g of
concentrated hydrochloric acid, keeping the temperature
below 30° C. The aqueous layer was separated and washed
with another 125 mL of TIIF. Ethanol 3A (75 mL) was added
to the separated aqueous layer and the mixture was acidified
o pH<3 with 12.3 g of concentrated hydrochloric acid,
keeping the temperature below 25° C. The acidified mixhire
was exiracted twice with ethyl acetate (250 mL and 150
mL). The combined organic layers were evaporated 1o
dryness on a rotary evaporator at a temperature below 50° C.
The residual solids were flushed with 250 mlL of ethyl
acetate. The residual solid was dissolved in 150 mL of
cthanol 3A at reflux temperature and filtered through 2 5 g
Darco-G60 bed over filteraid, followed by a 50 mL hot
ethanol riose. The filtrale was evaporated Lo dryness on a
rotary evaporator at a temperature below 50° C. Ethyl
acetate (75 mi) was added 1o tbe residuc and refluxed for 30
minutes. The suspension was cooled 10 below 10° C. for 2
hours. The solid was collected by filtration and washed with
20 mL of cold cthyl acctate (53-8° C.). After drying at 40° C.
for 72 hours the desired product was obtained as a white
solid (15.6 g, 74%).

EXAMPLE 36
Alternative Preparation of 28-(1-Tetrahydro-
pyrimid-2-onyl)-3-methyl bulancic acid

A mixture of phenoxycarbonyl-L-valine (250 g, 1.05 mol;
prepared according to the procedure disclosed in U.S. patent
application Ser. No. 08/671,893, filed Jun. 28, 1996, which
is incorporaled herein by referepce) and
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3-chloropropylamine hydrochloride (151 g, 1.16 mol) in
THF (2.5 L) is cooled to 2° C. Sodium hydroxide (127 g, 3.2
mol) is added to the stirring suspension. After about 45
minutes, a rapid exotherm to 10° C. occurrs. The reaction is
stirred at 1-5° C. for 2 hours. Additional
3-chloropropylamine (10 g, 0.08 mol) is added and stirring
is continued for 1 hour. A solution of potassium t-butoxide
(296 g, 2.6 mol) in 1.25 L of THF is then added over 30
minutes, followed by a 100 m1. THF rinse. The temperature
of the reaction mixture was allowed to rise 1o 20° C. during
the addition. The reaction mixture is stirred at room tem-
perature for 12-16 hours.

The reaction mixture is quenched with 2 L of distilled
water and cooled to 12° C. and then acidified to pH 9 using
258 g (2.6 mol) of concentrated hydrochloric acid, keeping
the temperature below 30° C. The aqueous layer is sepa-
rated. Ethanol 3A (625 ml) is added to the separated
aqueous layer and the mixture was acidified to pH<3 with
116 g (1.2 mol) of concentrated hydrochioric acid, keeping
the temperature below 25° C, The acidified mixture is
extracted twice with ethvl acetate (2.5 L. and 1.5 L). The
combined organic layers are evaproated 1o dryness on a
rolary evaporator al a femperature below 50° C. The residual
solids are dried by repeated distillation with ethyl acetate
(4x1 L). The residual solid is dissolved in 750 mL of
methanol and treated with decolonizing carbon (10 g Darco-
G60 bed) at room temperature overnight. The carbon is
removed by filtration through diatomaceous earth. The fil-
lrate is evaporated to dryness on a rolary evaporalor al a
temperature below 50° C, Ethyl acetate (1.5 L) is added 1o
the residue and approximately 500 mL is removed on the
rotary evaporator. The suspension is cooled to below 10° C.
for »1 hour. The solid is collected by filtration and washed
with 2x100 mL of cold cthyl acctate (5—8° C.). After drying
at 50° C. for 72 hours the desired product is obtained.

EXAMPLE 37

Alternative Preparation of 25-(1-Tetrahydro-
pyrimid-2-onyl)-3-methyl butanoic acid

A. (8)-(-)-N-carboxymethyl-N(f)cyanoethyl Valine
To a 5 L 3-peck round bottom flask with a mechanical
stirrer was added (S)-valine (170.1 g, 1.45 mol) and water
145 mL. The selution was cooled 1o 20° C, with an ice-waler
bath and a solution of 1.0 ¢q of KOH (93 g of 88% solid
KOH) in 180 ml water was added dropwise over 20
minutes. After the addition was complete, acrylonitrile 1.0
eq (95.5 mlL) was added dropwise with vigorous stirring
while maintaining the internal temperature of the fask
below 5° C. The solution was allowed to stir between 0-5°
C. for 4.5 h. Water (600 mL) was added and a pH meter was
inserted into the solution. Methyl chloroformate 1.0 eq (112
ml) was added dropwise while maintaining the pH of the
solution between 9.5 and 10.5, with solution of 10% aq
KOH. The additicn took place over 0.5 h. The solution was
then acidificd with conc. HC1 and phosphoric acid to pH 2
and was subsequently extracted with 2 1. of isopropyl
acelate. The organic layer was concentrated under vacuum
to give 201 g (60%) of a colorless oil that solidified on
standing. mp 65-66° C. Optical rotation sodium D line at
25° C.-0.44 (c=4.3, ethanol). IR (em™*, CDCI,) 2960, 1740,
1710, 1470. *H NMR (300 MHz, CDCL,); (5 TMS, 0.00)
ppm 0.93 (d, 3H J=7 Hz); 1.07 (d,3H J=6 Hz); 2.16-2.36 (m,
1H); 2.62-2.86 (m, 2H); 3.62 (1, 2H, J= 7.5 Hz); 3.77 (s, 1.2H
rotamer); 3.82 (s, 1.8H rotamer); 4.15-4.30 (m, 1II);
9.76-9.96 (brs, 1H). ms (DCI/NH, ) 246, 185, 146, 125. FAB

brms: caf for (M+H*): 229.1188; found: 229.1185.
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B. 28+1-Tetrahydro-pyrimid-2-onyl)-3-methyl butanoic
acid

To a 2 L pressure vial was added the product of Example
37A(190 g, 0.833 mol), water (900 mL) and KOH (3 eq, 140
£). To this solution at ambient temperature was added Nickel
Aluminum alloy (Rancy-Type) 75 g. Note that this is the
unactivated form. The solution was sealed in a pressure
bomb and was placed under 60 psi of hydrogen. The
resulting solution was heated to 100° C. for 4 h. After
cooling the solution 1o ambient temperature, it was filtered,
washed with 900 mL. of dichloromethane and subsequently
acidified to pH 1. The aqueous solution was exiracted with
2x900 mL of dichleromethane. The combined organic layers
were concentrated 1o give 120 g of crede product which was
slurried in isopropyl acetate to give 70 g of the title com-

pound.
EXAMPLE 38

Alternative Preparation of (25,38,58)-2-(2,6-
Dimethylphenoxyacetylyamino-3-hydroxy-5-{2S1-
tetrabydro-pyrimid-2-onyl)-3-methyl butanoyl]
amino-1,6-diphenythexanc
A-1,25-(1-Tetrahydro-pyrimid-2-onyl)-3-methy] butanoyl

chloride

25-(1-Tetrahydro-pyrimid-2-onyl}-3-methyl bulznoic
acid (17.6 g, 87.9 mmole) was slurried in THF (240 mL) and
coaled 1o <5° C. Thionyl chloride (14.3 g, 120 mmole) was
added over 5 minutes {exothermic). The slurry was stirred at
20° C. for 70 min. until complete by HPLC (samples
quenched inte metbanol). THF was removed by rotary
cvaporation; heptanc (90 mL) was added and removed by
rotary evaporation, yielding a2 wet solid mass. The material
was slurried in DMF (85 mL).

A-2. Alternative Preparation of 25-(1-Tetrahydro-pyrimid-
2-onyl)-3-methyl butanoyl chloride
28-(1-Tetrahydro-pyrimid-2-onyl)-3-methyl butanoic
acid (39.6 g, 198 mmole) was slurried in THF {590 mL) and
cooled to 1° C. Thionyl chloride (28.3 g, 238 mmole) was
added over 5 minules (exothermic). The slurry was stirred at
20° C. for 2 hours, THT was removed on the rotary evapo-
rator; THF (200 m1) was added and removed om the rotary
evaporator, yicldiog a wet solid mass. The malterial was
slurried in DMF (225 mL).
B-1. (28,38,58)-2-N,N-dibenzylamino-3-hydroxy-5{ 25-(1-
tetrahydro-pyrimid-2-onyl)-3-methyl butanoyl]amino-1,6-
diphenylhexane

(28,35,58)-2-N,N-dibenzylamino-3-hydroxy-5-amino-1,
6-diphenylhexane (ca. 83 mmole, U.S. Pat. No. 5,491,253,
issued Feb. 13, 1996, which is incorporaied berein by
reference) and imidazole (8.2 g, 120 mmole) were dissolved
in ethyl acelate (350 mL, KF<0.1%) and cooled 10 2° C. The
slurried product of Example 38A-1 was added (exothermic,
maximum temp. was 10° C.), followed by a DMF rinse (15
mL). The reaction was stirred cold initially then allowed to
slowly wamm to room temperature and stired overnight.

The reaction was quenched with 100 mL watcr and stirred
30 minutes. The organic layer was separated and washed
with 3x125 mL 5% NaCl. The organic solution was filtered
and concentrated on rotary evaporator 1o a thick syrup, 62 g.
HPLC purity approx. 85% (peak area). Isomer content
approx. 11.2%.

CIMS (NH,) m/z 647 (M+H)".

'H NMR (300 MHz, CDCl,) §7.35-7.13 (m, i0H),
7.13-7.06 (m, 1H), 6.87 (br d, 1H), 5.22 (br s, 1H), 4.28 (d,
1H), 4.20-4.05 (m, 111}, 3.95 (d, 211), 3.65-3.56 (m, 11I),
337, (d, 2H), 3.12-2.89 (m, 5H), 2.83-2.53 (m, 4H),
2.23-2.08 (m, 1H), 1.74-1.40 (m, 4H), 0.87-0.75 (m, 6H).
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13C NMR (75 MHz, CDCl,) 6170.0, 156.6, 140.2, 139.1,
1384, 129.3, 120.1, 1289, 1284, 128.3, 1280, 127.],
126.0, 125.8, 69.1, 64.0, 63.1 (br), 54.2, 49.2, 41.2, 40.5,
40.0, 39.7, 31.5, 25.4, 21.6, 19.5, 18.6.

B-2. Alternative Preparation of (25,38,58)-2-N,N-
dibenzylamino-3-hydroxy-5-{28-{1-tetrahydro-pyrimid-2-
onyl)-3-methyl butanoyl]amino-1,6-diphenylhexane

(25,38,58)-2-N,N-dibenzylamino-3-hydroxy-5-amino-1,
6-diphenylhexane {ca. 180 mmole; U.S. Pat. No. 5,491,253,
issued Feb. 13, 1996, which is incorporated hercin by
reference) and imidazole (38.1 g, 560 mmole) were dis-
solved in ethyl acetate (675 mL, KF<0.1%) and cooled to 1°
C. The slurnied product of Example 38A-2 was added slowly
over 30 minutes (exothermic, maximum temp. was 6° C.),
followed by an ethyl acetate rinse (225 mL}). The reaction
was stirred cold for 1.5 hours, then allowed to slowly warm
to about 27° C. and stirred for about 20 hours.

The reaction was quenched with a dilute solution of HC1
(36.75 g concentrated HCI in 225 mL of water) and stirred
20 minutes. The biphasic mixture was filtered with a 100 mL
ethyl acetate rinse. The organic layer was separated and
washed with 3x125 mL 5% NaCl. The organic layer was
separated and washed with 3x225 mL 5% NaCl and 2x225
mL 5% NaHCQ,. The organic sohition was concentrated by
rotary evaporation to provide the desired product as a thick
SyTup.

C. (28,38,55)-2-Amiro-3-hydroxy-5-[2S-(1-tetrahydro-
pyrimid-2-onyl)-3-methyl butanoyl]amino-1,6-
diphenylhexane

The crude product of Example 38B (ca. 83 mmole) was
dissolved in methanol (260 mL). Pd/C (50% wct Pcarl-
eman’s catalyst, 10.4 g wet weight) and ammonium formate
(15.1 g, 239 mmolk) were added and the mixture was
warmed to 50° C. After 2.5 hours the reaction was complete
by TLC. The mixture was cooled 1o 35° C. and catalyst was
removed by filiration throngh diatomaceous earth, followed
by a methano)] rinse (250 mL). The combined filtrate was
concentrated on the rotary evaporator. The residue was
dissolved in dioxane (150 mL) with warming. Dioxane was
removed on the rotary cvaporator to yield 60 g of yellow oil.
HPLC purity approx. 88.2% (peak area). Isomer content
£7.9% (however, one isomer does not separate from the
main peak).

CIMS (NH,) m/z 467 (M+H)"

H NMR (300 MHz, CD,0OD) §7.35-7.10 (m, 10H),
440420 (m, 1H), 425 (d, 1H), 3.68-3.57 (m, 1H),
3.20-3.0% (m, 2H}, 3.08-2.90 (m, 3H), 2.90-2.74 (m, 2H),
2.65-2.49 (m, 2H), 2.20-2.04 (m, 1H), 1.92-1.78 (m, 1H),
1.78-1.60 (m, 2H), 1.60-1.45 (m, 1I1), 0.88-0.77 (m, 6II)

13C NMR (75 MHz, CD,0OD) 81713, 1584, 1405,
139.8, 130.6, 130.4, 129.5, 129.3, 127.3, 127.0, 71.5, 63.9,
57.1,49.1,41.8,41.6,41.4, 40.7,40.5, 269, 22.5,20.0, 18.9

'H NMR (300 MHz, CDCl,) §7.35-7.13 (m, 10H), 5.35
(s, 1H), 4.40-4.23 (m, 2H), 3.60-3.52 (m, 1H), 3.25-2.65
(m, 8H), 2.58-2.45 (dd, 1H), 2.30-2.10 (m, 1H}, 1.90-1.65
(m, 3H}, 1.65-1.50 (m, 1H), 0.91 (d, 3H), 0.84 (d, 3H)

13C NMR (75 MHz, CDC1,) 8171.2, 156.6, 139.1, 138.5,
129.3, 1292, 128.5, 1282, 126.3, 126.0, 71.6, 63.1 (br),
56.3,48.7,41.6,41.0, 40.6, 40.0, 39.6, 25.5,21.7,19.7, 18.7
D. (2S,35,58)-2-Amino-3-hydroxy-5{2S(1-tetrahydro-
pyrimid-2-onyl)-3-methyl butanoyl]amino-1,6-
diphenylhexane (S)-Pyroglutamic acid salt

The crude product of Example 38C was dissolved in
dioxane (370 ml, KF=0.07% moisture). S-Pyroglutamic
acid (103 g, B0 mmole) was added and the suspeasion was
warmed to 50° C. to give a clear solution. After stirring 1
bour the solution was seeded with a few crystals of the
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product salt. The salt slowly precipitated. The slurry was
slowly cooled and stirred overnight at room temperature.
The product was isolated by filiration and washed with
dioxane (100 mL). Wet cake weight was 120 g. Product was
dried at 60° C. in a vacuum oven with nitrogen purge. Yicld
352 g off-white powder. HPLC purity: >98% (peak arca
including pyroglutamic acid). Isomer content approx. 1%
(however, ope isomer does not separaie from the main peak).

mp=135-141° C.

[a),*"==21.9° (c=2.5, CH,OH)

CIMS (NH,) m/z 467 (M+H for base)*, 147 (M+NH,, for
pyroglutamic acid)*, 130 (M+H for pyroglutamic acid)*

IR (KBr) 1586, 1655, 1682 cm™

TH NMR (400 MHz, DMS0-d,) §7.62 (s, 1H), 7.54 (d,
1H), 7.32-7.06 (m, 10H), 6.33 (s, 1H), 4.26 (d, 1H),
411-3.99 (m, 1H), 3.82 (dd, 1H), 3.57-3.48 (m, 1H),
3.27-3.19 (m, 1H), 3.08-2.95 (m, 2H), 2.92~2.70 (mn, 5H),
2.53-2.43 (m, 1H), 2.26-2.14 (m, 1H), 2.13-1.99 (m, 2H),
1.99-1.87 (m, 2H), 1.72-1.61 (m, 2H)}, 1.61-1.49 {(m, 1H),
1.46-1.35 (m, 1H), 0.70 (d, 3H), 0.64 (d, 3H).

*C NMR (100 MHz, DMSO-d,) 8176.9, 176.1, 169.2,
155.5, 138.8, 137.7, 1293, 1293, 1283, 127.8, 1264,
125.5, 66.9, 61.5, 56.9, 55.3, 46.8, 40.2, 39.6, 39.4, 38.8,
374,298, 254, 25.3, 21.6, 19.6, 18.7.

'H NMR (300 MHz, CD,0D) 37.32-7.03 (m, 10H),
4.23-4.12 (m,1H), 4.12 (d, 1H), 3.98 (dd, 1H), 3.71-3.63
(m, 1H), 3.46-3.37 (m, 1H), 3.11-2.98 (m, 2H), 2.97-2.80
(m, 4H), 2.70-2.59% (m, 1H), 2.49-2.38 (m, iH), 2.38-2.12
(m, 3H), 2.07-1.92 (m, 2H), 1.75-1.63 (m, 2H), 1.63-1.50
(m, 1H), 1.45-1.32 (m, 1H), 0.74-0.65 (m, 6H).

B¢ NMR (75 Mllz, CD,0D) 81810, 179.6, 171.6,
158.4, 1365, 137.3, 130.5, 130.0, 129.4, 128 .3, 127.2, 68.1,
64.0,59.6,57.7,48.8,41.7,41.1,40.7,40.6, 37.9, 31.1, 26.9,
269,225,201, 189,

‘H NMR (300 MHz, D,0) §7.30-6.97 (m, 10H),
4.16—4.03 (m, 1H), 3.99-3.91 (m, 2H), 3.71-3.63 (m, 1H),
343335 (m, 1H), 3.00-2.68 (m, 6H), 2.40-2.13 (m, 5H),
1.88-1.72 (m, 3H), 1.68-1.56 (m, 1H), 1.52—1.37 (ra, 1H),
1.32-1.18 (m, 1H), 0.600.52 (m, 6H).

13C NMR (75 MHz, D.0) 5181.6, 180.1, 1710, 157.3,
137.9,135.2,120.3,129.2,120.1, 1284, 127.6, 126 .4, 67.3,
62.6,58.2,56.7,47.5,40.1,39.4,39.2, 38.7, 35.7, 29.6, 253,
25.2, 205, 18.5, 17.6.

E. (25,358,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-[28-(1-tetrahydro-pyrimid-2-onyl)-3-methyl
butanoyi]amino-1,6-diphenylhexane

The product of Example 1H (7.26 g, 40.3 mmole) was
slurried in ethyl acetate (22 mL) and thionyl chloride (5.75
g, 48.3 mmolc) was added, followed by 1 drop DMF. The
mixture was warmed to 50° C. and stirred 5 hours. The
solution of the resulting acid chloride was cooled 10 22° C.
and held for the subsequent coupling reaction.

The product of Example 38D (20 g, 31.7 mmole, cor-
rected for dioxane conlent), sodium bicarbonate (16.5 g, 197
mmole), ethyl acetate (150 mL) and water {150 mL) were
combined in a flask and stirred until the product of Example
38D had dissolved (some salt remains undissolved). The
solution of acid chloride prepared above was added over 5
minutes, followed by an ethyl acetate rinse (5 mL). Addition
was mildly exothermic (maximum temperature 23° C.). The
mixture was stirred overnight.

The organic layer was separated and washed with 5%
sodium bicarbonate (100 mL) and water (100 mL). Solvent
was removed on the rotary evaporator. The residue was
dissolved in ethy] acetate (100 mL) and filtered, rinsing with
ethyl acetate (50 ml.). The salvent was removed from the
combined filtrate on the rotary evaporator. The residue was
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dissolved in hot ethyl acetate (105 mlL) and heptane (105
mL) was added; product began to crystallize rapidly. The
slurry was cooled and slirred at 20-23° C. for 5 hours.
Product was collected by filtration and washed with 1/1 (v/»)
ethyl acelate/heptane (30 mL). Product was dried under
vacuum oven al 70° C. to provide 18.8 g of the desired
product as a white powder.

EXAMPLE 39

Preparation of Amorphous (28,38,58)-2-(2,6-
Dimethylphenoxyacetyl)Jamino-3-hydroxy-5{28«1-
tetrahydro-pyrimid-2-onyl)-3-methyl butanoyl]
amino-1,6-diphenylhexane

A. The product of Example 38E (2.5 g) was dissolved in
8 mL of absolute ethanol. This solution was added slowly
dropwise to 250 mL of chilled water at 9° C. with vigorous
stirring. A white solid immediately appeared. The stirring
was continued for 15 minutes and the solids were collected
by filtration. Vacuum drying a1 50° C. for 12 hours provided
2.32 g of the desired product as an amorphous solid.

B. The product of Example 38E (2.5 g) was dissolved in
6 mL of absolute ethanol. This solution was added slowly
dropwise to 31 mL of chilled water at 7-9° C. with vigorous
stirring. A white solid appeared. The stirring was continued
for 20 minutes and the solids were collected by filtration.
Vacuum drying at 50° C. for 12 hours provided 2.24 g of the
desired product as an amorphous solid.

C. The product of Example 38E (0.5 g) was dissolved in
8 mL of isopropapol. This solution was added slowly
dropwise 1o 100 mL of chilled water at 10-15° C. with
vigorous stirring. A white solid appeared. The stirring was
continued for 20 minutes and the solids were collected by
filtration. Air drying provided 0.48 g of the desired product
as zn amorphous solid.

D. The product of Example 38E (().5 g) was dissolved in
8 mL of acetone and 0.2 mL of absolute ethanol. This
solution was added slowly dropwise to 100 mL of chilled
water at 10-15° C. with vigorous stirring. A while solid
appeared. The stirring was continued for 10 minutes and the
solids were collected by filtration. Air drying provided 0.46
g of the desired product as an amorphous solid.

E. The product of Example 38E (0.5 g) was dissolved in
2 mL of acetonitrile. This solution was added slowly drop-
wise 10 100 mL of chilled water at 10--15° C. with vigorous
stirring. A white solid appeared. The stirring was continued
for 20 minutes and the solids were collected by filtration. Air
drying provided 0.46 g of the desired product as an amor-
phous solid.

EXAMPLE 40

N-(3-Chloropropylaminocarbonyl)-valine methyl
ester

3-Chloropropylisocyanate (0.31 mL, 3.0 mmol) was
added to a slurry of L-valine methyl ester hydrochloride (0.5
£, 3.0 mmol) and triethylamine {0.42 mL, 3.0 mmol) in THF
{10 ml.). The reaction mixture was stirred for 4 hours at
room temperature and was then quenched with the addition
of aqueous sodium bicarbonate, The quenched reaction
mixture was extracted with ethyl acetate. The organic layer
was scparated, dricd and cvaporated to give the desired
product.

EXAMPLE 41
(25,35,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
tydroxy-5-[25-(1-tetrahydro-4-hydroxy-pyrimid-2-
onyl)-3-methyl butanoyl]amino-1,6-diphenylhcxanc

Reaction of a solution of the product of Example 25E in
methylene chlaride with sodium borohydride provides the
desired product.

1 0 MAR 2011
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EXAMPLE 42

(25,35,585)2-2,6-Dimethylphenoxyacetyllamino-3-
hydroxy-5-{25-(1-tetrahydro-6-hydroxy-pyrimid-2-
onyl)-3-metby] butanoylJarsino-1,6-diphenylhexane

A 300-mL incubation of (25,38,58)-2-(2,6-
Dimethylphenoxyacetyl)amino-3-hydroxy-5-[28-(1-
tetrahydro-§-hydroxy-pyrimid-2-onyl)-3-methyl butanoyl]
amino-1,6-diphenylhexane labelled with **C in the carbonyl
group of the acelyl moiety (50 uM, 6.0 uCi) was performed
with rat liver microsomes (0.5 mg/ml. microsomal protein)
and an NADPH-generating system for 60 minutes at 37° C.
The metabolic reaction was stopped by adding 300 mL of
acetonitrile. The supematant obtained after centrifugation at
3000 RPM for 10 minutes was cvaporated to dryness in
vacuo. The residue was reconstituted in 2 ml, of HPLC
mobile phase. Isolation of the desired product was achieved
al ambient lemperature with a Beckman Ultrasphere 5 um
10x150 mm C,4 column connecied to an Alltech Ultrasphere
5 ym C,, carridge guard column. A linear gradient of
25-55% acetonitrile in buffer (25 mM ammonium acetate,
pH adjusted to 4.8 with formic acid) over 57 minutes was
used as cofumn ¢luent at a flow rate of 2.8 mL/micute.

Fluorogenic Assay for Screening Inhibitors of HIV
Protease

The inhibitory potency of the compound of the invention
can be determined by the following method.

The compound of the invention is dissolved in DMSC and
a small aliquo: further diluted with DMSO to 100 times the
final concentration desired for testing, The reaction is carried
oul in a 6x50 mm tube in a total volume of 300-microliters.
‘The final concentrations of the components in the reaction
buffer arc: 125 mM sodium acctate, 1M sodium chloride, 5
mM dithinthreitol, .5 mg/ml bovine serum albumin, 1.3 4M
fluorogenic substrate, 2% (v/v) dimethylsulfoxide, pH 4.5,
After addition of inhibitor, the reaction mixture is placed in
the fluorometer cell holder and incubated at 30° C. for
several minutes. The reaction is initiated by the addition of
a small aliquot of cold HIV protease. The fluorescence
intensity (excitation 340 nM, emmision 490 nM) is recorded
as a function of time. The reaction rate is determined for the
first six 1o eight minutes. The observed rate is directly
proportional to the moles of substrate cleaved per unit time.
The percent inhibition is 100x(1-(rate in presence of
inhibitor)/(rate in absence of inhibitor)).

Fluorogenic substrate: Dabcyl-Gaba-Ser-Gin-Asn-Tyr-

Pro-1le-Val-Gln-EDANS wherein DABCYL=4-(4-

dimethylamino-phenyl)azobenzoic acid, Gaba=y-
aminobutyric acid, and EDANS=5-{(2-aminoethyl)aminc)
naphthalene-1-sulfonic acid.

TABLE 1

Compound of Percent Inhibitor Concentration
Exumple Inhibition {zanomolar)

1P 92.6 0.5

2B 932 6.5

ac 86.9 0.5

d4F 9.7 Q.5

5 80.8 0.5

6F 61.4 0.5

B 671 Q.5

8 55.6 0.5

9B 62.6 0.5
10F 81.0 0.5
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TABLE 1-continued

Compound of Percent [nhibitor Concentration
Example Inhibition (aanomolar)
1B 91.1 05

128 7658 0s

13B 56.2 10
14D 2.7 0.5

15 48 0.5

17C B7.2 0.5

18C 518 0.5

19E 68.5 0.5

22 71.8 0.5

23C 86.0 0.5

25E 100 0.5
26H 94.6 0.5

27 92.9 0.5

28 86.6 o.s

29C 72.6 05

36B Nn.0 035

Antiviral Activity

The anti-HIV activity of the compound of the invention
can be determined in MT4 cells according to the following
procedure. MT4 cells were infected with cell-free superna-
tant of HIVIIIB (previously frozen with known 50% tissue
culture infectious dose (TCIDg,) at 0.003 multiplicity of
infection (MOI) for one hour. Afier one hour infection, cells
were washed twice to remove residual viruses, resuspended
ip culture media and seeded into 96-well tissue culture plates
at 1x10°4 cclls per well with various half-log dilutions of
compounds. Uninfected cells are included as toxicity and
cell controls. RPMI 1640 media (Gibco) with 10% fetal
bovine serum were used as culture media. Variovs concen-
trations of human serum (Sigma) 50%, 25% and 12.5% wete
added to culture media resulting in final concentration of
60%, 35% and 22.5% total serum. All assay plates were
incubated in 37 deg. cent. incubator for 5 days. MTT (sigma,
5 mg/ml stock in PBS) was added to all wells at 25 ul per
well, incubate for 4 hours. 209 SDS with 0.02N HCl in
water was added at 50 wl per well to lyse cells. Plates
incubaled overnight for complete lyses were read on a
microtitre plate reader at 570/650 nm wavelengths to deter-
mine cell optical density (0.D.). Raw data were analysed for
percent inhibition by the following formula:

0.D. test well — 0.1} virus control
x 100

0.D. cell control = Q.00 virus control

The 50% effective concentration (ECs) was calculated by
the median effect equation (Chou, 1975, Proc. Int. Cong.

‘Pharmacol. 6th p. 619) lo determine the efficacy of com-

pound. The 50% lethal concentration (I.C,,) was calculated
using uninfecied MT4 cells.

Under these conditions, the following data were obtained
(n=4 duplicate determipations:

TABLE 2
Compound of [Cso LCys
Exanple (M. 0% plasma) (M)
1P Q.01 41,32
2B 0.016 17.78
3 0.025 49.3
4F 0.101 »>100
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TABLE 2-continuced

Compound of ICso LG,
Exanple (4M, 0% plasma) (M)

5 0.368 >100

oF 0.193 >300

B 0.204 >100

8 0.019 17.78

¢B 0.272 19.33
10F 0.047 91.97
1B 0.19 18.16
128 0.093 1811
14D 2053 >100
15 0.119 >0
17¢ 0.052 18.96
18C 0.329 181
19E Q.385 17.95
20D Q.283 24.08
25E 0.012 22.88
26H 0.015 330
27D 0,03 56,23
28 0.011 722
29C 0.427 56
30B Q.003 i8

The compounds of the present invention can be used in
the form of salts derived from inorganic or organic acids.
These salts include but are not limited to the following:
acetale, adipate, alginate, ciiraie, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, camphorate,
camphorsulfonate, digluconate, cyclopentanepropionate,
dodecylsulfate, ethanesulfonate, glucoheptanoate,
glycerophosphate, hemisulfale, heptanoate, hexanoate,
fumarate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate (isethionate), lactzte, maleate,
methanesulfonate, nicotinate, 2-naphihalenesulfonate,
oxalate, pamoate, pectinate, persulfate, 3-phenyipropionate,
picrate, pivalate, propionate, succinate, tartrate, thiocyanate,
p-teleenesulfonate and undecanoate, Also, the basic
nitrogen-containing groups can be qualemized with such
agents as loweralkyl balides, such as methyl, ethyl, propyl,
and butyl chloride, bromides, and iodides; dialkyl sulfates
like dimethyl, diethyl, dibutyl, and diamyl sulfates, long
chain halides snch as decyl, lavryl, myristyl and stearyl
chlorides, bromides and iodides, aralkyl halides like benzyl
and phenethyl bromides, and others. Water or oil-soluble or
dispersibie products are thereby obtained.

Examples of acids which may be employed to form
pharmaceutically acceptable acid addition salts include such
inorganic acids as hydrochloric acid, sulpburic acid and
phosphoric acid and such organic acids as oxslic acid,
maleic acid, succinic acid and citric acid. Other salts include
salts with alkali metals or alkaline earth metals, such as
sodium, polassium, calcium or magmesium or with organic
bases.

Preferred salts of the compounds of the invention include
hydrochloride, methanesulfonate, sulfonate, phosphonate
and isethionate.

The compounds of the prescnt invention can also be used
in the form of esters. Examples of such esters include
compounds wherein a hydroxyl group in the compound of
this invention bas been acylated with an N-protected or
unprotected amino acid residue, a phosphate function, a
hemisuccinate residue, an acyl residue of the formula R*C
{O)}— or R*C(S)}— wherein R* is hydrogen, loweralkyl,
haloalkyl, alkoxy, thioalkoxy, alkoxyalkyl, thioalkoxyalkyl
or haloalkoxy, or an acyl residue of the formula R_—C(R,)
(R)—C(Oy— or R,—C(R )R )—C(S)— wherein R, and
R, are independently selected from hydrogen or loweralkyl
and R, is —N(R YR, OR, or —SR, wherein R, and R, are
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independently selected from hydrogen, loweralkyl and
haloatkyl, or an amino-acy! residue of the formula R180NH
(CH,),NHCH,C(O)— or R, ,NH(CH,),0CH,C(O}—
wherein R,g, is hydrogen, loweralkyl, arylalkyl,
cycloalkylalkyl, alkanoyl, benzoyl or an «-amino acyl
group. The amino acid esters of particular interest are
glycine and lysine; however, other amino acid residues can
also be used, including those wherein the amino acyl group
is —C(O)CH,NR,, R ,, wherein R, and R, are inde-
pendently selected from hydrogen and loweralkyl or the
group —NR, R, forms a nitrogen containing heterocy-
clic ring. These esters serve as pro-drugs of the compound
of the present invention and serve 10 increase the solubility
of these substances in the gastroiniestinal tract. These esters
also serve to increase solubility for intravenous administra-
tion of the compound. Other prodrugs include compounds
wherein 4 hydroxyl group in the compound of this invention
is functionalized with a substituent of the formula —CH
(RJOC(O)R; 4, or —CH(R JOC(S)R5; wherein Ry, is
loweralkyl, haloalkyl, alkoxy, thioalkoxy or haloalkoxy and
R, is hydrogen, loweralkyl, haloalkyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl or dialkylaminocarbo-
nyl. Such prodrugs can be prepared according to the proce-
dure of Schreiber (Tetrahedron Lett. 1983, 24, 2363) by
ozonolysis of the corresponding methally] ether in methanol
followed by treatment with acetic anhydride.

The prodrugs of this invention are metabolized in vivo to
provide the compound of this invention. The preparation of
the prodrug esters is carried out by reacting the compound
of the invention with an activated amino acyl, phosphoryl,
hemisuccinyl or acyl derivative as defined above. The result-
ing product is then deprolected to provide the desired
pro-drug ester. Prodrugs of the invention can also be pre-
pared by alkylation of the hydroxyl group with (haloalkyl)
esters, transacetalization with bis-(alkanoyl)acetals or con-
densation of the hydroxyl group with an activated aldebyde
followed by acylation of the intermediate hemiacetal.

The compounds of the invention are nseful for inhibiting
retroviral protease, in particular HIV protease, in vitro or in
vivo (especially in mammals and in particular in humans),
The compounds of the present invention are also vseful for
the inhibition of retroviruses in vivo, especially human
immunodeficiency virus (HIV). The compounds of the
present iovention are also useful for the treatment or pro-
phylaxis of diseases caused by retroviruses, especially
acquired immune deficiency syndrome or an HIV infection
in a human or other mammal.

Total daily dose¢ administered 10 a human or other mam-
mal host in single or divided doses may be in amounts, for
example, from 0.001 to 300 mg/kg body weight daily and
more uswally 0.1 to 20 mg/kg body weight daily. Dosage unit
compositions may contain such amounts of submultiples
thereof to make up the daily dose.

The amouni of active ingredient that may be combined
with the carrier materials to produce a single dosage form
will vary depending upon the host treated and the particular
mode of administration.

It will be understood, however, that the specific dose level
for any particular patient will depend upon a variety of
factors including the activity of the specific compound
employed, the age, body weight, peneral health, sex, diet,
time of administration, route of administration, rate of
excretion, drug combination, and the severity of the particu-
lar disease undergoing therapy.

The compounds of the present invention may be admin-
istered orally, parenterally, sublingually, by inhalation spray,
rectally, or topically in dosage unit formulations containing
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conventional nontoxic pharmaceutically acceptable carriers,
adjuvants, and vehicles as desired. Topical administration
may also involve the use of transdermal administration such
as transdermal patches or iontophoresis devices. The lerm
parenteral as used herein includes subcutaneous injections,
intravenous, intramuscular, intrasternai injection, or infusion
techniques.

Injectable preparations, for example, sterile injeclable
agueous or oleagenous suspensions may be formulated
according to the known art using suitable dispersing or
welling agents and suspending agents. The sterile injectable
preparation may also be a slerile injectable solution or
suspension in 2 nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 13-propanediol.
Among the acceptable vebicles and solvents thal may be
employed are water, Ringer’s solution, and isotonic sodium
chloride solution. In addition, sierile, ixed oils are conven-
tionally employed as a solvent or suspending medium. For
this purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such
as oleic acid find vse in the preparation of injectables.

Suppositerics for rectal administration of the drug can be
prepared by mixing the drug with a suitable nonirritating
cxcipient such as cocoa bulter ang polyethylenc glycols
which are solid at ordinary temperatures but liquid at the
rectal temperature and will therefore mell in the reclum and
release the drug.

Solid dosage forms for oral administration may include
capsules, tablets, pills, powders, and graoules. In such solid
dosage forms, the active compound may be admixed with al
lcast onc inert dilucnt such as sucrose lactosc or starch. Such
dosage forms may alse comprise, 25 is normal practice,
additional substances other than inerl diluents, ¢.g., lubri-
cating agents such as magnesium stearate. In the case of
capsules, tablets, and pills, the dosage forms may also
comprise buffering agents. Tablets and pills can additionally
be prepared with enteric coatings.

Liquid dosage forms for oral administration may include
pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs conlaining inert diluents
commonly used in the art, such as water. Such compositions
may also cumprise adjuvants, such as welling agenis, emul-
sifying and suspending agents, and sweetening, flavoring,
and perfuming agents.

The compounds of the present invention can also be
administered i the form of liposomes. As is known in the
art, liposomes &re generally derived from phospholipids or
other lipid substances. Liposomes ar¢ formed by mono- or
multi-lamellar hydrated liquid crystals that are dispersed in
an aqueous medium. Any non-toxic, physiologically acep-
able and metabolizable lipid capabale of forming liposomes
<an be used. The present compositions in liposome form can
conlain, in addition to the compound of the present
invention, stabilizers, preservatives, excipients, and the like.
The preferred lipids are the phospholipids and phosphatidyl
cholines (lecithins), both naturcal and synthctic.

Methads to form liposomes are known in the art. See, for
example, Prescott, Ed., Methods in Cell Biology, Yolume
XIV, Academic Press, New York, N.Y. (1976), p. 33 et seq.

Some preferred dosage forms for the compounds of this
invention are disclosed in U.S. patent application Ser. No.
08/754,390, filed Nov. 21, 1996, now abandoned, in the
names of J. Lipari, L. A. Al-Razzak, S. Ghosh and R. Gao
and which is entitled Pharmaceutical Composition, which is
incorporated herein by reference.

A preferred dosage form for the compounds of this
invention comprises a solution of (a) a compound of the

15

25

30

35

40

45

50

55

a0

74

formula I in the amount of from about 1% to abow 50%
(preferably, from about 5% to about 309%) by weight of the
total solution and (b) polyoxyl 35 casior oil in the amount of
from about 0% to about 20% (preferably, from about 5% to
about 10%) by weight of the total solution, in 2 pharmaccu-
tically acceptable organic solvent which compnises (i) oleic
acid in the amount of from about 20% to about 99%
(preferably, from about 30% to ahout 70%; more preferably,
from about 40% to about 65%) by weight of the total
solution or (ii) a mixture of (1) oleic acid in the amount of
from about 20% to about 99% (preferably, from about 30%
to about 70%; more preferably, from about 40% to about
65%) by weight of the total solution and (2) cthanol or
propylene glycol or a mixture thereof in the amount of from
about D% to about 12% {prcfcrably, about 10%) by weight
of the total solution. In an even more preferred embodiment
of the invention, the solution is encapsulated in a soft elastic
gelatin capsule (SEC) or a hard gelalin capsule.

A most preferred composition of the invention comprises
a solutton of (a) a compound of the formula I in the amount
of aboul 30% by weight of the total solution and (b)
polyoxyl 35 castor oil in the amount of about 10% hy weight
of the total solution, in a pharmaceutically acceptable
organic solvent which comprises a mixture of (1) oleic acid
in the amount of about 50% by weight of the total solution
and (2) ethanol n the amount of about 10% by weight of the
total solution. In a most preferred embodiment of the
invention, the solution is encapsulated in a soft elastic
gelatin capsule (SEC) or a hard gelatin capsule and the
solution also comprises an antioxidant (preferably, BHT
(butylated hydroxytoluene)) in the amount of from about
0.01% 1w about 0.08% by weight of the total solution
(preferably, from about 0.01% to about 0.05% by weight of
the tolal solution).

An example of such a composition and its preparation is
provided below.

Component % By Weight
vompound of Example 2B ([ree base) 30
Ethancl (USE, 205 preof) 10
polyoxyl 35 castor oil {Cremophor ® F1) n

Oleic ncid, 6321, NF $0
Bulyluted hydroxy toluene (BHT), NF 0.01

Preparation of the above composition

The mixing tank was purged with nitrogen. Oleic acid
(499.9 g} and ethanol (100 g) were mixed in the tank. The
butylated hydroxytoluene (0.1 g) was charged inle the tank
and mixed until the solution was clear. The Compound of
Exarnple 2B (300 g) was slowly charged into the tank and
mixed until the solution was clear. The polyoxyl 35 caslor oil
(100 g) was added to the tank and mixed. The resulting
solution was filled inio soft elastic capsules (0.333 g of
solution/SEC) to provide a dosage of 100 mg of compound
of Example 2B/SEC or 0.667 g/SEC to provide a dosage of
200 mg of compound of Examplc 2B/SEC.

While the compaund of the invention can be adminisiered
as the sole active pharmaceutical agent, it can also be used
in combination with one or more immunomodulators, anti-
viral zgenis, other antiinfective agents or vaccines. Other
antiviral agents to be administered in combination with a
compound of the present invention include AL-721, beta
interferon, polymannoacetate, reverse transcriptase inhibi-
tors (for example, dideoxycytidine (ddC; zalcitabine),
dideoxyinosine (ddl; didanosine), BCH-18%9, AzdU,
carbavir, ddA, d4C, d4T (stavedine), 3TC (lamivudine)
DP-AZT, FLT ({lucrothymidine), BCH-189, 5-halo-3'-thia-
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dideoxycytidine, PMEA, bis-POMPMEA, zidovudine
(AZT), pevirapine, delviridine, MSA-300, trovirdine and the
like), non-nucleoside reverse transcriptase inhibitors (for
example, R82193, L-697,661, BI-RG-587 (nevirapine), ret-
roviral protease inhibitors (for example, HIV protease
inhibitors such as ritonavir, Ro 31-8959 (saquinavir),
8C-52151, VX478, AG1343 (nelfinavir), BMS 186,318,
SC-55389a, BILA 1096 BS, DMP-323, DMP-450, KNI-
227, KNI-272, U-140690, N-(2(R)-hydroxy-1(S)-indanyl)-
2(R)-phenylmethyl-4(S)-hydroxy-5-(1-(4-(3-
pyridylmethyl}-2(S)-N'{t-butylcarboxamido)-piperazinyl)}-
peptaneamide (MK-639; indinavir), 5(S)-Boc-amino-4(S)-
bydroxy-6-phenyl-2(R)-phenylmethylhexanoyl-{L)-Val-
(L)-Phe-morpholin-4-ylamide, 1-Naphthoxyacetyl-beta-
methylthio-Ala-(28,3S)-3-amino-2-hydroxy-4-butanoyl-1,
3-thiazolidine-4-t-butylamide (i.c., 1-Naphthoxyacetyl-Mta-
(25,35)-AHPBA-Thz-NH-tBu), 5-isoquinolinoxyacetyl-
beta-methylthio-Ala-(25,38)-3-amino-2-hydroxy-4-
butanoyl-1,3-thiazolidine-4-t-butylamide (i.e., iQoa-Mta-
Apas-Thz-NHtBu) and the like), HEPT compounds, L,697,
639, R82150, U-87201E and the like), HIV integrase
inhibitors (Zintevir and the like), TAT inhibiters {for
example, R0O-24-7429 and the like), trisodium
phosphonoformate, HPA-23, eflonithine, Peptide T, Reticu-
lose (nucleophosphoprotein), ansamycin LM 427,
trimetrexate, UAOO1, ribavirin, alpha interferon, oxetanocin,
oxetanocin-G, cylobut-G, cyclobut-A, ara-M, BW882C87,
foscarner, BW256U87, BW348U87, L-693,989, BV ara-U,
CMV triclonal antibodies, FIAC, HOE-602, HPMPC, MSL-
109, T1-23, trifluridine, vidarabine, famciclovir, penciciovir,
acyclovir, ganciclor, castanosperminem rCD4/CD4-1gG,
CD4-PEAQ, butyl-TINT, hypericin, oxamyristic acid, dextran
sulfaic and pentosan polysulfate. Immunomodulators that
can be administered in combination with the compound of
the present invention include bropirimine, Ampligen, anti-
human alpha interferon antibody, colony stimuhing factor,
CL246,738, Imreg-1, Imreg-2, diethydithiocarbamate,
interleukin-2, alpha-interferon, inosine pranobex, methion-
ine enkepbalin, muramyl-tripeptide, TP-3, erythropoietin,
naltrexone, turnor necrosis faclor, beta interferon, gamma
interferon, interleukin-3, interleukin-4, autologous CD8+
infusion, alpha interferon immunogiobulin, IGF-1, anti-Leu-
3A, autovaccipation, biostimelation, exiracorporeal
photophoresis, cyclosporin, rapamycin, FK-565, FK-506,
G-CSF, GM-CSF, hyperthermia, isopinosine, IVIG, HIVIG,
passive immunotherapy and polio vaccine hyperimmuniza-
tion. Other antiinfective agents that can be administered in
combination with the compound of the present invention
include pentamidine isethionate. Any of a variety of III'V or
AIDS vacanes (for example, gp120 (recombinant), Eov 2-3
(gp120), HIVAC-1e (gpl20), gp160 (recombinant), VaxSyn
HIV-1 (gp160), Immuno-Ag (gpl60), HGP-30, HIV-
Immunogen, p24 (recombinant), VaxSyn HIV-1 (p24) can be
used in combination with the compound of the present
invention.

Other agenis that can be used in combination with the
compound of this invention are ansamycin LM 427, apurinic
acid, ABPP, Al-721, camrisyn, AS-101, avarol, azimexon,
colchicine, compound Q, CS8-85, N-acetyl cysteine,
(2-oxothiazolidine-4-carboxylate), D-penicillamine,
diphenylhydantoin, EL-10, erythropoieten, fusidic acid,
glucan, HPA-23, buman growth hormone,
hydroxchloroguine, iscador, I.-ofloxacin or other quinolone
antibiotics, lentinan, lithm carbonate, MM-1, monolaurin,
MTP-PE, naltrexone, neurotropin, ozone, PAI, papax
ginseng, pentofylline, pentoxifylline, Peptide T, pine cone
exiract, polymannoaceiale, reticulose, retrogen, ribavirin,
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ribozymes, R8-47, Sdc-28, silicotungstate, THA, thymic
humoral factor, thymopentin, thymosin fraction 5, thymosin
alpha one, thymostimutin, UA0O], uridine, vitamin B12 and
wobemugos. -

Other agents Lhat can be used in combination with the
compougd of this invention are antifungals such as ampho-
tericin B, clotrimazole, flucytosine, fluconazole,
ilraconazole, keloconazole and nyslatin and the like.

Other agents that can be used in combination with the
compound of this invention are antibacterials such as ami-
kacin sulfate, azithromyein, ciprofloxacin, tosufloxacin,
clarithromycin, clofazimine, ethambulol, isoniazid,
pyrazinamide, rifabutin, rifampin, streptomycin and TLC
G-65 and the like.

Other agents that can be used in combination with the
compound of this invention are anti-neoplastics such as
alpba interferon, COMP (cyclophosphamide, vincristine,
methotrexate and prednisone), etoposide, mBACOD
(methotrexate, bleomycin, doxorubicin, cyclophosphamide,
vincristine and dexamethasone), PRO-MACE/MOPP
(prednisone, methotrexale (w/fleucovin rescue), doxorubicin,
cyclophospbamide, taxol, ctoposide/mechlorethamine,
vincristine, prednisone and procarbazipe), vincristine,
vinblastine, angicinhibins, pentosan polysuifate, platelet
factor 4 and SP-PG and the like.

Other agents that can be used in combination with the
compound of this invention are drugs for reating neurologi-
cal disease such as peptide T, ritalin, lithium, elavil,
phenytoin, carbamazipine, mexitetine, heparin and cytosine
arabinoside and the like.

Other agents that can be used in combination with the
compound of this invention are anti-protozoals such as
albendazole, azithromycin, clarithromycin, clindamycin,
corticosteroids, dapsone, DIMP, eflomithine, 566C80,
fansidar, furazolidone, 1.,671,329, letrazuril, metronidazole,
paromycin, pefloxacin, pentarnidine, piritrexim, primaquine,
pyrimethamine, somatostatin, spiramycin, sulfadiazine,
trimethoprim, TMP/SMX, trimetrexate and WR 6026 and
the like.

Among the preferred agents for inhibition or treatment of
HIV or AIDS in combination with the compound of this
invention are reverse transcriptase inhibitors, especially,
AZT (zidovudine), ddl (didanosine), ddC (zalcitabine), d4T
{stavudine), 3TC (lamivudine), nevirapine, delviridine,
trovirdine, PMEA, bis-POMPMEA and MSA-300.

Other preferred agents for inhibition or treatment of HIV
or AIDS in combination with the compound of this invention
are HIV prolease inhibitors, especially, ABT-538 (ritonavir)
and related compounds, disclosed in U.S. Pat. No. 5,541,
206, issued Jul. 30, 1996 and U.S. Pat. No. 5,491,253, issued
Feb. 13, 1996 which arc both incorporated by reference
herein, N{2(R)-hydroxy-1(S)-indanyl}-2(R)-pheaylmethyl-
4(S)-hydroxy-5-(1-(4-(3-pyridylmeihyl)-2(S)-N'-(t-
butylcarboxamido)-piperazinyl))-pentancamide (i.e.,
indinavir) and related compounds, disclosed in European
Patent Application No. EP541168, published May 12, 1993,
and U.S. Pat. No. 5,413,999, issucd May 9, 1995 which are
both incorporated herein by reference; N-tert-butyl-
decahydro-2-[2(R)-hydroxy-4-phenyl-3(8)-[[N-(2-
quinolylcarbonyl)-L-asparaginyl]amino]butyl]-(4aS,8aS)-
isoquinoline-3(S)-carboxamide (i.¢., saquinavir) and related
compounds, disclosed in U.S. Pat. No. 5,196,438, issued
Mar. 23, 1993, which is incorporated herein by reference;
5(8)-Boc-amino-4(S)-hydroxy-6-phenyl-2(R)-
phenylmethylhexanoyl-(L)-Val-(L}-Phe-morpholin-4-
ylamide and related compounds, disclosed in European
Patent Application No. EP532466, published Mar. 17, 1993,
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which is iocorporated herein by reference;
1-Naphthoxyacctyl-beta-methylthio-Ala-(25,35)-3-amino-
2-hydroxy-4-butanoyl-1,3-thiazolidine-4-t-butylamide (i.e.,
1-Naphthoxyacetyl-Mta-(28,35)-AHPBA-Thz-NH-tBu),
5-isoquinolinoxyacetyl-beta-methylthio- Ala-(28,38)-3-
amino-2-hydroxy-4-butanoyl-1,3-thiazolidine-4-t-
butylamide (i.e., iQoa-Mta-Apns-Thz-NHtBu} and related
compounds, disclosed in European Patent Application No.
EP490667, published Jun, 17, 1992 and Chem. Pharm. Bull.
40 (8) 2251 {1992}, which are both incorporated herein by
reference; [1S-[1R*(R*),25*]}-N[3-[[(1,1-dimethylethyl)
amino Jcarbonyl](2-methylpropyl)amino]-2-hydroxy-1-
(pbenylmethyl)propyl]-2-{(2-quinolinylcarbonyt)amino]-

butanediamide (i.e., $C-52151) and related compounds, 17

disclosed in PCT Patent Application No. WO92/08701,
published May 29, 1992 and PCT Patcot Application No.
W093/23368, published Nov. 25, 1993, both of which are
incorporated herein by reference;

NH,
QH
o 8. A_ .~
N
~ NN
= = LAY
o =
O/ Fh/

(i.e., VX-478) and related compounds, disclosed in PCT

Palent Application No. W094/5639, published Mar. 17
1994, which is incorporated herein by reference;

o)
PR ‘
HO OH
4

N N

' 35
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(ie., DMP-323) or

i
N N
HQN NHQ

(ie., DMP-450) and related compounds, disclosed in PCT
Patent Application No. W093/07128, published Apr. 15,
1993, which is incorporated herein by reference;

H,ﬂ,
on 2
N = “u
H\/\/N
HO =
P P

0 N

PhS H

(i.e., AG1343, (nelfinavir)), disclosed in PCT Patent Appli-
cation No. WO95/09843, published Apr. 13, 1995 and U S.
Pat. No. 5,484,926, issued Jan. 16, 1996, which are both
incorporaied berein by reference,

NHBoc¢

¢5 (i.e., BMS 186,318) disclosed in European Patent Applica-

tion No. EP580402, published Jan. 26, 1994, which is
incorporated herein by reference;
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(i.e., SC-55389a) disclosed at 2nd Naticnal Conference on
Human Retroviruses and Related Infections, (Washington,
D.C., Jan. 29-Feb. 2, 1995), Scssion 88; and

{ic., BILA 1096 BS} and rclated compounds discloscd in
European Patent Application No. EP560268, published Sep.
15, 1993, which is incorporated herein by reference; and

OH

CF;

e

A\
(8] Q

(i-€., U-140690) and related compounds disclosed in PCT
Patent Application No. WO 9530670, published Nov. 16,
1995, which is incorparated herein by reference; or a phar-
maceutically acceptable salt of any of the above.

In a most preferred combination, a compound of this S

invention is administered in combination with ritonavir.
Such a combination is especially useful for inhibiting HIV
protease in a human. Such a combination is also especially
useful for inhibiting or treating an HIV infection in a human.
When used in such a combination the compound of this
invention and ritonavir can be adminisiered as separate
agents at the same or different times or they can be formu-
lated as a single composition comprising both compounds.

‘When administered in combination with a compound of
this invention, ritopavir causes an improvement in the phar-
macokinetics (i.e., increases half-life, increases the time to
peak plasma concentration, increases blood levels) of the
compound of this invention.

Preferred dosage forms for ritonavir include (a) a liquid
dosage form for oral administration as disclosed in U.S. Pat.
No. 5,484,801, issued Jan. 19, 1996, which is incorporated
herein by reference, (b) an encapsulated solid or serni-solid
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dosage form as disclosed in PCT Palent Application No.
WO095/07696, published Mar. 23, 1995 and U.S. Ser. No.
08/402,690, filed Mar. 13, 1995, both of which are incor-
porated herein by reference and (¢) an encapsulated solid
dosage form as disclosed in PCT Patent Application No.
WO095/09614, published Apr. 13, 1995 and U.S. Pat. No.
5,559,158, issued Sep. 24, 1996, both of which are incor-
porated herein by relerence.

Other examples of preferred dosage forms for ritonavir
are disclosed in U.S. patent application Ser. No. 08/754,390,
filed Nov. 21, 1996, in the names of J. Lipari, L. A.
Al-Razzak, S. Ghosh axl R. Gao and which is entitled
Pharmaceutical Composition, which is incorporated herein
by reference.

N
n

A prelcrred composition for ritonavir compriscs a sohution
of (a) ritonavir in the amount of from about 1% to about 30%
(preferably, from about 5% to about 25%) by weight of the
total solution and (b) polyoxyl 35 castor oil in the amount of
from about 0% to about 20% (preferably, from about 5% to
about 10%) by weight of the total solution, in a pharmaceu-
tically acceptable organic solvent which comprises (i) oleic
acid in the amount of from about 15% to about 99%
(prefecably, from about 30% to about 70%; more preferably,
from about 40% to about 65%) by weight of the total
solution or (ii) a mixture of (1) oleic acid in the amount of
from about 15% to about 99% (preferably, from about 30%
1o about 70%; more preferably, from about 40% to about
65%) by weight of the total solution and (2) ethanol or
propvlene glycol or a mixture thereof in the amount of from
about 0% to about 12% (preferably, aboumt 10%) by weight
of the total solution. In 2n even more preferred embodiment
of the invention, the solution is encapsulated in a sofi elastic
gelatin capsule (SEC) or a hard gelatin capsule and the
solution also comprises an antioxidant (preferably, BHT
(butylated hydroxytoluene)) in the amount of from about
001% to about 0.08% by weight of the 1otal solution
(preferably, from about 0.01% to about 0.05% by weight of
the total solution).

Examples of such a composition and its preparation are
provided below.

Component ® By weight
ritopavir {free base) 20
Ethanol (USP, 200 proof) 10

polyaxyl 35 castor oil {Cremophor & EL) 5
Oleic acid, §321, NF

Butylated hydroxy toluene (BHT), NF 0.01

Preparation of the above composition
The mixing tank was purged with nitrogen. Oleic acid
(649.9 g) and ethanol (100 g) were mixed in the tank. This
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solution was warmed 10 about 33° C. (29-37° C.) and
maintained al that temperature. The butylated hydroxytolu-
ene (0.1 g} was charged into the tank and mixed until the
solution was clear. The ritonavir (200 g) was slowly charged
into the tank and mixed until the solution was clear. The
polyoxyl 35 castor oil (50 g) was added 10 the tank and
mixed. Heating was discontinued and the solution allowed
10 cool 10 amibiem lemperature (20-30° C.). The resulting
solution was filled into soft elastic capsules (0.5 g of
solution/SEC) to provide a dosage of 100 mg of ritonavir/
SEC or 1.0 g/SEC 1o providc a dosage of 200 mg of
ritonavir/SEC.

Component % By Weight
ritonavir (free base) 20
Ethanol (USP, 200 preof) 10
polyoxyl 35 castor oil (Cremaphor ® EL) 10

Olcic acid, 6321, NF 60
Butylated hydroxy toluene (BHT), NF 0.0

Preparation of the above composition

The mixing tank was purged with nitrogen. Oleic acid
(599.9 g) and ethanol (100 g) were mixed in the tank. This
solution was warmed 1o abowt 33° C. (29-37° C) amd
maintained at that temperature. The butylated hydroxytolu-
ene (0.1 g) was charged into the tank and mixed until the
solution was clear. The ritonavir (200 g) was slowly charged
into the tank and mixed until the solution was clear. The
palyoxyl 35 castor oil (100 g) was added to the tank and
mixed. Heating was discontinued and the solution allowed
o cool 1o amibient temperature (20-30° C.). The resuliing
solution was filled into soft elastic capsules (0.5 g of
solution/SEC) 1o provide a dosage of 100 mg of ritonavir/
SEC or 1.0 g/SEC to provide a dosage of 200 mg of
ritonavir/SEC.

Examples of preferred single dosage forms comprising
both ritonavir and a compound of the formula I are also
disclosed in U.S. patent application Ser. No. 08/754,390,
filed Nov. 21, 1996, now abandoncd in the names of J.
Lipari, L. A. Al-Razzak, §. Ghosh and R. Gao and which is
entitted Pharmaceutical Composition, which is incorporated
herein by reference.

A preferred composition for a single dosage form com-
prsing both ritomavir and a compound of the forrbula [
comprises a solufion of (a) a mixture of ritonavir in the
amount of from about 1% to about 30% (preferably, from
about 5% to about 25%) by weight of the total solution and
a compound of the formuia I in the amount of from about 1%
to about 50% (preferably, from about 5% to about 40%) by
weight of the total solution and (b) polyoxyl 35 castor oil in
the amount of about 10% by weight of the total solution, in
a pharmaceutically acceptable organic solvent which com-
prises a mixture of (1) oleic acid in the amount of from about
10% to about 88% (preferably, from about 40% to about
65%) by weight of the total solution and (2) ethanol in the
amount of about 10% by weight of the total solution. In a
most preferred embodiment of the invention, the solution is
encapsulated in a soft elastic gelatin capsule (SEC) or a hard
gelatin capsule and the solution also comprises an antioxi-
dant (preferably, BIIT (butylaied hydroxytoluene)) in the
amount of from about 0.01% 1o about .08% hy weight of
the total solution (preferably, from about 0.01% io about
0.05% by weight of the total solution).

Examples of such a composition and ils preparation are
provided below.
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Component % By Weight
ritonavir (free base) 5
compound of Fxample 2B (free base) 30
Ethanol (USP, 200 proof) 10
polyoxyl 35 castor oil (Cremophor ® EL) 10
Oleic acid, 6321, NF 45
Butylated hydroxy toluene (BHT), NF .01
ritopavir (free base) 15
compound Example 2B {free base) 15
Ethanol (USFE, 260 proof) 10
polyoxyl 35 castor oil (Cremophor 8 EL) 10
Oleic acid, 6321, NF s0
Butylated hydroxy toluene (BHT), NF 0.01
ritonavir {free base) 15
compound Example ZB (free base) 15
Ethanol (USP, 200 proaf) 10

polyoxy]l 35 castor oil {Cremophor ® EL) 5
Oleic ncid, 6321, NF
Burylated hydroxy toluene (BHT), NF

Preparation of the above composition

The mixing tank was purged with nitrogen. Oleic acid
(549.9 g) and ethanol (100 g) were mixed in the tank. The
butylated hydroxytoluene (0.1 g) was charged into the tank
and mixed until the solution was clear. The ritonavir (150 g)
was slowly charged into the tank and mixed until the
solution was clear. Compound Example 2B (150 g) was
siowly charged inio the tank and mixed until the solution
was clear. The polyoxyl 35 castor oil (100 g) was added to
the tank and mixed. The resulling solution was filled inlo
soft elastic capsules (1.0 g of solution/SEC) to provide a
dosage of 150 mg each of ntopavir and compound Example
2B/SEC.

Component % By Weight

ritonavir (free base) 15
compound Example 2B (free base) 5

Ethanol (USP, 200 proof) 10
polyoxyl 35 castor oil (Cremophor ® EL) 10
Qleic acid, 6321, NF &0
Butylatzd hydroxy teluene (BET), NF 0.01

Total daily dose of ritonavir (administered in combination
with a compound of this invention) to be administered 10 a
human or other mammal host in single or divided doses may
be in amounts, for example, from 0.001 to 300 mg/kg body
weight daily and more usually 0.1 to 10 mg of ritonavir.
Dosage unit compositions may contain such amounts of
submultiples thereof to make up the daily dose.

In the compositions which comprise a mixture of ritonavir
and the compound of Example 2B, the ratio (w/w) of
ritonavir 10 the compound of Example 2B ranges from about
1:16 to abowt 5:1 (preferably, from about 1:6 to about 3:1).

In another most preferred combination, a compound of
this invention is administered in combination with ritonavir
and onc or more reverse transcriptase inhibitors (preferably,
one or more compounds selected from the group consisting
of AZT (zidovudine), ddl (didanosine), ddC (zalcitabine),
d4T (stavudine) and 3TC (lamivudine)). Such a combipation
is especially usefuj for inhibiting or treating an HIV infec-
tion in a2 human. When used in such a combination the
compound of this invention and ritonavir and one or more
reverse transcriptase inhibitors can be administered as sepa-
rate agents ail the same or different times or they can be
formulated 2s compositions comprising two or more of the
compounds. A particularly preferred therapeutic combina-
tion comprises a compound of the formula I (especially, the
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compound of Example 2B) in combination with titonavir,
AZT and 3TC.

It will be understood that agents which can be combined
with the compound of the present invention for the
inhibition, treatment or prophylaxis of AIDS or an HIV
infection are not limited to those listed above, but mclude in
principlc any agents uscful for the treatment or prophylaxis
of AIDS or an HIV infection.

When administered as a combination, the therapeutic
agents can be formulated as separate compositions which are
given at the same time or different times, or the therapeutic
agents can be given as a single composition.

The foregoing is merely illustrative of the mmvention and
is not intended to limil the invention to the disclosed
compounds. Variations and changes which are obvious to
one skilled in the art are intended to be within the scope and
nature of the invention which are defined in the appended
claims.

What is claimed is:

1. A compound of the formula:

O R; Rs I
H
r A g}
) E Rs
OH Ry &)

wherein R, and R, are independently selected from the
group consisting of loweralkyl, cycloalkylalkyl and aryla-
Tkyl;

R, is loweralkyl, hydroxyalkyl or cycloalkylaikyl,

R, is aryl;

R; is

(C\Hz)n ‘/

whereinnis 1, 2or 3, X is O, Sor NH apd Y is —O— or
—N{(R— wherein R is hydrogen, loweralkyl, cycloalkyl,
cycloalkylalkyl, aryl or arylalkyl;

and

L, is

¢) —N(R,)— wherein R, is hydrogen, loweralkyl,
cycloalkyl or cycloalkylalkyl,

d) —O-alkylenyl-,

€} —S-alkylenyl-

f) —5(0)-alkylenyl-,

g) ~—S(0),-alkylenyl-,

by —N(R.)-alkylenyl- wherein R, is defined as above,

1} -alkylenyl-O—,

) -alkylenyl-S—,

k) alkylenyl-N(R,}— wherein R, is defined as above,

1) alkvlenyl or

m) alkenylenyl;
or a pharmaceutically acceptable salt, ester or prodrug
thereof.

2. A compound according to claim 1 wherein R, and R,
are arylalkyl, R, is loweralkyl, R, is aryl, R; is
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{Cizh J

wherein X, Y and n are defined as therein and L, is
—0O-alkylenyl.

3. A compound according to claim 1 wherein R, and R,
are benzyl or R; is benzyl and R, is loweralkyl, R, is
loweralkyl, R, is phenyl which is substiluted with two
loweralkyl groups and which is optionally substituted with
a third subsiituen! selecied from the group consisting of
loweralkyl, bydroxy, amino and halo, R is

(C\Hz)u J

whereinnis 1 or2, Xis G or § and Y is —NH—,
and

L, is —O0—CH.—.

4. A compound according to claim 1 wherein R, and R,
are benzyl or R, is benzyl and R, is isopropyl, R, is
loweralkyl, R, is 2,6-dimethylphenyl which is optionally
substituted with a third substituent selected from the group
consisting of loweralkyl and halo, R; is

it

whereinnis 1 or 2, Xis O or S apd Y 1s —NH—,
and

L, is —0—CH,—.

5. A compound according to claim 1 wherein R, and R,
arc benzyl or R, is benzyl and R, is isopropyl, R; is
loweralkyl, R, is 2,6-dimethylphenyl which is cptionaily
substituted with a third substiteent selected from the group
consisting of loweralkyl and halo, R, is

X

PN

!

k¢

whereinnis 1 or 2, Xis O or 8 and Y is —NH— and
L, s —0O—CH,—
6. A compound selected from the group consisting of:
(28,38,58)-2-(2,6-dimethylpbhenoxyacetyl)amino-3-
bydroxy-5-{28-(1-etrahydro-pyrimid-2-onyl)-3-methyl
butanoylJamino-1,6-diphenylhexane;
(2S,358,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
bydroxy-5-(25-(1-imidazolidin-2-onyl)-3,3dimethyl
butanoyl)amine-1,6-diphenylbexane;
(28,38,558)-2-(2,6-dimethylphenoxyacctyl)amino-3-
hydroxy-5-(28-(1-imidazolidin-2-thionyl)-3-methyl
butanoyljamino-1,6-diphenylhexane;

1 0 MAR 201}
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(25,38,58)-2-(2,4,6-trimethylphenoxyacetyl)amino-3-
hydroxy-5-(28-{l-imidazolidin-2-0nvl-3-
methylbutanoyl)amino-1,6-diphenylhexane;
{28,38,55)-2-(4-fluoro-2,6-dimethylphenoxyacetyl)amino-
3-hydroxy-5-(2S5-(1-immidazolidin-2-onyl)-3-
methylbutanoyl)amino-1,6-diphenylhexanc;
(25,38,58)-2-(trans-3-(2,6-dimethylphenyl)propenoyl)
amino-3-hydroxy-5-(25-1-tetrahydropyrimidin-2-onyl)-
3-methyl-butanoyl)amino-1,6-diphenylhexane;
(28,38,58)-2-(3-(2,6-dimethylphenyl)prepanoyl)amino-3-
hydroxy-5-(25+1-tetrahydropyrimidin-2-onyl)-3-methyl-
butanoyl)amino-1,6-diphenylhexane;
(25,38,58)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-(28-(1-tetrahydro-pyrimid-2-onyl)-3-
methylbutanoyl}amino-1-phenyl-6-methylheptane;
or a pharmaceutically acceptable salt, esier or prodrug
thereof.

7. The compound (28,35,58)-2-(2,6-
dimethylphenoxyacetyl)amino-3-hydroxy-5-(25-(1-
tetrahydro-pyrimid-2-onyl)-3-methyl butanoyl)amino-1,6-
diphenylhexane;
or a pharmaceutically acccptable salt, ester or pyodng
thereof.

8. The compound {28,3§,58)-2-(2,6-
dimethylphenoxyaceiyl)amino-3-hydroxy-5-(2-(1-
tetrahydro-pyrimid-2-onyl)-3-metbyl butanoyDamino-1,6-
diphenylhexane;
or a pharmaceutically acceptable salt thereof.

9. A pharmaceuiical composition for inhibiting HIV pro-
tease comprising a pharmaceutical carrier and a therapeuti-
cally cffective amount of the compound of claim 1.
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19. A pharmaceutical composition for inhibiting HIV
protease comprising a pharmaceutical carrier and a thera-
peutically effective amount of the compound of claim 7.

11. A pharmaceutical composition for inhibiting HIV
protease comprisiog a pharmaceutical carrier and a (hera-
peutically effective amount of the compound of claim 8.

12. A method for inhibiting HIV protease comprising
administering to a human in need of such treatment a
therapeuctially effective amount of the compound of claim
1

13. A method for inhibiting HIV prolcase comprising
adminisiering to a human in need of such treatment a
Iherapeuctially effective amount of the compound of claim

14. A method for ilnhibiting an HIV infection comprising
administering ¢ a human in peed of such treatment a
therapeuctially effective amount of the compound of claim

15. A method for inhibiting an HIV infection comprising
administering 10 a human in peed of such treatment a
therapeuctially effective amount of the compound of claim

16. A method for inhibiting HIV protease comprising
administering to a human in nced of such treatment a
therapeuctially effective amount of the compound of claim
8.

17. A mcthod for inhibiting an HIV infcction comprising
administering 1o a human in need of such treatment a
therapeuctially effective amount of the compound of claim
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be withdrawn (Rule 100(3) EPC).

L Kgrlice

C. M. Radke
The rapporteur

The Registrar Beatriz Atlenza,@

Tel.: 089 /2389 - 3341

Annex(es):. 2 pages

Registered letter

-
EPO Form 3346 ‘;’(’.’ 12107

1 0 MAR 2013



-1 - T 0850/07

1. This communication is sent pursuant to Article 15 (1)
of the Rules of Procedure of the Boards of Appeal (see
Supplement to OJ EPO 1/2009, 41-50). Any opinions
expressed herein are provisional and are not binding on

the Board in arriving at its decision.

2. The present claims are claims 1 to 9 filed with the
letter dated 4 May 2007.

3. Obhjections under Articles 84 and 123{2) EPC

3.1 Claims 1 and 4 require that the form of lopinavif shows
certain peaks in the infrared spectrum "and/or" certain
peaks in X-ray powder diffraction. It is, however,
evident from the application as filed that this form of
lopinavir is to show both the peaks in the infrared and
those in X-ray powder refraction indicated (see page 30,
lines 3-7 and page 32, lines 6-10). A form of lopinavir
(if existent) which shows the given ir spectrum or the
indicated XRPD peaks is not supported by the
description, contrary to the requirements of Article 84

EPC.

This objection could be overcome by deletion of "/or"

in both claims.
3.2 Step (a) of claim 1 reads as follows:

*{a) slowly cooling and evaporating a saturated

solution of lopinavir in acetonitrile,".

It is not clear if the word "slowly" refers to

*cooling" only or also to the word "evaporating”. This

24-02-2010
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renders the claim unclear, contrary to the requirements

of Article 84 EPC.

As far as the adverb ‘slowly" may refer only to the
word rcooling®, this newly introduced claim has no
basis in the application as filed which only discloses
"slow cooling and slow evaporation® {(see page 34, lines
1-5). In this case, claim 1 contravenes the

requirements of Article 123(2) EPC.

This objection could be overcome by replacing in claim
1 the expression "slowly cooling and evaporating" by

*slow cooling and slow evaporation".

4. If all the objecticns mentioned above are overcome in a
- way not giving rise to further objections, the Board is
likely to come to the conclusion that the claims thus

amended meet the requirements of the EPC.

In this case it is probable that it will remit the case
to the department of first instance with the order to
grant a patent based on the amended claims and a
description to be adapted thereto. When doing so, the
Board might advise the first instance to delete any
indications on page 2 of the description that the
documents cited there were "hereby incorporated herein
by reference" as this raises doubt as to the disclosure
of the present application (see the Guidelines for

Examination in the EPO, C-II, 4.19}.
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