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IECHNICAL FIELD OF THE INVENTION
The present invention relates to a novel

class of sulfonamides which are aspartyl protease
inhibitors. 1In one embodiment, thisg invention relates
to a novel class of HIV aspartyl protease inhibitors
characterized by specific structural and
physicochemical features. This invention also relates
to pharmaceutical compositions comprising these
compounds. The compounds and pharmaceutical

compositions of this invention are particularly well
suited for inhibiting HIV-1 and HIV-2 protease activity
and consequently, may be advantageously used as anti-
viral agents against the HIV-1 and HIV-2 viruses. This
invention also relates to methods for inhibiting the
activity of HIV aspartyl protease using the compounds
of this invention and methods for SCreening compounds
for anti-HIv activity.

BACKGROUND OF THE INVENTION
The human immunodeficiency virus ("HIV") ig

the causative agent for acquired immunodeficiency
syndrome ("AIDS") -. 3 disease characterized by the
destruction of the immune System, particularly of cpg*
T-cells, with attendant Susceptibility to opportunistic
infections -- and itg precursor AIDS-related complex
("ARC") -- a syndrome characterized by symptoms such as

AP000390
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persistent generalized lymphadenopathy, fever and
weight loss.

As in the case of several other retroviruses,
HIV encodes the production of a protease which carries
out post-translational cleavage of precursor
polypeptides in a process necessary for the formation
of infectious virions (S. Crawford et al., "A Deletion
Mutation in the 5' Part of the pol Gene of Moloney
Murine Leukemia Virus Blocks Proteolytic Processing of

the gag and pol Polyproteins*®, J, Virol., 53, p. 899
(1985)). These gene products include pel, which

encodes the virion RNA-dependent DNA polymerase
(reverse transcriptase), an endonuclease, HIV protease,
and gag, which encodes the core-proteins of the virion
(H. Toh et al., "Close Structural Resemblance Between
Putative Polymerase of a Drosophila Transposable
Genetic Element 17.6 and pol gene product of Moloney
Murine Leukemia Virus*, EMBO J., 4, p. 1267 (1985) ;
L.H. Pearl et al., "A Structural Model for the
Retroviral Proteases", Nature, pp. 329-351 (1987); M.D.
Power et al., "Nucleotide Sequence of SRV-1, a Type D
Simian Acquired Immune Deficiency Syndrome Retrovirusr",
Science, 231, p. 1567 (1986)).

A number of synthetic anti-viral agents have
been designed to target various stages in the
replication cycle of HIV. These agents include
compounds which block viral binding to CD4*t T-
lymphocytes (for example, soluble CD4), and compounds
which interfere with viral replication by inhibiting
viral reverse transcriptase (for example, didanosine
and zidovudine (AZT)) and inhibit integration of viral
DNA into cellular DNA (M.S. Hirsh and R.T. D'Aqulia,
"Therapy for Human Immunodeficiency Virus Infection",
N.Eng.J.Med., 328, p. 1686 (1393)). However, such
agents, which are directed primarily to early stages of
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viral replication, do not prevent the production of
infectious virions in chronically infected cells.
Furthermore, administration of some of these agents in
effective amounts has led to cell-toxicity and unwanted
side effects, such as anemia and bone marrow
suppression.

More recently, the focus of anti-viral drug
design has been to create compounds which inhibit the
formation of infectious virions by interfering with the
processing of viral polyprotein precursors. Processing
of these precursor proteins requires the action of
virus-encoded proteases which are essential for
replication (Kohl, N.E. et al. "Active HIV Protease is
Required for Viral Infectivity" Proc., Natl. Acad, Sci.
USA, 85, p. 4686 (1988)). The anti-viral potential of
HIV protease inhibition has been demonstrated using
peptidal inhibitors. Such peptidal compounds, however,
are typically large and complex molecules that tend to
exhibit poor bioavailability and are not generally
consistent with oral administration. Accordingly, the
need still exists for compounds that can effectively
inhibit the action of viral proteases, for use as
agents for preventing and treating chronic and acute

viral infections.

SUMMARY QOF THE INVENTION
The present invention provides a novel class

of compounds, and pharmaceutically acceptable
derivatives thereof, that are useful as inhibitors of

AP 000390

aspartyl proteases, in particular, HIV aspartyl
protease. These compounds can be used alone or in
combination with other therapeutic or prophylactic
agents, such as anti-virals, antibiotics,
immunomodulators or vaccines, for the treatment or
prophylaxis of viral infection.
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According to a preferred embodiment, the
compounds of this invention are capable of inhibiting
HIV viral replication in human CD,* T-cells. These
compounds are useful as therapeutic and prophylactic
agents to treat or prevent infection by HIV-1 and
related viruses which may result in asymptomatic
infection, AIDS-related complex ("ARC"), acquired
immunodeficiency syndrome ("AIDS"), or similar disease
of the immune system.

It is a principal object of this invention to
provide a novel class of sulfonamides which are
aspartyl protease inhibitors, and particularly, HIV
aspartyl protease inhibitors. This novel class of
sulfonamides is represented by formula I:

D
x
A_(B)x—pl;—cH—?H—cr-b—ff—SOz‘E

OH D
H (1)

wherein:

A is selected from the group consisting of H;
Het; -R)-Het; -RI-CI-C6 alkyl, which may be optionally
substituted with one or more groups selected from the
group consisting of hydroxy, C,-C¢ alkoxy, Het, -O-
Het, -NR?-CO-N(R?) (R?) and -CO-N(R?) (R?); and -Rl-c,-c,
alkenyl, which may be optionally substituted with one
Or more groups selected from the group consisting of
hydroxy, C,-Cy alkoxy, Het, -O-Het, -NR?-CO-N(R?) (R?)
and -CO-N(R?) (R?);

each R? ig independently selected from the

group consisting of -C(0)-, -$(0),-, -C(0)-C(0)-, -O-
C(0)-, -0-S(0)y, -NR®-S(0),-, -NR®-C(0)- and -NR2.C(0)-

C(0) -;
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each Het is independently selected from the
group consisting of C3-C, cycloalkyl; Cg-C,
cycloalkenyl; C¢-Ci0 aryl; and 5-7 membered saturated or
unsaturated heterocycle, containing one or more
hetercatoms selected from N, N(R?), 0, S and $(0),,
wherein said heterocycle may optionally be benzofused;
and wherein any member of said Het may be optionally
substituted with one or more substituents selected from
the group consisting of oxo, -OR?, -Rr3?, -N(R?) (R?),
-R*-0H, -CN, -CO,R?, -C(0)-N(R?) (R?), -S(0),-N(R?) (R?),
-N(R*)-C(0) -R,, -C(0)-R?, "S(0),-R?, -OCF,, -5(0)_-ar,
methylenedioxy, -N(R?)-S(0),(R?), halo, -CFy, -NO,, Ar
and -0-Ar;

each R? ig independently selected from the
group consisting of H and C;-C; alkyl optionally
substituted with Ar;

B, when present, ig -N(Rz)-C(R3)(R3)-C(O)-;

x is 0 or 1;

each R? ig independently selected from the
group consisting of H, Het, C;-C¢ alkyl, C,-C¢ alkenyl,
Cy-C¢ cycloalkyl and Cg-Cq cycloalkenyl, wherein any
member of said R3, except H, may be optionally
substituted with one or more substituents selected from
the group consisting of -ORZ, -C(O)-NH-R’, -S(O)n-
N(R%) (R?), Het, -cN, -sR? -Co,R?, NR2-C(0) -RZ;

each n is independently 1 or 2;

D and D' are independently selected from the
group consisting of Ar; Cy-C¢ alkyl, which may be

AP000390

optionally substituted with one or more groups selected
from C,-C, cycloalkyl, -OR,, -R?, -0-Ar and ar; C,-C,
alkenyl, which may be optionally substituted with one
Or more groups selected from the group consisting of
C3-Cg cycloalkyl, -OR3, -R3, -0-aAr and Ar; C3-Cq
cycloalkyl, which may be optionally substituted with or
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fused with Ar; and Cg-Cg cycloalkenyl, which may be

optionally substituted with or fused with Ar;

each Ar is independently selected from the
group consisting of phenyl; 3-6 membered carbocyclic
ring and 5-6 membered heterocyclic ring containing one
or more heteroatoms selected from O, N, S, S(0), and

N(R?), wherein said carbocyclic or heterocyclic ring

may be saturated or unsaturated and optionally
substituted with one or more groups selected from
group consisting of oxo, -OR?, -Rz, -N(Rz)(Rz), -N

the
(R?) -

c(o)-r*, -R%-0H, -CN, -CO,R?, -C(0)-N(R?) (R?), halo and
2

E is selected from the group consisting

of

Het; O-Het; Het-Het; -O-R3; ~NR2R3; C1'C6 alkyl, which
may be optionally substituted with one or more groups
selected from the group consisting of R* and Het; Ca-Cq

alkenyl, which may be optionally substituted with
Oor more groups selected from the group consisting
and Het; C,-C. saturated carbocycle, which may

optionally be substituted with one or more groups

one
of R‘

selected from the group consisting of RY and Het; and

Cg-C¢ unsaturated carbocycle, which may optionally
substituted with one or more groups selected from
group consisting of R4 and Het; and

be
the

each R* is independently selected from the

group consisting of -OR?, -C(0) -NHR?, -S(O)z-NHRz,
-NR?-C(0) -R? and -CN.

It is a also an object of this invention
provide pharmaceutical compositions comprising the

halo,

to

sulfonamides of formula I and methods for their use as

inhibitors of HIV aspartyl protease.

It is a further object of this invention
provide a novel class of HIV aspartyl protease
inhibitor compounds characterized by the following

to
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novel combination of Structural and physicochemical
features:

(1) a first and a second hydrogen bond
acceptor moiety, at least one of which is more highly
polarizable than a carbonyl, said moieties being the
Same or different, and being capable of hydrogen
bonding with the hydrogen atoms of the flap water
molecule of an HIV aspartyl protease when the compound
is bound thereto;

(2) substantially hydrophobic moieties which
associate with the P, and P,' binding pockets of said
HIV aspartyl protease when the compound is bound
thereto;

(3) a third hydrogen bonding moiety, which
may be either a hydrogen bond donor or acceptor,
capable of simultaneously hydrogen bonding to Asp25 and
Asp25' of said HIV aspartyl protease when the compound
is bound thereto;

(4) an additional occupied volume of space
of at least 100 A? when the compound is bound to the
active site of said HIV aspartyl protease, said space
overlapping with the volume of space that would be
filled by a native substrate of said HIV aspartyl
protease or a nonhyrolyzable isostere thereof;

(5) a deformation eénergy of binding of the
compound to said HIV aspartyl protease of not greater
than 10 kcal/mole; and

(6) a neutral or favorable enthalpic

AP000390

contribution from the sum of all electrostatic
interactions between the compound and the Protease when
the compound is bound to said HIV aspartyl protease.

It is also an object of this invention to
pProvide pharmaceutical compositionsg comprising
compounds having the above-mentioned features and
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methods for their use as inhibitors of HIV aspartyl
protease.

It is a further object of this invention to
provide a method for identification, design, or
prediction of HIV aspartyl protease inhibitors
comprising the steps of:

(a) selecting a candidate compound of
defined chemical structure containing a first and a
second hydrogen bond acceptor meociety, at least one of
which is more highly polarizable than a carbonyl, said
moieties being the same or different; a third hydrogen
bonding moiety, which may be either a hydrogen bond
donor or acceptor; and at least two substantially
hydrophobic moieties;

(b) determining a low-energy
conformation for binding of said compound to the active
site of an HIV aspartyl protease;

(c) evaluating the capability of said
first and second hydrogen bond acceptor moieties to
form hydrogen bonds to the flap water molecule of said
HIV aspartyl protease when said compound is bound
thereto in said conformation;

(d) evaluating the capability of said
substantially hydrophobic moieties to associate with
the P, and P;' binding pockets of said HIV aspartyl
protease when said compound is bound thereto in said
conformation;

(e) evaluating the capability of said
third hydrogen bonding moiety to form hydrogen bonds to
Asp25 and Asp25' of said HIV aspartyl protease when
said compound is bound thereto in said conformation;

(f) evaluating the overlap of the
occupied volume of said compound when said compound is
bound to said HIV aspartyl protease in said
conformation and the occupied volume of a native
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substrate of HIV aspartyl protease or a nonhydrolyzable
isostere thereof, when said polypeptide is bound to
said HIV aspartyl protease;

(g) evaluating the deformation energy

5 of binding of said compound to said HIV aspartyl
protease;

(h) evaluating the enthalpic
contribution of the sum of all electrostatic
interactions between said compound and said HIV

10 aspartyl protease when said compound is bound thereto
in said conformation; and

(i) accepting or rejecting said
candidate compound as an HIV protease inhbitor basged
upon the determinations and evaluations carried out in

15 steps (b) through (h).

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a stereo drawing of a low-
énergy conformation of Compound 140, as predicted by
computer-modelling.

20 Figure 2 depicts a stereo drawing of the
actual crystal structure of Compound 140, as observed
by X-ray Ccrystallography.

Figure 3 depicts a stereo drawing of the
correlation between the predicted (thin line) and

25 observed (thick line) conformation of Compound 140,

AP000390

DETAILED DESCRIPTION QF THE INVENTION

In order that the invention herein described
may be more fully understood, the following detailed
description is set forth. 1In the description, the

30 following abbreviations are used:
Degignation Reagent or Fragment
Ac acetyl
Me methyl
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Et ethyl

Bzl benzyl

Trityl triphenylmethyl

Asn D- or L-asparagine

Ile D- or L-isoleucine

Phe D- or L-phenylalanine

Val D- or L-valine

Boc tert-butoxycarbonyl

Cbz benzyloxycarbonyl (carbobenzyloxy)

Fmoc 9-fluorenylmethoxycarbonyl

DCC dicyclohexylcarbodiimide

DIC diisopropylcarbodiimide

EDC 1- (3-dimethylaminopropyl) -3-
ethylcarbodiimide hydrochloride

HOBt l1-hydroxybenzotriazole

HOSu l-hydroxysuccinimide

TFA trifluorocacetic acid

DIEA diisopropylethylamine

DBU 1,8-diazabicyclo(5.4.0)undec-7-ene

EtOAc ethyl acetate

The following terms are employed herein:

Unless expressly stated to the contrary, the
terms "-S0,-" and "-S(0),-" as used herein refer to a
sulfone or sulfone derivative (i.e., both appended
groups linked to the S), and not a sulfinate ester.

For the compounds of formula I, and
intermediates thereof, the stereochemistry of the
explicitly shown hydroxyl is defined relative to D on
the adjacent carbon atom, when the molecule is drawn in
an extended zig-zag representation (such as that drawn
for compounds of formula XI, XV, XXII, XXIII and XXXI).
If both OH and D reside on the same side of the plane
defined by the extended backbone of the compound, the
stereochemistry of the hydroxyl will be referred to as
"syn". 1If OH and D reside on opposite sides of that
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plane, the Stereochemistry of the hydroxyl will be
referred to as "anti".

The term "heterocyclic® refers to a stable s-
7 membered monocycle or 8-11 membered bicyclic
heterocycle which is either saturated or unsaturated,
and which may be optionally benzofused if monocyclic.
Each heterocycle consists of carbon atoms and from one
to four heteroatoms selected from the group consisting
of nitrogen, oxygen and sulfur. As used herein, the
terms "nitrogen and sulfur heteroatoms" include any
oxidized form of nitrogen and sulfur, and the
quaternized form of any basic nitrogen. The
heterocyclic ring may be attached by any heteroatom of
the cycle which results in the creation of a stable
structure. Preferred heterocycles defined above
include, for example, benzimidazolyl, imidazolyl,
imidazolinoyl, imidazolidinyl, Quinolyl, isoquinolyl,
indolyl, pPyridyl, pyrrolyl, pyrrolinyl, pyrazolyl,
pyrazinyl, quinoxolyl, piperidinyl, morpholinyl,
thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl,
B8-carbolinyl, tetrazolyl, thiazolidinyl, benzofuanoyl,
thiamorpholinyl sulfone, benzoxazolyl, oxopiperidinyl,
oxopyrroldinyl, Oxoazepinyl, azepinyl, isoxazolyl,
tetrahydropyranyl, tetrahydrofuranyl, thiadiazoyl,
benzodioxolyl, thiophenyl, tetrahydrothiophenyl and
sulfolanyl.

The terms "HIV protease™ and "HIV aspartyl
protease" are used interchangeably and refer to the
aspartyl protease encoded by the human immunodeficiency
virus type 1 or 2. 1In a preferred embodiment of thig
invention, these terms refer to the human
immunodeficiency virus type 1 aspartyl protease.

The term "hydrophobic" refers to a moiety
which tends not to dissolve readily in water and is
often fat-soluble. Hydrophobic moietieg include, but

AP000390
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are not limited to, hydrocarbons, such as alkanes,
alkenes, alkynes, cycloalkanes, cycloalkenes,
Cycloalkynes and aromatic hydrocarbons, such as aryls,
certain saturated and unsaturated heterocycles and
moieties that are substantially similar to the side
chains of hydrophobic natural and unnatural a-amino
acids, including valine, leucine, isoleucine,
methionine, phenylalanine, a-amino isobutyric acid,
alloisoleucine, tyrosine, and tryptophan.

The term "“substantially hydrophobic" refers
to a hydrophobic moiety which may optionally contain
polar atoms or groups in the region of the moiety which
are solvent exposed when the compound is bound in the
active site of an aspartyl protease.

The term "linker moiety" refers to a group
within a compound, said group consisting of a backbone
of 1-6 atoms selected from the group consisting of C,
N, O, S and P, said backbone being substituted with,
fused to or otherwise associated with a substantially
hydrophobic group capable of associating with the P, or
P,' binding pocket of an HIV aspartyl protease when
said compound is bound thereto. 1In alternative
embodiments of this invention, such linker moieties may
optionally be substituted with a group or groups which
occupy a volume of space overlapping with the volume of
space that would be filled by a native substrate of HIV
aspartyl protease or a nonhydrolyzable isostere
thereof.

The term "more highly polarizable than a
carbonyl" refers to a moiety having a polarizability
(a) greater than that of a carbonyl group of a
corresponding aldehyde, ketone, ester or amide moiety.

The term "pharmaceutically effective amount"
refers to an amount effective in treating HIV infection
in a patient. The term "prophylactically effective
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amount" refers to an amount effective in preventing Hrv
infection in a patient. As used herein, the temm
"patient*® refers to a mammal, including a human.

The term "pharmaceutically acceptable carrier
or adjuvant"® refers to a non-toxic carrier or adjuvant
that may be administered to a patient, together with a
compound of this invention, and which does not destroy
the pharmacological activity thereof.

As used herein, the compounds of this
invention, including the compounds of formula I, are
defined to include pPharmaceutically acceptable
derivatives thereof. A "Pharmaceutically acceptable
derivative" means any pharmaceutically acceptable salt,
ester, or salt of such ester, of a compound of this
invention or any other compound which, upon
administration to a recipient, is capable of providing
(directly or indirectly) a compound of this invention
Or an anti-virally active metabolite or residue
thereof.

Pharmaceutically acceptable salts of the
compounds of this invention include those derived from
pPharmaceutically acceptable inorganic and organic acids
and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric,
perchloric, fumaric, maleic, phosphoric, glycollic,
lactic, salicylic, Succinic, toluene-p-sulfonic,

AP000390

tartaric, acetic, citrie, methanesulfonic, formic,
benzoic, malonic, naphthalene-2-sulfonic and
benzenesulfonic acids. Other acids, such asg oxalic,
while not in themselves pharmaceutically acceptable,
may be employed in the preparation of salts usefuyl as
intermediates in obtaining the compounds of the
invention and their pharmaceutically acceptable acid
addition salts.
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Salts derived from appropriate bases include
alkali metal (e.g., sodium), alkaline earth metal
(e.g., magnesium), ammonium and N-(Cy4 alkyl)4‘ salts.

The term "thiocarbamates® refers to com-
pounds containing the functional group N-S0,-0.

The compounds of this invention contain one
Or more asymmetric carbon atoms and thus occur as
racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures and individual diastereomers.
All such isomeric forms of these compounds are
expressly included in the present invention. Each
Stereogenic carbon may be of the R or § configuration.
The explicitly shown hydroxyl is also preferred to be
syn to D, in the extended zig-zag conformation between
the nitrogens shown in compounds of formula I.

Combinations of substituents and variables
envisioned by this invention are only those that result
in the formation of stable compounds. The term
"stable"”, as used herein, refers to compounds which
possess stability sufficient to allow manufacture and
administration to a mammal by methods known in the art.
Typically, such compounds are stable at a temperature
of 40°C or less, in the absence of moisture or other
chemically reactive conditions, for at least a week.

The compounds of the present invention may be
used in the form of salts derived from inorganic or
organic acids. Included among such acid salts, for
example, are the following: acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, citrate, camphorate, camph-
orsulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, glucohepta-
noate, glycerophosphate, hemisulfate, heptanoate, hexa-
noate, hydrochloride, hydrobromide, hydroiodide, 2-
hydroxyethanesulfonate, lactate, maleate,
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methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, 3-
phenylpropionate, Picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undecanoate.

This invention also envisions the
quaternization of any basic nitrogen-containing groups
of the compounds disclosed herein. The basic nitrogen
can be quaternized with any agents known to those of
ordinary skill in the art including, for example, lower
alkyl halides, such as methyl, ethyl, propyl and butyl
chloride, bromides and iodides; dialkyl sulfates
including dimethyl, diethyl, dibutyl and diamyl
sulfates; long chain halides such as decyl, lauryl,
myristyl and Stearyl chlorides, bromides and iodides;
and aralkyl halides including benzyl and phenethyl
bromides. Water or 0il-soluble or dispersible products
may be obtained by such qQuaternization.

The novel sulfonamides of this invention are
those of formula I:

o
5 N
1 M
A—(B)x—fr—CH—c':H-—CHz—ff—soz—E P
OH D’ o
(I) o
. Q.
wherein: - §
A is selected from the group consisting of H;
Het; -R!-Het; -R'-C,-C, alkyl, which may be optionally
substituted with one or more groups selected from the
group consisting of hydroxy, C,-C, alkoxy, Het, -O-
Het, -NR?-CO-N(R?) (R®) and -CO-N(R?) (R?): ang -R'-C,-c,
alkenyl, which may be optionally substituted with one
Or more groups selected from the group consisting of
BAD ORIGINAL
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hydroxy, C,-C, alkoxy, Het, -O-Het, -NR?-CO-N(R?)(R?)
and -CO-N(R?) (R?);
each R! is independently selected from the

group consisting of -C(O)-, -§(0),-, -C(0)-C(0)-, -O-
C(O)-, -0-8(0),, -NR*-5(0),-, -NR?-C(0)- and -NR?-C(0).
C(0)-;

each Het is independently selected from the
group consisting of Cy-C, cycloalkyl; Cs-C,
cycloalkenyl; Ce-Cip aryl; and 5-7 membered saturated or
unsaturated heterocycle, containing one or more
hetercatoms selected from N, N(Rz), O, S8 and S(O)n,
wherein said heterocycle may optionally be benzofused;
and wherein any member of said Het may be optionally
substituted with one or more substituents selected from
the group consisting of oxo, -OR’, -R?, -N(Rz)(Rz),
-R?-OH, -CN, -CO,R?, -C(0)-N(R?) (R?), -S(0) ,-N(R?) (rR?),
-N(R*)-C(0) -R,, -C(0)-R3, -8(0),-R?, -OCF,, -5(0),-Ar,
methylenedioxy, -N(Rz)-S(O)z(Rz), halo, -CFy, -NO,, Ar
and -0-Ar;

each R? is independently selected from the
group consisting of H and C,-C; alkyl optionally
substituted with Ar;

B, when present, is -N(R2)°C(R3) (Ra)-C(O)-;

X is 0 or 1;

each R? is independently selected from the
group consisting of H, Het, C,-Cg alkyl, C,-C¢ alkenyl,
C3-C¢ cycloalkyl and C5-C¢ cycloalkenyl, wherein any
member of said R?, except H, may be optionally
substituted with one or more substituents selected from
the group consisting of -OR?, -C(0) -NH-R?, -S(0) ;-
N(R?) (R?), Het, -CN, -sR2, -CO,R?, NR?.C(0)-R?;

each n is independently 1 or 2;

D and D' are independently selected from the
group consisting of Ar; C,-C, alkyl, which may be
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optionally substituted wit} one Or more groups selected
from C;-Cg cycloalkyl, -OR., -R?®, -0-Ar and Ar; C,-C,
alkenyl, which may be optionally substituted with one
Or more groups selected from the group consisting of
C3-C‘ cycloalkyl, -OR’, ~R3, -O-Ar and Ar; C3-C5
Cycloalkyl, which may be optionally substituted with or
fused with Ar; and Cs-C; cycloalkenyl, which may be
optionally substituted with or fused with Ar;

each Ar is independently selected from the
group consisting of Faenyl; 3-6 membered carbocyclic
ring and 5-6 membere-. heterocyclic ring containing one
Or more heterocatoms selected from O, N, s, S(O)n and
N(Rz), wherein said carbocyclic or heterocyclic ring
may be saturated o- unsaturated and optionally
substituted with one or more groups selected from the
group consisting of oxo, -OR2, -R?, -N(Rz)(Rz), -N(R?) .
C(0)-R%, -R¥-OH, -CN, -CO,R?, -C(0)-N(R?) (%), halo and
-CF3,' -

E is selected from the group consisting of
Het; O-Het; Het-Het; -0-R?; -NR?R?, C,-C¢ alkyl, which
may be optiorally substituted with one or more groups
selected froia the group consisting of R*Y ang Het; Cz'cs
alkenyl, wh .ch may be optionally substituted with one
Or more grcups selected from the group consisting of R*
and Het; C3-Cs saturated carbocycle, which may
optionally be substituted with one or more groups
selected from the group consisting of R* and Het; and
Cs'cs unsaturated carbocycle, which may optionally be

AP000390

substitited with one or More groups selected from the
group -onsisting of R* ang Het; and

each R ig independently selected from the
grour consisting of -0R?, -C(0) -NHR?, -S(O)z-NHRz, halo,
-NR? >(0) -R? and -CN.
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Except where expressly provided to the
contrary, as used herein, the definitions of variables
A, R'-RY, Het, B, x, n, D, D', Ar and E are to be taken
as they are defined above for the compounds of formula
I.

According to one embodiment of this
invention, a subclass of compounds are those compounds
of formula I, and pharmaceutically acceptable salts
thereof, wherein:

A is selected from the group consisting of H;
-Rl-Het; -Rl-cl-c6 alkyl, which may be optionally
substituted with one or more groups selected from the
group consisting of hydroxy, C,-C, alkoxy, Het and -0O-
Het; and -R1-C2-C6 alkenyl, which may be optionally
substituted with one or more groups selected from
hydroxy, C;-C, alkoxy, Het and -O-Het;

each R?! is independently selected from the
group consisting of -C(0)-, -§(0),-, -C(0O)-C(0O) -,
-0-CO-, -0-S(0),- and -NR*-5(0),-;

each Het is independently selected from the
group consisting of C3-C, cycloalkyl; Cg-C,
cycloalkenyl; CS-C10 aryl; and 5-7 membered saturated or
unsaturated heterocycle, containing one or more
heteroatoms selected from N, O and S, which may
optionally be benzofused; wherein any member of said
Het may be optionally substituted with one or more
substituents selected from the group consisting of oxo,
-0r?, -R%, -N(R%),, -R?-OH, -CN, -CO,R?, -C(0) -N(R?), and
-S(0) ,-N(R?) ,;

each R? is independently selected from the
group consisting of H and C,-C; alkyl;

B, when present, is -NH-CH(R3)—C(O)-;

x is 0 or 1;
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R is selected from the group consisting of
Het, Cy-Cg alkyl, C,-C¢ alkenyl, C3-Cs cycloalkyl and
Cs-Cq Cycloalkenyl, wherein any member of said R3 may be
optionally substituted with one or more substituents
selected from the group consisting of -ORz, -C(0) -NH-
R®, -S(0),-N(R%),, Het and -CN:

n is 1 or 2;

D and D' are independently selected from the
group consisting of Ar; C1’C4 alkyl, which may be
optionally substituted with Cy-C¢ cycloalkyl or Ar; C,-
Cq alkenyl, which may be optionally substituted with C,-
C¢ cycloalkyl or Ar; C3-C¢ cycloalkyl, which may be
optionally substituted or fused with Ar; and Cs-Cs
Cycloalkenyl, which may be optionally substituted or
fused with Ar; with the Proviso that when D ig attached
to N, D may not be methyl or C, alkenyl;

Ar is selected from the group consisting of
bPhenyl; 3-6 membered carbocyclic ring and 5-6 membered
heterocyclic ring containing one or more heterocatoms
selected from O, N and S, wherein said carbocyclic or
heterocyclic ring may be saturated Or unsaturated and
optionally substituted with one or more groups selected
from the group consisting of oxo, -OR?, -Rz, -N(Rz)z, -
N(R®)-C(0)R?, -R?-OH, -cN, “COR?, -C(0)-N(R?),, halo
and -CF,;

E is selected from the group consisting of
Het; -0-R3; -NR’RS; C;-C¢ alkyl, which may be Ooptionally
Ssubstituted with one or more R* or Het; C,-C¢ alkenyl,

AP000390

which may be optionally substituted with one or more Rr*
or Het; Cy-C¢ saturated carbocycle, which may optionally
be substituted with one or more R* or Het; and Cs'cs

unsaturated carbocycle, which may optionally be
substituted with one or more R* or Het;
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each RY is independently selected from the
group consisting of -OR?, -C(0) -NHR?, -S(O)z-NHRz, halo
and -CN; and
each R® is independently selected from the
5 group consisting of H and R?®, with the proviso that at
least one R° is not H.
A preferred subclass of compounds of this
invention are those compounds of formula I having a
molecular weight of less than about 700 g/mole. More
10 preferably, the subclass of compounds of formula I have
a molecular weight of less than about 600 g/mole.
Other preferred subclasses of this invention
are those compounds of formulas XXII, XXIII and XXXI:

Lo
: N—SO,-E
A/N\/\/ 2

(XXTIT)
D'
OH
T3 N(
\ -
Het—"(CHz)x/ TN\-/\/ SO.-E
15 O XNg3 (XXIIT)

oH ©

NH A~ _N—S0:E
H O \© (XXXT)
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wherein A, Ra, Het, D, D', x and E are as defined above
for compounds of formula I. For ease of reference, the
two R3 moieties present in formula XXXI have been
labeled R? and R3'.

For compounds of formula XXII, most preferred
compounds are those wherein A is Rl-Het and D' is C-Cy
alkyl or C, alkenyl, wherein said alkyl or alkenyl may
optionally be substituted with one or more groups
selected from the group consisting of Cy-Cq
cycloalkyl, “OR,, -O-Ar and Ar (with all 6ther
variables being defined as above for compounds of
formula I). For compounds of formula XXIII, most
preferred compounds are those wherein R? ig Cy-C¢ alkyl,
C,-Cs alkenyl, Cg-Cg Cycloalkyl, Cs'cs cycloalkenyl or a
5-6 membered saturated Or unsaturated heterocycle,
wherein any member of said R3 may be optionally
substituted with one or more substituents selected from
the group consisting of -ORz, -C(O)-NH-R’, -
$(0),N(R?) (R?), Het, -cN, -sR2, -C(0) ,R? and NR?-¢(0) -

R? and D! is C,-C; alkyl or C; alkenyl, wherein said
alkyl or alkenyl may optionally be substituted with one
Or more groups selected from the group consisting of
C3-C¢ cycloalkyl, -OR,, -0-Ar and Ar (with all other
variables being defined asg above for compounds of
formula 1I).

For compounds of formula XXXI, most preferred
compounds are those wherein A is Rl-Het, each R3 is

AP000390

independently C,-C¢ alkyl which may be optionally
Substituted with a substituent selected from the group
consisting of -OR?, -C(0)-NH-R?, -5(0)_N(R?) (R?), Het, -
CN, -SR?, -CO,R? and -NR?-C(0)-R?; D' ig C,-C, alkyl,
which may be optionally substituted with a group
selected from the group consisting of C3-C‘
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cycloalkyl, -OR?, -O-Ar; and E is Het, Het-Het and
-NR3R3.

Sulfonamides of this invention include the
following specific compounds contained in Tables I-VI.
In Tables I-IV and VI, A is attached through the right-
most bond, unless otherwise expressly noted. All other
substituents in Tables I-VI are attached via the left-
most bond, unless otherwise expressly noted.
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CH,

12 N O CH,
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EI j \CHz NH, —CHz)_CH3

o
14 N o CH,
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15 N o CH,
— Hmmu,
O:J/k Ser A, o
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Preferred compounds of this invention aret:

(S)-N-1-(3-((3-Acetylamino-4-fluoro-
benzenesulfonyl) -benzyl -amino) - (18, 2 syn) -1-benzyl-2-
hydroxy-propyl) -2- ({(quinoline-2-carbonyl) -amino) -
succinamide and (S)-N-1-(3-((4-Acetylamino-3-fluoro-
benzenesulfonyl) -benzyl-amino) - (1S, 2 syn) -1-benzyl-2-
hydroxy-propyl) -2- ((quinoline-2-carbonyl) -amino) -
succinamide (compounds 2);

(S)-N-1-(3- ((S5-Acetylamino-3-methyl-thiophene-2-
sulfonyl) -benzyl -amino) - (18, 2 syn) -1-benzyl-2-hydroxy-
propyl)-2- ((quinoline-2-carbonyl) -amino) -succinamide
(compound 5) ;

(S)-N-1-(1-Benzyl-3- (benzyl- (5-isoxazol-3-yl-
thiophene-2-sulfonyl) -amino) - (1S, 2 syn) -1-benzyl-2-
hydroxy-propyl) -2- ((quinoline-2-carbonyl) -amino) -
succinamide (compound 6);

(S)-N-l-(3-((Benzo(l,z,S)oxadiazole-4-sulfonyl)-
benzyl-amino) - (18§, 2 syn) -1-benzyl -2-hydroxy-propyl) -2-
((quinoline-2-carbonyl) -amino) - succinamide (compound
9);

N-1-(1-(S)-Benzyl-3- (benzyl- (3-sulfamoyl-
benzenesulfonyl)-amino)-2-(syn)—hydroxy-propyl)-z-
((quinoline-2-carbonyl) -amino) - succinamide (compound
10);

(S)-N-1-(1-(S)-Benzyl-2- (syn) -hydroxyl-3-
(isobutyl-(S-pyridin-z-yl-thiophene-z-sulfonyl)-amino)-
propyl) -2- ((quinoline-2-carbonyl) -amino) -succinamide

(compound 12);

* As can be appreciated by those of ordinary skill
in the art, many different conventions are used in
naming chemical compounds. Because of possible
discrepencies in the art of chemical nomenclature, the
structures shown in Tables I-VI herein are controlling
for the definition of compounds 1-195 of this
invention.

._
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(S)-N-1-(3- ((4-Benzenesulfonyl-thiophene-2-
sulfonyl) -isobutyl-amino) - (15,2 syn)-1-benzyl-2-
hydroxy-propyl) -2- ((quinoline-2-carbonyl) -amino) -
succinamide (compound 13);

(S)-N-1-(1-(S)-Benzyl-3-((4-fluoro-
benzenesulfonyl) -isobutyl-amino) -2- (8yn) - hydroxy-
propyl) -2- ({quinoline-2-carbonyl) -amino) -succinamide
(compound 14);

(S)-N-1-(3-((4-Acetylamino-3-fluoro-
benzenesulfonyl) -isobutyl -amino) - (1S,2 syn)-1-benzyl-
2-hydroxy-propyl) -2- ((quinoline-2-carbonyl) -amino) -
succinamide (compound 15);

(S)-N-1-(3-((3-Acetylamino-4-£fluoro-
benzenesulfonyl) -isobutyl-amino) - (1S,2 syn)-1-benzyl-
2-hydroxy-propyl) -2- ((quinoline-2-carbonyl) -amino) -
succinamide (compound 16);

(S)-N-1-(1-(S)-Benzyl-3-((4-acetylamino-
benzenesulfonyl) -isobutyl-amino) -2- (syn) -hydroxy-
propyl)-2-((quinoline-2-carbonyl)-amino)-succinamide
(compound 17) ;

(S)-N-1-(3-((5-Acetylamino-3-methyl-thiophene-2-
sulfonyl) -isobutyl-amino) - (1S,2 syn)-1-benzyl-2-
hydroxy-propyl) -2- ((quinoline-2-carbonyl) -amino) -
succinamide (compound 18);

(S)-N-1-(3-((3-Acetylamino-benzenesulfonyl) -
isobutyl-amino) - (1S,2 syn)-1-benzyl-2-hydroxy-propyl) -
2- ((quinoline-2-carbonyl) -amino) -succinamide (compound
19);

(S)-N-1-(3-((Benzo(1,2,5)oxadiazole-4-sulfonyl) -
isobutyl-amino) - (1S,2 syn)-1-benzyl-2-hydroxy-propyl) -
2- ((quinoline-2-carbonyl) -amino) -succinamide (compound
20);

N-1-((1S-2 syn)-1-Benzyl-2-hydroxy-3-(1-isobutyl-
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2-
carbonyl) -amino) -succinamide (compound 21);

AP000390
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N-1-(3-((4-Acetylamino-benzenesulfonyl)-isobutyl-
amino) - (18,2 syn)-l-benzyl-z-hydroxy—propyl)—2-
(pyridin-2-yl-methoxycarbonyl)-succinamide (campound
22);

N-l-(3-((4-Acetylamino-benzenesulfonyl)-isobutyl-
amino) - (18,2 syn)~l-benzyl-2-hydroxy-propyl)-2-
(pyridin-4-yl—methoxycarbonyl)-succinamide (compound
23);

N-l-(3-((4-Fluoro-benzenesulfonyl)-isobutyl-
amino) - (18,2 syn)-l-benzyl-z-hydroxy-propyl)~2-
(pyridin-z-yl-methoxycarbonyl)-succinamide (compound
26);

4-Fluoro-N-((2 syn,BS)-2-hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-N-
isobutyl-benzenesul fonamide (compound 35);

3,4-Dichloro-N-((2 syn,BS)-2~hydroxy-4-phenyl-3-
((S)-tetrahydrofuran-3-yloxycarbonylamino)-butyl)-N-
isobutyl -benzenesul fonamide (compound 37);

N-(4-(((2 syn,BS)-2-Hydroxy—4-phenyl-3-(pyridin-
3-yl-methoxycarbonylamino)-butyl)-isobutyl-sulfamoyl)-
phenyl) -acetamide (compound 44);

2,4-Dimethyl-thiazole~5-sulfonic acid- (1,1-
dimethyl-ethoxycarbonylamino)-(2 syn, 3S) -2-hydroxy-4-
phenyl-butyl)-isobutyl-amide (compound 46) ;

N-(4-(((2 Syn, 38) -2-Hydroxy-4-phenyl-3- ((S) -
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-isobutyl-
sulfamoyl) -phenyl) -acetamide (compound 48) ;

4-Fluoro-N- ( (2 syn,BS)-2-hydroxy-4-phenyl-3-((R)-
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-N-
isobutyl -benzenesul fonamide and 4-Fluoro-N- ((2 syn, 3S) -
2-hydroxy-4-phenyl-3~((R)~tetrahydrofuran-3-
yloxycarbonylamino)-butyl)-N-isobutyl-
benzenesul fonamide (compounds 52);

Benzo(1,2,5)oxadiazole-5-sulfonic acid ((2
syn,BS)-2-hydroxy-4-phenyl-3-(pyridin-B-yl-

BAD ORIGINAL Q



10

15

20

25

30

35

- 62 -

methoxycarbonylamino) -butyl) -isobutylamide (compound
66) ;

N-(4-(((2 syn,3S)-2-Hydroxy-4-phenyl-3-((R)-
tetrahydrofuran-3-yloxycarbonylamino) -butyl}-isobutyl -
sulfamoyl-phenyl) -acetamide and N-(4-(((2 sym,3S)-2-
Hydroxy-4-phenyl-3- ((S)-tetrahydrofuran-3-
yloxycarbonylamino) -butyl) -isobutyl-sulfamoyl) -phenyl) -
acetamide (compounds 86);

N- (2-Fluoro-5- (((2 syn,3S)-2-hydroxy-4-phenyl-3-
((S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) -
isobutyl-sulfamoyl) -phenyl) -acetamide (compound 88);

N-(3-(((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3-yloxycarbonylamino) -butyl) - isobutyl -
sulfamoyl) -phenyl) -acetamide (compound 91);

4-Fluoro-N- ((2 syn,3S) -2-hydroxy-4-phenyl-3- ((R) -
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N-
isobutyl-benzenesulfonamide (compound 93);

N- (4- (((syn)-2-Hydroxy- (S) -4-phenyl-3-
((tetrahydro-furan- (R) -3-yl) -oxycarbonylamino) -butyl) -
isobutyl-sulfamoyl) -phenyl) -acetamide (compound 94);

4-Fluoro-N- (2 syn, 3S)-2-hydroxy-4-phenyl-3-
((tetrahydro-furan- (R) -3-ylmethoxycarbonylamino) -
butyl) -N-isobutyl-benzenesulfonamide and 4-Fluoro-N- (2
syn, 3S)-2-hydroxy-4-phenyl-3- ( (tetrahydro-furan- (S)-3-
ylmethoxycarbonylamino) -butyl) -N-isobutyl-
benzenesulfonamide (compounds 97);

4-Fluoro-N-((2 syn,3S)-2-hydroxy-4-phenyl-3-
(pyridin-3-yl-methoxycarbonylamino) -butyl) -N-isobutyl-
benzenesul fonamide (compound 98);

4-Chloro-N-((2 syn,3S)-2-hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -isobutyl -
benzenesulfonamide (compound 99) ;

N-((2 syn, 3S)-2-Hydroxy-4-phenyl-3- ((S)-
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N-
isobutyl-4-methoxy-benzenesulfonamide (compound 100);
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4-Fluoro-N- (2- (syn) -hydroxy-3- ((2-oxazolidon- (S) -
A-yl)-methoxycarbonylamino)-4—(S)-phenyl-butyl)‘N-
isobutyl-benzenesulfonamide (compound 109);

Benzene-1,3-disulfonic acid 1-amide 3-((2 syn, 3S) -
2-hydroxy-4-phenyl-3- (3-(S)-tetrahydrofuran-3-
yloxycarbonylamino) -butyl) -isobutyl -amide (compound
112);

Furan-3-sulfonic acid (2 syn,3S)-2-hydroxy-4-
pheny1-3-((S)-tetrahydrofuran-B-yloxycarbonylamino)-
butyl) -isobutyl-amide (compound 113);

N- ((3-Allyloxycarbonylamino) - (2 syn, 3S) -2-hydroxy-
4-phenyl-butyl)-N-cyclopentylmethyl-4-fluoro-
benzenesul fonamide (compound 114);

N-Cyclopentylmethyl-N-((3-ethoxycarbonylamino)-(2
syn, 38) -2-hydroxy-4-phenyl-butyl) -4- fluoro-
benzenesulfonamide (compound 115);

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2-
hydroxy-4-phenyl-3- ((S) -tetrahydrofuran-3-
yloxycarbonylamino) -butyl) -benzenesul fonamide (compound
116);

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2-
hydroxy-4-phenyl-3-(pyridin-Byl-methoxycarbonyl)-
butyl) -benzenesul fonamide (compound 118);

N- (4- (Cyclopentylmethyl- ( (2 syn, 3S) -2-hydroxy-4-
phenyl-3-((S)‘tetrahydrofuran-3-yloxycarbonylamino)-
butyl) -sulfamoyl) -phenyl) -acetamide (compound 125);

3-Chloro-N- ({2 syn, 3S)-2-hydroxy-4-phenyl-3- ((S) -
tetrahydrofuran—3-yloxycarbonylamino)-butyl)-N-
iscbutyl -benzenesul fonamide (compound 138);

4-Chloro-N-cyclopentylmethyl-N-(2-(syn)-hydroxy-
3-((2-oxazolidon-4-(S)-yl-methyl)-oxycarbonylamino)-4—
phenyl-butyl) -benzenesul fonamide (compound 139);

N-cyclopentylmethyl-N- ((2 8yn, 3S) -2-hydroxy-4-
pheny1-3-((S)-tetrahydrofuran-B-yloxycarbonylamino)-
butyl) -4 -methoxy-benzenesul fonamide (compound 140);
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N- ((3-allyloxycarbonylamino) - (2 syn, 3S) -2-hydroxy-
4-phenyl-butyl) -N-cyclopentylmethyl-4-methoxy-
benzenesulfonamide (compound 141);

N-Cyclopentylmethyl-N-((2 syn,3S)-2-hydroxy-4-
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino) -butyl-
4-methoxy-benzenesul fonamide (compound 142);

Pyridine-3-sulfonic acid ((2 syn,3S)-2-hydroxy-4-
phenyl-3-((S)-tetrahydrofuran-3-yloxycarbonylamino) -
butyl) -isobutyl-amide, trifluoroacetic acid salt
(compound 144);

5-Isoxazol-3-yl-thiophene-2-sgulfonic acid ((2
syn, 3S) -2-hydroxy-4-phenyl-3- ((S) -tetrahydrofuran-3-
yloxycarbonylamino) -butyl) -isobutyl-amide (compound
145) ;

N-(4-((3- (Allyloxycarbonylamino)- (2 syn,3S)-2-
hydroxy-4-phenyl-butyl) -cyclopentylmethylsulfamoyl) -
phenyl) -acetamide (compound 146);

N- (4- (Cyclopentylmethyl- ((2 syn,3S)-2-hydroxy-4-
phenyl-3- (pyridin-3-yl-methoxycarbonylamino) -butyl) -
sulfamoyl) -phenyl) -acetamide (compound 147);

N-Cyclopentylmethyl-N-((2 syn,3S)-2-hydroxy-4-
phenyl-3-((S)-tetrahydrofuran-3-yloxycarbonylamino) -
butyl) -benzenesulfonamide (compound 148);

Pyridine-3-sulfonic acid cyclopentylmethyl- ((2
syn,3S) -2-hydroxy-4-phenyl-3- ((S) -tetrahydrofuran-3-
yloxycarbonylamino) -butyl) -amide (compound 149);

Piperidine-1-sulfonic acid ((2 syn,3S)-2-hydroxy-
4-phenyl-3-((S)-tetrahydrofuran-3-yloxycarbonylamino) -
butyl) -isobutyl-amide (compound 150);

N-4-((2- (syn) -Hydroxy-3- ( (2-methoxymethyl-
allyloxycarbonylamino) -4- (S) -phenyl -butyl) -isobutyl -
sulfamoyl) -phenyl) -acetamide (compound 15S);

1-Acetyl-2,3-dihydro-1H-indole-6-sulfonic acid
((allyloxycarbonylamino) - (2 syn, 3S)-2-hydroxy-4-phenyl-
butyl) - cyclopentylmethyl -amide (compound 156);

AP000390
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1-Acetyl-2,3-dihydro-1H-indole-6-sulfonic acid
cyclopentylmethyl- ( (2 syn, 3S) -2-hydroxy-4-phenyl-3-
((S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) -amide
(compound 157) ;

N-Cyclohexylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4-
phenyl-3-((S)-tetrahydrofuran-3-yloxycarbonylamino)~
butyl) -4-methoxy-benzenesul fonamide (compound 158) ;

N-Cyclohexylmethyl-4-fluoro-N- ( (2 8yn,3S)-2-
hydroxy-4-phenyl-3- ((S)-tetrahydrofuran-3-
yYloxycarbonylamino) -butyl) -benzenesul fonamide (compound
159);

N- (4- (Cyclohexylmethyl) - ( (2 syn, 3S) -2-hydroxy-4-
pheny1-3-((S)-tetrahydrofuran-B-yloxycarbonylamino)-
butyl) -sulfamoyl -phenyl) -acetamide (compound 160);

N-((2 syn,BS)-2-Hydroxy-4-phenyl-3-(pyridin-4-yl-
methoxycarbonylamino)-butyl)-N-isobuty1-4-methoxy-
benzenesulfonamide (compound 163);

N-((2 8yn, 38) -2-Hydroxy-4-phenyl-3- ( (syn) -
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-N-
isobutyl-4-methyl-benzenesul fonamide (compound 165) ;

N-cyclopentylmethyl-4-hydroxy-N- ( (2 syn, 3S)-2-
hydroxy-4-phenyl~3-(pyridin-a-yl-methoxycarbonylamino)-
butyl) -benzenesulfonamide (compound 166) ;

N- ({2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3~yloxycarbony1amino)-butyl)-N-
isobutyl-4-nitro-benzenesul fonamide (compound 167) ;

4-Amino-N-{ (2 syn, 38) -2-Hydroxy-4-phenyl-3- ( (S) -
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-N—
isobutyl-benzenesul fonamide (compound 168) ;

N-Cyclopentylmethyl-4-hydroxy-N- ( (2 syn,3S)-2-
hydroxy-4-phenyl-3- ((S)-tetrahydrofuran-3-
yYloxycarbonylamino) -butyl) -benzenesul fonamide (compound
169);
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N-Cyclopentylmethyl-N-((2 syn,38)-2-hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3-yolxycarbonylamino)-butyl)-4-nitro-benzenesul fonamide
(compound 170);

4-Amino~N-cyclopentylmethyl-N~((25yn.3S)-2-hydroxy~4-phenyl-3-
((S)-tetrahydrofuran-3-yolxycarbonylamino)-butyl)-benzenesulfonamide
(compound 171);

2,4-Diamino-N-cyclopentylmethyl-N-((2 syn,3S)-2-hydroxy-4-phenyl-
3-((S)-tetrahydrofuran-3-yolxycarbonylamino)-butyl)-benzenesulfonamide
(compound 173);

4-Hydroxy-N-(Xyn,3S)-2-hydroxy-4-phenyl-3-((S)-tetrahydrofuran-
3-yloxycarbonylamino)-butyl)-N-isobutyl-benzenesulfonamide (compound
175);

N-Cyclopentylmethyl-4-fluoro-N-((2syn, 3S)-2-hydroxy-4-pheny!-3-
((S)-tetrahydrofuran-3-yloxycarbonylamino)-butyl)-benzenesulfonamide
(compound 182);

3,4-Dichloro-N-cyclopentylmethyl-N-((2 syn,3S)-2-hydroxy-4-
pheny1-3-((S)—retrahydrofuran-3-yloxycarbonylamino)-butyl)-
benzenesulfonamide (compound 183); and

Benzyloxycarbonyl-(L)-isoleucine-N-(5-((3-amino-(2 syn,3S)-2-
hydroxy-4-phenyl-butyl)-isobutyl-sulfamoyl)-2-fluoro-phenyl)-acetamide
(compound 187);

N-((Z  syn,35)-4-Cyclohexyl-2-hydroxy-3-((S)-tetrahydrofuran-3-
yloxycarbon_vlamino)-but_vl)-N-cyclopentylmethyl-4-methoxy-

benzenesulfonamide (compound 195).

AP000390

More preferred compounds of this invention are:
(S)-N-1-(1 -(S)-Benzyl-2~(syn)-hydroxyl-3-(isobutyl-(S-pyridin-Z-yl-
tniophene-2-sulfonyl)-amino)-propyl)-2-((quinoline-2-carbonyl)-amino)-

succinamide (compound 12);
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(8)-N-1-(1-(S)-Benzyl-3- ((4-fluoro-
benzenesulfonyl)-isobutyl-amino)-2-(Byn)-hydroxy-
propyl)-2- ((quinoline-2-carbonyl) -amino) - succinamide
{(compound 14) ;

(S)-N-1-(3-((4-Acetylamino-3-fluoro-
benzenesulfonyl) -isobutyl-amino) - (1S, 2 syn) -1-benzyl -
2-hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) -
succinamide (compound 15);

(S)-N-l-(3-((Benzo(1,2,5)oxadiazole-4-sulfonyl)-
isobutyl-amino) - (1S, 2 8yn) -1-benzyl-2-hydroxy-propyl) -
2- ((guinoline-2-carbonyl) -amino) - succinamide (compound
20);

N-1-((18-2 syn) -1-Benzyl-2-hydroxy-3- (1-isobutyl -
3,3-dimethylsulfonylurea) -propyl) -2- ((quinoline-2-
carbonyl) -amino) -succinamide (compound 21);

N-(4-(((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-isobutyl-
sulfamoyl) -phenyl) -acetamide (compound 48);

N- ((2 syn,38)-2-Hydroxy-4-phenyl-3- ((S)-
tetrahydrofuran-B-yloxycarbonylamino)-butyl)-N-
isobutyl -4 -methoxy-benzenesul fonamide (compound 100) ;

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2-
hydroxy-4-phenyl-3-((S)-tetrahydrofuran-3-
yYloxycarbonylamino) -butyl) -benzenesul fonamide (compound
116);

N-Cyclopentylmethyl-N- ((2 syn,3S)-2-hydroxy-4-
phenyl-3- ((8)-tetrahydrofuran-3-yloxycarbonylamino) -
butyl) -4-methoxy-benzenesul fonamide (compound 140);

N-Cyclopentylmethyl-N- ( (2 syn,3S)-2-hydroxy-4-
phenyl-3-(3-pyridin-3-yl-methoxycarbonylamino)-butyl-
4 -methoxy-benzenesulfonamide (compound 142);

N-Cyclopentylmethyl-N- ((2 syn, 3S)-2-hydroxy-4-
phenyl-3- ((S) -tetrahydrofuran-3-yloxycarbonylamino) -
butyl) -benzenesulfonamide (compound 148);

BAD ORIGINAL



- 68 -

N-Cyclohexylmethyl-N-((2 syn,3S)-2-hydroxy-4-phenyl-3-((S)-
tetrahyd rofuran~3-yloxycarbonylamino)-butyl)-4~methoxy-
benzenesulfonamide (compound 158);

N-(4-(Cyclohexylmethyl)-((2 syn,3S)-2-hydroxy-4-phenyl-3-((S)-
tetrahydrofuran-3-yloxycarbonylamino)-butyl)-sulfamoyl-phenyl)-acetamide
(compound 160);

N-cyclopentylmethyl-4-hydroxy-N-((2 syn,3S)-2-hydroxy-4-phenyl-3-
(pyridin-3~yl-methoxycarbonylamino)-butyl)-benzenesulfonamidﬁ:ompound
166):

4-Amino-N-((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)-tetrahydrofuran-3-
yloxycarbonylamino)-butyl)-N-isobutyl-benzenesulfonamide {compound
168);

4—Amino-N-cyclopentylmethyl—N-((Zsyn,3S)-2—hydroxy—4-phenyl-3-
((S)-tetrahydrofuran-3-yloxycarbonylamino)-butyl)-benzenesulfonamide
(compound171);

2,4-Diamino-N-cyclopentylmethyl-N-((2 syn,3S)-2-hydroxy-4-phenyl-
3-((S)-tetrahydroturan-3-yloxycarbonylamino)-butyl)-benzenesul fonamide
(compound 173);

4-Hydroxy-N-(Xyn,3S)-2-hydroxy-4-phenyl-3-((S)-tetrahydrofuran-
3-yloxycarbonylamino)-butyl)-N-isobuty!-benzenesulfonamide (compound
175); and

N-((2  syn,3S)-4-Cyclohexyl-2-hydroxy-3-((S)-tetrahydrofuran-3-
yloxycarbonylamino)-butyl)-N-cyclopentylmethyl-4-methoxy-

benzenesulfonamide (compound 195).

AP000390

The sulfonamides of this invention may be synthesized using
conventional techniques. Advantageously, these compounds are conveniently

synthesized from readily available starting materials.
The compounds of this invention are among the most readily

synthesized HIV protease inhibitors known. Previously described HIV

protease inhibitors often contain four or more chiral centers, numerous peptide
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linkages and/or require air-sensitive reagents (such as
organometallic complexes) to effect their synthesis.
The relative ease with which the campounds of this
invention can be synthesized represents an enormous
advantage in the large scale production of these
compounds.

In general, sulfonamides of formula I are
conveniently obtained from a-amino acid derivatives
having the general formula A- (B) , -NH-CH(D) - COOH,
wherein A, B, X and D are defined as above for the
compounds of formula I. Such «a-amino acid derivatives
are often commercially available or may be conveniently
prepared from commercially available «a-amino acid
derivatives using known techniques. See, for example,
T.W. Greene and P.G.M. Wuts, "Protective Groups in
Organic Synthesis®, 2nd Ed., John Wiley and Sons
(1991) . Although this invention envisions the use of
racemic mixtures of such starting materials, when x =
0, a single enantiomer in the S configuration is
preferred.

Using known techniques, the «-amino acid
derivative of general formula A- (B) .-NH-CH(D) -COOH may
be readily converted to an amino ketone derivative of
general formula A-(B)x-NH-CH(D)-CO-an-x, wherein X is a
leaving group which suitably activates the a-carbon
(i.e., makes the methylene susceptible to nucleophilic
attack). Suitable leaving groups are well known in the
art and include halides and sulfonates, such as
methanesulfonate, trifluoromethanesulfonate or 4-
toluenesulfonate X may also be a hydroxyl which is
converted in gitu to a leaving group (e.g. by treatment
with a trialkyl- or triarylphosphine in the presence of
a dialkylazodicarboxylate). Methods for the formation
of such amino ketone derivatives also are well known to
those of skill in the art (see, for example, S.J.

-
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Pittkau, J. Prakt, Chem.,, 315, p. 1037 (1973)).

Alternatively, certain amino ketone derivatives are
commercially available (e.g., from Bachem Biosciences,
Inc., Philadelphia, Pennsylvania).

The amino ketone derivative may then be
reduced to the corresponding amino alcohol, represented
by the formula A-(B)_-NH-CH(D)-CH(OH)-CH,-X. Many
techniques for reduction of amino ketone derivatives
such as A-(B)_-NH-CH(D)-CO-CH,-X are well known to those
of ordinary skill in the art (Larock, R.C.
"Comprehensive Organic Transformations®, pp. 527-547,
VCH Publishers, Inc.® 1989 and references cited
therein). A preferred reducing agent is sodium
borohydride. The reduction reaction is conducted at a
temperature of from about -40°C to about 40°C
(preferably, at about 0°C to about 20°C), in a suitable
solvent system such as, for example, aqueous or neat
tetrahydrofuran or a lower alcohol, such as methanol or
ethanol. Although this invention envisions both
stereospecific and non-stereospecific reduction of the
amino ketone derivative A- (B) ,-NH-CH(D) -CO-CH,-X,
stereoselective reduction is preferred.

Stereoselective reduction may be accomplished by use of
chiral reagents known in the art. In the present
invention, stereoselective reduction may be
conveniently achieved, for instance, under non-
chelating reducing conditions, where chiral induction
of the newly formed hydroxyl group is set by the
stereochemistry of the D group (i.e., Felkin-Ahn

AP000390

addition of hydride). We particularly prefer
stereoselective reductions wherein the resulting
hydroxyl is syn to D. We have found that when the
hydroxyl group is syn to D, the final sulfonamide
product is an HIV protease inhibitor of higher potency
than the anti diastereomer.
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The hydroxyl group of the amino alcohol may

optionally

be protected by any known oxygen protecting

group (such as trialkylsilyl, benzyl, or
alkyloxymethyl) to yield a protected amino alcohol

having the
R is H or

formula A-(B) -NH-CH(D) -C(OR®)-CH,-X, wherein
any suitable hydroxy protecting group.

Several useful protecting groups are described in T.W.

Greene and

P.G.M. Wuts, Protective Groups in Organic

Synthesgis, 2d BE4d., John Wiley and Sons (1991).

The amino alcohol may then be reacted with a
nucleophilic amine compound to form an intermediate of

formula III:

D

l
A-B-NH-CH-CH-CH,-NH  (III)

ORS L

wherein D and RS are as described above, and L is

either D' (as described for compounds of formula I) or

hydrogen.

In a particularly advantageous synthetic
scheme, simultaneous activation of the methylene and

protection
forming an
and its adj
formula II:

wherein A,
of formula

of the alcohol may be accomplished by
N-protected amino epoxide from the oxygen
acent methylene to give an intermediate of

A-B-NH-CH(D) -CH-CH, (II)
\ /
0

B and D are as defined above for compounds
I. Suitable solvent systems for preparing

the N-protected amino epoxide include ethanol,

methanol, isopropanol, tetrahydrofuran, dioxane,
dimethyl formamide and the like (including mixtures

thereof) .

Suitable bases for producing the epoxide

| A
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include alkali metal hydroxides, potassium t-butoxide,
DBU and the like. A preferred base is potassium
hydroxide.

Reaction of the N-protected amino epoxide or
other suitably activated intermediates with an amine is
carried out neat, i.e. in the absence of solvent, or in
the presence of a polar solvent such as lower alkanols,
water, dimethylformamide or dimethylsulfoxide. The
reaction can be carried out conveniently between about
0°C and 120°C, preferably between about 20°C and 100°C.
Alternatively, the reaction may be carried out in the
presence of an activating agent, such as activated
alumina in an inert solvent, preferably an ether, such
as diethyl ether, tetrahydrofuran, dioxane, or tert-
butyl methyl ether, conveniently from about room
temperature to about 110°C, as described by Posner and
Rogers, J. Am Chem. Soc¢., 99, p. 8208 (1977). Other
activating reagents include lower trialkylaluminum
species, such as triethylaluminum, or dialkylaluminum
halide species, such as diethylaluminum chloride
(Overman and Flippin, Tetrahedron Letters, p. 195
(1981)). Reactions involving these species are
conveniently carried out in inert solvents such as
dichloromethane, 1,2-dichloroethane, toluene, or
acetonitrile between about 0°C and about 110°C.

Further methods of displacing leaving groups, or
opening epoxides with amines or their equivalents such
as azides or timethylsilyl cyanide (Gassman and
Guggenheim, J. Am. Chem. So¢c. 104, p. 5849 (1982)), are
known and will be apparent to those of ordinary skill
in the art.

Compounds of formulae II and III, and
functionality-protected derivatives thereof, are useful
as intermediates for the preparation of compounds of
formula I. In those cases where L represents D',
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compounds of formula III may be converted to compounds
of formula I by reaction with sulfonyl-activated
species to form sulfonamides, sulfonyl ureas,
thiocarbamates and the like. Methods for preparing
such sulfonyl-activated species are well within the
ordinary skill of the art. Typically, sulfonyl halides
are used to obtain sulfonamides. Many sulfonyl
halides are commercially available; others may be
easily obtained using conventional synthetic techniques
(Gilbert, B.E. "Recent Developments in Preparative
Sulfonation and Sulfation®" Synthesis 1969: 3 (1969) and
references cited therein; Hoffman, R.V. "M-
Trifluoromethylbenzenesulfonyl Chloride®" Org. Synth.
Coll. Vol. VII, John Wiley and Sons (1990); Hartman,
G.D. et. al. "“4-Substituted Thiophene-and Furan-2-
sulfonamides as Topical Carbonic Anhydrase Inhibitors"
J. Med. Chem., 35, p. 3822 (1992) and references cited
therein. Sulfonyl ureas are usually obtained by the
reaction of an amine with sulfuryl chloride or a
suitable equivalent such as sulfuryl-bis-imidazole or
sulfuryl-bis-N-methyl imidazole. Thiocarbamates are
typically obtained by the reaction of an alcohol with
sulfuryl chloride or a suitable equivalent such as
sulfuryl-bis-imidazole or sulfuryl-bis-N-methyl
imidazole.

In the case of compounds of formula III
wherein L is hydrogen, conversion of the resultant
primary amine to a secondary amine may be carried out
by known techniques. Such techniques include reaction
with an alkyl halide of alkyl sulfonate, or by reduc-
tive alkylation with an aldehyde or carboxylic acid or
activated derivative thereof using, for instance,
catalytic hydrogenation or sodium cyanoborohydride

(Borch et al., J. Am. Chem. Soc., 93, p. 2897 (1971)).

Alternatively, the primary amine may be acylated

-
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followed by reduction with borane or another suitable
reducing reagent, for example, as described by Cushman
et al., J. Org, Chem,, 56, p. 4161 (1991). This
technique is especially useful in compounds of formula
III where B is absent and A represents a protecting
group such as tert-butoxycarbonyl (Boc) or
benzyloxycarbonyl (Cbz).

If variable A of a particular compound
of formula I represents a removable protecting group,
removal of that group followed by reaction of the
resulting amine with an appropriate activated reagent
will advantageously yield a different compound of
formula I. For instance, reaction with an activated
carboxylate, such as an acyl halide (e.g., acid fluo-
rides, acid chlorides, and acid bromides), an activated
ester such as nitrophenyl ester or 1-
hydroxysuccinimide (HOSu) ester, an anhydride such as
the symmetrical anhydride or isobutyl anhydride, or
mixed carbonic-phosphoric or carbonic-phosphinic anhy-
drides, will yield the corresponding amide. Ureas may
be obtained by reaction with isocyanates or amines in
the presence of bis-activated carbonic acid derivatives
such as phosgene or carbonyldiimdazole. Carbamates may
be obtained by reaction with chlorocarbonates, with
carbonates esterified with leaving groups such as 1-
hydroxybenzotriazole (HOBT) or HOSu, or with alcohols
in the presence of bis-activated carbonic acid
derivatives such as phosgene or carbonyldiimdazole. It

AP000390

will be readily recognized that in order to facilitate
specific reactions, the protection of one or more
potentially reactive groups followed by subsequent
removal of that group may be required. Such
modification to the reaction schemes outlined above are
within the ordinary skill of the art.
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If variable B of a particular compound of
formula I is absent and variable A of that compound
represents a removable protecting group, removal of A,
followed by reaction of the resulting amine with an
amino acid or suitably N-protected derivative thereof,
followed by a subsequent reaction of the free a-amine
if present, as described above, will yield a further
compound of formula I. The addition of amino acids and
their derivatives is accomplished by well known methods
of peptide synthesis. Some of these methods are
generally set forth in Bodanszky and Bodanszky, "The
Practice of Peptide Synthesisg®, Springer-Verlag,
Berlin, Germany (1984) and in the "The Peptides", Gross
and Meinhofer (Eds); Academic Press, 1979, Vols. I-
III, which are incorporated herein by reference.

Typically, for solution phase synthesis of
peptides, the a-amine of the amino acid to be coupled
is protected by Boc, Cbz, allyloxycarbonyl (Alloc) or
9-fluorenylmethoxycarbonyl (Fmoc), while the free
carboxyl is activated by reaction with a carbodiimide
such as dicyclohexylcarbodiimide (DCC), 1-(3-
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride
(EDC), or diisopropy;carbodiimide (DIC), optionally in
the presence of a catalyst such as HOBT, HOSu, or
dimethylaminopyridine (DMAP). Other methods which
proceed through the intermediacy of activated esters,
acid halides, enzyme-activated amino acids and
anhydrides including N-carboxy-anhydrides, symmetrical
anhydrides, mixed carbonic anhydrides, carbonic-
phosphinic and carbonic-phosphoric anhydrides are also
suitable. After the peptide has been formed,
protecting groups may be removed by methods described
in the references listed above, such as by hydro-
genation in the presence of a palladium, platinum or
rhodium catalyst, treatment with sodium in liquid

T
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ammonia, hydrochloric, hydrofluoric, hydrobromic,
formic, trifluoromethanesulfonic, or trifluoroacetic
acid, secondary amines, fluoride ion, trimethylsilyl
halides including bromide and iodide, or alkali.

5 One particularly useful synthetic scheme for
producing sulfonamides of formula XV is shown below:

Ol . O LI
vy :'P:j

m .

Xin
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Campounds of formula X may be advantageously
synthesized from readily available starting materials
(see D.P. Getman, J. Med, Chem,, 36, p. 288 (1993)).
Each step of the above synthetic scheme may be carried
out as generally described above.

A particularly useful synthetic scheme for
producing the preferred sulfonamides of formula XXII is
shown below:

T g o
“
N
XX XX
Y
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Compounds of formula XX may be advantageously
synthesized from readily available starting materials
(see B.E. Evans et al., J, Org, Chem,, 50, p. 4615
(1985)). EBach step of the above synthetic scheme may

5 be carried out as generally described above.

After converting a compound of formula XX to
a compound of formula XXI, as detailed in the previous
reaction scheme, the compound of formula XXI may
alternatively be reacted with an amino acid or amino

10 acid derivative, as described generally above, to yield

a preferred compound of formula XXXI. A particularly
useful synthetic scheme utilizing this strategy is set
forth below:

H OH D R3 RS OH D’

XXI l XXX

AP000390
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As can be appreciated by the skilled artisan,
the above synthetic schemes are not intended to
comprise a comprehensive list of all means by which the
compounds described and claimed in this application may
be synthesized. Purther methods will be evident to
those of ordinary skill in the art.

The compounds of this invention may be
modified by appending appropriate functionalites to
enhance selective biological properties. Such
modifications are known in the art and include those
which increase biological penetration into a given
bioclogical system (e.g., blood, lymphatic system,
central nervous system), increase oral availability,
increase solubility to allow administration by
injection, alter metabolism and alter rate of
excretion.

The compounds of formula I are characterized
by a superior ability to inhibit HIV protease activity
and viral replication. We believe that this is due to
specific steric and electronic interactions between the
protease and compounds of formula I. This belief stems
from our analysis of the structural basis for the
activity of compounds of formula I, in view of the
known crystal structures of HIV protease and bound
inhibitors, such as the structure reported in Miller et
al. "Structure of Complex of Synthetic HIV-1 Protease
with a Substrate-Based Inhibitor at 2.3 A Resolution",
Science, vol. 246, pp. 1149-1152 (1989), which is
incorporated herein by reference, as well as structures
determined in our laboratories. According to these
structures, the active site of HIV aspartyl protease is
defined by a deep groove containing subpockets for
accommodation of various side chains of the protease
substrate -- referred to as P,-P, and P,'-P,', according
to conventional protease nomenclature. In the center
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of the groove, lie two aspartic acid residues (Asp25
and Asp25' according to the numbering system of Miller
et al.) in a manner typical of the active site
aspartates of known aspartyl proteases, which are
believed to be the catalytic residues of the enzyme.
The groove is covered by two C,-symmetrically disposed
"flaps" which also make various direct and indirect
contacts with bound substrates.

We believe that the substituents A, D, D' and
E of the compounds of formula I associate with HIV
protease by way of hydrophobic forces in the binding
pockets of the enzyme. We also believe that the
sulfonamide group hydrogen binds tightly to a water
molecule held by hydrogen bonds to the flaps of the
protease ("the flap water molecule"; water molecule
511, according to the Miller et al. numbering system).

In view of the above discovery, an
alternative embodiment of this invention relates to
novel HIV protease inhibitors possessing certain
structural and physicochemical features. We have
discovered that compounds possessing the following
novel combination of features are surprisingly
effective HIV protease inhibitors:

(1) a first and a second hydrogen bond
acceptor moiety, at least one of which is more highly
polarizable than a carbonyl, said moieties being the
same or different, and being capable of hydrogen
bonding with the hydrogen atoms of the flap water
molecule of an HIV aspartyl protease when the compound

APLVUULSY 0

is bound thereto;

(2) substantially hydrophobic moieties which
agssociate with the P, and P,' binding pockets of said
HIV aspartyl protease when the compound is bound

thereto;
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(3) a third hydrogen bonding moiety, which
may be either a hydrogen bond donor or acceptor,
capable of simultaneously hydrogen bonding to Asp25 and
Asp25' of said HIV aspartyl protease when the compound
is bound thereto;

(4) an additional occupied volume of space
of at least 100 A when the compound is bound to the
active site of said HIV aspartyl protease, said space
overlapping with the volume of space that would be
filled by a native substrate of said HIV aspartyl
protease or a nonhyrolyzable isostere thereof;

(5) a deformation energy of binding of the
compound to said HIV aspartyl protease of not greater
than 10 kcal/mole; and

(6) a neutral or favorable enthalpic
contribution from the sum of all electrostatic
interactions between the compound and the protease when
the compound is bound to said HIV aspartyl protease.

Compounds having the above-cited features can
be readily identified or designed by one of ordinary
skill in the art using a combination of chemical
reasoning and computational methods. For example,
those of ordinary skill in the art can readily identify
or choose hydrogen bonding and hydrophobic moieties or
groups required in features (1)-(3), while features
(4) - (6) can be ascertained using well known
computational methods for determination of structural
(e.g. conformational) and energetic properties of
molecules.

Furthermore, compounds characterized by
features (1) through (6) listed above may be obtained
using any conventional technique, including chemical
synthesis and natural product isolation. We prefer
using the synthetic schemes detailed above for
compounds of formula I.
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We have discovered that when an HIV protease
inhibitor forms hydrogen bonds to the flap water
molecule through two hydrogen bonding moieties, at
least one of which is more highly polarizable than a
carbonyl, the ability of those compounds to inhibit HIV
protease activity is dramatically improved, as compared
with conventional HIV protease inhibitors.

While not wishing to be bound by theory, we
believe that the strong hydrogen bonds that form
between the flap water molecule and the two hydrogen
bonding moieties, at least one of which is more highly
polarizable than a carbonyl, lower the overall binding
energy of the inhibitor. Most HIV protease inhibitors
known in the art utilize only carbonyl groups for
hydrogen bonding to the flap water molecule and are,
thus, inferior to those of the present invention. We
believe that the increased polarization that results
from the large dipole moment of the highly polarizable
hydrogen bonding moiety (as compared to the dipole
moment of a carbonyl moiety) creates a stronger and
tighter hydrogen bond with the flap water molecule. We
prefer to utilize tetravalent oxygenated sulfur,
hexavalent oxygenated sulfur and pentavalent oxygenated
phosphorus as the highly polarizable hydrogen bonding
moiety. Tetravalent oxygenated sulfur and hexavalent
oxygenated sulfur are more preferred as the highly
polarizable hydrogen bonding moiety. Hexavalent
oxygenated sulfur (-S0,-) is most preferred.

We have found that when the highly
polarizable hydrogen bonding moiety is a sulfonamide,
the overall binding energy of the inhibitor is
particularly low. We believe that this increased
stability is due to particular conformational
characteristics of the sulfonamide S-N bond.
Specifically, the sulfonamide S-N bond exists in only
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two low-energy rotamers (see J.B. Nicholas et al., J,
Phys. Chem., 95, p. 9803 (1991) and R.D. Bindal et al.,
J. Am. Chem, Soc.,, 112, p. 7861 (1990)). This has the
effect of locking that portion of the molecule into a
favorable conformation wherein one or both of the
highly polarized S=0 oxygens can be involved in
hydrogen bonding interactions with the flap water.

The remaining five structural and
physicochemical features recited above (i.e., features
(2) through (6)) are generally recognized in the art to
improve the ability of a compound to competitively
inhibit HIV protease activity. Although there are
several other features thought to increase the
inhibitory property (such as binding of the inhibitor
backbone to the enzyme), we have discovered that the
combination of the five above-cited elements alone,
together with novel element (1), typifies effective HIV
protease inhibitors.

In general, the binding energy of a
particular protease inhibitor is lowered when
hydrophobic moieties on the inhibitor are located so as
to associate with the enzyme's hydrophobic binding
pockets. 1In the case of HIV-1 protease, the location
and nature of the P, and P;' binding pockets are known
to those of ordinary skill in the art (see, for
example, M. Miller et al., cited above). Substantially
hydrophobic side chains which fit into the well defined
P, and P,' binding pockets are also known to those in
the art. Preferred side chains are located within 4 A
of the enzyme when bound to HIV protease. Preferred
hydrophobic side chains include those substantially
similar to those of hydrophobic natural and unnatural
a-amino acids, including alanine, valine, leucine,
isoleucine, methionine, phenylalanine, «-amino
isobutyric acid, alloisoleucine, tyrosine, and
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tryptophan. Insofar as a portion of this side chain is
in contact with bulk solvent or protrudes out of the
enzyme, it is not considered to be wholly within P, or
P,' and may contain polar functionality such as a
charged amine at that location.

It has also been established in the art that
the presence of a hydroxyl group within hydrogen bond
proximity to the two catalytic aspartic acid residues
of HIV protease (Asp25 and Asp25') is an important
feature of an effective HIV protease inhibitor (see,
for example, R. Bone et al., "X-ray Crystal Structure
of the HIV Protease Complex with L-700,417, an
Inhibitor with Pseudo C, Symmetry®, J. Am, Chem. Soc.,
113, pp. 9382-84 (1991)). It is further understood
that the geometry of the Asp-binding hydrogen bonding
moiety is of particular importance. Although we prefer
to use a hydroxyl group at this position, any hydrogen
bonding moiety that is capable of forming hydrogen
bonds with the Asp residues is acceptable. Such
hydrogen bonding moieties are known to those of skill
in the art (e.g., phosphinic acid (D. Grobelny et al.,
Biochem. Biophys. Res, Commun., 169, p. 1111 (1990)).

It is further understood that binding of
competitive inhibitors to HIV protease is optimally
accomplished by having the inhibitor traverse a volume
overlapping that occupied by the native polypeptide
substrate when it is bound to the active site of the
enzyme. Effective HIV protease inhibitors typically

AP000390

have a relatively small difference in energy between
their bound and free states (i.e., a small deformation
energy of binding). The most preferred HIV protease
inhibitors of this invention have a deformation energy
of binding of not greater than 10 kcal/mole
(preferably, not greater than 7 kcal/mole). It should
be noted, however, that HIV protease inhibitors may
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interact with HIV protease in more than one
conformation which is similar in overall binding energy
(see K.H.M. Murthy, J, Biol. Chem., 267, (1992)). 1In
those cases, the deformation energy of binding is taken
to be the difference between the energy of the free
compound and the average energy of the conformations
observed when the inhibitor binds to the enzyme.

Furthermore, it is understood that the most
effective protease inhibitors also lack repulsive
electrostatic interaction with the target protease in
their bound state. Such non-complementary (e.gq.,
electrostatic) interactions include repulsive charge-
charge, dipole-dipole and charge-dipole interactions.
Specifically, in the most preferred HIV protease
inhibitors of this invention, the sum of all
electrostatic interactions between the compound and the
enzyme when the compound is bound to HIV protease makes
a neutral or favorable contribution to the enthalpy of
binding.

Preferred compounds characterized by the
above features (1)-(6) are compounds of formula XL:

z'-Q'-1'-M-1.2-92- 22 (XL)
wherein:

Q' and Q* are independently hydrogen bond
acceptor moieties capable of binding with the hydrogen
atoms of the flap water molecule of an HIV aspartyl
protease, with the proviso that at least one of Q1 or Q2
is more highly polarizable than a carbonyl;

M is a hydrogen bonding moiety, which may be
either a hydrogen bond donor or acceptor, capable of
simultaneously hydrogen bonding to Asp25 and Asp25' of
said HIV aspartyl protease;

:“‘,.-——v———
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L' and 1? are independently acyclic or cyclic
linker moieties; and

each of 2' and 7’ may be optionally present
and, if present, are independently selected from groups
which occupy a volume of space overlapping with the
volume of space that would be filled by the native
substrate of said HIV aspartyl protease.

More preferred compounds of formula XL
contain at least one group Q‘ or Qz comprising -SO,-.
Most preferrred compounds of formula XL contain at
least one group Q' or @2 comprising a substituted
sulfonamide.

In one embodiment of this invention,
compounds of formula XL may be further constrained by
"conformational locks®", such as a macrocyclic ring
structure. Such constraints are well known in the art
of peptidomimetics and may result in compounds with
strong biological activity. See, for example, Dhanoa,
D.S. et al. "The Synthesis of Potent Macrocyclic Renin
Inhibitors™ Tetrahedron Lett, 33, 1725 (1992) and
Flynn, G.A. et al. "An Acyl-Iminium Ion Cyclization
Route to a Novel Conformationally Restricted Dipeptide
Mimic: Applications to Angiotensin-Converting Enzyme
Inhibition" J.Am. Chem. So¢. 109, 7914 (1989)).

This invention also includes novel methods
for accurate identification, design, or prediction of
HIV inhibitors characterized by structural and
physicochemical features (1} through (6). By virtue of

AP000390

these methods, the skilled artisan can routinely
predict and produce particularly effective HIV protease
inhibitors.

We have found that the following method for
identification, design or prediction of effective HIV
protease inhibitors is particularly useful;
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selecting a candidate compound of

defined chemical structure containing a first and a
second hydrogen bond acceptor moiety, at least one of
which is more highly polarizable than a carbonyl, said
moieties being the same or different; a third hydrogen
bonding moiety, which may be either a hydrogen bond
donor or acceptor; and at least two substantially

hydrophobic moieties;

(b)

determining a low-energy

conformation for binding of said campound to the active
site of an HIV aspartyl protease;

(c)

evaluating the capability of said

first and second hydrogen bond acceptor moieties to
form hydrogen bonds to the flap water molecule of said
HIV aspartyl protease when said compound is bound
thereto in said conformation;

(d)

evaluating the capability of said

substantially hydrophobic moieties to associate with
the P, and P,' binding pockets of said HIV aspartyl
protease when said compound is bound thereto in said

conformation;

(e)

evaluating the capability of said

third hydrogen bonding moiety to form hydrogen bonds to
Asp25 and Asp25' of said HIV aspartyl protease when
said compound is bound thereto in said conformation;

(f)

evaluating the overlap of the

occupied volume of said compound when said compound is
bound to said HIV aspartyl protease in said
conformation and the occupied volume of a native
substrate of HIV aspartyl protease or a nonhydrolyzable
isostere thereof, when said polypeptide is bound to

said HIV aspartyl protease;

(g)

evaluating the deformation energy

of binding of said compound to said HIV aspartyl

protease;
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(h) evaluating the enthalpic
contribution of the sum of all electrostatic
interactions between said compound and said HIV
aspartyl protease when said compound is bound thereto
in said conformation; and

(i) accepting or rejecting said
candidate compound as an HIV protease inhbitor based
upon the determinations and evaluations carried out in
steps (b) through (h).

Using the novel combination of steps set
forth in this screening method, the skilled artisan can
advantageously avoid time consuming and expensive
experimentation to determine enzymatic inhibition
activity of particular compounds. The method is also
useful for facilitating rational design of HIV protease
inhibitors and anti-HIV viral agents, including
therapeutic and prophylactic agents against HIV
infection. Accordingly, the present invention relates
to such inhibitors and anti-viral agents produced by
the screening method described above.

A variety of conventional technigues may be
used to carry out each of the above evaluations.
Generally, these techniques involve determining the
location and binding proximity of a given moiety, the
occupied volume of space of a bound compound, the
deformation energy of binding of a given compound and
electrostatic interaction energies. Examples of
conventional techniques useful in the above evaluations
include: quantum mechanics, molecular mechanics,
molecular dynamics, Monte Carlo sampling, systematic
searches and distance geometry methods (G.R. Marshall,
Ann. Ref., Pharmacol, Toxicol,, 27, p. 193 (1987)).
Specific computer software has been developed for use
in carrying out these methods. Examples of programs
designed for such uses include: Gaussian 92, revision C

AP000390
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(M.J. Prisch, Gaussian, Inc., Pittsburgh, PA ©1992);
AMBER, version 3.0 (U.C. Singh, University of
California at San Francisco, ©1992); QUANTA/CHARMM
(Molecular Simulations, Inc., Burlington, MA ©1992);
and Insight II/Discover (Biosysm Technologies Inc., San
Diego, CA ©1992). These programs may be implemented,
for instance, using a Silicon Graphics workstation,
IRIS 4D/35 or IBM RISC/6000 workstation model 550.
Other hardware systems and software packages will be
known and of evident applicability to those skilled in
the art.

Additional analysis of the actual detailed
interactions of the HIV protease-inhibitor complex can
be employed to ascertain more specifically the binding
associations between the enzyme and the bound
inhibitor. Such analysis may be carried out, for
example, by studying a solution of the complex by
single- and multi-dimensional NMR techniques.
Advantageously, the enzyme and/or the inhibitor may be
enriched with stable isotopes such as 13C, 15N and % to
more easily determine binding conformation and
proximity. Techniques, such as isotope editing, may be
used to enhance the resolution with which the
interactions are observed.

Either as an alternative or a supplemental
analysis, the HIV protease-inhibitor éomplex may be
studied by single crystal X-ray diffraction. The
process of determining the structures of
protein/inhibitor complexes using the X-ray techniques
described above is well known and has been used for
many different complexes (see T.L. Blundel and L.N.

Johnson, Protein Crystallography, Academic Press,
(1976) and Methods in Enzymology, volumes 114 and 115,

H.W. Wyckoff et al., eds., Academic Press (1985)).



TN

10

15

20

25

30

35

- 90 -

This technique can employ, for instance, a highly
purified preparation of HIV protease complexed with an
inhibitor of interest in a buffered solution
(typically at a pH of between about 4.5 and about 8.0).
The complex is allowed to crystallize in the presence
of a precipitation agent (such as ammonium sulfate)
under conditions which yield single crystals of the
complex. Specific conditions for crystallizing HIV
protease with various inhibitors have been well
documented (see, for example, G.B. Dreyer et al.,
Biochemigtry, 31, p. 6646 (1992)). Application of a
concentrated X-ray beam to an appropriately prepared
and mounted crystal (preferably, an X-ray beam from a
rotating anode X-ray generator or synchrotron) will
yield a diffraction pattern from the reflected X-ray
beam.

Detection of the diffracted rays may be
carried out by visualizing photographic paper exposed
to the diffracted X-rays or alternatively, by using a
multiwire area detector (such as that manufactured by
Siemens Analytical X-Ray Instruments, Inc. (Madison,
WI)) or an R-axis II image plate system from Rigaku
Corporation (distributed by Molecular Structure
Corporation, The Woodlands, TX). Other systems for
generating and collecting X-ray diffraction data will
be known to those of ordinary skill in the art.

Refinement of the X-ray diffraction data
yields a three dimensional structure. Computer
software (such as X-PLOR (Yale University, ©1992,
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distributed by Molecular Simulations, Inc.) has been
developed to carry out this refinement.

In general, using the above techniques with
an appropriately prepared crystalline complex, a
structure may be refined to about 2-3 A with an R value
of about 0.25 or less. As the skilled artisan can
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appreciate, these values are adequate to determine the
interactions between HIV protease and a given compound
such that it will be clear if features (1) through (6)
are present and consequently, whether that given
compound is an HIV aspartyl protease inhibitor. Thus,
additional inhibitors according to this invention may
be designed and predicted based on a combination of
crystallographic structural information and
computational analysis.

For example, to predict the binding of a
candidate inhibitor according to this invention, the
inhibitor is examined to determine whether the molecule
contains functionality which is not well represented by
the existing forcefield models in CHARMM (Molecular
Simulations Incorporated, Burlington, MA) or AMBER
(Professor P.A. Kollman, UCSF). If any functionality
is not well represented, we then examine all published
structural information for molecules containing such
functionality, and in some cases perform high-level ab
initio calculations on simple molecules containing
these functionalities to determine their preferred
conformations and the energy differences between
various conformations. More accurate parameters
describing these functional groups may then be derived
for the CHARMM and/or AMBER forcefields and used in
subsequent calculations.

Next, the candidate inhibitor is aligned in
3-dimensional space with other, related inhibitors
whose bound conformations have previously been
determined by x-ray crystallography. Both Van der
Walls volume and electrostatic potentials are used to
direct the alignment process. The alignment is
typically done with software like Quanta (Molecular
Simulations) or InsightII (Biosym Technologies, San
Diego, CA). This alignment can be done manually within

S
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this software, or more automated alignment procedures
within the software (e.g. the "superimpose® option of
Quanta or the "APEX" module of InsightII) may be used.
The result of this alignment is a first guess of the

*bound® conformation of the candidate inhibitor.

This

inhibitor is then docked in the active site of HIV
protease, and the confomation is energy minimized with

the enzyme atoms held fixed in space.

These

minimizations are typically done using the CHARMM or

AMBER forcefields.

Because inhibitors can sometimes bind in

multiple or unexpected conformations within an active

site, we often then carry out further searches of the
bound conformation of the enzyme-inhibitor complex.

For example, a variety of Monte Carlo search techniques
(e.g. as found in the Conformational Search Module of

Quanta) may be used, along with high-temperature
dynamics and simulated annealing. These search
techniques reveal whether there are alternative,
reascnable low-energy confomrations in which the
inhibitor may bind to the enzyme. The effects of
solvation and desolation in the formation of the
various enzyme-inhibitor complexes may be estimated

with programs such as DELPHI (Biosym), Polaris

(Molecular Simulations) and AMSOL (Professor C. Cramer,
University of Minnesota). The result of this searching
is a set of one or more bound conformations for the

candidate inhibitor.

AP000390¢

For each of the low-energy conformations,
waters may then be added to the active site of the

enzyme and the entire system relaxed.

Finally,

molecular dynamics simulations may be used to study the
detailed motions of the enzyme, the inhibitor, and

related water molecules.
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The final set of remaining low-energy
conformations (typically a very small number)
represents our predictions of the bound conformation of
the candidate inhibitor. Bach conformation includes

our estimate

of the dynamic flexibility of the entire

system (inhibitor, enzyme, and waters).
The more advanced methodology is typically
applied to the study of the first few compounds in a

series, when
the possible

there are the greatest uncertainties about
binding mode(s) in the enzyme active site.

For later compounds within a series, the low energy
conformers obtained from the searches on earlier
compounds provide information about the possible low
energy conformers of the inhibitor compounds. In
addition, crystallographic information about the

conformation
compounds wit

of the bound complexes of earlier
hin a series is often available. This

prior computational and structural work advantageously
facilitates the prediction of the bound conformation of
candidate inhibitor molecules.

To
have carried
140 (Table II
as described

Prediction of
Com 4
The

exemplify the above screening method, we
out the following evaluation of compound
), a preferred compound of this invention,
below.

indin n ion _an ner
IV Pr .
forcefield for the benzenesul fonamide

portion of compound 140 was derived from ab initio

calculations
forcefield.

for this moie
minimization
calculations.

and incorporated into the AMBER

The latest CHARMM forcefield parameters
ty were found to be adequate for energy
studies and are used in all Quanta/CHARMM

B .
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The low energy conformers obtained from the
conformational searches on earlier compounds in the
sulfonamide series (such as compound 16) provided
information about the possible low energy conformers of
compound 140. These low energy conformers were aligned
in 3-dimensional space with other related inhibitors
whose bound conformations have previously been
determined by x-ray crystallography. This alignment
process was carried out manually within Quanta and, in
some cases, was assisted with the "conformational
search" option of Quanta. The reference crystal
structure used in this alignment was the complex of
HIV-1 protease with compound 16. This inhibitor
structure was energy minimized in the active site of
the enzyme using Quanta/CHARM. The enzyme atoms were
held fixed during this minimization. Only the flap
water was included. Later simulations allowed the
enzyme to relax and used a variety of dielectric
approximations. A single low-energy conformation which
was consistent with all previous conformational
simulations and crystallographic data was obtained (see
Figure 1). This predicted binding conformation was
later found to be essentially in agreement with the
results obtained by x-ray crystallography (see Figures
2 and 3).

As discussed above, the novel compounds of

AP000390

the present invention are excellent ligands for
aspartyl proteases, particularly HIV-1 and HIV-2
proteases. Accordingly, these compounds are capable of
targeting and inhibiting late stage events in HIV
replication, i.e., the processing of the viral
polyproteins by HIV encoded proteases. Such compounds
inhibit the proteolytic processing of viral polyprotein
precursors by inhibiting aspartyl protease. Because
aspartyl protease is essential for the production of
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mature virions, inhibition of that processing
effectively blocks the spread of virus by inhibiting
the production of infectious virions, particularly from
chronically infected cells. Compounds according to
this invention advantageously inhibit the ability of
the HIV-1 virus to infect immortalized human T cells
over a period of days, as determined by an assay of
extracellular p24 antigen -- a specific marker of viral
replication. Other anti-viral assays have confirmed
the potency of these compounds.

The compounds of this invention may be
employed in a conventional manner for the treatment of
viruses, such as HIV and HTLV, which depend on aspartyl
proteases for obligatory events in their life cycle.
Such methods of treatment, their dosage levels and
requirements may be selected by those of ordinary skill
in the art from available methods and techniques. For
example, a compound of this invention may be combined
with a pharmaceutically acceptable adjuvant for
administration to a virally-infected patient in a
pharmaceutically acceptable manner and in an amount
effective to lessen the severity of the viral
infection.

Alternatively, the compounds of this
invention may be used in vaccines and methods for
protecting individuals against viral infection over an
extended period of time. The compounds may be employed
in such vaccines either alone or together with other
compounds of this invention in a manner consistent with
the conventional utilization of protease inhibitors in
vaccines. For example, a compound of this invention
may be combined with pharmaceutically acceptable
adjuvants conventionally employed in vaccines and
administered in prophylactically effective amounts to
protect individuals over an extended period time
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against HIV infection. As such, the novel protease
inhibitors of this invention can be administered as
agents for treating or preventing HIV infection in a
mammal .

The compounds of formula I, especially those
having a molecular weight of less than about 700
g/mole, may be readily absorbed by the bloodstream of
mammals upon oral administration. Compounds of formula
I having a molecular weight of less than about 600
g/mole are most likely to demonstrate oral
availability. This surprisingly impressive oral
availability makes such compounds excellent agents for
orally-administered treatment and prevention regimens
against HIV infection.

The compounds of this invention may be
administered to a healthy or HIV-infected patient
either as a single agent or in combination with other
anti-viral agents which interfere with the replication
cycle of HIV. By administering the compounds of this
invention with other anti-viral agents which target
different events in the viral life cycle, the
therapeutic effect of these compounds is potentiated.
For instance, the co-administered anti-viral agent can
be one which targets early events in the life cycle of
the virus, such as cell entry, reverse transcription
and viral DNA integration into cellular DNA. Anti-HIV
agents targeting such early life cycle events include,
didanosine (ddI), alcitabine (ddC), d4T, zidovudine
(AZT), polysulfated polysaccharides, sT4 (soluble CD4),
ganiclovir, dideoxycytidine, trisodium
phosphonoformate, eflornithine, ribavirin, acyclovir,
alpha interferon and trimenotrexate. Additionally,
non-nucleoside inhibitors of reverse transcriptase,
such as TIBO or nevirapine, may be used to potentiate
the effect of the compounds of this invention, as may
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viral uncoating inhibitors, inhibitors of trans-
activating proteins such as tat or rev, or inhibitors
of the viral integrase.

Combination therapies according to this
invention exert a synergistic effect in inhibiting HIV
replication because each component agent of the
combination acts on a different gite of HIV
replication. The use of such combinations also
advantageously reduces the dosage of a given
conventional anti-retroviral agent which would be
required for a desired therapeutic or prophylactic
effect as compared to when that agent is administered
as a monotherapy. These combinations may reduce or
eliminate the side effects of conventional single anti-
retroviral agent therapies while not interfering with
the anti-retroviral activity of those agents. These
combinations reduce potential of resistance to single
agent therapies, while minimizing any associated
toxicity. These combinations may also increase the
efficacy of the conventional agent without increasing
the associated toxicity. In particular, we have
discovered that these compounds act synergistically in
preventing the replication of HIV in human T cells.
Preferred combination therapies include the
administration of a compound of this invention with
AZT, ddI, ddC or d4rT.

Alternatively, the compounds of this
invention may also be co-administered with other HIV
protease inhibitors such as Ro 31-8959 (Roche),
L-735,524 (Merck), XM 323 (Du-Punt Merck) and A-80,987
(Abbott) to increase the effect of therapy or
prophylaxis against various viral mutants or members of
other HIV quasi species.

We prefer administering the compounds of this
invention as single agents or in combination with

L sy Ay
&
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retroviral reverse transcriptase inhibitors, such as
derivatives of AZT, or other HIV aspartyl protease
inhibitors. We believe that the co-administration of
the compounds of this invention with retroviral reverse
transcriptase inhibitors or HIV aspartyl protease
inhibitors may exert a substantial synergistic effect,
thereby preventing, substantially reducing, or
completely eliminating viral infectivity and its
associated symptoms.

The compounds of this invention can also be
administered in combination with immunomodulators
(e.g., bropirimine, anti-human alpha interferon
antibody, IL-2, GM-CSF, methionine enkephalin,
interferon alpha, diethyldithiocarbamate, tumor
necrosis factor, naltrexone and rEPO); and antibiotics
(e.g., pentamidine isethiorate) to prevent or combat
infection and disease associated with HIV infections,
such as AIDS and ARC.

When the compounds of this invention are
administered in combination therapies with other
agents, they may be administered sequentially or
concurrently to the patient. Alternatively,
pharmaceutical or prophylactic compositions according
to this invention may be comprised of a combination of
an aspartyl protease inhibitor of this invention and
another therapeutic or prophylactic agent.

Although this invention focuses on the use of
the compounds disclosed herein for preventing and
treating HIV infection, the compounds of this invention
can also be used as inhibitory agents for other viruses
which depend on similar aspartyl proteases for
obligatory events in their life cycle. These viruses
include, as well as other AIDS-like diseases caused by
retroviruses, such as simian immunodeficiency viruses,
but are not limited to, HTLV-I and HTLV-II. 1In
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addition, the compounds of this invention may also be
used to inhibit other aspartyl proteases, and in
particular, other human aspartyl proteases, including
renin and aspartyl proteases that process endothelin
precursors.

Pharmaceutical compositions of this invention
comprise any of the compounds of the present invention,
and pharmaceutically acceptable salts thereof, with any
pharmaceutically acceptable carrier, adjuvant or
vehicle. Pharmaceutically acceptable carriers,
adjuvants and vehicles that may be used in the
pharmaceutical compositions of this invention include,
but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, serum proteins, such as
human serum albumin, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates,
waxes, polyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wool fat.

The pharmaceutical compositions of this
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. We
prefer oral administration or administration by
injection. The pharmaceutical compositions of this
invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or
vehicles. The term parenteral as used herein includes
subcutaneous, intracutaneous, intravenous,
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intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional and
intracranial injection or infusion techniques.

The pharmaceutical compositions may be in the
form of a sterile injectable preparation, for example,
as a sterile injectable agqueous or oleaginous
suspension. This suspension may be formulated
according to techniques known in the art using suitable
digspersing or wetting agents (such as, for example,
Tween 80) and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example, as a
solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are
mannitol, water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending
medium. For this purpose, any bland fixed o0il may be
employed including synthetic mono- or diglycerides.
Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of
injectables, as are natural pharmaceutically-
acceptable oils, such as olive oil or castor oil,
especially in their polyoxyethylated versions. These
0il solutions or suspensions may also contain a long-
chain alcohol diluent or dispersant such as Ph. Helv or
a similar alcohol.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, and aqueous suspensions and
solutions. In the case of tablets for oral use,
carriers which are commonly used include lactose and
corn starch. Lubricating agents, such as magnesium

AP000390

BAD ORIGINAL @



10

15

20

25

30

35

- 101 -

stearate, are also typically added. For oral
administration in a capsule form, useful diluents
include lactose and dried corn starch. When aqueous
suspensions are administered orally, the active
ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added.

The pharmaceutical compositions of this
invention may also be administered in the form of
suppositories for rectal administration. These
compositions can be prepared by mixing a compound of
this invention with a suitable non-irritating excipient
which is solid at room temperature but liquid at the
rectal temperature and therefore will melt in the
rectum to release the active components. Such
materials include, but are not limited to, cocoa
butter, beeswax and polyethylene glycols.

Topical administration of the pharmaceutical
compositions of this invention is especially useful
when the desired treatment involves areas or organs
readily accessible by topical application. For
application topically to the skin, the pharmaceutical
composition should be formulated with a suitable
ointment containing the active components suspended or
dissolved in a carrier. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petroleum, white petroleum, propylene glycol, polyoxy -
ethylene polyoxypropylene compound, emulsifying wax and
water. Alternatively, the pharmaceutical composition
can be formulated with a suitable lotion or cream
containing the active compound suspended or dissolved
in a carrier. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol,

o e
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2-octyldodecanol, benzyl alcohol and water. The pharmaceutical
compositions of this invention may also be topically applied to the lower
intestinal tract by rectal suppository formulation or in a suitable enema
formulation. Topically-transdermal patches are also included in this

invention.

The pharmaceutical compositions of this invention may be
administered by nasal aerosol or inhalation. Such compositions are prepared
according to techniques well-known in the art of pharmaceutical formulation
and may be prepared as solutions in saline, employing benzyl alcohol or
other suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and/or other solubilizing or dispersing agents known in the

art.

Dosage levels of between about .01 and about 100 mg/kg body
weight per day, preferably between about 0.5 and about 50 mg/kg body
weight per day of the active ingredient compound are useful in the
prevention and treatment of viral infection, including HIV infection.
Typically, the pharmaceutical compositions of this invention will be
administered from about 1 to about 5 times per day or alternatively, as a
continuous infusion. Such administration can be used as a chronic or acute
therapy. The amount of active ingredient that may be combined with the

carrier materials to produce a single dosage form will vary depending upon
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the host treated and the particular mode of administration. A typical
preparation will contain from about 5% to about 95% active compound
(w/w). Preferably, such preparations contain from about 20% to about 80%

active compound.
Upon improvement of a patient's condition, a maintenance dose of

a compound, composition or combination of this invention may be

administered, if necessary. Subsequently the dosage or frequency of
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administration, or both, may be reduced, as a function
of the symptoms, to a level at which the improved
condition is retained when the symptoms have been
alleviated to the desired level, treatment should
Ccease. Patients may, however, require intermittent
treatment on a long-term basis upon any recurrence of
disease symptoms.

As the skilled artisan will appreciate, lower
or higher doses than those recited above may be
required. Specific dosage and treatment regimens for
any particular patient will depend upon a variety of
factors, including the activity of the specific
compound employed, the age, body weight, general health
status, sex, diet, time of administration, rate of
excretion, drug combination, the severity and course of
the infection, the patient's disposition to the
infection and the judgment of the treating physician.

The compounds of this invention are also
useful as commercial reagents which effectively bind to
aspartyl proteases, particularly HIV aspartyl protease.
As commercial reagents, the compounds of this
invention, and their derivatives, may be used to block
proteolysis of a target peptide or may be derivatized
to bind to a stable resin as a tethered substrate for
affinity chromatography applications. These and other
uses which characterize commercial aspartyl protease
inhibitors will be evident to those of ordinary skill
in the art.

In order that this invention be more fully
understood, the following examples are set forth.

These examples are for the purpose of illustration only
and are not to be construed as limiting the scope of

the invention in any way.
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General Materials and Methods

All temperatures are recorded in degrees
Celsius. Thin layer chromatography (TLC) was carried
out using 0.25 mm thick E. Merck silica gel 60 F,,
plates and elution with the indicated solvent system.
Detection of the campounds was carried out by treating
the plate with an appropriate visualizing agent, such
as 10% solution of phosphomolybdic acid in ethanol or a
0.1% solution of ninhydrin in ethanol, followed by
heating, and/or by exposure to UV light or iodine
vapors when appropriate. Thick layer silica gel
chromatography was also carried out using E. Merck 60
F,¢, Plates ("prep plates®) of 0.5, 1.0, or 2.0 mm
thickness. Following development of the plate, the
band of silica containing the desired compound was
isolated and eluted with an appropriate solvent.
Analytical HPLC was carried out using a Water's Delta
Pak, 5 puM silica, C18 reversed-phase column, 3.9 mm ID
X 15 cm L with a flow rate of 1.5 mL/min using the
following table:

Mobile phase: A = 0.1% CF,CO,H in H,0
B = 0.1% CF,CO,H in CH,;CN
Gradient: T = 0 min., A (95%), B (5%)
T = 20 min., A (0%), B (100%)
T

= 22.5 min., A (0%), B (100%)

AP000390

Preparative HPLC was also carried out using C,,
reversed-phase media. HPLC retention times were
recorded in minutes. NMR spectral data was recorded
using a Bruker AMX500, equipped with either a reverse
or QNP probe, at 500 MHz, and was taken in the
indicated solvent.

We have measured the inhibition constants of
each compound against HIV-1 protease using the method
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described essentially by M.w. Pennington et al.,
Peptides 1990, Gimet, E. and D. Andrew, Bds., Escom;
Leiden, Netherlands (1990).

Compounds of formula I were tested for their
antiviral potency in several virological assays. 1In
the first assay, the compounds were added as a solution
in dimethylsulfoxide (DMSO) to a test cell culture of
CCRM-CEM cells, a strain of CD4* human T-cell lymphoma
cells, previously acutely infected with HIV . npy using
standard protocols (see Meek, T. D. et al., "Inhibition
of HIV-1 protease in infected T-lymphocytes by
synthetic peptide analogues®, Nature, 343, p. 90
(1990) . Preferred compounds are those which are able to
inhibit 90% of viral infectivity at a concentration of
1 uM or less. More preferred compounds are those which
are able to inhibit 90% of viral infectivity at a
concentration of 100 nM or less.

The effect of the compounds on inhibiting the
replication of the virus was measured by determining
the HIV extracellular p24 antigen concentration using a
commercial enzyme immunoassay (obtained from Coulter
Corporation, Hialeah, FL).

Depending on the cell type and the desired
readout, syncytia formation, reverse-transcriptase (RT)
activity, or cytopathic effect ag assayed by a dye
uptake method may also be used as readouts of antiviral
activity. See H. Mitsuya and S. Broder, "Inhibition of
the in vitro infectivity and cytopathic effect of human
T-lymphotropic virus type III/lymphoadenopathy-
associated virus (HTLV-III/LAV) by 2',3'-
dideoxynucleosides", Proc., Natl. Acad. Sci. USA,
vol. 83, pp. 1911-1915 (1986). The effect of compounds
of formula I on clinical isolates of other HIV-1
strains was determined by obtaining low-passaged virus
from HIV-infected patients and assaying the effect of
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the inhibitors in preventing infection of the HIV virus
in freshly prepared human peripheral blood mononuclear
cells (PBMCs).

Insofar as compounds of formula I are able to
inhibit the replication of the HIV virus in human
T-cells and furthermore, may be delivered orally to
mammals, they are of evident clinical utility for the
treatment of HIV infection. These tests are predictive
of the compounds ability to inhibit HIV protease in

vivo.

Example 1

A. Compound XI ((syn)-OH, D' = benzyl). 184 g of
Brockman Super I grade neutral alumina was slurried in
sufficient diethyl ether to form a thick, stirrable
suspension and was treated with 7.48 mL of benzylamine.
After stirring for 5 min, 7.28 g of (1S,2S)-1-(N-
benzyoxycarbonyl) -amino-2-phenylethyl-oxirane was added
and the mixture stirred for 15 h. The mixture was
treated with 15.28 g of di-tert-butylpyrocarbonate and
4.70 mL of diisopropylethylamine. This mixture was
stirred for 3.5 h, then treated with 600 mL of
methanol, allowed to stand for 3.5 h, and filtered to
yield a yellow oil, which was purified by silica gel
chromatography using a gradient of 0.5 to 1.5% methanol
in methylene chloride to yield 3.88 g of the desired
product as a white solid. Further washing the filter
cake with methanol and with 3% ammonium hydroxide in
methanol yielded 2.2 g of 4-benzylamino-2-N-
benzyloxycarbonylamino-3-hydroxy-1-phenylbutane in
several portions. Each of these portions was treated
separately, as a solution in methylene chloride, with
1.1 molar equivalents each of di-tert
butylpyrocarbonate and diisopropylethylamine, followed

AP000390
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by aqueous workup with water, 10% aqueous KHSO,, and
brine, drying over MgSO,, and concentration in vacuo.
The combined products of these reactions were purified
by silica gel chromatography using a gradient of 5% to
15% diethyl ether in methylene chloride. The resulting
pure fractions were collected and combined with the
previously purified product to yield 5.49 g of a white
solid. TLC: Rf = 0.56, 5% methanol/CH,Cl,; ('H)-MMR
(CDCl,) consistent with structure.

B. Compound XII ((syn)-OH, D' = benzyl). A solution
of 5.49 g of the resultant compound of Example 1A in

40 mL of ethanol was hydrogenated under a slight
positive pressure of hydrogen in the presence of 380 mg
of 10% palladium on carbon for 16 h. After filtering
and concentrating in vacuo, the desired product was
obtained as 4.03 g of a white solid. TLC: Rf = 0.21,
86:5:0.5 CHZClz/methanol/concentrated NH,OH.

C. Compound XIII ((syn)-OH, A = benzyloxycarbonyl,
D' = benzyl). A solution of 3.02 g of the resultant
compound of Example 1B in 150 mL of methylene chloride
was treated with 4.35 g of Na—Cbz-NJ-trityl asparagine,
1.16 g of hydroxybenzotriazole hydrate, and 1.64 g of
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide
hydrochloride. The mixture was stirred for 16 h, then
diluted with 3 volumes of diethyl ether and washed

sequentially with water, saturated NaHCO; solution, 10%

KHSO, solution, and brine.

After drying over MgSoO, and

concentrating in vacuo, a yellow o0il was obtained which

was purified by chromatography on a Florisil column
using a gradient of 0% to 25% EtOAc in CH,Cl, as eluant
to yield 8.00 g of the title compound as a white foam.
TLC: Rf = 0.51, S% methanol/CH,Cly; ('H)-MMR (CDC1,)

consistent with structure.
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D. Compound XIV ((syn)-OH, A = H, D' = benzyl). A
solution of 7.90 g of the resultant compound of
Example 1C in 150 mL of ethanol was hydrogenated under
a slight positive pressure of hydrogen int he presence
of 550 mg of 10% palladium on carbon for 2.5 h, then
ca. 50 mg more 10% palladium on carbon was added, the
mixture was then filtered and concentrated in vacuo to
give the desired product as 6.66 g of a white solid
which was used without subsequent purification. TLC:
Rf = 0.26, 95:5:0.5 CH,Cl,/methanol/concentrated NH,OH.

E. Compound XIV ((syn)-OH, A = quinoline-2-carbonyl,
D' = benzyl). A suspension of 1.51 g of quinaldic acid
and 6.17 g of the resultant compound of Example 1D in
150 mL of acetonitrile was treated with 1.52 mL of
diisopropylethylamine and 3.58 g of BOP reagent. The
mixture was stirred for 14 h, then concentrated

in vacuo. The gummy residue was partitioned between
ether and water, and the organic layer was washed
sequentially with brine, saturated NaHCO5 solution,
water, 10% KHSO, solution, and brine, then dried over
MgSO, and concentrated in vacuo. Subsequent
purification by silica gel chromatography using 0% to
8.5% solvent A in methylene chloride (where solvent A
is defined as 90:10:1, methylene chloride/methanol/
concentrated ammonium hydroxide) yielded 5.79 g of the
title compound as a white foam, along with ca. 600 mg
of slightly impure side fractions. TLC: Rf = 0.41, 5%
methanol /CH,Cl,; ("H) -NMR (CDCl,) consistent with

structure.

F. Compound 1. A 58 mg portion of the resultant
compound of Example 1E was treated with 1 mL of 90%
aqueous TFA and allowed to stand for 17 h. The mixture
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was concentrated in vacuo and the residue taken up in

3 mL of CH,Cl,, treated with 100 uL of DIEA, and cooled
to 0°C. To this solution was added 26 uL of
benzenesulfonyl chloride, and the mixture was stirred
for 18 h, warming slowly to ambient temperature. After
concentration of the mixture in vacuo, the residue was
purified by thick layer silica gel chromatography using
5% MeOH/CH,Cl, as eluant followed by preparative
reversed-phase C;g HPLC using a linear gradient of 40%
to 100% CH5CN/H,0 with 0.1% TFA for elution to obtain
8.3 mg of the title compound. TLC: Rf = 0.50, 5%
MeOH/CH2C12. HPLC: Rt = 17.8 min. NMR (DMSO—d6)6 2.62
(dd, 1H); 2.76 9d, 2H); 2.80 (dd, 1H); 3.11, (d, 2H);
3.34 (44, 1H); 4.59 (br s, 1H); 4.68 (br s, 1H); 3.97
(m, 1H); 4.20 (d, 1H), 4.35 (d, 1H); 4.68 (dd, 1H);
6.39 (d, 1H); 6.74 (t, 1H); 6.81 (t, 2H); 6.93 (d, 2H);
7.12-7.24 (m, 6H); 7.51 (t, 2H); 7.57 (¢, 1H); 7.62

(dd, 1H); 7.77 (t, 2H), 7.96 (d, 1H); 8.09 (d, 1H);
8.16 (d, 1H); 8.31 (d, 1H); 8.53 (d, 1H).

Example 2

Compound 2. A 150 mg portion of the
resultant compound of Example 1E was dissolved in 1 mL
of 90% aqueous TFA and stirred at ambient temperature
overnight, then concentrated in vacuo. The crude TFA
salt residue was dissolved in 7 mL of dry methylene
chloride and the pH of the solution was adjusted to
PH 8 with 1N NaOH. 56 mg of a mixture of 4-fluoro-3-
acetamidobenzene sulfonylchloride and 3-fluoro-4-
acetamidobenzene sulfonylchloride (~1:1) was added and
the mixture stirred vigorously for 3 hours after which
an additional 25 mg was added and the reaction allowed
to continue for an additional 12 hours. The reaction
was then diluted with 50 mL of ethylene chloride and
the organic layer was washed sequentially with water
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and brine, dried over MgSO, and concentrated in vacuo.
The crude residue was purified using a silica gel flash
chromatography column using a gradient of 3% to 5% MeOH
in methylene chloride as eluant to yield 60 mg of the
title compounds. TLC: Rf = 0.50, 10% MeOH/CH,Cl,;

HPLC: Rt = 13.93 min. NMR (CDCla): 09.05 (s, 1H); 8.65
(d, 0.5H); 8.58 (t, 0.5H), 8.20 (d4, 0.SH), 7.85 (d,

1H) 7.75 (m, 0.5H), 7.45-7.63 (m, 1.5H), 7.14-7.25 (m,
6H), 6.78-6.95 (m, S5H), 6.70 (4, 1H), 6.41 (s, 0.5H),
6.25 (8, 0.5H), 6.18 (s, 0.5H), 6.10 (s, O0.5H), 4.88

(m, 0.5H), 4.81 (m, 0.5H), 4.37 (d, 1H), 4.35 (m, 1H),
4.21 (d, 1H), 4.00 (m, 1H), 3.46 (m, 0.5H), 3.35 (m,
0.5H), 3.27 (d, 0.5H), 3.16 (d, 0.5H), 3.14 (d, 1H),
2.45-2,75 (m, SH); 2.16, 2.20 (2 8, 3H total).

Example 3

Compound 3. A 23 mg portion of the resultant
compound of Example 1E was treated with 1 mL of S0%
aqueous TFA and allowed to stand for 15 h. The mixture
was concentrated in vacuo and the residue taken upon in
2 mL of CH,Cl,, treated with 6 uL of DIEA, and cooled
to 0°C. To this solution was added 23 mg of 3,5-
dimethylisoxazole-4-sulfonyl chloride, and the mixture
was stirred for 18 h, warming slowly to ambient
temperature. After concentration of the mixture
in vacuo, the residue was purified by preparative
reversed-phase C;g HPLC using a linear gradient of 35%
to 100% CH4CN/H,0 with 0.1% TFA for elution to obtain
1.1 mg of the title compound. TLC: Rf = 0.55, 10%
MeOH/CH,Cl,. HPLC: Rt = 14.5 min; ('H)-NMR (CDClz)
consistent with structure.
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Example 4

Compound 4. A 33 mg portion of the resultant
compound of Example 1E was treated with 1 mL of 90%
aqueous TFA and allowed to stand for 15 h. The mixture
was concentrated in vacuo and the residue taken up in
3 mL of CH,Cl,, treated with 16 ulL of DIEA, and cooled
to 0°C. To this solution was added 10 UL of 3-
trifluoromethylbenzene sulfonyl chloride, and the
mixture was stirred for 18 h, warming slowly to ambient
temperature. After concentration of the mixture
in vacuo, the residue was purified by preparative
reversed-phase Cig HPLC using a linear gradient of 35%
to 100% CH3CN/H,0 with 0.1% TFA for elution to obtain
1.1 mg of the title compound. TLC: Rf = 0.55, 10%
MeOH/CH,Cl;. HPLC: Rt = 14.5 min; ('H)-NMR (CDCly)
consistent with structure.

Example 5

Compound 5. A 20 mg portion of the resultant
compound of Example 1E was treated with 1 mI of 90%
aqueous TFA and allowed to stand for 18 h. The mixture
was concentrated in vacuo and the residue taken up in
1 mL of CHoCl,, treated with 10 pL of DIEA, and cooled
to 0°C. To this solution was added 13 mg of 2-
acetamido-4-methyl-s-thiazolesulfonyl chloride, and the
mixture was stirred for 17 h, warming slowly to ambient
temperature. After concentration of the mixture
in vacuo, the residue was purified by preparative
reversed-phase Cyg HPLC using a linear gradient of 35%
to 100% CH3CN/E,O with 0.1% TFA for elution to obtain
0.40 mg of the title compound. TLC: Rf = 0.5, 10%
MeOH/CHpCl,. HPLC: Rt = 13.8 min; ('H)-MMR (CDCly)
consistent with structure.

BAD ORIGINAL @



10

15

20

25

30

- 112 -

Example 6

Compound 6. A 33 mg portion of the resultant
compound of Example 1lE was treated with 1 mL of 90%
aqueous TFA and allowed to stand for 16 h. The mixture
was concentrated in vacuo and the residue taken up in
2 mL of CHZClz, treated with 16 uL of DIEBRA, and cooled
to 0°C. To this solution was added 11 mg of 5-
(isoxazol-3-yl)thiophene-2-sulfonyl chloride, and the
mixture was stirred for 18 h, warming slowly to ambient
temperature. After concentration of the mixture
in vacuo, the residue was purified by preparative
reversed-phase C,g HPLC using a linear gradient of 35%
to 100% CH4CN/H,0 with 0.1% TFA for elution to obtain
1.5 mg of the title compound. TLC: Rf = 0.7, 10%
MeOH/CH,Cl,.  HPLC: Rt = 14.7 min; ('H)-NMR (CDCl,)
consistent with structure.

Example 7

Compound 7. A 35.5 mg portion of the
resultant compound of Example 1E was treated with 1 mL
of 90% aqueous TFA and allowed to stand for 18 h. The
mixture was concentrated in vacuo and the residue taken
up in 3 mL of CHZClz, treated with 16 ulL of DIEA, and
cooled to 0°C. To this solution was added 10 mg of 3-
chlorosulfonylbenzoic acid, and the mixture was stirred
for 16 h, warming slowly to ambient temperature. After

AP000390

concentration of the mixture in vacuo, the residue was
purified by preparative reversed-phase C,q HPLC using a
linear gradient of 35% to 100% CH43CN/H,0 with 0.1% tTFA
for elution to obtain 1.6 mg of the title compound.
TLC: Rf = 0.7, 10% MeOH/CHZClz. HPLC: Rt = 13.6 min;
(") -NMR (CDC1,) consistent with structure.
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Exazple 8

Compound 8. 0.04 mmol of the resultant
compound of Example 1CA was converted to the free base
by partitioning between EtOAc and sat. NaBCOJ.
Treatuent of the resulting compound with an excess of
1% HC1/MeOH and concentration in vacuo Yielded the
hydrochloride salt as a white solid. This compound was
suspended in CH‘CI3 and treated with sufficient DIEA to
bring the pR to >10 (moist PH paper). The selution was
treated with 7 molar equivalents of
chlorotrimethylsilane and stirred for 15 h under
nitrogen, then treated with 0.06 mmol of methane
sulfonyl chloride and stirred for 1 h. The resulting
mixture was concentrated te a small volume, applied
directly to a thick layer silica gel pPlate and eluted
vith 7% MeOH/CH,Cl,. The primary UV~quenching band was
isolated and further purified bY preparative reversed-
pPhase HPIC to yield the title compound as a white
solid. TIC: Rf = 0.65, 10% CE,OH/CH,C].:, BPLC: Rt =
12.3 min; ('H)-NMR (CDC13) consistent with structure.

Exarples 9 and 182

A. Compound XIV ((syn, anti-OH, A = quinoline-2-
carbonyl, D' = isobutyl). A golution of 317 ng (0.425
mmol) of the resultant compounds of Example 17B,
diasterecmer B and 0.11 mlL (0.637 nmol) of
diisopropylethyl amine {n 7 mL of dichloromethane was
treated with 139.1 mg (0.637 mmol) of di-tert-butyl
dicarbonate. After 24 hours, the mixture was diluted
with dichloromethane. The mixture wag washed with
vater, 5% NaHCO,, 0.5 N HCl, brine then dried over
MgSC4, filtered and ceoncentrated in vacuo. The residue
was purified by low pressure silica gel column
chromatography using a 20t ethyl
acetate/dichloromethane as eluent to yield 81.2 mg of
the fast moving hydroxyl diastereomer, 65.8 ng of the
slower moving hydroxyl diastereomer, and &5.8 Rg of the
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mixed diastereomers. TLC: Rf = 0.60, 0.67, 40%
EtOAC/CH,Cly; ('H)-NMR (CDCly) consistent with
structure.

B. Compounds 9 and 192. A solution of 35.1 mqg (0.041
mmol) of the resultant mixed diastereomers (-~1:1) of
Bxanple 9/1%2A in 0.8 mlL of dichloromethane was treated
with 0.8 BL of trifluorcacetic acid. After 4 hours,
the mixture was concentrated in vacue. TLC: Rf = 0.11,
10% CH4OH/CH,Cly. To a solution of the resulting
trifluorocacetic acid salt (entire yield) in 1 ml of
dichloromethane was sequentialled added 0.3 mL of
saturated NaHCO,, 3 srall arount of s0lid NaHCO, and
11.8 mq (0.054 mzol) of banzofurazan-4-sulphonyl
chloride. After 3 hours, the mixture was diluted with
dichloromethane. The two layers were separated and the
agqueous layer was extracted once with dichleromethane.
The combined organic layer vas washed with brine then
dried over MgsO,, filtered and concentrated in vacuo.
The residue was purified by preparative HPLC to yield
2.0 mg of compound 9 as a white sollid: TLC: Rf = 0.20,
5% CH,08/CE,Cl,; HPLC, RT 14.2 min. 3.7 ng of

compound 182 was also obtained as a white solid, which
was deterpined by NMR and HPLC to be contaminated with
_25% of compound 9: TIC: Rf = 0.20, 5% CH,0H/CH;Cl,;
HPLC, Rt ® 14.2 min. (H)-MMR consistent with
structure.

AP000390

Exaaple 10

A. Compound XV ((syn)-OH, A = quinoline-2-carbonyl,
D' = benzyl; TFA salt). A 0°C solution of 1.0237 g
portion of the resultant compound of Example 1E in $ nL
of CH,Cl, was treated with 5 mlL of TFA and allowed to
stand for 3 h. The mixture was concentrated in vacuo
to yield 0.95 g of the title compound, which was used
vithout subsequent purification.
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B. Compound 10. A solution of 30.2 mg of the
resultant compound of Example 10A in 3 mL of CH,Cl, was
treated with 0.33 mL of DIEA and 31.1 mg of m-
benzenedisulfonyl chloride. The mixture was stirred
for 2 h, then treated with 2 mL of concentrated aqueous
ammonium hydroxide. The biphasic mixture was stirred
for an additional 16 h, concentrated in vacuo, and the
residue partitioned between ethyl acetate and brine.
The organic layer was dried over anhydrous MgSO,4 and
concentrated in vacuo, and the residue was purified by
preparative thick layer silica gel chromatography using
3% MeOH/CH,Cl, as eluant to yield 4.5 mg of the title
compound. TLC: Rf = 0.5, 3% MeCH/CH,Cl, as eluant to
yield 4.5 mg of the title compound. TLC: Rf = 0.5, 3%
MeOH/CH,Cl,. HPLC: Rt = 13.4 min; ('H)-MMR (CDC1,)
consistent with structure.

Example 11

Compound 11. A solution of 57.9 mg of the
resultant compound of Example 10A in 5 mL of CH,Cl, was
treated with 30 uL of DIEA and 9.3 uL of
dimethylsulfamoyl chloride. The mixture was stirred
for 12 h, then treated with an additional 30 uL of DIEA
and 9.3 uL of dimethylsulfamoyl chloride and the
reaction was allowed to proceed an additional 12 hours.
The mixture was then diluted with CH,Cl, and washed
with saturated NH,Cl; the aqueous layer was washed with
CH,Cl,, and the combined organic extracts were dried
over MgSO,. Filtration and concentration provided a
residue which was chromatographed on a silica gel
column using 2.5% MeOH/EtOAc as eluent, yielding a
slightly impure product which was further purified by
preparative HPLC using a linear gradient of 35% to 100%
CH3/CN/H,0 with 0.1% TFA for elution. HPLC: Rt = 13.0
minutes. NMR (CDCL,) : 89.15 (d, 1H), 8.34 (d, 1H),
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8.22 (d, 1H), 8.18 (4, 1H), 7.90 (4, 1H), 7.80 (t, 1H),
7.65 (t, 1H), 7.16-738 (m, SH), 7.05 (d, 1H), 6.95 (t,
1H), €.87 (t, 1H), 5.85 (br s, 1H), 5.62 (br s, 1H),
4.87 (M, 1H), 4.46 (s, 2H), 4.08 (m, 1H), 3.66 (m, 1H),
3.30 (m, 2H), 2.59-2.94 (m, 4H), 2.81 (8, 6H).

Example 12

A. Compound XIV ((syn)-OH, A = quinoline-2-carbonyl,
D' = benzyl; trifluoroacetate salt). To a solution of
1.027 g (1.164 mmol) of the resultant compound of
Example 1E in CH,Cl, (5 mL) at 0° to 5°C was added
trifluoromethanesulfonic acid (5 mL). After stirring
for 3 h, the reaction mixture was concentrated in vacuo
to provide 0.95 g of light yellow, gummy product,
containing one equivalent of triphenylmethanol, which
was used without subsequent purification.

B. Compound 12. To a solution of 30.2 mg

(0.038 mmol) of the resultant compound of Example 12A
in CH,Cl, (3 mL) was added diisopropylethylamine

(0.33 mL, 0.189 mmol), and 2- (pyrid-2-yl)-tyiophene-5-
sulfonyl chloride 13 mg, (0.249 mmol). After 14 h, the
resulting mixture was diluted with ethyl acetate,
washed with saturated brine, dried over magnesium
sulfate, filtered and concentrated in vacuo. The
residue was purified by preparative reversed-phase
chromatography using a 5% to 100% H,0/acetonitrile
gradient as eluant to yield the title product.

AP000390

Example 13

Compound 13. To a solution of 30 mg
(0.038 mmol) of the resultant compound of Example 12A
in CH,Cl, (3 mL) was added diisopropylethylamine
(0.33 mL, 0.189 mmol), and 2-(3-
phenylsulfonyl)thiophene sulfonyl chloride (0.113
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mmol). After stirring for 2 h, the reaction mixture
was made biphasic by addition of 30% ammonium hydroxide
solution (2 mL). After stirring for an additional 16
h, the resultant mixture was concentrated in vacuo,
reconstituted in ethyl acetate, washed with saturated
brine, dried over magnesium sulfate, filtered, and re-
concentrated in vacuo. Purification by thin layer
preparative chromatography yielded the desired
compound.

Example 14

Compound 14. The resulting compound of
Example 17B, diastereomer B (170 mg) was treated with 1
mL of 90% aqueous TFA and allowed to stand for 12 h.
The mixture was concentrated in vacuo and the residue
taken up in 5 mL of dry CH,Cl,. To this solution, 3 mL
of saturated agqueous sodium bicarbonate and 50 mg of
4-fluorobenzenesulfonyl chloride was added and the
mixture stirred for 3 h. The resulting mixture was
diluted with CH,Cl, and washed with water, dried over
magnesium sulfate and filtered. After concentration of
the mixture in vacuo, a portion of the residue was
purified by preparative reversed-phase Cyg HPLC using a
linear gradient of 35% to 100% CH4CN/H,0 with 0.1% TFA
for elution to obtain 3.0 mg of the title compound.
TLC: Rf = 0.25, 5% CH3OH in CH2C12. HPLC: Rt = 14.78
min; ('H) -NMR (CDCl,5) consistent with structure.

Example 15

Compound 15. A sample of a mixture of 4-
fluoro-3-acetamidobenzenesulfonyl chloride and 3-
fluoro-4-acetamidobenzenesulfonyl chloride (approx.
1:1; obtained from Maybridge Chemicals) was resolved
into its respective regioisomers by silica gel
chromatography using 10% isopropyl alcohol/hexane as
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eluent. A solution of 4-acetamido-3-
fluorobenzenesulfonyl chloride (30 mg) and the
resulting compound of Example 17B, diastereomer B (80
mg) in 10 mL of CH,Cl, was reacted in the same manner
as described for Example 14. After workup and
purification of a portion of the product by preparative
reversed-phase C,q HPLC using a linear gradient of 35%
to 100% CH,CN/H,0 with 0.1% TFA as eluent, 1.2 mg of
the title compound was obtained as a white solid. TLC:
Rf = 0.25, 5% CH,0H in CH,Cl,. HPLC: Rt = 12.91 min;
('H) -NMR (CDCl3) consistent with structure.

Example 16

Compound 16. 80 mg of the resulting compound
of Example 17B, diastereomer B, was reacted with 45 mg
of 3-acetamido-4-fluorocbenzenesulfonyl chloride in the
same manner as described for Example 14. After workup
and purification of a portion of the product by
preparative reversed-phase C,;g HPLC using a linear
gradient of 35% to 100% CH3CN/H,0 with 0.1% TFA as
eluent, 1.4 mg of the title compound was obtained.

O

TLC: Rf = 0.25, 5% CH30H in CHZClz. HPLC: Rt = 12.91 P
min; (IH)-NMR (CDC14) consistent with structure. V)
(]

Example 17 o

. O

A. (2S8)-2-((1S, 2R syn, anti)-3-(2- o
<L

methylpropyl)amino-1-benzyl-2-hydoxypropyl)-N1-
((quinoline-z-carbonyl)-amino)-NA-trityl succinamide.

A solution of 683.1 mg (0.96 mmol) of the resultant
compounds of Example 191D and 1.9 mL (19.2 mmol) of
isobutylamine in 10 mL of acetonitrile in a sealed tube
was heated at 90-100°C for 24 hours. After cooling to
room temperature, the mixture was concentrated

in vacuo. The residue was taken up in dichloromethane
and washed with water, brine, then dried over MgsSO,,
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filtered and concentrated in vacuo to yield 783.8 mg of

the mixed diastereomeric products.

TLC: Rf = 0.11, 10%

CH30H/CH,Cl,; ('H)-NMR (CDCl;) consistent with

structure.

B. Compound XIII, ((syn, anti)-OH, A = quinoline-2-
A solution of 583.8 mg of
the resultant compounds of Example 17A and 0.2 mL of
diisopropylethylamine in 10 mL of dichloromethane was
treated with 256 mg of di-tert-butyl dicarbonate.
After 24 hours, the mixture was diluted with

carbonyl, D' = isobutyl).

dichloromethane. The mixture was washed with water, 5%
NaHCO3, 0.5 N HC1l, brine then dried over MgSO,,

filtered and concentrated in vacuo.

purified by low pressure silica gel column

chromatography using a 20% ethyl
acetate/dichloromethane as eluent to yield 154.6 mg of
the fast moving diastereomer A, later identified as
having the anti configuration at the hydroxyl center;
98.8 mg of the slower moving diastereomer B, having the
syn configuration at the hydroxyl center, and 204.6 mg

of the mixed diastereomers A and B.

0.67, 40% EtOAC/CH,Cl,.

The residue was

TLC: Rf = 0.60,

C. Compound 17. A solution of 64.6 mg of the
resultant compounds of Example 17B, diastereomer B, in
1.5 mL of dichloromethane was treated with 1.5 mL of

trifluoroacetic acid. After 4 hours,

concentrated in vacuo to yield the amine
trifluoroacetate salt. TLC: Rf = 0.11, 10%
CH40H/CH,Cl,. To a solution of 17.8 mg of the resultant
trifluoroacetate salt in 1 mL of dichloromethane was
sequentially added 0.3 mL of saturated NaHCO3, a small
amount of solid NaHCO; and 10.7 mg of 4-acetamido-

benzenesulphonyl chloride.

After 3 hours,

the mixture was

the mixture
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was diluted with dichloromethane. The two layers were
separated and the aqueous layer was extracted once with
dichloromethane. The combined organic layer was washed
with brine then dried over MgSO,, filtered and
concentrated in vacuo. The residue was purified by
preparative HPLC to yield 14.4 mg of the title compound
as a white solid; TLC: Rf = 0.54, 10% CHaoﬂ/CHZClz;
HPLC, Rt = 13.58 min; ('H)-NMR (CDCl,) consistent with
structure.

Example 18

Compound 18. To a solution of 20.8 mg (0.041
mmol) of the crude trifluorocacetate salt obtained as
from Example 17B, diastereomer B, in 1 mL of
dichloromethane was sequentially added 0.3 mL of
saturated NaHCO,;, a small amount of solid NaHCO5 and
13.6 mg (0.054 mmol) of 2-acetamido-4-methyl-5-
thiazolesulphonyl chloride. After 3 hours, the mixture
was diluted with dichloromethane. The two layers were
separated and the aqueous layer was extracted once with
dichloromethane. The combined organic layer was washed
with brine then dried over MgS0O,, filtered and
concentrated in vacuo. The residue was purified by
preparative HPLC to yield 4.8 mg of the title compound
as a white solid; TLC: Rf = 0.50, 10% CH3OH/CH2C12;
HPLC: Rt = 13.35 min; (IH)-NMR (CDC1l3) consistent with
structure.

Example 1

A, Sodium 3-acetamidobenzenesulfonate. A solution of
118.6 mg (0.55 mmol) of 3-acetamidobenzenesulfonic acid
in 0.5 mL of water was treated with 0.55 mL (0.55 mmol)
of 1.0 N NaOH at 0°C. After stirring at room
temperature for 4 hours, the mixture was concentrated
to dryness and used without subsequent purification.

AP000390
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B. 3-Acecamidobenzenesulfonyl chlcride. The crude
mixture from Example 13A was cooled to 0°C and 0.29 g
(1.38 mmol) of phoschorus pentachloride was added. The
mixture of solid was stirred for 3 hours then 5 mi,
dichloromethane was added. After 24 hours, the slurry
was filtered and cozzentrared in vacuo to yield 81.4 mg
of solid product which was used without subsequent
pur:fication. TLC: Rf = 0.50, 40% E:OAC/C’H2C12.

C. Compound 19. A scliution of 82.7 mg (0.098 mmol)
°Z Z:astereomer B, obtained in Exarcle 17B, in 2 mL of
dichloromethane was treated with 2 mL of
trifluoroacetic acid. After 4 hours, the mixture was
corncentrated in vacuo to Yield the amine
trifluoroacetate sal: which was used without further
purification; TLC: Rf = 0.11, 10% CH3OH/CH2C12. A
solution of this salt (entire yield) in 2 mL of
dichloromethane was treated sequentially with 0.5 ml, of
saturated NaHCHO,;, small amount of solid NaHCO5 and a
solution of 81.4 mg (0.046 mmol) of the resultant
compound of Example 19B. After 3 hours, the mixture
was diluted with dichloromethane. The two layers were
Separated and the agueous layer was extracted once with
dichloromethane. The cordbined organic layer was washed

(

AP00N3g9

with zrine then dried over MgSO,, filtered and
concentrated in vacuc. The residue was purified by
preparative HPLC to yield 24.7 mg of the title compound
as a white solid; TLC: Rf = 0.42, 10% CHsoH/CH2C12;
HPLC: Rt = 13.8 min; (1H)-NMR (CDC1l,) consistent with

Structure.
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Example 20
Compound 20. A solution of 209.0 mg (0.24
mol) ¢f the resultant compound of Example 17B,

diaszerecmer B, in 5 mL of dichloromethane was treated
After 4 hours, the
TLC: Rf = 0.1, 10%

To a solution of this residue in 2 ml of

with 5 mL of trifluoroacetic acid.
rmixture was concentrated in vacuo.
CH3OH/CH2512.
ichlcromethane was sequentially added 0.5 mL of
saturated NaHCO;, a small amount of solid NaHCO4 and
72.2 mg (0.32 mmol) of benzofurazan-4-sulphonyl

ide. Afzer 3 hours, the mixture was dilu-ed wi:zh
_crcrethane. The two layers were separated and the
aguecus layer was extracted once with dichloromethane.
The ccmbined organic layer was washed with brine then
dried cvar MgSC,, filtered and concentrated in vacuo.
The residue was purified by preparative HPLC to yield
108.0 mg of the title compound as a white solid; TLC:
RE = 0.60, 10% CH30H/CH,Cl,; HPLC: Rt = 14.95 min; ('H)-

NMR (CDC13) consistent with structure.

Example 21
Compound 21. The resulting compound of Example
178, diastereomer B, (228 mg, 0.27 mmol) was dissolved
in 1:1 CE,CL,/TFA (10 mL), and the reaction mixture
stirred for 3.5 hours, then concentrated to dryness to

rd the product trifluorocacetate salt as a yellow

W)
(B}
r
O
A

sciid which was used in the next reaction without
crification. (34.7 mg,
.05 mmol) in CH,Cl, (3 mL) was added Heunig's base (41
ul, 0.24 mmol) and dimethylsulfamoyl chloride (11 ul,
C.0% mmol), and the reaction was stirred for 17 hours

To a solution of this residue

(S o]

at room temperature. The reaction mixture was then
diluted with CH,Cl, and washed with saturated NH,Cl, and

the organic layer was dried over MgSO,. Filtration and

concentration provided a residue which was

AP000390
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chroratographed cn a siliza gel column using 8%
CHacH/CHZCIZ as eluent, Yielding the desired compound
nich was further subjec: to purification by
preparative HPLC. HPLC: Rt = 13.8 minutes. TLC: Rf =
249, BY CHiOH/CH)Cly; ('H)-NMR (CDCl,) comsistent wich

sStructure.

Example 22
A. N%-isocyano-L-valine methyl ester. To the HC]
salt of valine methyl ester (2.08 g, 12.40 mmol) in
tcluene (20 ml) was added a 20% solution of phosgene in
toluene (32 mL, 62.00 rmel), and the solution was
nNeated at reflux for 12 hours. The reaction was then
cooled to room temperature and concentrated in vacuo to
Sive a pale yellow liquid which was used in the
Subsequent reaction without purification. TLC: Rf =
°-88, 50% Hexane/EtOAc; ('H)-MMR (CDCl;) comsistent
with structure.

B. Na-(Z—pyridylmethyl)-oxycarbonyl—L-valine methyl
ester. A mixture of 2-pyridylcarbinol (941 ul,

$.75 mmol) and the resulting compound of Example 22A
-28 g, 8.12 mmol) were allowed to stir in CH2C12

ml! for 12 hours, then the reaction was concentrated
and the residue chromatograghed with 5C%¥ hexane/EtOAc
o afford 2.03 grams of the title compound as a
colorless oil. TLC: Rf = 0.26, 50% Hexane/EtOAc; (1H)-
MR (CDCla) consistent with structure.

"J

~)

AP000399

Z. N°~(2-pyridylmethyl)-oxycarbonyl-L-valine. A
solution of the resulting compound of Example 22B

‘634 mg, 2.38 mmol) in a 1/1 mixture of 1IN HC1l/THF

6 mL) containing 12 N HCl (0.5 mL) was allowed to stir
at room temperature over 15 hours, but much starting
material was still present by TLC. Hence, more 12 N

BAD ORIGINAL @



20

[\
th

30

- 124 -

HEZL was added (I mL), and the reaction stirred an
add:zioral 48 hours. The reaction was then
zcncentrated to dryness and diluted with CH2C12,
y.e.2:ng the desired carboxylic acid as an insoluble
resin which was washed with additional CH,C,,
previding 22C which contained minor quantities of 22B.
Tris material was used in the subsequent reaction
wrthcout further purification. TLC: Rf = 0.11, 8%
HaCH/CHpCl,; ('H)-NMR (CDCl,) consistent with

Z. Compound XXX (A = (2-pyridylmethyl) -oxycarbonyl,
RS = iscpropyl, &Y - H, D' = isobutyl, A' = tert-
butoxycarbonyl). To the resulting compound of Example
213 277 mg, 0.82 mmol) in CH,Cl, (5 mL) was added
1-(3-dimethylaminopropyl) -3-ethylcarbodiimide
hydrochloride (210 mg, 1.10 mmol), the acid 22C (402
mg, .10 mmol), and l-hydroxybenzotriazole hydrate (148

-

[

mg, 1.10 mmol). The reaction proceeded for 12 hours at
room temperature, then was diluted with CH,Cl, and
washed successively with saturated NH,Cl and NaHCO,,
ard the organic layer was dried over MgSO,. Filtration
and concentration provided a residue which was

nrcratocraphed on a sgilica gel column using 17%

(8]

'

H?/CHZCLz as eluent, yielding 396 mg of product. TLC:
= C.2&8, 17% TH?/CHZCIZ: (1H)-NMR (CDCla) consistent

o
th

!

-
-

cture.

b )
'
ot
Y
[7)]
'
¢

tr

Compound 22. The resulting compound of Example
> (396 mg, 0.69 mmol) was dissolved in 90% aqueous

19}
N

TFA {11 mL), and the reaction mixture stirred for 3
hours at room temperature, then was concentrated to
dryness. To a solution of this residue (231 mg. 0.33
mmol) in CH,Cl, (5 mL) was added excess solid NaHCO4
(approx. 1 gram) and saturated aqueous NaHCO; (20 ul),

AP000390
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followed by N-acetylsulfanilyl chloride (116 mg, 0.s¢

-

rmci), aad the reaction proceeded for 12 hours at rocm

han'va /

erature. The reaction mixture was then diluted
CH2C12 and wasred with saturated NaHCOa, and the

(t
1y

-
ot oaw
15

»

~ .

€
)y

»

¢rganic layer was dried over MgSO,. Filtration and
concentration provided a residue which was
crromatographed or a silica gel column using 8%
CH3OH/CH2C12 as eluent, yielding the desired compound
wnich was further subject to purification by
preparative HPLC (76.1 mg of 3 was obtained). HpPLC:
Rt = 12.1 minutes. TLC: Rf = 0.46, s% CH3OH/CH2C12;
NE (CDClyi: 8.76 (4, 1d), 8.40 (br s, 1H), 8.26 (t,
i¥), 7.72 (d, 2H), 7.67 (4, 2H), 7.58 (d, 2H), 7.37 (d,
'v 7.25 (m, 4H), 7.16 (br d, 1H), 6.47 (4, 1H), 5.¢65
1H), 5.26 (d, 1H), 4.32 (m, 1H), 3.91 (t, 1H), 3.83
{m, 1H), 3.23 (d, 1H), 3.0s5 (m, 2H), 2.68-3.10 (m, 3H),
2.22 (m, 3H), 2.0 (m, 1H), 1.82 (m, 1H), 0.85 (d, 3H),
0.80 (d, 3H), 0.71 (d,3H), 0.65 (d, 3H).

Example 23

Compound 23. Prepared by the same route as
described for Example 22, except 4-pyridylcarbinol was
utilized for reaction with the product of Example 22a,
HPLT: Rt = 12.0 minutes, TLC: Rf = 0.50 (8%
:HacH/CHZClz); (H, -NMR (CDC1l,4) consistent with

APOOOJQO

StruiZture.

Example 24

Compound 24. A solution of the resulting
compound of the trifluorcacetic acid deprotection of
Example 22D (as described in Example 22E; 215 mg, 0.31
mmol) in CH,Cl, at room temperature was treated with
diisopropylethylamine (214 #1, 1.23 mmol) and
dimethylsulfamoyl chloride (40 ul, 0.37 mmol) in CH2C12
at room temperature in CH2C12 at room temperature for
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12 nours. The reaction mixture was concentrated and
crhromatographed on a silica gel column with 5%
C533H/CHZCZZ as eluent, yielding the desired corpound
which was further subject to purification by
preparative HPLC (9.5 mg obtained). HPLC: Rt = 14.4
minutes. TLC: Rf = 0.88, 11% CHO0H/CH,Cl,; ('H)-MR

(CDC13: consistent with structure.

Exarple 258
Compound 25. This compound was prepared by
the routs described for EZxample 22, except that

yridy.carbinol was utilized for reactiorn with the
compound produced in Example 22A, and in the reaction
rrespcnding to 22E, the trifluoracetate-deprotected

SCT
-

[
')

O
0

raterial was reacted with benzofurazan-4-sulphonyl
chloride. HPLC: Rt = 9.4 minutes. TLC: Rf = 0.10, 11%
CHJ0H/CH,Cl,; ('H)-NMR (CDCl,) consistent with

structure.

Example 26

Compound 26. A solution of the resulting
ccmpound from the trifluoroacetic acid deprotection of
Example 22D (as described in Example 22E; 27 mg, 0.14
mmal in CH,Cl, was treated with excess solid NaHCO,

st - -as  Cwea

ragprex. 1 gram) and saturated agqueous NaHCC5 (7 ulj,

AP000390

then stirred vigorously at room temperature for 3
ncurs. The reaction mixture was decanted from the
solids, concentrated, then the residue was purified
irectly by preparation HPLC (3.0 mg of white solid
obtained). HPLC: Rt = 14.7 minutes; ('H)-NMR (CDCl,)

consistent with structure.

Example 27

Compound 27. A solution of 33 mg of the
resultant compound of Example 40A in CH,Cl, was treated
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sequentially, at ambien- tergerature under an
atimosphere of nitrogen, with 20 mg of N,N-
diiscpropylethylamine and $.3 mg of allyl
chloroformate. The TIXTUure was stirred for 3 h azd
then concentrated in vacuo. The residue wag taken up
ir ethyl acetate and washed with 0.5 N HC) and
Saturated NaCl then dried over MgSO4, filtered, and
concentrated in vacuo. The residue was purified by
Creparative thin layer silica gel chromatography using

ether to yield 24 mg cf tha title ccmpceund as a white

sz2lid. TLC: Rf = 0.53, 5:10:8¢c NH4OH/CH3OH/CH2C12.
HPLC: Rt = 14.53 min; (’H)~NMR (CDC13) consistent with

Exa..g pl e 28

Compound 28. 2 solution of 47.5s mg of the
resultant compound of Example 40A in CH,Cl, was treated
Sequentially, at ambient temperature under an
atmosphere of nitrogen, with 28.% mg of N,N-
diisopropylethylamine and 15.2 mg of isobutyl
chloroformate. The mixture was stirred 3 h and then
concentrated in vacuo. The residue was taken up in
€thyl acetate and washed with 0.5 N HCl and saturated
Nall then dried over M3SC4, filtered, and concentrared
i vacuo. The residue was purified by preparative thin
layer silica gel chrcma:og:aphy using a 2:1 mixture of
:10:85 NH4OH/CH50H CHpCl,) :diethyl ether to yield
45 mg of the title compourd as a white solid. TLC:

RE = 0.60, 5:10:85 NH4OH/CH30H/CH,Cl,. HPLC: Rt = 15.58
min; (1H)-NMR (CDC13) consistent with Structure.

Example 29

Compound 25. a solution of 35.¢ mg of the
resultant compound of Example 40A in CH2C12 was treated

!

[9)]

th W

APOOOJQO
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a
diiscpropylethylamine and 0.083 nL of 1.0 M isopropyl
rcicrrate. The mixture was stirred 3 h and then
ated in vacuo. The residue was taken up in

0
¢]
o]
0
0]

3
ot
Al

ethyl acetate and washed with 0.5 N HCl and saturated
NaZll then dried over MgSO,, filtered, and concentrated
in vacuo. The residue was purified by preparative thin
iayer siliza gel chromatography using a 2:1 mixture of
5:10:85 NH,OH/CH;0H/CH,Cl,:diethyl ether to yield

.2 n3 cf the title corpound as a white solid. TLC:

33.2 g

rf = C.38, 5:10:85 NH4OH/CH3OH/CH2C12. HPLC: Rt = 14.81

min; "y -oR (CDCl3) consistent with structure.
Example 30

A. (2-Pyrrolidinonyl -hydroxyethyl-N-

hydroxysuccinimdyl carbonate. A solution of 572 mg of
i- (2-hydroxyethyl) -2-pyrrolidinone and 1.70 g of N,N'-
disuccinimidyl carbonate in acetonitrile was treated,
at ambient temperature under an atmosphere of nitrogen,
with 1717 mg of N,N-diisopropylethylamine. The mixture
was stirred for 14 h and concentrated in vacuo. The
residue was taken up in ethyl acetate and washed with
saturated NaHCO;, saturated NaCl, then dried over

i d, and concentrated in vacuo to yield

g of a white solid. TLC: Rf = 0.56, 10%
cpropanol in CH,Cly; (1H)-NMR (CDCl4) consistent with

o
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B. Compourd 30. A solution of 68 mg of the resultant
ccmpound of Example 30A in CH,Cl, was added, at ambient
temperature under an atmosphere of nitrogen, to a
solution cf 32 mg of the resultant compound of Example
40A and 39 mg N,N-diisopropylethylamine in CH,Cl,. The
mixture was stirred for 4 h, diluted with CH,Cl,,

AP000390
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washed with saturared NaHC03 ard saturated NacCl, then
dried over MgSO,, filtered, and concentrated in vacuo.
The residue was subjecred O preparative thin layer
silica gel chromatography using a 2:1 mixture of
5:10:85 NH40H/CH3OH/CH2C12:diethyl ether to yield 45 mg
cf residue. About 20 mg of this residue was purified
by preparative HPLC to yield 13.s mg of the title
compound as a white solid. TLC: Rf = 0.47, $:10:85
NH4OH/CH3OH/CH2C12. HPLC: Rt = 12.79 mid; (1H)-NMR
(CDC13) consistent with structure.

£XaTple 33
Compound 31. A solution of 39.7 mg of the
resultant compound of Example 40A in CH2C12 was treated
segueztially, at ambient temperature under an
atmosphere of nitrogen, with 24 mg of N,N-
diisopropylethylamine and 14.5 mg of phenyl
chloroformate. The mixture was stirred for 3 h and
then concentrated in vacuo. The residue wag taken up
in ethyl acetate and washed with 0.5 N HC) and
Saturated NaCl then dried over MgSO4, filtered, and
concentrated in vacuo. The residue was purified by
breparative thin layer silica gel chromacography using
a 2:1 mixture of 5:10:85 NHdoH/CH3OH/CH2C12:diethyl
ether to yield 39.7 mg of the title compound. TLC:
R 53, 5:10:85 NH4OH/CH3OH/CH2C12. HPLC: Rt = 15.22
min; {'H)-NMR (CDCl3) consistent with Structure,

Exarple 32

Compound 32. a solution of 391 mg of the
resultant compound of Example 39A in 4.3
CHyCl,/saturated agueous NaHCO5 was treated
Sequentially, at ambient temperature under an
atmosphere of nitrogen, with 271 mg of 4-
fluorobenzenesulfcnyl chloride and 117 mg of sodium

AP000390
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Dicarbcrnaze. The mixture was stirred for 14 h, diluzed
wizh CH2C12, washed with saturated NaCl then dried over
MzSO,, filtered, and conceztrated in vacuo. The
residue was purified by low pressure silica gel
chromatcgraphy using 5% diethyl ether in CH,Cl, as
luent to yield 420 mg of the title compound as a whice
solid. TLC: Rf = 0.20, 5% diethyl ether in CH,C1,.
HPLC: Rt = 17.41 min; ('H)-NMR (CDCl;) consistent with

D

structure.

Exarmple 33

Compound 33. A solutior of 30 mg of the
resultant compound of Example 40A in CH,Cl, was treated
seguentially, at ambient temperature under an
atmesphere of nitrogen, with 18.1 mg of N,N-
dilisopropylethylamine and 9.3 mg of benzyl isocyanate.
The mixture was stirred 14 h and then concetrated
in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HCl and saturated NaCl then dried
over MgSO,, filtered, and concentrated in vacuo. The
residue was purified by preparative thin layer silica
gel chromatography using a mixture of 5:10:85
NH OH/CH40H/CH,C1l, to yield 30.2 mg of the title
cocrpeund as a white solid. TLC: Rf = 0.56, 5:10:85

NH,OH/CHE,CH/CH,Cl,. HPLC: Rt = 14.36 min; ('H)-NMR

Example 34

Compound 34. A solution of 55 mg of the
resultant compound of Example 40A in CH,Cl, was treated
seJuentially, at ambient temperature under an
atmosphere of nitrogen, with 33.3 mg of N,N-
diisopropylethylamine and 17.8 mg of 2-methoxyethyl
chloroformate. The mixture was stirred for 3 h and
then concentrated in vacuo. The residue was taken up

AP000390

BAD ORIGINAL @



n

$a
(&)

20

[V
n

30

e ]
[11]
or
34
N
V1]
(§]
{1}
or
[*1]
(8}
[41]
[\T]
9]
[oV)
b 3
]
/1]
jo o
({4]
Q
£
’.‘
()
o o
o
v
4
x
0
—
[+7]
3
o,

Sat:rated NaCl then dried over MgSO4, filtered, and
Concsntrated in vacuo. The residue was purified by
Er2zarativs thin layer gilica gel chromatography using
rixture of (5:10:85 NH4OH/CH303/CH2C12):diethyl
ather to yield 48.1 Tg of the title compound as a whire
: Rf = 0.356, 5:10:85 NH4OH/CH30H/CH,C1, .
HPLC: Rt = 13.43 min; ('1) -NMR (CDCl4) consistent with

o1}
N
[y

Example 35

A. Cemround XXI (D' = isobutyl, A' « 4-fluoropheny:,

'ydrochloride salt). A solution of 398 mg of the
resultant compound of Example 32 in ethyl acetate was
treaced at -20°C with HCl gas. The HCl was bubbled
through the mixture for 20 min over which time the
temperature was allowed to warm to 20°C. Nitrogen was
then bubbled through the mixture for 15 min and solvent
removed in vacuo to yield 347 mg of the title compound
as a white solid. TLC: Rf = 0.82, 5:10:85
NHqOH/CHaOH/CH Cly; ('H) -NMR (CDCl,) comsistent with
structure.

o2
]

.......... A solution of 111 mg of the
resultant ccmpound of Example 35A in CH2C12 was added,

AP00039g

t aTZlsnt tamperature under an atmosphere of nitrogen,
tO a solution of 118 mg of the resultant compound of
Example 45A and 133 mg N,N-diisopropylethylamine in
CHpCl,. The mixture was stirred for 14 h, diluted with
CH2C12, washed with saturated NaHC03 and saturated NacCl,
then dried over MgSO4, filtered, and concentrated

in vacuo. The residue was subjected to preparative
thin layer silica gel chromatography using 5% CH30H in
CH,Cl, to yield 98.8 mg of the title compound as a
white solid. TLC: Rf - 0.48, s% CH30H in CH2C12. HPLC:
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Example 36

Compound 36. A solution of 48 mg of the
resultant compound of Example 40A in CH,yCl, was treated
sequentially, at arbient temperature under an
atmosprere of nitrogen, with 29.0 mg of N,N-
diiscpropylethylamine and 15.1 mg of 3-butenyl
crhloroformate. The mixture was stirred for 3 h and
nen cocncentrated in vacuo. The residue was takern up

A

ot

1o etnhy. acetate and washed with 0.5 N HCI and
saturated NaCl then dried over MgSO,, filtered, and
concentrated in vacuo. The residue was purified by
creparative thin layer silica gel chromatcgraphy using
a 2:1 mixture of (5:10:85 NH,OH/CH30H/CH,Cl1,) :diethyl
ether to yield 43.8 mg of the title compound as a white
solid. TLC: Rf = 0.83, 5:10:85 NH4OH/CH30H/CH2C12; Rf =
0.24, 5% diethyl ether in CH,Cl,. HPLC: Rt = 14.76
min; ('H)-NMR (CDCl,3) consistent with structure.

Ex le 37

Compound 37. A solution of 99 mg of the
ant compound of Example 51D in 4:1
JH,Cl,/saturated aqueous NaHCO,; was treated
sa2zuencially, at ambient temperature under an

atmosprers of nitrogen, with 83.2 mg of 3,4-
dichlorsksenzenesulfonyl chlcride and 29 mg of sodium
bicarbonate. The mixture was stirred for 14 h, diluted
with CH,Cl,, washed with saturated NaCl then dried over
MgSO,, filtered, and concentrated in vacuo. The
residue was subjected to operative thin layer silica
gel chromatography using 5% CH30H in CH,Cl, to yield
107 mg of the title compound as a white solid. TLC: Rf

AP000399g
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= (.35 (5% CH3OH in CHZ“Z) HPLC: Rt = 17.27 min;
H)- (CDC13) consistent with s:tructure.

Example 38

Compound 38. Tc a solution of 32 mg of the
resultant compound of Example 35A in CH,Cl, was added,
at ambient temperature under an atmosphere of rnitrogen,
<4 mg of benzyl chloroformate and 21 mg N,N-
diisopropylethylamine. The mixture was stirred for 4
h, diluted with CH,Cl,, washed with saturated NaHCO; and
saturated NaCl, then dried over MgsS0O,, filtered, ang
cencentrated in vacuo. The residue was purified by
preparative thin layer silica gel chromatography using
10% diethyl ether in CH,Cl, as eluent to yield 33 mg of
prcduct. TLC: Rf = Q. 62 10% diethyl ether in CH,Cl,
HPLC: Rt = 17.27 min. ('H) -NMR (CDCla) consistent with

sStructure.

Example 39

A, Compound XXI (D' = isobutyl, A = tert-butoxy
carbonyl, A' = H). A solution of 4.1 g of epoxide XX
{A=Boc) in 30 mL of ethanol was treated with 22.4 mL of
isobutylamine and heated under reflux for 1 h. The
mixture was concentrated to yield the title compound as
a white solid which was used without subsequent
purilication. NMR {CDC13): 60.91 (4, 3H); 0.93 (d,
3H); 1.37 (s, 9H); 1.68 (br s, 2H); 2.40 (d, 2H); 2.68
(d, 2H); 2.87 (dd, 1H); 2.99 (dd, 1H); 3.46 (dd, 1H);
3.75 (br s, 1H); 3.80 (br s, 1H); 4.69 (d, 1H); 7.19-
7.32 (m, 4H).

B. Compound 39. To a solution of 514.1 mg of the
resultant compound of Example 39A in dichloromethane
(10 mL) was added aqueous sodium bicarbonate (5 mL) and
N-acetylsulfanilyl chloride (428.4 mg). After 14 h,
the resulting mixture was diluted with ethyl acetate,

AP000390
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wasned with sodium bicarzorate, saturated brine, dried
over magnesium sulfate, filtered and concentrated

in vatus. The residue was purified by low pressure
silica gel column chromatography using 20% ethyl
acetate in dichloromethane eluent to yield 714.4 mg of
the title product. TLC: Rf = 0.63, 60% ethyl
acetate/dichloromethane, HPLC: Rt = 15.3 min; (1H)-NMR

(CDC13) consistent with structure.

Example 40
A. Corpound XXII (D' = isobutyl, A = H, E = 4-
a

cztamidophenyl,, hydrochioride salt. To a solution ct
(1.296 mmol) of the resultant compound of
Example 398 in ethyl acetate (20 mL) at -20°C was
bubp.ed anhydrous HCl gas for 10 min. The ice bath was
reroved arnd after an additional 15 min., the reaction
mixture was sparged with nitrogen then concentrated
in vacuo to provide 610 mg of title product which was
used without subsequent purification.

B. Compound 40. A solution of 41.5 mg of the

resultant crude compound of Example 40A in 5 mL of
dichloromethane was treated sequentially, at ambient

AP000399

ature under an atmosphere of nitrogen, with
mg ¢f L- dihydroorotic acid, 0.031 mL (0.176 mmol)
diiscpropyiethylamine, 15.5 mg (0.115 mmol) of 1-

e

ter 1 h, the slurry was treated with 1 mL of
dimethylformamide. The mixture was stirred for 16 h
and then concentrated in vacuo. The residue was taken
up in ethyl acetate and washed with water and saturated
brine, dried over magnesium sulfate, filtered and
concentrated in vacuo. The residue was purified by
thin layer preparative chromatography using (1/2/17
v/v/v/ 30% ammonium hydroxide/methanol/dichlomethane)
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eluent to provide 34.2 mg of the title product. TLC:
Rf = 0.33, -/2/17 v/v/v/ 30% ammonium hydroxide/
methanol/dichlomethane). HPLC: Rt = 11,3 min; ('H) - pNwR

zCDCla) consisten: with Structure.

Example 431

Cecrpound 41. 7o a solution of 42.8 mg of the
resultant ccmpound of Example 40A in s mL
dichlorome:zrane was added Sequentially, at ambient
cemperature under an atmosphere of nitrogen, 17.2 mg of
N-tert-butyl glyoxalic acid, 0.032 mL
diisopropyle:hylamine, 16 mg of l-hydroxybenzo:riazole
hydrate, 22.3 mg EDC. The mixture was stirred for 16 h
and then corcentrated in vacuo. The residue was taken
up in ethyl acetate and washed with water, 0.5 N
hydrochloric acid, washed with sodium bicarbonate,
Saturated brine, dried over magnesium sulfate, filtered
and concentrated in vacuo. The residue was purified by
thin layer preparative chromatography using 40% ethyl
acetate/dichloromethane eluent to provide 14.9 mg of
the title product. TLC: Rf = 0.47, 40% ethyl acetate/
dichloromethane, HPLC: Rt = 15.2 min; (1H)-NMR (CDC13)

censistent with sStructure.

AP00n39y

Example 42

Cerpound 42. To a solution of 43.5 mg of the
resultant crude compound of Example 40A in 5 mL
dichloromethane was added Sequentially at ambient
mperature, under an atmosphere of nitrogen, 13.0 mg
of succinamic acid, 0.024 mL diisopropylethylamine,
15.0 mg of l-hydroxybenzotriazole hydrate, and 21.3 mg
EDC. The mixture was stirred for 16 h and then
concentrated in vacuo. The residue was taken up in
ethyl acetate and washed with sodium bicarbonate,
Saturated brine, dried over magnesium sulfate, filtered

(t
(D
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ard ccncentrated in vacuo. The residue was purified by
thin layer preparative chromatography using (1/2/11
v/v/v/ 30% armonium hydroxide/methanol/dichlomethare)
e.cent to prcvide 35.3 mg of the title product. TLC:

= =2¢C.25, 1/2/11 v/v/v/ 30% ammonium hydroxide/
methanol/dichiomethane, HPLC: Rt = 11.6 min: ('H)-NMR
(C2CTly) consistent with structure.

Exa~ple 4

Compound 43. To a solution of 42.8 mg of the
ant cerpcund of Examrple 40A in 5 mL
cmeilane was added sequexntially, at ambient
erature under an atmosphere of nitrogen, with
mg of L-pyroglutamic acid, 0.024 mL
diiscopropylethylamine, 14.8 mg of 1-
nydroxybenzotriazole hydrate, 2C.9 mg EDC. The mixture
was stirred for 16 h and then concentrated in vacuo.
The residue was taken up in ethyl acetate and washed
with water, 0.5 N hydrochloric acid, washed with sodium
bicarbonate, saturated brine, dried over magnesium
sulfate, filtered and concentrated in vacuo. The
residue was purified by thin layer preparative
chromatography using (1/2/11 v/v/v/ 30% ammonium
nydrcxide/mechanol/dichlomethane) eluent to provide
.2 mz of the title product. TLC: Rf = 0.33, 1/2/112
v/v/v/ 3T% armenium hydroxide/ methanol/ dichlomethane,
("H) - 3R (CDCl,) consistent with

crme .
H:LC: RT = 11.7 min;

Example 44

A. 3-Pyridylmethyl-N-hydroxysucchinimdyl carbonate.
To a solution of 181.0 mg of 3 pyidinecarbinol in 5 mL
cetenitrile was added sequentially at ambient
temperature under an atmosphere of nitrogen, with
0.72 mL diisopropylethylamine and 354.1 mg of N,N'-

AP000390
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disuccinimidyl Carborate. After 4 h, tre resul:tant
MIXIUre was concentrated in Vacuo to provide a yellow
$O0.1d whizh was used withous sutsequent purificarion.

3. Ccrmpound 44, To a solution of 58.1 mg of the
resultant cride compound of Example 40A ir 3 mL of
dichlcromethane was added Sequentially, at ambient
temperaturs uader an atmosphere of nitrogen, 0.075 mL
Sopripy.etiylamine and 46.3 mg of the resultant
compound ©f Example 20A. The mixture was stirred for
5 h and then concentrared in vacuo. The residue was

Q

taken up in diethyl ether and extracted into 3 X 25 mL
£ 0.5N HZl. The combined aqueous extracts were
adjusted tc rX 8 with solid sodium bicartonate and
extracrted :intc 3 x 25 mL ethyl acetate. The combined
crganic ex:tracts were washed with Saturated brine,
dried over magnesium sulfate, filtered, and
concentrated in vacuo. The residue was purified by
thin layer preparative chromatography using (1/2/17/20
v/v/v/ 30% ammonium hydroxide/methanol/dichlomethane/
diethyl ether) eluent to provide 10.3 mg of the title
product. TLC: Rf = 0.4, 1/2/17/20 v/v/v/ 30% ammonium
hydroxide/me:hanol/dichlomethane/diethyl ether, HPLC:

.3 min; (1H)-NMR (CDCls) consistent with

APO0ONDO0O39g
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Exarple 45

Ccmpeund 45, To a solution of 23.3 mg of the
resultant ccrmpeund of Example 3%A in 4 mL of
dichlororethane was added 1 mL saturated aqueous sodium
bicarbora:s solution, 9.2 mg sodium bicarbonate, and
C.013 mL of berzenesulfonyl chloride. After 14 h, the
resulting mixture was diluted with ethyl acetate,
washed with saturated brine, dried over magnesium
sulfate, filtered and concentrated in vacuo. The
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residue was purified by thin layer preparative

u
chromatsgraphy using 10% diethyl ether/dichloromethane

[19]

eiuent to provide 19.3 mg of the ti:le produce. LC:

Rf = C.84, 25% diethyl ether/dichlcrmethane, HPLC: R: =

17.2 min; (1H)-NMR (CDC13) consistent with structure.
Example 46

Compound 46. To a solution of 47.0 mg (C.140
rmol) of the resultant compound of Example 39A in 4 mo
cf dichloromethane was added 1 mL saturated aqueous
scdium Ebicarbonate solution, 17.6 mc of solid sodiu~
cicarbonate, and 41.4 mg of 2,4 dimethylthiazole-5-
sulfony. chloride. After 14 h, the resulting mixture
was diluted with ethyl acetate, washed with saturated
brine, dried over magnesium sulfate, filtered and
concentrated in vacuo. The residue was purified by
thin layer preparative chromatography using 25% ethyl
acetate/dichloromethane eluent to provide 34.6 mg of
the title product. TLC: Rf = 0.44, 25% diethyl ether/
dichloromethane, HPLC: Rt = 16.4 min; (1H)-NMR (CDC1,4)

consistent with structure.

Example 47

Compound 47. To a solution of 50.7 mg of the

AP000390

resultant compound of Example 39A ir 4 mL of
:chlorcrmethane was added 1 mL saturated aguecus sodium
Dicarpcrate solution, 15.2 mg of soiid sodium
bicarborate, and 2-fluorobenzenesulfonyl chloride

35.2 mg. After 14 h, the resulting mixture was diluted

£

with ethyl acetate, washed with saturated brine, dried
over magniesium sulfate, filtered and concentrated

in vacuo. The residue was purified by thin layer
preparative chromatography using 10% diethyl
ether/dichloromethane eluent to provide 40.5 mg of the
title product. TLC: Rf = 0.44, 25% diethyl ether/
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dichlorcrethane, HPLC: Rt = 17.2 min; ('H)-NMR (CDCl3)

consistext with s:tructure.

rhle 4%

-

A. N-succinimidlyl-(S)-3-tetrahydrofuryl carbonate.
7O a sclution of 12.5 mL of 1.93 M phosgene in toluene
at 0-5°C was added 1.3 g of (S)-(+)-3-hydroxy-
tetrahydrofuran. After stirring for 2 h, the reaction
mixture was sparged with nitrogen and then concentrated
to dryness in vacuo to provide 1.486 g of crude
cnlorofcrmate. This raterial was taken up in 10 mi of
acatcnitrile and treaced Sequentially at ambient
temperature under an atmosphere of nitrogen with 1.17 g
cf N-hydroxysuccinimide and 1.41 mL of triethylamine.
After stirring for 14 h, the reaction mixture was
concentrated in vacuo to provide 3.44 g of the title

product as a white solid.

B. Compound 48. To a solution of 87.2 mg of the
resultant compound of Example 40A in S mL of
dichlorcmethane was added sequentially, at ambient
temperature under an atmosphere of nitrogen, 0.113 mL
diisopropylethylamine and &8 mg of the resultant
compeund of Example 48A. The mixture was stirred for
18 h and then concentrated in vacuo, The residue was
taxen ugp in ethy. acetate and washed with water, 0.5 N
Cl, saturated socdium bicarbonate, saturated brine,
dried cver magnesium sulfate, filtered, and
concerntrated in vacuo. The residue was purified by
silica gel chromatography using (3/6/20/65 v/v/v/v/ 30%
armonium hydroxide/methanol/diethyl
ether/dichlomethane) eluent followed by Crystallization
from a mixture of dichloromethane, diethyl ether, and
hexanes to provide 58 mg of the title product. TLC:

Rf = 0.17, 75% ethyl acetate/dichloromethane, HPLC:

AP0 nn 399
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mple

Compourd 49. Following the procedure
described irn Example 83, a solution of the resultant
cecmpound of Exampie 39A in CH,Cl, is reacted with 2,4-
difluorobenzenesulfonyl chloride in the presence of
water and NaHCO5. Following dilution with additicnal
CH,Cl, and agueous workup, the resultant product is
dried over MgSQO, filtered, and concentrated in vacuo.
The residue is then purified by silica gel
chromatography using an appropriate solvent system to
yield the title product.

Example SC

Compound 50. A solution of 30 mg of the
resulting compound of Example 58 and 9 uL of
dimethysulfamoyl chloride in 10 mL of CH,Cl, was
reacted in the same manner as described for Example 14.
After workup and purification by preparative reversed-
chase Cyg HPLC using a linear gradient of 35% to 100%
CH3CN/H,0 with 0.1% TFA as eluent, 6.5 mg of the title

compound was obtained. TLC: Rf = 0.2, 3% CH,0H in
1

CHZClz. HPLC: Rt = 15.95 min; ( H)-NMR (CDCla)
zonsiscent with scructure.
Example §51

A. Cocmpound XXI (A = tert-butoxycarbonyl, D' =
isobutyl, A' = benzyloxycarbonyl). To a solution of
the resultant compound of Example 39A (2.5g, 7.43 mmol)
in CH,Cl, (SOmL) was added triethylamine (2.1 mL, 14.9
mmol) followed by addition of benzyl chloroformate (1.2
mL, 8.1 mmol). The mixture was allowed to stir at
ambient temperature for 6 h. The solution was diluted

AP000390
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ith 1 L of CH2C12 and washed with water. The

3

er

ed

1]

d pressure, then purified via silica gel

"
c
®

C

organics

dried over anhydrous MgSO4, concentrated under

crhromatography. Gradien: solvent system: CH,C1,
f£cllowed by 3:97 methancl/CH,Cl,. The title compound

-

(2.97 g, was obtained as a colorless o0il. TLC
RE=0.14, 3:97 methanol/CH,Cly; ('W)-NR (CDC1,)
cconsistent with structure.

B. Compound XXI (A = H, D' = isobutyl, A' =

benzyloxycarbonyl, hydrochloride salt). To a solution
cf 1.3 g (3.187 mmol, of rthe resultant compound of

-

Example S1A in ethyl ace:tate (25 mL) at -20°C was

bubbled anhydrous HCl gas for 10 min. The ice

bath was

removed and after an additional 15 min. the reaction
mixture was sparged with nitrogen, then concentrated

in vacuo to provide 1.29 g of title product as

solid which was used directly for ensuing reaction.

TLC: Rf = 0.14, 10% methanol/CHZCIZ.

C. Compound XXI (A = (S)-3-

tetrahydrofuryloxycarbonyl, D' = isobutyl, A' =
benzyloxycarbonyl). To a solution of 1.077 g of the

resultant crude compound of Example S1B (2.647
acatonitrile /10 mL) was added sequentially at

teéTperature under an atmssphere of nitrogen, 1.

a white

APO0nnzgg

mmol) in
ambienc
61 mL

(5.283 mmol) of diisopropylethylamine and 910 mg (3.97

mmel) of the resultant compound of Example 48A.
0

stirring £

After

r 3 h, an additional 223 mg (0.973 mmol) of

the resultant compound of Example 48A was added. 'The
mixture was stirred for 16 h and then concentrated

in vacuo. The residue was taken up in ethyl acetate
and washed with water, 0.5 N HC1l, saturated sodium
bicarbonate, saturated brine, dried over magnesium

sulfate, filtered, and concentrated in vacuo.

The

BAD ORIGINAL @



wm

e

N

- 142 -

L}

esidue was purified by low pressure silica gel column
chromatography using a gradient 10% to 25% e:zhyl

acetate in CH,Cl, eluent to yield 1.025 g of the =i-ls2
product as a white solid. TLC: RE = 0.10, 1C% ethyl
ace:a:e/CH2C12; (1H)-NMR (CDCl;) consistent with

sTIucture.

C. Compound XXI (A=(S)-3-tetrahydrofuryloxycarbonyl,
Z' = isobutyl, A' = H). A golution of 872 mg (1.799
rmol) of the resultant compounds of Example 51C in (10
wZ) cf ethyl alcohol was added, at ambient tempera-ure
under a nitrogen atmcsphere, to a slurry of §7 mg (10%
by weight) of 10% palladium on carbon in (S mL) ethyl
alcohol and hydrogenated for 16 h under a slight
cositive pressure of hydrogezn. The mixture was
filtered and concentrated in vacuo to yield 553.2 mg of
the title product as a colorless glass which was used
directly for ensuing reaction. TLC: Rf = 0.46, 10%
methanol/CH,Cl,.

E. Compound 51. To a solution of 72.7 mg (0.207
mmol) of the resultant compound of Example 51D in
CH,Cl, (4 mL) was added aqueous sodium bicarbonate (1

AP000390

m.;, solid sodium bicarbonate 22.6 mg (0.27 mmol), and
yrid-2-yl)-thiophene-S-sulfonyl chloride 64.6 mg,

NS

mmoi) . After 14 h, the resulting mixture was

o+
Ve

tiuted with ethyl acetate, washed with saturated

-

L
-

, dried over magnesium sulfate, filtered and

.
rin

ty
D

concentrated in vacuo. The residue was purified by
thin layer preparative chromatography using 15 to 30%
ethyl acetate/CH,Cl, eluent to provide 53 mg of the
title product as a white solid. TLC; RF = 0.25, 25%
ethyl acetate/CH,Cl,, HPLC: Rt = 15.3 min; ('H)-NMR
(CDCly) consistent with structure.
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Exarple 52
A. N-hydrcxys;ccizzm-dy--(RS)-B-hyd:oxyl-
tectrahydrofuryl cariznate. The title corgound was

£irad as descriked in Example 48A starting with

a
.C ¢ of (RS)-3-hydroxy- tetrahydrofuran and yielding

2.33 g of a white sz.:i3d.

3. Compound S2. Tc a solution of 105§ mg of the
rasultant compound of Example 35A in CH,Cl, was added,
at ambient temperature under an atmosphere of nitrogen,
12 mg of the resulzant comrpournd of Example 52A and :2¢
T3 N,N-diisoprecpyletihylamine. The mixture was stirred
f2r 4 h, diluzed with CRZCIZ, washed and saturaced
filtered, and concentrated in vacuo. The residue was
purified by low pressure silica gel chromatography
using 5% CH3CH in CH,Cl, as eluent to yield 101.4 mg of

product. TLC: Rf = (.52, 5% CH;0H in CH2C12 HPLC: Rt

{C03 and saturated NaCl, then dried over MgSC,,

= 15.05 min. ( H) -NMR (CDC13) consistent with
structure.
Example 53

Compound 53. To a solution of 72.3 mg

.19 mmol) of the resultant compound of Example 51D in
ZE,C1 ‘4 ml) was addz23 agqueous sodium bicarbcnate

2 T, solid scdium bicarbonate 19, 2 mg (0.228 rmol),
and 4-acetamido-3-chalcrobenzene sulfonyl chloride
€.l mg, (0.228 mmol.. After 14 h, the resulting
mixture was diluted with EtOAc, washed with saturated
Erine, dried over ragresium sulfate, filtered and
concentrated iIn vacuo. The residue was purified by low
pressure silica gel column chromatography using 20% to
45% EtOAc/CH2C12 eluent to provide 49.1 mg of the title
product. TLC RF = 0.29, 50% EtOAc/CHZClz, HPLC: Rt =
13.9 min; ('H)-NMR (CDCl,3) consistent with structure.

AP00039¢
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Exarple 54
Compound S54. A solution of 260 mg of the

. -
-oa

"
®
0

v

s
- -

Cormpound of 3%A and 45 mg of 3-acetamido-4-

(¥4}

rn
[

ucrokenzenesulfonyl chlioride in 10 mL of CH,Cl, was

"

Afcer workup and purification by preparative reversed-
thase C,g HPLC using a linear gradient of 35% to 100%
CHON/H,O0 with 0.1% TFA as eluent, 1.4 mg of the title
pound was obtained. TLC: Rf = 0.25, S% CH30H in

. EPLC: RT = 15.63 min; ('H)-NMR (CDCly)

.
-
e

-~

Example 5§

Compound 55. 35.0 mg of the resulting
compound of Example 54 was treated with 1 mL of 90%
agqueous TFA and allowed to stand for 12 h. The mixture
was concentrated in vacuo and the residue taken up in
10 mlL of dry CH,Cl,, treated with 34 uL of DIEA (0.23
mmoles) and 20 mg of l-benzyl-3-tert-butyl-1H-pyrazole-
S5-carbonyl chloride. The mixture was stirred for
1.5 h, then diluted with in CHyCl,, and washed with 1 N
HCl. After drying over MgSO, and concentrating
in vactuo, 3 portion of the mixture was purified by

creparative reversed-phase Cyg HPLC using a linear

gradyen:t of 33% to 10C% CE3CN/H,0 with 0.1% TFA for

elution to obtain 1.1 mg of the title compound. TLC:

RE = 0.8, 5% CHj30H in CH,Cl,. HPLC: Rt = 18.25 min;
1.

( "H) -NMR (CDCla) consistent with structure.

Example 56

A. §(-)-1-phenylethyl-N-hydroxysuccinimdyl carbonate.
The title compound was prepared from 9.5 uL of S(-)-1-
phenylethanol and 30 m of N,N-disuccinimidyl carbonate
as described in Example 44A. The resulting material

eacted in the same manner as described for Example 14.

AP000390
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wis used without subsequent purification; ('H)-NMR

'C2C1,) consistent with sStructure.

\...,\..;3

&
-

Compound S6. 45.0 mg Of the resulting compcund <o
xamr.e 58 was treated with 1 m. of 90% agueous TFA and
allcwed to stand for 12 h. The mixture was
concentrated in vacuo and the residue taken up in 15 mo
dry CH,Cl,, treated with the above mixed anhydride

n

(U]

O
re

arnd €65 ulL of triethylamine. The mixture was stirred
for 14 h then diluted with ethyl acetate and washed
with saturated scdium bicarbcnate solution and
Saturated brine, dried over ragnesium sulfate, filterad
and concentrated in vacuo. A portion of the mixture
was purified by preparative reversed-phase C,a HPLC
using a linear gradient of mixture was purified by
preparative reversed-phase Cyg HPLC using a linear
gradient of 35% of 100% CH3CN/H,0 with 0.1% TFA for
elution to obtain 1.1 mg of the title compound. TLC:
Rf = 0.5, 3% CH3OH in CH2C12. HPLC: Rt = 17.44 min;
) R (CDC13) consistent with structure.

Example 57

Compound 57. 30 mg of the resultant compound
of Example 358 was treated with 1 mL of 90% agqueous TFA
and alicwed o stand for 12 h. The mixture was
ctacentrated in vacuc and the residue taken up in 25 mi
of dry CHy,CLl,, washed and saturated sodium bicarbonate
sclution, dried over ragnesium sulfate, filtered and
concsntrated in vacuc. A solution of 14 mg of the
resultant free amine in 10 mL of CH,Cl, was treated
with 6 ul. of Phenoxyacetyl chloride and 12 uL of
triethylamine. The mixture was stirred under an inert
atmosphere for 1 h, then diluted in CH,Cl, and washed
with 1 N HCl. After drying over Mgso4 and
concentrating in vacuo. A portion of the mixture was

AP000399
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curif.ed by pregaracive reversed-phase C18 HPLC us:ing a
linear gradient of 35% to 100% CH3CN/H,0 with 0.1% TFA
35 eluant to obtain 16.5 mg of the title ccmpound.
TLC: RE = 0.25, 3% MeOH in CHZClz. HPLC: RZ =

min; ('H) -NWR (CDCl3) consistent with strucrture.

Compound 58. A solution of 500 mg of the
resulting compound of Example 39A and 370 mg of

ofurazan-4-sulfonyl chloride in 10 mL of CH2C12 was

o
b
o)
N

u
reacted in the same manner as described for Example 14,
After workup, the title compound was obtained by
crystallization from hot ethanol. Further purificazion
cf this material by prepararive reversed-phase Cyg EPLC
using a linear gradient of 35% to 100% CH3CN/H,0 wizh
C.1% TFA as eluent gave 2.0 mg of the title compound.
TLC: Rf = 0.35, 3% CH30H in CH2C12. HPLC: Rt = 17.00
min; (1H)-NMR (CDCla) consistent with structure.

Example 59

A. R(+)-1-phenylethyl-N-hydroxysuccinimdyl carbona:e.
The title compound was prepared from R{+)-1-
phenylethanol as described in Example 56A to yield a
white solid. The resulting material was used directly
suCseguent reacticn; (1H;-NMR (CDC13) consistent

th

~
~

"

B. Compound 59. A 36 mg portion of the resultant
compound of Example 58 and 0.21 umol of the resulting
compound of S9A were reacted in the manner described in
example 56B. After workup and purification by
preparative reversed-phase C,g HPLC using a linear
gradient of 35% to 100% CH3CN/H,0 with 0.1% TFA as
eluant, 1.0 mg of the title compound was obtained as a
white solid. TLC: Rf = 0.45, 3% MeOH in CH2C12. HPLC:

AP000D390
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RS = 17.34 miz; H! -NMR (C:Cl3) consistent with

- .

Examzle 69

Compound 60. To a solution of 70 mg of the
resulzant corpourd of Example S1D in 10 mL of CHZCIZ
was added 3 ml of saturated aqueous sodium bicarborate
solution, 50 rg of sodium bicarbonate, and 53 mg of
e:z:furazan-4~sulfonyl chloride. The mixture was
tirred vigorcusly for 4 h, then the resulting mixture
was diluted w:ish CH,Cl,, washed with Saturated br:ine,
dried over magzmesium sulfate and filtered. After
concentration of the mixture in vacuo, the regidue was
burified by thick layer silica gel chromatography using
5% MeOH/CH2C12 as eluant to obtain 80 mg of the title
compourd as a white solid. TLC: Rf = 0.80, 5% MeOH in
CHpCly. HPLC: Rt = 14.96 min; ('H)-NMR (CDC1,)
consistent with structure,

Example 61

Compound 61. To a solution of 35.5 mg (0.076
mmol) of the resultant compound of Example 16 in 1 mL
0f dichloromethrane was sequentially added 27.¢ uL
S.132 mm2ol) of diisopropylethyl amine and 12 uL (0.083
Tmoll of benzyl chloroformate. After 1 hour, the

n

DiXTUre was ccncentrated il vacuo. The residue was

38.7 mg of the title ccmpound as a white solid; TLC:
R = 0.63, s50% ethyl acetate/dichlormethane; HPLC: Rt =
15.45 min; (1H}-NMR (CDCla) consistent with structure,

AP0003909



tn

«)

e

wn

[

t)
o

W)
(@]

Exampl

A. Benzcofurazan-4-sulfonic acid. To a solution of
222.0 mg (1.05 mmol) of o-nitrcaniline-m-sulfonic azigd
cdium salt in 1 mL of water was added 0.52 mL of 2.0 N
After 1/2 h, 0.68 mL (1.05 mmol) of
tertrafutylarmmonium hydroxide (40% in water) was added.
Afzer 2 hours, the mixture was concentrated in vacuo.
A scluticn of the residue in 7 mL of acetic acid was
treated with 468.5 mg (1.10 mmol) of lead
tertraacetate. After 24 hours, the precipitate was
asrhed with small amoun: of acetic acid.
The solid was further dried in vacuo to yield 267.9 mg
of product. TLC: Rf = 0.09, 10% CH40H/CH,C1,.

= Benzofurazan-4-sulfonyl chloride. To a solution

of 137.0 mg (0.522 mmol) of triphenylphosphine in

.5 mL of dichloromethane was slowly added 47 uL (0.594

mmol) of sulfuric chloride at 0°C. The ice-water bath

was removed and the crude resultant compound of

Example 62A in 0.5 mL of dichloromethane was added
lowly. After 3 hours, the mixture was treated with

30 mL of 50% ether/hexane. The supernatant was

AP000390

decanted into a dry flask and concentrated in vacuo.
rurified by filtering through a plug of
<5% ethyl acetate as an eluent to yield
producz. TLC: Rf = 0.6, 10% CH30H/CH2C12;

= -NM= (CDC13) consistent with structure.

C. Compound 62. To a solution of 55.7 mg (0.166
mmol) of the resultant compound of Example 39A in 1 mL
of dichloromethane was sequentially added 0.5 mL of
saturated NaHCO5, a small amount of solid NaHCO4 and
tne resultant compound of Example 62B. After 3 hours,
he mixture was diluted with dichloromethane. The two

ct

iayers were separated and the agueous layer was
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extracted once with dichloromethane. The comkined

~
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anic layer was washed with brine then dried over

£

)’
[$)

ltered and ciicentrated in vacuo. Tha res

$e-

n

MgSZy,

was purified by preparazive HPLC to yield S.3 m3 0f =he

(84
’J

r
[

€ compound as a white solid; TLC: Rf = 0.40, 5C%

thyl acetate/dichloromethane; HPLC Rt = 16.S5 min;
('.)-NMR (CDCla) consistent with Structure.

Exarple 63

o

resultant title compound of Example 62 in 2 m- ezhyl
act2tate was treated wizh HCl gas (moderate stream, fs»
3 minutes. The mixture was concentrated in vacuo :-
1d the crude amine hydrochloride salt. TLC: Rf =
C.2C, 10% CH30H/CH,CL,.

B. Compound 63. To a solution of the crude resultant
compound of Example 63A in 1 mL of dichloroﬁethane was
sequentially added 2.1 uL (0.0121 mmol) of diisopropy!
ethyl amine and 0.9 uL (0.0064 mmol) of benzyl
chioroformate. After 1 hour, the mixture was
ccncentrated in vacuo. The residue was purified by
pPreparative thin layer chromatography with 90%
dichlorcmetrane/methanol as an eluent to yield 2.¢ mg
the t:itle compound as a white solid; TLC: R¢ = C.33,
5C% echyl acstate/dichliorcmethane; HPLC, Rt = 17.1 z:in.
Ja)oaw (CCCl;) consistent with structure.

Example 64

A. S-(Dimethylamino)thioxomethoxy)-benzofurazan. To
a solution of 500 mg (3.67 mmol) of 5-
hydroxybezofurazan in 10 mL of DMF was added 140 mg
{4.59 mmol) of NaH in small portions. The resulting
mixture was stirred at room temperature until no more
gas evolved. The flask was then immersed in a cold

AP000390
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waz2r ftath and 54C mg (4.41 mmzl) cf
dimethylithiocarbamcyl chloride (from Aldrich! was

£
-

er % minutes, the water kath was remcved

ot

mixture was heated tc 80°C for 1 hour. After being
cled to room temperature, the mixture was poured inzc
2. mlL of 0.5 N NaCH three times and water three :imes.
The solid was dried in vacuum to yield 580 mg of
product that was used in the next reaction withou-
rther purification; TLC: Rf = 0.20, 2C% echyl
acetate/hexane; ('H)-NMR (CDCl,) consistent with
s

5. 5-{{Dimethylamino)carbonyl)thio) -benzofurazan.

Trhe crude product, 510 mg (2.28 rmmol), from Example €4A
was neated to 190°C in a sealed tube. After S hours,
was cooled to room temperature and ethyl aceta:te was
added. The solution was filtered through a plug of a
silica and concentrated in vacuo to yield 360 mg of
product which was again used in the next reaction

Rf = 0.20, 20%

without further purification. TLC
ethyl acetate/hexane.

-

C. S-Mercaptobenzofurazan. To a solution of 357.4 mg
.30 mmol) of the resultant compound of Example €43 in
thanol was added 7 mL of 6 N NaCH. The
TixIuirs was heated o 90°C for 2 hours. The mixcurs

1
Q
tn
&)
(b

was poured into 100 mi ice and acidified with
ncentrated HClL. The slurry was filtered and rirsed
three times with water. The residue was dried ir vacuo
to yield 145.6 mg of product; TLC: Rf = 0.70, 20 ethyl
acetate/hexane; (1H)-NMR (CDC13) consistent with

s

(T

el
ucture.

ot

C. Benzofurazan-5-sulfonyl chloride. Chlorine gas
was bubbled through a solution of 39.9 mg (0.26 mmol)

AP000390
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cf the resultant compound of Example 64C in a mixture
°f 1 mL of ethyl acecate and 0.5 mL of water for

I miznules. The mixture was then washed repeatedly wich
Tine until no more pPrecipitate formed. The organic
-ayer was dried over MgSO,, filtered and concentrated
C yield 30 mg of the product (52%). TLC: Rf = 0.22,
25% ethyl acetate/hexane.

t

E. Compound 64. A solution of the resultant
compounds of Examples 52D and 39A (total yields) in a
mixture of 1 mL of dichloromethane, 0.3 mL of saturacesd
NaHl05 and a small amount of solid NaHCO3 was stirred
at room temperature for 2 hours. The solution was
diluted with 30 mL of dichloromethane and the two
.ayers were separated. The agueous layer was extracted
orce with dichlorocmethane chloride. The combined
organic layer was washed with brine, dried over Mgso,
and concentrated. The residue was purified by
preparative thin layer chromatography with 90%
dichloromethane/ether as an eluent to yield 30 mg of
the title product as a white solid; TLC: Rf = 0.46, 10%
Etp0/CHyCl,, HPLC Rt = 17.6 min; ('H)-NMR (CDC14): 68.45

AP000390

{s), 1H; 7.96(d), 1H; 7.65 (4d), 1H; 7.25(m), SH;
4.€5{d}, 1H; 3.85(m), 1H; 3.78!m), 1H; 3.30(d), 2H;
2.10'm', 2H; 2.90(m), 2H: 1.90!m), 1H; 1.40(s), 9H;
C.50 «d), 6H.

Example ¢5

Compound 65. A solution of 13.1 mg
(C.025 mmol) of the resultant compound of Example 64E
in 1.5 mL of ethyl acetate was treated with gaseous HCl
{moderate stream) at Q°cC for 3 minutes. The solvent
was removed to yield a solid residue which was used in
the next reaction without further purification; TLC:
Rf = 0.52, 10% CH30H/CHZC12. A solution of thig
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hydrochlorids salt (entire yield) in 1 mL of
dichlorcmethane was treated seguentially with §.2 s
©2.033 mmcl: of diisoprcpyl ethyl amine and 4.0 ul-
28 mmol, of benzyl chloroformate. After 3 hours,
mixTure waé concentrated and purified by
preparative thin layer chromatography with $0%
d loromethane/ether as an eluent to yield 11.7 mg cf
title ccmpound as a white solid; TLC: Rf = 0.65,
10% Ez;C/CH,Cly: HPLC Rt = 17.6 min; ('H)-NMR (CDC1,:
¢ 8.45(s), 1H; 7.96(d), 1H; 7.65(d), 1H; 7.25(m), 10X;
.00, mi, 2H; 4.85{(d), 1H; 3.86(m), 2H; 3.60(bs), 1.
3.254im,, 12H; 3.05(d), Z2H; 2.96(m), 1H: 2.98(m), 1H;
~.88(m}, 1H; 0.90(dd), 6H.

Examrple €6

Compound 66. A solution of 100 mg
(.46 mmol) of the resultant compound of Example 64D
and 101 mg (0.286 mmol) of the resultant compound of
Example 48A in a mixture of 2 mL of dichloromethane,
0.5 mL of saturated NaHCO; and small amount of solid
NaHCO; was stirred at room temperature for 2 hours.
The solution was diluted with S0 mL of dichloromethane
and the two layers were separated. The aqueous layer
was extracted once with dichloromethane. The combined

3

by 1C layer was washed with brine, dried over MgSC,

a

-

-

O

AP000390

ted. The rasidue was purified by

]
L )
(9}
(ad
0}

v

o)
arative thin layer chromatograpny with 20% ethyl

o

{0

”~
-~

n

J¢8

49]
H
0

{3]
ot
',l

ate/nexane as an eluent to yield 82 mg of the title
product as a slightly impure pale yellow solid. The

material was further purified by preparative HPLC with

T}

1)
(B}

~
~

(1]

a linear gradient solvent system of 35% to 80% of
acetonitrile/water (0.1% TFA) over 80 min. Upon
removal the solvents 50 mg of white solid was obtained.
TLC: Rf = 0.46, 10% ECZO/CH2C12; HPLC, Rt = 17.6 min;
("H) -NMR (CDC14): 6 8.45 (s), 1H; 7.96 (d), 1H; 7.65
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(d., 1H; 7.25 (m), SH; 5.15 (m), 1H: 4.85 (d), 1H; 3.82
‘T 4H; 3.63 (d), 1H; 3.20(m), 2H, 3.05 (d), 2H; 2.96
‘M., 1H; Z2.28 im), 1H; 2.14(m), 1H; 1.92(m), 2H;

--50(bs), 1X; 0.90(dd), 6H.

Example &7

Compound 67. Following the procedure
descripbed in Example 40B, a solution of the resultant
corpound of Example 40A in CE,Cl, is treated with bis-

‘carboxamido) -amino) -acetic acid,
diiscrreopylethylamine, HOBt, and EDC in a 1:1:1:1:1
mS.ar ratio. the mixture is stirred for 16 h at ambient
~2mperature while protected from moisture, then diluted
with additional CH,C1l, and washed sequentially with
H,C, saturated NaHCO3 solution and brine, then dried
cver MgSO, and concentrated in vacuo. The residue is
purified by silica gel chromatography using an
agrropriate eluant te yield the title product.

Example 68
Compound 68. This compound was prepared by the
rcute described in Example 26, except that the reacting
amnine used was the resulting compound of Example 39A
1245 mg, C.43 mmol) and the acylating agent was 4-
flucroghenyl sulphonyl chloride (27 mg, 0.14 mmol).

-- oo

($ 4]

AP000390

Ster chromatographic purification on a silica gel
cclumn using 8% CHaoH/CH2Clz as eluent, 92.8 mg of the
1tle compound was obtained. HPLC: Rt = 15.9 minutes.
“uC: RI = 0.54, 8% MeOH/CH,Cl,; (*H)-NMR (cpcl,)

consistent with structure.

Example €9

A, The resulting compound of Example 68 (72.1 mg,
0.167 mmol) was dissolved in 90% aqueous TFA (3.3 mL),
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eacticn mixture stirred for 3 hours at room

')

)
[9)
(1

y
1
Ll

termperature, trnan was concentrated to dryness. TLC: Rf
= C.23, 8% MeCH/CH,CIl,.
2 Complund £5.  To a solution of the resulting

corpound of Exarple 69A (41.7 mg, 0.09 mmol) in CH,CL,
fe mi) was added diiscprcpylethtylamine (47 ul, 0.27
mmol, and the resulting ccmpound of Example 48A (33 mg,
0.15 rmmcl), and the reaction proceeded for 14 hours a-
mperature. The reaction mixture was then

"
o}
0
2
(a4
{
H

o

concentrated, and the res:due was chromatographed con a
s...ca gel column using 8% THF/CH2C12 was eluent,
yielding the desired compound which was further
subjected to purification by preparative HPLC, yielding
7.8 mg of a white solid. HPLC: Rt = 13.5 minutes.

TLC: Rf = 0.36, &% THF/CH2C12; (IH)-NMR (CDClJ)

consistent with structure.

S
Example 7 »
Compound 70. A solution of 30 mg of the resulting ::
compound of Example 54 and 17.6 mg of 3-acetamido-4- (=]
fluorcbenzenesulfonyl chloride in 10 mL of CH,Cl, was o
reacted in the same manner as described for Example 14. Q
After workup and purification by preparative reversed- ‘:
prase‘c1 HPLC using a linsar gradient of 35% to 100%
CHyON/E,O with C.1% TFA as eluent, 2.0 mg of the title
corpouind was obtained. TLC: RE = 0.5, 10% CH,0H in
CH,Cl,. HPLC: Rt = 13.74 min; (H)-NMR (CDCL,)
ccnsistent with structure.
Example 71
Compound 71. A 30 mg portion of the
resulzant compound of Example 58 was deprotected with
trifluorocacetic acid and the resulting compound reacted
with 9 ulL of dimethysulfamoyl chloride in 10 mL of
BAD ORIGINAL
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CH,Cl, was reacted in the manner described in

Example 14. After workup and purification by

reparaiive reversed-phase Cyg HPLC using a linear
dient of 335% to 100% CH3CN/H20 with 0.1% TFA as

mg of the title compound was obtained.

-2, 3% MeOH in CH,Cl,. HPLC: Rt =

15.96 min; ('H)-NMR (CDCl,) consistent with struccture.

Exarple 72

Compound 72. A solution of the resulting compound
from the trifluorcacetic acid deprotection of Example
S¥A (31 mg, C.07 mmol) in CH,Cl, (2 mL) was added
diisopropylethylamine (47 kl, 0.27 mmol) and
dimethylsulfamoyl chloride (22 ul, 0.20 mmol), and the
Teaction preoceeded for 16 hours at room temperature.

a2

The reaction mixture was then concentrated, and the
residue was chromatographed on a thick layer silica gel
p-ate (1.C mm) using S% THF/CHZCl2 as eluent, yielding
the desired compound which was further subjected to
purification by preparative HPLC to yYield 7.8 mg of a
white solid. HPLC: Rt = 14.8 minutes. TLC: Rf = 0.44,
5% THF/CH,Cl,.

Example 73

Ccrpound 73. A 43 mg portion of the

ultant corpound of Example 5S4 was treated with 1 mL
©f 30% agueous TFA and allowed to stand for 12 h. The
miXiure was concentrated in vacuo and the residue taken
up in 5 mL of CH,Cl,. To this solution, 3 mL saturated
agueous sodium bicarbonate and 25 mg of 2,5-
dimethoxybenzenesulfonyl chloride was added, and the
mixture was stirred for 12 h, warming Slowly to ambient
temperature. After concentration of the mixture
in vacuo, the residue was purified by thick layer
silica gel chromatography using 3% MEOH/CHZCIZ as

BAD ORIGINAL @
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eluant followed by preparative reversed-phase C18 EFLC
using linear gradient of 35% to 100% CH3CN/H,0 wizn

C.1%¥ TFA as eluant to obrzain 5.5 mg of the title
3 LC: Rf = 0.20, 3% MelH/CH,Cl,. HPLC: R: =

13,18 min; ('H) -NMR (CDCl,) consistent with structurs.
Exarple 74

A. Ccmpound XXI (A = tert-butoxycarbonyl, D' =

cyczlicprepylmethyl, A' = H). To a solution of compound

XX (A = tert-butoxycarbonyl) (0.8 g, 2.67 mmol) in
etnaznsl 130 mL) was added a soluticn of ROKE (0.18 g,
3.2 el in ethanol (20 mL) and the mixture stirred
for 43 min at room temperature. In a separate flask, a
soc.ution of cyclopropylmethyl-amine hydrochloride :1.44
3.3 mmol) in ethanol (20 mL) was added KOH (0.7c< g,
3.3 mmol). The mixture was stirred 30 min at rocm
terperature. The solutions were combined and heated at
82°C for 3 h. The solution was concentrated under
reduced pressure and the residue slurried in diethyl
etrer and filtered. The ethereal layer was
concentrated to give 0.32 g of a white solid; (H)-NMR

(C:CL3} cnsistent with structure.

AP000390

nd 74. To a sclution of the resulting

—~ T
20

tw
O
e
)
[ &

compound of Example 74A (0.1 g, 0.30 mmol) irn CH,C1, (20
mZ. was added a saturated solution of sodium
bicarbonate, followed by addition of solid sodium
bicarfcrnate (30 mg, 0.36 mmol), then 4-
flucrckerzenesulfonyl chloride (0.07 g, 0.36 mmol).

The mixture was allowed to stir at room temperature for
4 h. The organics were extracted into 250 mL CH,C1,,

ried cver anhydrous MgSO,, concentrated under reduced

(o8

pressure then purified via medium pressure liquiqd
chromatography using a gradient system of CH,C1,
followed by 0.5:99.5 methanol/CH,C1l, followed by 1:99
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methanol/CH2Clz. The title compound was obtained as 35
mg of a colorless foam. HPLC: Rt = 16.8 min. TLC: Rf
= 0-32, 3:97 methanol/CHyCl,; ('H)-mm (cDC1,)

consisten: with Structure.

Example 75
A. Compound XXI (A = Cert-butoxycarbonyl, D' =
isopropyl, A' = H). To a solution of Compound XX (A -
tert-butoxycarbonyl) (1.67 mmol) in ethanol (190 mL) was
treated with isopropylamine (10 mL). The solution was
neated to 85°C for 72 h. The solution was filtered
ther concentrated under reduced pressure to give 0.56 g
of the title compound which was used without subsequent
purification. (1H)-NMR (CDC13) consistent with

structure.

B. Compound 75. To a solution of the resultant
compound of Example 75A (0.2 g, 0.65 mmol) in CH2C12
(10 mL) was added a Saturated solution of sodium
bicarbonate (3 mL), followed by addition of solid
sodium bicarbonate (0.11 9, 1.31 mmol), then p-
fluorobenzenesulfonyl chloride (0.2s 9, 1.28 mmol).
The mixture was Stirred overnight at ambient
temperature. The organics were eéxtracted into 100 mL
CH,Cl,, dried over anhydrous MgSO,, concentrated under
reduced pressure then purified via medium pressure
silica gsal chromatography using a gradient system of
CH,Cl, fcliiowed by 1:99 methanol/CHZClz. The title
compound was obtained as ga colorless foam 200 mg. TLC:
Rf = 0.22, 3:97 methanol/CHZClz, HPLC: Rt = 16.48 min;
(1H)-NMR (CDC1l,) consistent with structure.
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xXample 7
A Corpecund XXI (A = tert-butcxycarbenyl, D' -
----- iiny A" = H'. To a solution of compound XX A

S, in etfhanol is added 3 molar equivalents of N-
ine. The mixture is heated under ref:.x
T 12 h, cooled, and the mixture concentrated ir
“32u0. The residue is purified by preparative
reversel-phase chromatography using a linear gradiern:
£ 3% to 100% ace:onitrile/ﬁzo as eluant to yield the

75. Fecllowing the procedure described in
81, a solution of the resultant compound of
Ixample 76A in CH,Cl, is reacted with 4-
flucrobenzenesulfonyl chloride in the presence of water
and NaHCO5. Following dilution with additional CH,Cl,
and agqueous workup, the resultant product is dried over
MgSl4, filtered, and concentrated in vacuo. The
residue is then purified by silica gel chromatography
using an appropriate solvent system to yield the title

croducs:.

AP000390

Ex le 77

- Compound XXI (A = tert-butoxycarbonyl, D' = 4-
“,N-dimethylamino)-benzyl, A' = H). To a solutior of
Scmpound XX ‘A = Boc) in ethanol is added 3 molar

ezulvalents cf 4-aminomethyl- (N,N-dimethyl)-aniline.

Tre mixture Is heated under reflux for 12 h, cooled,

~d the mixture concentrated in vacuo. The residue is

purified by silica gel chromatography using an

propriate solvent system as eluant to yield the title

ag
croduct.
B. Compound 77. Following the procedure described in

Example 81, a solution of the resultant compound of
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Examgle 77A in CH,Cl, is reacted with 4-
fluore enzenesulfozny! chloride in the presence of wa-er
and NaHCC3. Follcowing dilurion with additional CH2212
and agueous werkup, :the resultant product is dried cver
M3SO,, filtered, ang concerntrated in vacuc. The
residue is then purified by silica gel Chromatography
using an appropriate solvent system to Yield the tit.e

producet.

Example 78
A, Compournd XXI (‘A = tert-butoxycarbonyl, D' =
Cyclopentyl, A' = H,. To a solution of compound XX (A
= Boc) in ethanol is added 10 molar equivalents of
Cyclopentylamine. The mixture is heated under reflux
for 12 h, cooled, ard the mixture concentrated in
vacuo. The residue is used without subsequent
purification.

B. Compound 78. Following the procedure described in
Example 81, a solution of the resultant compound of
Example 78A in CHyCl, is reacted with 4-
fluorobenzenesulfonyl chloride in the bresence of water
and NaHCO3. Following dilution with additional CH2C12
and agqueous workup, =he resultant product is dried over
MgsS3,, filtered, and concentrated in vacuo. The
residue is then purified by silica gel chromatography
usSing ar appropriate solvent system to Yield the title
producet.

Example 79

A. Compound XXI (A = tert-butoxycarbonyl, D' = 2-(4-
Pyridyl)ethyl, A' = H). To a solution of compound XX
(A = Boc) in ethanol is added 3 molar equivalents of 4-
aminoethylpyridine. The mixture is heated under reflux
for 12 h, cooled, and the mixture concentrated in

BAD ORIGINAL Q)
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vazuc. The residue is purified by Creparative

sad-phase chrﬁmatograohy using a .inear gradien:

a]
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atetcnitrile/H,0 as eluan: o yield rhe

O
(&)

rodu

ct
»
or
yos
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el

E. Compound 75. Following the procedure desc ribed :n

Example 81, a scliution of the resultart compound of
EIxample 79%A in CH,Cl, is reacted with 4-

fluorcbenzenesulfonyl chloride in the presence cf water

(o8

NaHCOa. Following dilution with additioral CH,CL,

[\1]

”
ia

03
97

aTie0us wcrkup, the resultant produc: is dried ovar
concentrated Im vacuc. The

d ue is then purified by silica gel chromatography
sing an appropriate solvent system to yield the title

<
(V¥)
U)
[m Y
be
} ]
ot
1]
3]
(1Y
)
1]
v3
(o)

s}
D
U)

prcduct.

Example 80
A. 4-Cyanctetrahydro-4H-pyran. Following essentially
the procedure of Yoneda, R. "Cyanophosphate: An
Efficient intermediate for Conversion of Carbonyl
compounds to Nitriles,® Tetrahedron Lett., 30, 3681
(198%), a solution of tetrahydro-4H-pyran-one (9.9 g,
97.8 mmol) in dry THF (50 mL) is reacted with lithium
Cyanide (5.7 g, 2%4 mmecl) and diethylcyanophcsphona:e
24 g, 146 rmol}. The mixture is stirred for 24 h a-
rature. The reaction is guenched by the
i,C.  The product is ex:raczed into

'
i

oy
o]
b
1d
1
oo

c
1.8 L of d r, dried over anhydrous MgSO, then
ated urder reduced pressure. The residue is
dissolved in dry THEF (30 mL) and tert-butyl alcohol
(7.25 g, 97.8 mmol). This solution is added slowly to
75 miL of a 1 M solution of SmI,. The mixture is
stirred for 15 h at ambient temperature. The reaction
is quenched by addition of 100 mL of saturated aqueous
NH,C.. The resulting mixture is extracted with diethyl

AP000399
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ether and the organic layers drjed over anhydrous MgSO‘
and concentrated under reduced pressure. Purification
Ly silica gel chromatography gives the title compound.

B. 4-(aminomethyl)tetrahydro~4H-pyran

To a solution of the compound of the Example 80A (10 g,
89.9 mmol) in absolute ethanol (200mL) is added Raney
Nickel (2.0 g, s50% slurry in water). The mixture ig
stirred for 24 hours at ambient temperature under 40
Psig cf hydrogen. The solution is filtered through
celite and the solution concentrated under reduced
Pressure. The residue is taken up in ether (2L) washed
with brine, dried in anh. Mgso‘, then concentrated

under reduced pressure to give the title commpound.

C. (lS,ZR)-N-(1-Benzy1-3-(N-(4-
(aminomethyl)cetrahydro~4H-pyran))-2-hydroxypropyl)-
tert butoxycarbonylamine.

To a solution of the compound of Example 80B (5g, 48.5
mmol) in absolute ethanol (20mL) is added the compound
XX (A=Boc) (2.55 g9, 9.7 mmol). The mixture is stirred
for 24 hours at ambient temperatuyre. The solution ig
concentrated under reduced Pressure and the crude
broduct is puffed via column chromatography to give the
title compound.

AP000390

D. Compound xxrr (A=Boc, D'-(4-tetrahydro-4H-
Pyranyl)methyl, A'=H). To a solution of compound XX
(A=Boc) in ethanol is added 3 molar equivalents of the
resulting compound of Example 80cC, The mixture ig
heated under reflux for 12 h, cooled, and the mixture
concentrated in vacuo. The residue is purified by
Preparative reversed-phase chromotography using a
linear gradient of 5% to 100% acetonitrile/H§0 as
eluant to yield the title compound.
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To a solution of compound XX (A=Boc) in
ethanol! is added 3 molar equivalents of N-amino
meorphcliine. The mixture is heated under reflux fcr 12

%=1

P

k, ccoled, and the mixture concentrated in vacuo.

due 1s purified by preparative reversed-phase

"
D
)

A5

-

5]

cma
tonitrile/H,C as eluant to yield the title compourd.

0
o

ograpny using a linear gradient of 5% to 16C%
e/H

\Y}

(1]

—~
~

Compound 8¢C. Following the procedure
described in Example 81, a solution of the resultant:

tn

cormpound of Example 80D in CH,Cl, is reacted with 4-
ucrcoenzanesulfonyl chloride in the presence of wa:ter
and NaHCO,. Fcllowing dilution with additional CH,C1,
and aqueous wcrkup, the resultant product is dried over
MgsSC,, filtered, and concentrated in vacuo. The
residue is then purified by silica gel chromatography
to yield the title product.

Example 81

A. Compound XXII (A = tert-butoxycarbonyl, D' =
isobutyl, E = 3,4-dichlorophenyl). A solution of 316
mg of the resultant compound of Example 39A in 4:1
CH,Cl,/saturated aqueous NaHCO, was treated

AP000390

nzially, at ambient temperature under an
atmcsghere of nitrogen, with 276 mg of 3,4-
dichorobenzenesulfonyl chloride and 95 mg of sodium
Licarbcnate. The mixture was stirred for 14 h, diluted
witn CH,Cl,, washed with saturated NaCl then dried over
M3SO,, filtered, and concentrated in vacuo. The
residue was purified by low pressure silica gel
chrematography using 5% diethyl ether/CH,Cl, as eluent
to yield 490 mg of product. TLC: Rf = 0.26, 5% diethyl
ether in CH,Cl,. HPLC: Rt = 18.92 min. (%H)-NMR

(CDC13) consistent with structure.
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B. Compound XXII (A = H, D' = iscbutyl, E = 3,4-
dichlorophenyl, hydrochloride salt). A solution of 467
mg of the resultant compound of Example 81A in ethyl
acetate was treated at -20°C with HCl gas. The HCl was
bubbled through the mixture for 20 min over which time
the temperature was allowed to warm to 20°cC. Nitrogen
was then bubbled through the mixture for 15 min and
solvent removed in vacuo to yield 412 mg of product as
a white solid which was used without subsequent
purification.

C. Compound 81. A solution of 91 mg of the resultant
ccmpound of Example 81B in CH,Cl, was treated
sequentially, at ambient temperature under an
atmosphere of nitrogen, with 25 mg of allyl
chloroformate and 52 mg N,N-diisopropylethylamine. The
mixture was stirred for 4 h and then concentrated

in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HC] and saturated NaCl then dried
over Mgso‘, filtered, and concentrated in vacuo to
yield 89 mg of the title product as a white solid.

TLC: Rf = 0.53, s% diethyl ether in CH,Cl,. HPLC: Rt =
17.95 min. (*H)-NMR (CDCla) consistent with structure.

Example 82

A. (3-Pyridyl)-methy1-4-nitrophenyl—carbonate. To a
solution of 3.65 g of bis-(nitrophenyl) carbonate in
25 mL of CH,Cl, at 0°C was added sequentially 0.97 mL
of 3-pyridyl carbinol and 1.3 mL of 4-methyl morphine.
After stirring at room temperature for 24 hours, the
resultant mixture was diluted with 100 mL of CHZCIZ,
washed with saturated sodium bicarbonate, water and
brine, dried over magnesium sulfate, filtered and
concentrated in vacuo. The residue was purified by
filtration through a plug of 8ilica gel, using 0-40%

BAD ORIGINAL @
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EtCAc/CH,Cl, as eluent tc provide 1.68 g cf the title
product. TLC: Rf = 0.19, 50% EtOAcz/hexane

2, Cocrround XXII ‘A = tert-butoxycarbonyl, D' =
~~~~ = 3,4-penzofurazan). To a solution of
498.6 mg of the resultant compound cf Example 39A in

i0 mL cI CH,Ci, was added sequentially, 2 mL of
saturated sodium bicarborate, a small amcunt of soli
sodium bicarbcnate and 515.4 mg of the resultant
compound of Example 64D. After stirring at room
temperature for 3 heurs, the resultant mixture was

Ziluzed with 6C ml of Chz <, wash2d with saturated

sodium bicarbonate and brine, dried over magnesium
sulfate, filtered and ccncentrated in vacuo. The

residue was purified by silica gel chrematography using

5% diethyl ether/hexane as eluent to yield 300 mg of
white solid. TLC: Rf = 0.80, S0% EtOAc/hexane.

c. Compcound XXII (A = H, D' = isobutyl; E = 3,4-
benzofurazan, hydrochloride salt.). A solution of
60.3 mg of the resultant compound of Example 82B in

3 mL of EtOAc at -20°C was treated with anhydrous HCl
5 min. The ice bath was removed and after an

gas for

addizticnal 10 min. The reaction mixzure was sparged
w.in nitrcgen then concentrated in vacuum and the
resulting white solid used without subsequent
purification for subsequen: reaction.

o}

Compound 82. 7To a solution of the resultant
compcund of Example 82C (entire yield) in 2 mL of
CH,Cl, was added sequentially, 45 uL of
diisopropylethylamine and 35.1 mg of the resultant
compound of Example 82A. The mixture was stirred for
24 hours and then concentrated in vacuo. The residue
was purified by preparative thin layer chromatography

AP000390
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using 60% ether/CH2C12 as eluent followed by
preparative reversed-phase Cyg HPLC using a linear
gradient of 40% to 100% CH3CN/H,0 with 0.1% TFA as
eluant. The resultant TFA salt of the title compound
was washed with saturated sodium bicarbonate to Yield
€.5 mg of the title compound. TLC: Rf = 0.15, 20%
ELOAC/CH)Cl,. HPLC: Rt = 13.52 min. ('H)-MMR (CDC1,)
consistent with structure.

Example 83

A. Compound XXII (A = tert-butoxycaronyl, D' =
isobutyl, E = 4-acetamido-3-chlorophenyl). A solution
of 339 mg of the resultant compound of Example 39A inp
4:1 CH2C12/saturated aqueous NaHCO3 was treated
sequentially, at ambient temperature under an
atmosphere of nitrogen, with 324 mg of 4-acetamido-3-
chlorobenzenesulfonyl chloride and 102 mg of sodium
bicarbonate. The mixture was stirred for 14 h, diluted
with CH,Cl,, washed with Saturated NaCl then dried over
MgSO,, filtered, and concentrated in vacuo. The
residue was purified by low pressure silica gel
chromatography using 20% diethyl ether in CH2C12 as
eluent to yield 498 mg of product. TLC: Rf = 0.27 (20%
diethyl e:her in CH,Cl,). HPLC: Rt = 16.20 min.

(1) - NvR (CDCl,) consistent with structure.

AP0ONDONZI90

B. Compound XXII (A = H, D' = isobutyl, E = 4-
a:ecamido~3-chlorophenyl, hydrochloride sait). A
solution of 474 mg of the resultant compound of Example
83A in ethyl acetate was treated at -20°C with HCl gas.
The HCl was bubbled through the mixture for 20 min over
which time the temperature was allowed to warm to 20°C.
Nitrogen was then bubbled through the mixture for 15§
min and the solvent was removed in vacuo to yield 421
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m¢ ¢of product as a white solid which was used withcuy-
sucs2guent purification.

Compound 83. A solutior of 92 mg of the resultan-
mgound cf Example 83B in CH,Cl, was treated

)

)
¢)

S tially, at ambient temperature under an
atrcsphere of nitrogen, with 24 mg of allyl
chicroformate and 52 mg N,N-diisopropylethylamine. The
Tixzure was stirred for 4 h and then concentraced

in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HCl and saturated NaTl, then
.lterad, and concentrated in vacuc

1]

ogh]
Juen

(b
£}
0
<
O
e
<
Q
wn
O
th
Fa
()
D

ZCc yield 106 mg of the title product as a white solid.
Rf = 0.33 (20% diethyl ether in CH,Cl,). HPLC: Rt
$.28 min. (') -NMR (CDCl,) consistent with
t

Example 84
Compound XXII (A = tert-butoxycarbonyl, D' =
iscbutyl, E = 3,4-dichlorophenyl). To a solution of ¢

the resultant compound of Example 51D (220 mg, 0.61
mmel) in CH2C12 (10 mL) was added the 3,4-

AP000390

PRGN

um bicarbcrate (3 mL) followed by addition of 0.:g5
13 scdium bicarbornate. The mixture was stirred

-~—"
S

~ amblent tswporabure ove.“lght The solution was

dried over anhydrous, Mgso4, and the organics
concentrated under reduced pressure to obtain 0.17 g of
crude product. The crude product was purified via
medium pressure liquid chromatography using CH,C1,
followed by 0.5:99.5 methanol/CH,Cl, followed by a 1:99
methanol/CH2C12 solution as the solvent system to give
103 mg of the title compound as a white sgolid. TLC:
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Rf = 0.56 (3:97 methanol/CHZC12), HPLC: Rt = 19.78 min,
(1H)-NMR (CDC13) consistent with Sstructure.

Exarple 85
A, (3-Tecrahydrofuryl)-methy1-4-nitrophenyl-

carbonate. To a solution of 1.21 g of P-nitrophenyl

chloroformate in 20 mL of CHZClz

sequentially,

0.66 mL of 4-methyl morpholine.
temperature for 2 hours.
2 hours and concentrated in vacuo.

0.51 g of tetrahydro-3- furanme

0°C was added

thanol and

After stirring at room
The mixture was stirred for
The residue was

purified by filtering through a plug of Silica gel,
using 0-50% EtOAc/CH2012 as eluent to provide 1.17 g of

the title product as a pale yellow solid.

0.20, 50% EtOAc/hexane.

B. Compound 85. To a solution of 70 mg of
resultant compound of Example 81B in 1 mr of

added Sequentially,
a solution of 46.6 mg of the resultant compound of

Example 85A in 1 mL of THF. The mixture was
for 24 hours and then concentrated in vacuo.
residue was diluted with 60 mL of CHZClz, was

5% sodium cicarbonate and brine, dried over magnesium
trated in vacuo to yield
The residue was purified by

Sulfate, filtered and concen
120 mg of crude pProduct.

56 uL of diisopropylethylamine and

TLC: Rf =

the
THF was P
N
Laari
R [ |
stirred P
The )
hed with (o 8
= ¢

Preparative thin layer chromatography using 20%
EtOA:/CH2C12 as eluent to yield 82 mg of the
compound. TLC: Rf = 0.4, 20% EtOAc/CHZClz.

17.08 min. ('H)-NMR (CDCly) consistent with s

Example 86

title
HPLC: Rt =
tructure.

Compound 86. A solution of 42 mg of the resultant
compound of Example 40A in CH,Cl, was treated

sequentially,

at ambient temperature under an
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atmcsphere of nitrogen, with 41 mg of the product of
Example S2A and 46 mg N,N-diisopropylethylamine. The
mixTire was stirred 14 h, diluted with CH,Cl,, washed
with saturated NaHCO, and saturated NaCl, then dried
cver MgSQO,, filtered, and concentrated in vacuo. The
residue was purified by preparative thin layer siliza
gel chromatography using ethyl acetate as eluent to
yield 43 mg of product. TLC: Rf = 0.44 (20% ethyl
el . HPLC: Rt = 13.14 min. (®)-MR (cDCL,)

consistent with structure.

Examp] 7

A. Compound XXII (A = H, D' = isobutyl, E = 4-
acetamido, 3-fluoro). A solution of 25 mg of the
resultant compound of Example 54 in EtOAc (10 mL) at
0°C was treated with anhydrous hydrogen chloride gas
for 10 min., and allowed to stand for 12 h while
warming to ambient temperature. The resultant mixture
was then concentrated in vacuo to yield compound as a
white solid which was used without subsequent
purification for ensuing reaction.

B. Compound 87. A 0.045 mmol portion of the
resultant ccmpound of Example 87A was taken up in 5 mL
cf CH,Tl,. To this solution, 40 uL of

dilsopropyiethylamine and 6 ulL of allyl chloroformate
were addad at 0°C and the mixture was Stirred for 12 h,
while warming slowly to ambient temperature. The
resulting mixture was diluted with CH2C12, washed with
saturated brine, dried over magnesium sulfate and
filtered. After concentrated in vacuo, the residue was
purified by preparative reversed-phase Cyg HPLC using a
linear gradient of 35% to 100% CH3CN/H20 with 0.1% TFA

as eluant to obtain 11.6 mg of the title compound.

AP000390
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TLC: Rf = 0.20, 5% MeOH/CHZCIZ. HPLC: Rt = 14.6 min;
(1H)-KMR (CDC13) consistent with structure.

Example g8

Compound 88. A 0.033 mmol portion of the
resultant compound of Example 87A was taken up in 5 mL
cf CHyCl,. To this solution, 26 uL of triethylamine
and 12 mg of the resultant compound of Example 48A were
adda2 and stirred for 12 h. The resulting mixture was
diluted with CH,Cl,, washed with saturated sodium
bicarbonate solution and saturated brine, dried over
Tagresium sulfate and filtered. After concCentration of
the mixture in vacuo, the residue was purified by thick
layer silica gel chromatography using S% MeOH/CH2C12 as
eluant followed by preparative reversed-phase C18 HPLC
using a linear gradient of 35% to 100% CH3CN/H20 with
0.1% TFA as eluant to obtain 7.5 mg of the title
compound. TLC: Rf = 0.30, s% MeOH/CHZCIZ. HPLC: Rt =
13.38 min; (’H)-NMR (CDC13) consistent with structure.

Example 89

Compound 89. A solution of 28 ng of the resultant
compound of Example 81B in C32C12 was treated
Sequentially, at ambient temperature under an
atmcsphere of nitrogen, with g mg of n-propyl
chloroformate and 17 mg N,N-diisopropylethylamine. The
mixture was stirred for 3 h and then concentrated
in vacuo. The residue was taken Up in ethyl acetate
and washed with 0.5 N HCl and saturated NaCl then dried
over MgSO4, filtered, and concentrated in vacuo to
yYield 31 mg of the title product as a white solid.

TLC: Rf = 0.35 (5% diethyl ether in CH,Cl,). HPLC: Rt =
18.12 min. (IH)-NMR (CDCl,) consistent with Structure.

AP000399
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Exarple 93

Corzound 90. A solution of 28 mg of the resultant
cunl of Examzle 83B in CH,Cl, was treated
seguentially, at ambient temperature under an
atmcsphere cf nitrogen, with 7 mg of n-precpyl
n rmate and 15 mg N,N-diisopropylethylamine. The
mixture was stirred for 3 h and then concentrated
in vacuc. The residue was taken up in ethyl acetate
and wasned with 0.5 N HCl and saturated NaCl then dried
filtered, and concentrated in vacuo to
ne title product as a white sclid.

: (20% diethyl ether in CHZClz). HPLC: Rt
= 15.41 min. (MH)-NMR (CDCl,) consistent with

XA

A. 3-Acetamidobenzene sulfonic acid. A solution of
1.48 g of 3-aminobenzene sulfonic acid in 1:1
tetrahydrcfuran/water was treated at 0°C with 1.43 g of
sodium bicarbonate. After S min, 1.390 g of acetic
anhydride was added dropwise and the reaction allowed
Lo warm I¢ arpient temperature under an atmosphere of
rnitrcgen cver 14 h. The reaction mixture was passed
na column of Amberlys: 15 ion exchange resin,
with water, and concentrated in vacuo to yield

AP000 39

an oil which upcn treatment with benzene and azeotropic
remcval cf water in vacuo yielded 1.8 g cf the title
produst as a white crystalline solid. (1§)-NR (CDCL,)

ccnsistent with structure.

B. 3-Acetamidobenzene sulfonic acid, sodium salt.
The resultant compound of Example 91A in water was
treated at 0°C with 8.5 mL of 1 N sodium hydroxide.
The mixture was stirred for 3 h and concentrated

in vacuo tc yield an oil which upon treatment with
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benzene and azeotropic removal of water in vacuo
yielded the title product as a tan solid which was ussd

directly in the next reaction.

C. 3-Acetamidobenzenesulfonyl chloride. The
resultant compound of Example 91B in CH,Clz was

treated

at 0°C with 4.5 g of phosphorous pentachloride under an
atmosphere of nitrogen. The mixture was stirred 14 h,
extracted with CH,Cl,, and concentrated in vacuo to
yield 1.7 g of the title product as a brown oil. TLC:
RS = 0.21 (1:1 toluere/diethyl ether) . (1H) -NvR (CDCL,)

ccnsistent with Structure.

D. Compound XXII (A = tert-butoxycarbonyl, D'

isobutyl, E = 3-acetamidophenyl). a solution of 280 mg

of the resultant compound of Example 39A in 4:1
CH,Cl,/saturated aqueous NaHCO, was treated

sequentially, at ambient temperature under an

atmosphere of nitrogen, with 252 mg of the resultant

compound of Example 91C and 105§ mg of sodium
bicarbonate. The mixture was stirred for 60 h,

with CH,Clz, washed with Saturated NaCl then dried over

Mgso‘, filtered and concentrated in vacuo. The

diluted

AP000 39

regidue

was purifed by low pressure silica gel chromatography
using 20% diethyl ether in CH,C1l, as eluent to yield 135
Tg of the title product. TLC: Rf = 0.14 (20% diethyl
ether in CH,Clywas). HPLC: Rt = 15.39 mip. (*H) -NMR

(CoC 3) censistent with Structure.

15 Compound XXII (A = H, D' = isobutyl, E = 3-

-

acetamidophenyl, hydrochloride salt). A solution of

123 mg of the resultant compound of Example 91D
ethyl acetate was treated at -20°C with HC1 gas.
HC1l was bubbled through the mixture for 20 min,
which time the temperature was allowed to warm t

in

The
over
O 20°C.
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Nlircgen was thern bucbled through the mixture for 1s
m.n and solvent remcved in vacuo to yield 118 mg of the

title product as a white solid which was used directly
1T SuCssguient reacticns
5. Compound 91, A solution of 43 mg of the resultant

Ccmpeund of Example 91E in CH,Cl, was added, at ambient
erperature under an atmosphere of nicregen, to a

sc_uticn of 48 mg ¢f the resultant compound of Example
48A and %4 mg N,N-diisopropylethylamine in CH2C12. The

1

1,
wasnzZ with saturaszed NaHCC3 and saturated NaCl, then

TixIure was stirrsd for 14 h, diluted with CH,C
ed over MgSO,, filtered and concentrated in vacuc.

s gel chromatography using S¥% CH,OH in CH2C12 to
y:eld 42 mg of product. TLC: Rf = 0.32 (s% CH,OH in
~

W)
)¢
'l
)
s

H,Cl,0 . HPLC: Rt = 13.27 min. ('H)-oMR (cDC1,)
cIZnsistent with structure,

Example $2

Compound $2. To a solution of 63.5 mg of the

resultant compound of Example 17B, diastereomer B in
I ml of THEF was added sequentially, 52 ulL of
diiscpropylaethylamine and a solution of 43.3 mg of the
Tssuitant compound of Example 85A in 1 my 0f THF. The
mixiure was stirrzd for 24 hours and then concentrated
= vatuc. The residue was diluted with 60 mlL of
SH,CL,, washzd with 5% sodium bic rborate and brine,
dried cwver magnesium sulfate, filtered and concentrated
7 vacuc to yield 70.7 mg of crude product. The
residue was purified by preparative reversed-phase Cig

C using a linear gradient of 30% to 100% CH3CN/H,0
with C.1% TFA as eluant to obtain 43.9 mg of the title
compound. TLC: Rf = 0.29, 100% EtOAc. HPLC: Rt =
13.24 min; (*H) NMR (CDCl,) consistent with structure.

r‘
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Example 93

Al N-hydroxysuccinimidyl-(R)-3-hydroxytetrahydrofuryl
carbonate. The title compound was Prepared as
described in Example 48A starting with 83 mg of (R)-3-
hydroxy:etrahydrofuran to yield S6 mg of the title
Product as a white solid. (IH)-NMR (CDC13) consistent

with Structure.

B. Compound 93. To 3 solution of 43 mg of the
resultar: compound of Example 35A ip CH2C12 was added,
3T ambient temperature under an atmosphere of nitrogen,

27 mg of the resultant ccmpound of Example 937 and 39
mg N,N-diisopropylethylamine. The mixture wag Stirred

for 14 h, diluted with CH}CI,, washed with Saturated
NaHCO3 and saturated NaCl, then dried over Mgso,,
filtered, and concentrated in vacuo. The residue was
Purified by Preparative thin layer silica gel
chromatography using 2% CH,OH in CH'.‘.Cl2 as eluent to
yYield 4S5 mg of the title Product as a white solid.

TLC: Rf = 0.52 (5% CH30H CH2C12). HPLC: Rt = 14.94 min,.
(IH)-NMR (CDC13) consistent with Structure,

Example 94

Compound s4. A solution of 47 mg of the resultant
Ccrpound cf Example 40A in CH2C12 was treated
Seéquentially, at ambient temperature under an
atmesphere of nitrogen, wirh 28 mg of the product of
Example 93A and 39 mg N,N-diisopropylethylamine. The
mixture was stirred for 14 h, diluted with CH}Clz,
washed with saturated NaHCOb and saturated NaCl, then
dried over Mgso,, filtered, and concentrated in vacuo.

AP000390
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scliid. TLC: Rf = .18 (ethyl acetate). HPLC: Rt =
13.2% mina. 1 H) -NMR \"DC-B) consistent with struce
ExXar

Tpeound 35. To a solution of 72.0 mg (0.185
rmol) of ths resultant compound of Example S1D in
Cx,C: 4 m., was addad aqueous sodium bicarbonate

sl

vl mL:, sclid sodium bicarbonate 16. 1l mg (C.227 mmol; ,
and 2,3-Adichlorothicphenesulfonyl chloride 57.1 mg,
After 14 h, the resulting mixture was
th EtCAc, washed with saturated brine, dried

T Eaw

A s e me i A
2 TaZnes T SULZacT
=

o
N}
[\V]
~
¢ 4
O
-

(D

» £iltered and concentrated

in vacuo. The residue was pPurified by low pressure
silica gel column chromatography using 5 to 12%
_:OA:/:H2C12 eluent to provide 49.1 mg of the title
product. TLC: RE = (.62 25% EtOAc/CHZClz, HPLC: Rt =
17.3 min; ('H)-NMR (C2Cl,) consistent with Structure.

Example 96

A. (4-Acetamido)-phenylmethyl-4-nitrophenyl-
carbonate. To a solution of 242.8 mg of p-nitrophenyl
chlorcformate in 5 mL of acetonitrile at 0°C was added

AP0003909

sequenctially, 165.2 mg of 4-acetamidobenzyl alcohol and
C.13 ml of 4-methyl mocrpholine. The mixture was
T Z£3% hours and concentrated in vacuo. The

S - e s T

a
fate, f:iltsred arnd concentrated in vacuo to yield
3203 mg cf the tizle compound. TLC: Rf = 0.23, 50%

B. Compound 96. To solution of the resultant
ccmpound cf Exarple 4CA in 1 mL of THF was added
sequentially, 56 ulL of diisopropylethylamine and 63 mg
of the resulzant compound of Example 96A. The mixture

BAD ORIGINAL
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was stirred for 24 hours and then concentrated

in vacuo. The residue wag purified by Preparative thin
layer chrcma:ography using 10% methanol/CH2C12 as
2luent followed by preparative reversed-phase C.',8 HPLC
Using a l:inear gradient of 30% to 100% CH3CN/H,0 with
0.1% TFA as eluant to yield s0.2 g of the title
compound. TLC: Rf = 0.43, 10% methanol/CHzclz. HPLC:
Rt = 13.54 min. ('H)-NMR (CDC13) consistent with

sStructure,

Example 97

Cempound 97. 1o solution of g mg of the
resultant compound of Example 35A in 3 mL of THF was
added Sequentially, s4 KL of diisopropylethylamine and
4 soluticn of 48.9 mg of the resultant compound of
Example 85A in 1 mg THF. The mixture was stirred for
24 hours and then concentrated in vacuo. The residue
was diluted with 60 mI, of CH2C12, washed with s% sodium
bicarbonate and brine, drieq over magnesium Sulfate,
filtered and concentrated in vacuo. The residue wag

title compound. TLC: Rf = 0.31, 20% EtOAc/CH2C12.
HPLC: Rt = 15.18 min. (’H)-NMR (CDC13) consistent with

Structure,

Example 98

Compound 98. 7o a solution of 1.9 mg of the
resultant ccmpound of Example 35A in 3 mL of THF wasg
added Sequentially, 49 uI, of diisopropylethylamine and
2 solution of 44 mg of the resultant compound of
Example 82A in 1 mp, THF. The mixture was stirred for
<4 hours and then concentrated in vVacuo. The residue

AP00n3gy
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a white solid. TLC: Rf = 0.19, S me;hano /CH2C12
H2LC: Rt = 13.28 min; 13.28 min. ( H‘ NvR (CDC13)

Sistent with structure.

Example 99

Compound 99. A solution of 75 g of the
tant compound of Example 51D and 45 mg of 4-
nicrcpoenzenesulfonyl chloride were reacted in the
ranner described in Example 60. After wWOrkup and

rasu

b

0
|8 ]

purificaticn by preparative reversed- phase Cyg HPLC
“Sing a linear gradient of 35% to 100% CL3Ch/n20 wisn

©-1% TFA as eluanI, 24.5 mg of the title ccmpound was

cbtained. TLC: Rf = 0.3, 4% MeOH/CH2C12. HPLC: Rt =
1

*2.87 min; { H,-NMR (CDC13) consistent with sStructure.
Example 100

Compound 100. A solution of 40 mg of the

resultant ccmpcund of Example 51D and 45 mg of 4-
methcexybenzenesulfonyl chloride were reacted in the
manner described in Example 60. After workup and
purification by preparative reverged- -phase Cyg HPLC
using a linear gradient of 35% to 100% CH3CN/H,0 with

C.1% TFA as eluant, 21.4 mg of the title compound was
cbtainzd as a white solid. TLC: RE = 0.2, 4%

s /s 1me oy N = i 1...
MeCH/CH,Cl,. HPFLC: Rt = 14.85 min; ('8 -3WR (CDC14)
comsisctent with structure

Example 101

Compound 10i. This compound was prepared

AP000390

from the resultant compound of Example 128 by treatment
with hydrogen chloride gas and subsequent reaction with

the resultant compound of Example 48A in the manner
described in Exavple 132. After workup and
purification by preparative reversed- phase Cyg HPLC
using a linear gradient of 35% to 100% CH3CN/H,0 with

BAD ORIGINAL @
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C.1% TFA as eluant on a portion of the crude mixture,
4.2 mg of the title compound was obtained asg a white
solid. TLC: Rf = 0.2, 4% MeOH/CH,Cl,. HPLC: Rt =
11.53 min; (’H}-NMR (CDCls) consistent with Structure.

Example 102

Compound 102. a solution of 3¢ mg of the
resultant curpgound of Example 40A in C32C12 was treated
Sequentially, at ambient temperature under an
atmosphere of nitrogen, with 8 mg of methyl
chloroformate and 22 mg N,N-diisopropylethylamine. The
miXture was stirred for 3 h and then concentrated
in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HCl and saturated NacCl then dried
over MgSO,, filtered, and concentrated in vacuo. The
residue was purified by low pressure Ssilica gel
chromatography using 30% diethyl ether in CH2C12 as
eluent to provide 27 mg of the title Product as a white
sclid. TLC: Rf = 0.10 (30% diethyl ether in CﬂﬁCl,).
HPLC: Rt = 13.49 min. (ly)-nmm (CDCly) consistent with

Structure.

Example 103

Ccmpound 103. 2 solution of 29 mg of the
Tesultant comgound of Example 81B in CHZC12 was treated
Seéguentially, at ambient temperature under an
atmcsphere of nitrogen, with ¢ mg of methyl
chloroformate and 17 mg N,N-diisopropylethylamine. The
mixture was stirred for 3 h and then concentrated
in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HCl and saturated NaCl then dried
over Mgso,, filtered, and concentrated in vacuo. The
residue was purified by low pressure silica gel
chromatography using S% diethyl ether/CH2C13 as eluent
to provide 29 mg of the title product as a white solid.

!

AP000399
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seguentiall
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% (5% diethyl ether in CH,Cl1,).
(CDCL,

consist

Exarple 104

mzound 104,

£ arktient

mixture was stirrsd

N -

vrm et
~L Vazuic.

over MgSO‘

residue was purified by
chrcratcgraphy using 5%

residie was

N HCl and sarturated NaCl then

c.

-
<
-

Lo provide 24 mg of

TLC: Rf = 0.23

1.41 min.

A,

solution of 2.9 mL of
was added 857 mg of me-ha allyl
0r 2 h a:

_1OOC

(

the title product as a whlte solid.
(5% diethyl ether in CH,Cl,). HPLC: R: =
-NMR (CDC.L3 consistent with Structure.

1y -

ivva
rre

TIXTUr2 was s
sclution of the ¢
o subssgusnt

3, Cempcound 108.

rmate and 21 mg N

for 3

~A €

ctaken up

Example 105

N-hydrexysuccini imidyl methallyl carbonate,

HPLC: Rz =

ent with structure.

A soluticn of 31 mg of th

compound of Examgle 3S5A in CH 2Cl, was trea-ad
Cemperature under an

with 8 mg of methyl

,u-diisopropylethylamine. The

2 and then concentrated

in ethyl

acetacs

dried

filtered, and concentrated in vacuo. The
low pressure silica gel
diethyl ethe*/CH Cl, as eluenz-

AP000 39

To a

1.93 M phosgene in toluene at

A solu:s:

-10°C

und which

cn of 33

resultant ccmpound of Example 40A in

sequentially, at ambient temperature

atmosphere of nitrogen,

with 0.05 mL

™

daa

alcohol.

0
<

to produce a 1.
was used direc:ly

mg of the

CHZCl2 was treated
under an

of the resultant

compound of Example 105A and 24 mg N,N-

diisoprcpylethylamire.
and then concentrated in vacuo.

The

The mixture was stirred for 3 h

residue was taken

up in ethyl acetate and washed with 0.5 N HC1l and
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Saturated NaCl then dried over Mgso‘, filtered, and
concentrated in vacuo. The residue was purified by
Preparative thin layer gilica gel chromacography using
ethyl acetate as eluent to yield 18 mg of the title
product as a white solid. TLC: Rf = 0.67 (ethyl
acetate). HPLC: Rt = 14.97 min. (1H)-NMR (CDC13)

consistent with Structure.

Example 106

Compound 106. A solution of 31 mg of the
resultant compound of Example 81B in CH,Cl, was treated
equentially, at ambient temperature under an
atmosphere of nitrogen, with 0.04 mL of the resultant
compound of Example 105A and 18 mg N,N-
diisopropylethylamine. The mixture was stirred for 3 h
and then concentrated in vacuo. The residue was taken
Uup in ethyl acetate and washed with 0.5 N HC] and
Saturated NaCl then dried over Mgso,, filtered, and
concentrated in vacuo. The residue was purified by low
pPressure silica gel chromatography using 5% diethyl
ether/CH2Cl2 as eluent to provide 19 mg of the title
product as a white solid. TLC: Rf = 0.34 (5% diethyl
Sther/CH,Cly). HPLC: Rt = 18.24 min. (y).jmm (cpCi,)

consistent with Structure.

Example 107

Compound 107. A solution of 28 mg of the
resultant compound of Example 35A in CH,C1, was treated

n

AP000390g

Seguentially, at ambient temperature under an
atmosphere of nitrcgen, with 0.0s mL of the resultant
compound of Example 105a and 19 mg N,N-
diisopropylethylamine. The mixture wasg stirred for 3 h
and then concentrated in vacuo. The residue was taken
up in ethyl acetate and washed with 0.5 N HCl and
Saturated NaCl then dried over Mgso‘, filtered, and

BAD ORIGINAL @
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TLC: RE = C.25 (5% diethy:
16.68 min.

- T

with structure.

sthar o CHZClz HPLC: Rt
-=Cly) ccnsiszent
Cempeound 108.
- -~ &
124B in 1 mL of
dilscorozylethylaxine

d
layer chreomatography

Zcllewed by preparative reversed-prase C18 HPLC using a
-inear gradient of 30% to 100% CH;CN/H,0 with 0.1% Tra
as eluant on a pcrtion of the crude mixture, 4.2 mg of

Examplae

HPLC: Rt = 13.67 min.

109

PO

“he residue was purified by
iliza g2l chromat graphy using 5% diethyl

.

18 mg of the ti:le

-
-

r
my

@ title compound was obtained as a white solid.
RE = 0.16, 10% me:hanol/CH2C12.
le) NMR (CDCla) consistent with Structure.

(*H) -NMR

To a solution of 62.5 mg of
THF was added sequentially 56 ul of
and a soluztizn cf 49.6 mg of tha
§2A
stirred for 24 hours and then concentrased

THF.

The

ue was purified by preparative thin
using SC% EtOAc/CH2C12 as eluent

TLC:

AP000390

To a

ster hydrochloride

cta
°C

sti

Ssium
and 19.5 mL
rring at 0°C

1d a white solid
The organic

in 2% of p
Zarzcrnaze The mixture was cooled to 0

cI rhcsgens was addsd dropwiss. Afcer

fcr 3 hours, water was removed to yie

with was washed with copious of CH,Cl,.

sclution was then dried over magnesium sulfate,
f£:ltered and ccncentrated to yield 3.26 g of the title

Ercduct as a clear oil.
(s, 3H), 4.43 (dd, 1H),
6.29 (s, 1H).

{
4.53

‘dd,

1h),

) NMR (D,0): & = 3.82
4.67 (t,

1H),
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B. (S)-4~Hydroxymethyl-oxazlidin-z-one. To a
scluction of 3.26 g of the resultant compound of Example
<C3A in 2) mL of ethanol at g°C was added 0.85 g of
sodium berchydride in small portions. The ice bath was
removed and after additional 3 hours, 20 mL of 2.0 N
hydrcgen chloride was added to the mixture, which was
then concentrated to yYield an 0il. The residue was
extracted with EtOAc and the organic solution was dried
over magnesium sulfate, filtered and concentrated to
yield 2.50 g of the title compound. (H) NMR (CDCl,):

¢ = 2.48 (s, 1H), 3.69 (dd, 1H), 4.08 (m, 1H), 4.33

1%

(¢, 1H), 4.57 (t, 1H).

C. 4-Nicrophenyl-((5)-4-oxazlidin-2~onyl)-methyl
carbonate. To a solution of 1.04 g of P-nitrophenyl
Chloroformate in 20 mL of CH,Cl, at 0°C was added
sequentially, 0.5 g of the resultant compound of
Example 109B and 0.6 mL of 4-methyl morpholine. The
mixture was stirred for 2 hours at ambient temperature
and then concentrated in vacuo. The residue wasg

AP000390

purified by low pressure silica gel column
chromatography using 20% EtOAc in CH,C1, eluent to yield
C.57 g of the title compound. TLC: Rf = 0.10, 50%
EtCAc/hexane.

D. cmpound 109. To a solution of 60 mg of the
¢sultant compound of Example 35A in 1 mL of THF was
added sequentially, ss uL of diisopropylethylamine and
a solution of 51.1 mg of the resultant compound of
Example 109C in 1 mL acetonitrile. The mixture was
stirred for 24 hours and then concentrated in vacuo.
The residue was purified by Preparative thin layer
chromatography using 5% methanol/CH2Cl2 as eluent to
Yield 60.4 mg of the title compound. TLC: Rf = 0.38,

BAD ORIGINAL éﬁb
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c% :='h=1~./C/2:lz H2LC: Rt = 14.11 min. (

:::;3, tinsistent with structure.

xarple 139

Compeund 110. To a solution of 60 mg of the
Zitant ccmpound of Example 40A in 1 mL of
acetonitrile was added sequentially, 51 uL of
dilsccrep le’“y amine and a solution of 46.8 mg of the
-Tant ccmpound of Example 109C in 1 mL
a:e:oni:rile. The mixture was stirred for 48 hours and

in vacuo. The residue was purified

ma2thanol /CHE C12 eluent followed by preparative reversed-

‘2
prase C13 HFLC using a linear gradient of 30% to 100%
CH,CON/E,C with 0.1% TFA as eluant to yield 16 mg of the
title compound. TLC: Rf = 0.28, 50% EtOAc/CH Cl,
HPLC: Rt = 12.47 min. (!H) NMR (CDC1,) con91stent with
structure.

Example 111

A solution of 0.067 mmol of the resultant

AP000390

ccrmpound of Example 114D in S mL of tetrahydrofuran was
addsd 20 ul of diisorropylethylamine followed dropwise
Cy a sciuticn of the resultant cormpound of Example 82A
tetranydrciuran during one hour. The
TiXTUure wias stirred 15 h and then concentrated

Tre crude residue was purified by thick
laysr silica gel Crhroratography using 5% MeOH/CH 2Cl, as
€.13ant IO cbtain 21.8 mg of the title compound. TLC:
RS = 0.45, 5% MeOH/CH,Cly; ('H)-MMR (CDCl;) consistent

w s
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Example 112
A. Compcund XXII (A = tert-butoxycarbonyl, D' a
isobutyl, E = 3-s:lfonamidophenyl). To a solution of
6.6 mg (0.287 mmol) of the resultant compound of
Example 39A in CH,Cl, (4 mL) was added aqueous sodium
bicarbcrate (1 mL), solid sodium bicarbonate 36.2 mg
(0.431 mmol), and m-benzene disulfonylchloride 86.9 mg,
(1.08 mmol). After stirring for 1 h, 30% ammonium
hydroxide (10 mL) was added. After 14 h the resulting
mixture was diluted with CH2C12, washed with saturated
brine, dried over Tagnesium sulfate, filtered and
concertrated in vacuo. The residue was purified by
flash chromatography using 0% to 10% methanol/CH2C12
eluent to provide 49.3 mg of the title product.

le)-NMR (CDC13) ccnsistent with Structure.

B. Compound XXII (A = H, D' = isobutyl, E = 3-
sulfcnamidophenyl, hydrochloride salt). A solution of
49.3 mg (0.089 mmol) of the resultant compound of
Example 112A in EtOAc (10 mL) at -20°C was treated with
anhydrous HCl gas for 10 min. The ice bath was removed
and after an additional 15 min., the reaction mixture
was sparged with nitrogen then concentrated in vacuo to
provide 53.1 mg of =itle product as the HC1 salt.

() avm fC2Cl,y) comsistent with structure.

C. Compound 112. To a solution of 53.1 mg of the
rasultant ccmpound of Example 112B (0.089 mmol) in
CH,Cl, (3 mL) was treated sequentially at ambient
temperature under an atmosphere of nitrogen, with 0.031
mL (0.177 mmol) diisopropylethylamine and 24.3 mg
(0.106 mmol) of the resultant compound of Example 48A.
The mixture was stirred 16 h and then concentrated

400

in vacuo. The residue was taken up in CH,Cl, and washed

AP000390
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with saturated trine, dried over magresium sulfate,
ititered, and conceatrated in vacuo. The residue was

ied by low pressure silica gel cclumn

0
[
8]
b
rn
e

chromatography using a gradient 5% to 20% EtOAc in
CH,71, as eluent to yield 10.8 mg of the title produc:.
TlC: RF = C.4 25% EtCAc in CH Cl . HPLC: Rt = 13.3 min;

1H} NMR (CDC13) consistent with strucsur

Example 113

3- arsulfonyl chloride. 1In flame dried

h i

nder a nitrogen a:r-o srhere tc a sclusien o<

jH)
NI E’

W

[

w
g
rahydrcfu ran at -78°C was added 2.0 mL n- butyl

aium (3.2 mmol at 1.6 molar in hexane). Afrer 45

(¥4}
)
]
n
n

2]

C5 mmcl) of 3 tromecfuran in anhydrcus

eY
[ ]
(¢ 9]

e

cr

}l

utes the resultant solution was added via cannuila oo

Q

23°C scluticn of sulfuryl chloride in diethyl ethar

[\

(6§ mL plus a 2 mL rinse). After 1 h, the reaction was

juenched with 0.5 N hydrochloric acid and extraced into

Q

is :nyl ether. The ethereal extracts were washed with
saturated brine, dried over magnesium sulfate, filtered
and concentrated in vacuo to provide 158 mg of the
title product. (H) NMR (CDC13) consistent with

Sstucture.

AP000390

2. Compound XXII (A = tert- -butoxycarbonyl, D' =
~scputyl, I = 3-furyl). To a solution cf 289.7 mg
'C.851 mmel) of the resulrant compcund of Example 3%A
in CH_Tl1, {8 mL) was added agueous sodium bicarbonars ‘2
rl), solid sodium bicarborate 108 mg (1,292 mmol), and
the resultant product from Example 113A 157.8 mg, (1.08
rmol). After stirring for 1 h 30% ammonium hydroxide
10 mL) was added. After i4 h, the resulting mixture
was diluted with CH2C12, washed with saturated brine,

dried over magnesium sulfate, filtered and concentrated
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ir vacuo. The residue was purified by flash
ciromatcgraphy using 1% to 15% EtOAc/CH2C12.

C. Compound XXII (A = H, D' = isobutyl, E = 3-furyl,
hydrochloride salt). a solution of 217.3 mg (0.581
mmol) of the resultant compound of Example 113B in
ZtCAc (15 mL) at -20°C was treated with anhydrous HC1
gas for 10 min. The ice bath was removed and after an
additioral 15 min. the reaction mixture was sparged
with nitrogen then concentrated in vacuo to provide 223
g of title product as the HCl salt. TLC: Rf = 0.52
1C% me:hanol/CHzclz.

3

.

D. Compound 113. To a solution of 5.3 mg of the
resultant compound of Example 113C (0.162 mmol) in
CH,Cl, (3 mL) was treated Sequentially at ambient
temperature under an atmosphere of nitrogen, with 0.056
Tl (0.324 mmol) diisopropylethylamine and 44.6 mg
10.194 mmol) of the resultant compound of Example 48A.
The mixture was stirred 16 h and then concentrated

in vacuo. The residue was taken up in CH,Cl, and washed
with saturated brine, dried over magnesium sulfate,
filtered, and concentrated in vacuo. The residue was
Curified by low pPressure silica gel column
carcmatograghy using a gradient 3% to 20% EtOAc in
532Ci2 eluzsn: to yield 10.8 mg of the title product.
TLC: Rf = 0.6, 25% EtOAc/CH3C12. HPLC: Rt = 13.9 min;
(1u) NMR (CDClaJ consistent with Structure.

AP000399

xampl 1

A. Aminomethylcyclopentane. To a solution of LiAlH4
(38 g, 1.0 mole) in diethyl ether (2 L) was added
cyclopencanecarbonitrile (73.2 g, 0.77 mol) as a
solution in 250 mg ether. The solution was stirred
overnight at ambient temperature and then quenched by
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add:izizn <f the organics to 3 L of a saturated

potassium, scdium tartrate solution. The amine was
Sxiracisl into 3 L of ether, dried cver anhydrocus K,CC,

ratsd ty distillatizn to accroximately 4C¢
T tctal volume. The crude product was purified v:ia

distillat:cn to give S8.2 g of the title compound as a
1

colorlsss oil. {TH, - NMR (CDC13) consistent with
sStructure

3. creound XXI (A = tert-but oxycarbonyl, D' =
Cyzlcgentylmethyl, A' = H). 75 the rssultant ccmpound

D Example 1I4A (20 g, 0.2 mol) was added compound XX
g) and the mixture was stirred for 24 n
rature. The solution was concentra-ed
by distillation under reduced pressure. The residue
was triturated with hexane and the solid collected by
suction filtration and washed with hexane to give 7.08
g oI a wnite solid which was used without further
fizatica. TLC: REf = 0.59 (1:10:90 concentrated
OH/methanol/CH,Cl,), ('H)-NMR (CDCl,) consistent with

C. Cormpound XXII ‘A = tert-but oxycarbonyl, D' =
cyclcrentylmethyl, = o= 4- flucrophenyl!. To a solution
2f the rescultans compcund of Example 1143 (200 mg, C.==
Tmei; o CHE,CL, 110 mU) was added 4-

Iluorsienzanesulfcnyl chloride (210 mg, 1.1 mmol)
Scolowsd Ly the addition of a saturategd sclution of
scdium bicarbonate (3 ml) followed by addition of sol
scdium bicarbcnate (0.1 g, 1.2 mmol). The mixture was
allowed zo stir at ambient temperature overnight. The
solution was diluted with 100 mL CH,Cl,, the organics
serarazed, dried over anhydrous MgSO,, and the organics
concentrated under reduced pressure to obtain 0.33 g of
crude product. This material was purified via medium

BAD ORIGINAL
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pressure liquid chromatography using CH2C12, followed by
0.5:99.5 methanol/CH2C12, followed by a 1:99
me:hanol/CH2Cl2 solution as the solvent System to give
120 mg (42% yield) of thre title compound as a white
solid. TLC: Rf = 0.48 (3:97 mechanol/CH,Clz); HPLC: Rt
= 18.22 min, (H)-NMR (CDC13) consistent with structure.

D. Compound XXII (A = H, D' = cyclopentylmethyl, E =
4-fluorophenyl, hydrochloride salt). A solution of 266
mg of the resultant compound of Bxample 114C in ethyl
acetate was treated at -20°C with HCl gas for 20 min,
during which time the temperature was allowed to warm
Lo 20°C. Nitrogen was then bubbled through the mixture
for 15 min and the solvent removed in vacuo to yield
224 mg of white solid which was used directly for
ensuing reaction.

E. Compound 114. A solution of 31 mg of the
resultant compound of Example 114D in CHZ.CI2 was treated
Sequentially, at ambient temperature, under an
atmosphere of nitrogen, with 9 mg of allyl

chloroformate and 19 mg N,N-diisopropylethylamine. The
mixture was stirred for 3 h and then concentrated

irn vacuo. The residue was taken up in ethyl acetate
and washed in 0.5 N HCl and saturated NaCl then dried
over Mgso4, filtered, and concentrated in vacuo to

AP000390

yield 34 mg of the title product as a white solid.
TLC: REf = 0.34 (5% diethyl ether in CH2C12). HPLC: Rt =
17.21 min. (MH)-NMR (CDC13) consistent with Structure.

Example 115

Compound 115. A solution of 31 mg of the
resultant compound of Example 114B in CHzcl2 was treated
Sequentially, at ambient temperature under an
atmosphere of nitrogen, with 8 mg of ethyl

BAD ORIGINAL Q
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cfcrmat2 and 19 mg N,N-diiscprepylech
TiIXTure was stirred for 3 h and ther ccacentrated
ne residue was taken up in ethyl aceta:e

iltersed, and concentrated in vacuo to

-

g of the title product as a white solid.
v

“=C: RE = §0.32 (5% diethyl ether/CHZClz). HPLC: Rt =
1£.86 min.  (*H)-NMR (CDCl,) consistent with structurse.
xarple 1

A Comrcound XXIZI YA = tert-buto carccrnyl, D' o=
¥Ilcrentylmathyl, = = 4-chloroprenyl:. The resultan-

mpound of Example 114B (252 mg) was reacted with 4-
cr.icrobernzenesulforyl chloride (175 mg) in the manner
2sscribed in Example 166A. Werkup and purification by
tiica gel chromatography using EtOAc/CH2Cl2 as eluant

n

yielded the product as a white solid; (‘H) MR (cpCl,)

ccngistent with structure.

B. Compound XXII (A = H, D' = Cyclopentylmethyl, E =
4-chloroprenyl, hydrochloride salt). A solution of 32¢C
mg of the resultant compound of Example 116A in 20 mL
0f EtOAc was treated with anhydrous HCl gas for 5 min.
Th2 reacticn mixture was sparged with nitrogen then
ctncentrated in wvacuo to yeld a whitas salidg wnich was

uszd direc:tly for subsequent reaction.

Z. Cempound 114, T2 a solution of 63.4 mg of the
resultant compournd of Example 1163 in 1 m. of THF was
added sequentially 54 uL of diisopropylethylamine and a
so.ution ¢f 39.9 mg of the resultant compcund of
Example 48A in 1 mL THF. The mixture was stirred for
24 hours and then concentrated in vacuo. The residue
was purified by low pressure silica gel column
chromatography using 20% EtOAc in CH,Cl, eluent to yield

~
—
5
by
o
5
(14

~2 washed with 2.5 N HZ! a-rd saturated NaTl then Qdr:i=4

AP000390
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0.62 g of the title compound. TLC: Rf = 0.71, 40%
ESOAC/CHpCl;. HPLC: Rt = 16.88 min. (}H) nvm (cpcl,)

ccnsistent with Structure.

Exarple 117

Compound 117. A solution of 66.1 mg of the
resuitant compound of Example 116B in 1 my of THF was
treated sequentially with S¢ BL of
diiscpropylethylamine and 13.3 uL of allyl
chloroformate. The mixture was stirred for 4 hours and
ccncentrated in vacuo. The residue was taken into 50
"~ of EtOAc and washed with 1.0 N HC1, saturated sodium
bicarbonate, brine, dried over magnesium Sulfate,
filtered and concentrated. The residue was purified by
low pressure silica gel column chroma:ography using 20%
EtOAc in hexane eluent to vield €9.7 mg of the title
compound. TLC: Rf = 0.20, 20% EtOAc/hexane. HpLC:
Rt = 17.83 min. (}¥) Nmm (CDC13) consistent with

Structure.

Example 118

Compound 118. To a solution of 65.3 mg of
the resultant compound of Example 116B in 1 mL of THF
was added Seguentially 55 ulL of diisopropylethylamine
and a solution of 49.2 mg of the resultant compound of
Exarple 82A in 1 me THF, The mixture wasg Stirred for
24 hours and concentrated in vacuo. The residue was
purified by low pressure silica gel column
chromatography using 40% EtOAc in CH2C12 as eluent
followed by preparative reversed-phase Cig¢ HPLC using a
lirear gradient of 40% to 80% CHéCN/Hzo for elution to
yield 70.7 mg of the title compound. TLC: Rf = 0.27,
40% E:OAC/CHZClz. HPLC: Rt = 14.85 min. (1H) NMR
(CCCl,) consistent with structure.

AP000390
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Compcund 113. A sclution of 26 mg of the
&

-2ntlally, a:t ambients temperatire under an
nizrogen, wizh § mg of ethyl

cizrmate and 15 mg N,N-diisopropylethylamine. The

TiXture was stirred fcr 3 h and then concentrated

in vatuc. The residue was taken Up in ethyl acetage

and wasnhad with 0.5 N HCl and saturated NaCl then dried

filtered, and ccncentrated in vacuo. The

Zue was purified bv low pressire silica gel

c3rapny using 5% diethy! ether/CH, Cl, as eluen:

2 provide 26 mg of the title prcducet as a whlte solid.
&

27.50 min. (lH)-NMR (CDCIJ) consistent with Structure.

Example 120

Cempound 120. A solution of 3C mg of the
resultant compound of Example 40A in CH, Cl was treated

sequentially, at ambient temperature under an
atmespnere of nitrogen, with 8 mg of ethyl
chlcrcformate and 18 mg N,N-diisopropylethylamine. The
TiXIure was stirred for 3 % and then concentrated
inowvacuc Th2 residue was taken D in ethyl acetage
and washsd with €.5 N HCL and sa-ura ted NaCl then dried
over M3s5C,, filtered, and concentrated in vacuo. The

4
2 was purified by preparative thin layer silic
S2. throimatcgraphy usizg eIyl ac2:tate as eluent to
¥ield 5 mg cf the title product as a white solid.
TLC: RE = C.60 (ethyl acetate). HKPLC: Rt = 13.86 min.
RV (CDC1l,) consistent with structure,

BAD ORIGINAL Q

= 0.19 (5% diethyl ether in CH,Cl,). HPLC: Rt =

AP000390



Compound :121. A sclution of 26 mg of the
Tesultant compound of Example 35A in CH,Cl, was treated
sejuentially, at ambientr temperature under an
atmosphere of nitrogen, with 7 mg of ethyl
chloroformate and 17 mg N,N-diisopropylethylamine. The
TIXIure was stirred for 3 h and then concentrated
in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HC1 and saturated NacCl then dried
<ver MgsO,, filtered, and concentrated in vacuo, The

(1)

:sidue was purified by low pressure Silica gel
ciromatograghy using 5% diethyl ether/c}-12c12 as eluent
“° provide 22 mg of the title product as a white solid.
T-C: Rf = C.14 (S% diethyl ether/CH,C1,). HPLC: Rt
15.35 min. (iH)-NMm (CDCl,) consistent with Structure.

Example 122

Compound 122. A solution of 27 mg of the
resultant compound of Example 35A in CH2C12 was treated
S2quentially, at ambient temperature under an
atmosphere of nitrogen, with 8§ mg of allyl
chloroformate and 18 mg N,N-diisopropylethylamine. The
TiXture was stirred for 3 h ard then concentrated
in vacuo. The residue was taken up in ethyl acetate
and washed with 0.5 N HCl and saturated NaCi then dried
cver MgSo,, filtered, and concentrated in vacuo. The

AP000390

residue was purified by low pressure Silica gel
Chreratography using 5% diethyl ether in CH,Cl, as
eluent to provide 23 mg of the title product as a white
sciid. TLC: Rf = 0.33, s% diethyl ether in CH}Clz.
HPLC: Rt = 16.28 min. (*H) -NMR (CDC13) consistent with

Structure.
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gxample 1
Al cmpcund XXII (A = tert-butoxycarbonyl, D' =
iszcutyl, E a 3,4-dimethoxyphrenyl). To a solution of

221 Mg {1.152 mmol! of the resultant ciopcund of

3
Sicarbcnate (3 mL), solid sodium bicarbonate 130 rg
549 mmell, and 3, 4-dime:hoxybenzenesulfonyl
de 33.8 mg, {1.43 mmol). fter 14 h, the

nd concentrated in wvasus. The resisus was purifiz=3i v
Ny using 3% to 25% E:OAc/CHZCl2 e_uen:
mg of the title product. TLC: Rf =

B. Ccmpounrd XXII (A = H, D' = isobutyl, E = 3,4-
dimethoxyphenyl, hydrochioride salt). A solution of
447 mg (0.827 rmol; of :zhe resultant cerpound of
Exarple 123A in EtOAc (15 mL) at -20°C was treated with
anhydrous HCl gas for 10 min. The ice bath was removed
arnd after an additional 15 min. the reaction mixture
was sparged with nitrogen then concentrated in vacuo to
provide 410 mg of title produc: as the ECl salr. TLC:

=% = 0.44, 10% methanol/CHZClz.

Z. Ccmpound 123. A soluticn of 38.9 mg of the
resultant compound of Example 123B (0.170 mmol) in
CH,CL, (3 ml) was treated seguentially at ambient
tzmperature under an atmcsphere of nitrcgen with 0.045%
mL (0.283 mmol) diisopropylethylamine and 66.9 mg

(169.6 mmol) of the resultant campound of Example 48A.
Tre mixture was stirred for 16 h and then concentrated
in vacuo. The residue was taken up in CH,Cl, and washed

ith saturated brine, dried cver magnesium sulfate,
filtered, and concentrated in vacuo. The residue was

BAD ORIGINAL
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Furified by low pressure Silica gel column
Chromatography using a gradient 10% to 25% diethyl
etrer in CH,Cl, cluezn: to Yield 57.6 mg of the title

product. TLC: Rf a 0.39, 2s5% diethyl echer/C32C12.
HPLC: Rt = 14.3 min; (IH) NMR (CDCl,) consistent with

Structure.

Example 124
A. Compcund XXII (A = tert-butoxycarbonyl, D' =
isobutyl, E = 3,4 difluorophenyl). To a solution of
332.7 mg {C.989 mmcl) of the resultant compound of
Exarple 39A in CH,Cl, (12 mL) was added aqueous sodium
bicarborate (3 my), solid sodium bicarbonate 125 mg
(1.483 mmol), and 3,4 difluorobenzensulfonyl chloride
231 mg. (1.088 mmol). After 14 h, the resulting
mixture was diluted with CH§C12, washed with saturated
brine, dried over magnesium sulfate, filtered and
Concentrated in vacuo. The residue was purified by
flash chromatography using S% to 2s5% diethyl
ether/CH2C12 eluent to provide 313.6 mg of the title
product. (IH)—NMR (CDCls) consistent with Structure.

AP000390

B. Compound XXII (A = H, D' = isobutyl, E = 3.4
diflvorophenyl, hydrochloride salt). A solution of
312.6 mg (0.610 mmol; of the resultant compound of
£xample 124A in EtOAc (15 mL} at -20°C was treated with
anhydrous HCl gas for 10 min. The ice bath was removed
and after an additicral 15 min., the reaction mixture
was sparged with nitrogen then concentrated in vacuo to
brovide 280 mg of title product as a white solid. TLC:
Rf = 0.46, 10% methanol/CH2C12.

C. Compound 124. To a solution of 64.7 mg of the

resultant compound of Example 124B (0.144 mmol) in
CH,Cl, (3 mL) was treated Sequentially at ambient

BAD ORIGINAL g)
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nere 0f nitrzgen, with .C=:

Y

yiethylamine and 39.6¢ mg
ulzant compound of Example 48A.
°r 16 h and then concentrates
1% valu2. The rzsidue was takern up in CH,Cl, and washe
w.th saturated brine, dried over magnesium sulfate,
ed, and ccncentrated ip vacuo. The residue was
d by low pressure silica gel column
nrcratcograghy using a gradiert S% to 20% diethyl ether
n CH Clz eluent tco yield 44 mg of the title product.
0.54 23% diezhy. ether CH2C12. HPLC: Rt =
1 (==

.- ‘ J1... :
2.4 i, CTH, MM ~~--3, CCnsisten:t with SIructure.

Zxarple 125

Compcocund 125. nis compound was prepared

th

rem the resultant compournd of Example 146B in the
anner described in Example 88. After workup and
ification by preparative reversed-phase C,s HPLC
ing a lirer gradient of 35% to 100% CH,CN/H,0 with
1% TFA as eluant, 10.5S mg of the title compound was
cbtained as a white solid. TLC: Rf = 0.4, 4%
MeOH/CH,Cl,. HPLC: Rt = 14.06 min; (H)-NMR (CDC1,)

%!

AP000390

(t

clnsistent with s-ructure.

AL Compeound XXI (A = e

-
-

t-butoxycarbonyl, D' =

Q
j+1}
wn
O
oo

ution compound XX (1.7 mmo. )
- 20 ' was add=s3 mathylamine qaas, at
aroient temperature, for 30 min. The solution was
irred overnight, then concentrated under reduced
essure to give 0.47 g of the title compound which was
d withcut subseqguen: purification. TLC: Rf = 0.19,
#C NH(OH/methanol/CH,Cly, (*H)-NMR (cDel,)

cnsistent with g+ ructure.,

0
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B. Compound 126. To a solution c¢f the produce of
Example 126aA (Z.15 g, 0.5 mmol) in CHCl,; (10 mL) was
added a saturated soluticn of sodium bicarbcnaze (3
mL), followed by addition of solid sodium bicarbernate
(50 mg, 1.1 mmol,, followed by addition of 3,4-

dichlorobenzenesulfonyl chloride (0.25s

g9, 1.0 mmol).

The mixture was stirred at ambient temperature
overnight. The organics were extracted into 109 mL
CHZCIZ, dried cver anhydrous, MgSO4, ccncentrated under

reduced pressure then purified via medi
Silica gel chromatography using a gradi

um pressure
ent systam ¢

CI--:2C12 follcwed by 5:95 e:her/CH2Clz. The title

compound was ottained ag a colorless fo
Rf = 0.42 (3:97 methanol/CH2C12), HPLC:

am 210 mg. TLC:
Rt = 17,2 min;

(*H) -NMR (CDC1,) consistent with structure,

Exarmple 127

Compound 127, To a solution
of Example 126A (0.15 g, 0.51 mmol) in

of the product

mL), followed by addition of solid sodium bicarbonate
(100 mg, 1.0 mmol), followed by addition of 4-

fluorobenzenesulfonyl chloride (0.20 g,

8

8

5
AP000390

1.0 mmol). The

mixture was stirred at ambient temperature overnight,

“he organics wers extracted into 100 mL

CH2C12, dried

over anhydrcus, Mgso,, ccncentrated under reduced

pPressure then purified via Tedium pressure silica gel

chromatography using a gradient sSystcem of CH2Cl2
followed by 5:95 ether/CH2C12. The title compound was

Obtained as a white solid 104 mg. TLC:
methanol/CH2C12, HPLC: Rt = 15.86 min;
consistent with structure.

Rf = 0.36, 3:97
'H)-MR (CDC1,)

RAD ORIGINAL Q
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bicarbonate (3 mL) and solid sodium bicarbonate (g0.: g,
1.2 mmol). The mixture was stirred at ambient

temperature overnight. The solution was
100 mL CH,Cl,, the organics separated, dried over

anhydrous MgSoO

reduced pressure. The crude product was
medium pressure liquid chromatography using a gradient
solvent system of CH,Cl, followed by 5:95 ether/CHéCl2
10:90 ether/CHZCl2 solution to give 137 mg

follcwed ty a

£ the title compound as a white golid.

0.35, 3:97 me:hanol/CH2Cl

4

CHY -NMR ?CDCla)

Example 130

diluted wi-n

¢+ and the organics concentrated under

purified via

TLC: Rf =

5+ HPLC: Rt = 16.37 min,

consistent with s:- Ucture,

A, Compound XXI (A = tert-butoxycarbonyl, D' =

(isobutenyl, A' = H))’
tert-butoxycarbonyl)

g, 12.5 mmol)

(20 mL). The mixture stirred 30 min at ambient
The solutions weére combined and heated to

temperature.
85°C for 24 h.

concentrated under reduced pressure to
the title compound which was used without

purificaticn,

B. Compcund

Example 130A (0.20 g, 0.60 mmol)

and KOH (0.70 g, 12.5 mmol)

To a solution compound XX (A =
(2.5 mmol) in ethanol (30 mL) was
added a solution 2-methylallylamine hydrochloride (1.34

in ethanol

AP000390

The solution was filtered and

give 0.82 g of

subsequent

TLC: Rf = C.45, 1:10:90 concentrated
NH‘CH/methanol/CH2C12.

130. To a solution of the product of

in CH2C12 (6 mL) was

added a saturated solution of sodium bicarbonate (3
mL), followed by solid sodium bicarbonate (0.1 g, 1.2
mmol) and then p-fluorobenzenesulfonyl chloride (0.35s
The mixture was stirred at ambient

g, 1.78 mmol).

temperature for 24 h.

100 mL CH,Cl,,

dried over anhydrous MgSO‘,

The organics were extracted into

concentrated

RAD ORIGINAL g
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under reduced pressure then purified via medium
silica gel chromatography using a gradient

system cf CH,Cl,, followed by 1:99 methanol/CH,Cl,. The

title compound was obtained as a white solid 180 mg.
TLC: RE = 0.35, 3:97 methanol/CH2C12, HPLC: Rt = 16.82
in; (Y#) MR (CDCl,) consistent with structure.

1 131

Corround 131. To a solution of the resultant
compound cf Example 13CA (200 mg, 0.60 mmol) in CH,C1,

L} was added 4-acetamidobenzenesulfonyl chloride

(O

10 mg, 1.76 mmol), followed by a saturated soluticn
scdium bicarbornate (3 mL) and solid sodium
cicarborate (C.1 g, 1.2 mmol). The mixture was stirred

th s

fo]
N’

2t ambient temperature overnight. The solution was
diluted with 100 mL CH,Cl,, the organics separated,
dried over anhydrous MgSO,, and the organics
concentrated under reduced pressure. The crude product
was purified via medium pressure liquid chromatography
using a gradient solvent system of CH,Clz, followed by
30:70 EtOAc/CH2Cl2 solution to give 140 mg of the title
compound as a white solid. TLC: Rf = 0.19, 3:97
metharol /CHCl,, HPLC: Rt = 15.06 min, ('H)-MMR (CDC1,)

ZInsistent with structure.

Exampie 132

A Compound XXII (A = H, D' = (2-tetrahydrofuryl) -
me2thyl, E = 4-fluorcphenyl, hydrochloride salt). To a
cluticn of the resultant compound of Example 129B (30
mg, 0.057 mmol) in EtOAc (3 mL) was added 30% w/w HCl
in EtOAc (1 mL). The mixture was stirred overnight at

arbient temperature. The solution was concentrated

0

under reduced pressure to give 16 mg of the title
compound as a white solid which was used without

AP00O0390
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subsequent purification. TLC: Rf = 0.60 (1:10:90
NH4OH/methanol/CH3C12).

8. Corpound 132. To a solution of the resultant
ccrpound of Example 132A (16 mg) in CH,Cl, (5 mL) was
added triethylamine (0.1 mL, 0.72 mmol) followed by the
ccrpound of Example 48A (20 mg, 0.09 mmol). The
mixture was stirred at ambient temperature for 24
hours. The soluticn was concentrated under reduced
pressure and the crude product purified via medium
Cressure cclum chreratcgraphy using 20:80 EtOAc/CH2C12
as tre solvent sgystem to give 7.4 mg. Rf = 0.37 (3:97
metnanol/CH,Cl,), HPLC: Rt = 14.19 min, (1H)-NMR (cpcl,)

consistent with structure.

Example 133
A, Compound XXII (A = tert-butoxycarbonyl, D' = (2-
tetrahydrofuryl) -methyl, E = 4-acetamidophenyl). To a
solution of the resultant Compound of Example 129A (200
mg, 0.55 mmol) in CH,Cl, (6 mL) was added 4-
acetamidobenzenesulfonyl chloride (380 mg, 1.6 mmol)
followed by a saturated solution of sodium bicarbonate
(3 mL) and solid sodium bicarbonate (0.1 g, 1.2 mmol).
the mixture was stirred a: ambient temperature
vernight. The soluticn was diluted with 109 mL CH,C1,,

(0]

the organics Separated, dried over anhydrous. Mgso,,
and the organics concentrated under reduced pressure.
The crude precduct was purified via medium pressure
liquid chromatography using a gradient solvent system
of CH,Cl,, followed by 10:90 EtOAc/CH2C12, followed by a
36:790 EtOAc/CH2C12 solution to give 120 mg of the title
compound as a white solid. TLC: Rf = 0.13, 3:97
methanol/CH,Cl,, (H)-NMMR (CDC1,) consistent with
sStructure.

AP000390¢
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3. Compgound XXII (A = H, D' = (2-tetrahydrofuryl) -
mes by‘, E = 4-acetamidophenyl, hydrochloride salt). To
s 1o of the resultant compound of Example 133A

1220 mg .22 mmol) in EtCAc (S mL) was added 30% w/w

ECL in EtCAc (2 mL). The mixture was stirred overnight
at ambient temperature. The solution was concentrated
under reduced pressure to give the title compound which

was used without subsequent purification. TLC: Rf «
C.3C, 1:13:90 NH‘OH/methanol/CH3C13.

oy

c. Compcund 133. To a solution of the resultant
ccrpound of Example 133B in CH,Cl, (5 mL) was added
triethylamine (0.2 mL, 1.4 mmol) followed by the
compound of Example 48A (73 mg, 0.32 mmol). The
mixiure was stirred at ambient temperature for 24
hours. The solution was concentrated under reduced
pressure and the crude product purified via medium
pressure column chromatography using a gradient solvent
system of CH,Cl,, followed by 1:99 methanol /CH,C1,,
followed by 3:97 methanol/CH,Cl, as the solvent system
to give 87.8 mg. Rf = 0.09, 3:97 methanol/C32C12, HPLC:
Rt = 12.53 min, (;H)-NMR (CDC1,) consistent with

APONNTQN

sTructure.
Example 134

AL Ccmpcocund XXII (A = H, D' = isobutenyl, E = 4-

a:::ar-dop enyl, hydrochloride salt). To a solution of

tne resultant compound of Example 131 (40 mg 0.07S
mmc.) in EtOAc (5 mL) was added 30% w/w HCl in BtOAc (2
mu) . The mixture was stirred overnight at ambient
temperature. The solution was concentrated under
reduced pressure to give the title compound, which was
used without subsequent purification. TLC: Rf = 0.38,

10:90 NH‘OH/methanol/CI-IzCl2

BAD ORIGINAL @



1s

20

n

[ §]

30

- 201 -

B. Compound 134. To a solution of the resultant
compcund of Example 134A in CH2C12 (S mL) was added
triethylamizs (3.1 mL, 0.72 mmol)), followed by the
compcurd of Example 48A (26 mg, 0.11 mmol). The
mixture was stirred at ambient temperature for 24
hours. The solution was concentrated under reduced

ressure and the crude Product purified via medium
pPressure column chromatography using a gradient solvent
system of CH,Cl,, followed by 1:99 methanol/C32C12,
follcwed by 3:97 methanol/CH2C12 as the solvent systenm
SO give 10.1 mg of the title Compound. Rf = 0.1: (3:37
me:ha::l/:ﬁztlz), HPLC: Rt = 12.8¢ min, ({H) -NMR (CDC13)
consistent with Structure,

Examglg 135

A. Compound XXI (A = H, D' = (isobutenyl, E = 4-
fluoropheynl, hydrochloride salt). To a solution of
the resultant compound of Example 130B (50 mg, 0.10
mmol) in BtOAC (5 mL) was added 30% w/w HCl in EtOAc (1
mL) . The mixture was Stirred overnight at ambient
temperature. The solution was concentrated under
reduced pressure to give the title compound which wasg
used without subsequent purification. TLC: Rf = 0.48,
2:10:50 NH‘CH/me:hanol/C32Clz.

w

ccmpound 135. To a solution of the resultant
ccrmpound cf Example 135A in CH,Cl, (5 mL) was added
triethylamine (9.: mZ, 0.72 mmol), followed by the
compound of Example 48A /35 mg, 0.15 mmol). The
mixture was stirred at ambient temperature for 24
fNours. The solution was concentrated under reduced
Dressure and the crude product purified via medium
pressure column chromatography using a gradient solvent
system of CH,Cl, followed by 20:80 EtOAc/CH'ZCl2 as the
solvent system to give 12 mg. Rf = 0.34, 3:97

BAD ORIGINAL @

AP 000390



15

20

[}
wn

30

- 202 -

metnancl/CH,Cl,, HPLC: Rt = 14.64 min, (YH)-mm (coCl,)

consistent with structure.

Example 13¢

A, Compourd XXI (A = tert-butoxycarbonyl, D' = 2-

rfuryl, A' = H). To a solution compound XX (2.5
mmol) in ethanol (30 mL) was added furfurylamine (0.67
rL, 7.5 mmol) and the mixture was heated to 85°C for
24 h. The solution was filtered and concentrated under
reduced pressure to give 0.80 g of the title compound
wnizn was used without subsequent purification. TLC:

RE = 1.3, 1:19:9) concentrated NH‘OH/methanol/CH2C12
3. Compound XXII (A = tert-butoxycarbonyl, D' = 2-
furyl, E = 4-fluoropheayl). To a solution of the

product of Example 136A (0.20 g, 0.60 mmol) in CH,C1, (6
mL) was added a saturated solution of sodium
bicarbonate (3 mL), followed by addition of solid
sodium bicarbonate (0.1 g, 1.2 mmol), then p-
fluorobenzenesulfonyl chloride (0.32 g, 1.6 mmol). The
mixture was stirred at ambient temperature for 24 h.

The organics were extracted into 100 mL CH2C12, dried
over anhydrous MgSO,, concentrated under reduced

Pressure, then purified via med:ium pressure silica gel

chrormatcgraphy using a gradient system of CH2C12,
fclicwed by 1:539 me:hanol/CH2Clz. The title compound

was cftained as a white solid (86.1 mg). TLC: Rf =
.27, %:57 methanol/CH 2Cl,, HPLC: Rt = 16.5 min;

H) - NMR (CDC13) consistent with structure.

C. Compound XXII (A = H, D' = 2-furyl, B = 4-

fluorophenyl, hydrochloride salt). To a solution of
the resultant compound of Example 136B (16 mg, 0.031
mmol) in EtOAc (3 mL) was added 30% w/w HCl in EtOAc
(1 mL). The mixture was stirred overnight at ambient

BAD OR!GINAL @
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temperature. The solution wasg concentrated under
reduced pressurs to give the title ccmpound, which was
ussd withcut subsequent purification. TLC: Rf = 0.438,
1:19:90 NH‘OH/methanol/CH2C12.

D. Compound 136. To a solution of the resultant
compound of Example 136C in CH,Cl, (5 mL) was added
triethylamine (0.1 mL, 0.72 mmol), followed by the
resultant compound of Example 48A (11 mg, 0.05 mmol).
The mixture was stirred ar ambient temperature for 24
‘rs. The sclu-ion was concentrated under reduced
SSSure and the cruds product purified via medium
rressure column chromatcgraphy using a gradient solvent
system cf CH,Cl, followed by 20:80 EtOAc/CH2Clz as the
solvent system to give 4.9 mg. TLC: Rf = 0.28, (3:97
mechanol/CH2C12, HPLC: Rt = 14.57.min, (IH)-NMR (CDC13)
consistent with structure.

Example 137
A, Compound XXII (A = tert-butoxycarbonyl, D' = 2-
furyl, E = 4-acetamidophenyl). To a solution of the
resultant compound of Example 136B (200 mg, 0.55 mmol)
in CH,Cl, (6 mL) was added 4-acetamidobenzenesulfonyl

-
aa

QO
e

0
"

chloride (333 mg, 1.7 mmol) followed by saturated
sclution ¢f sodium bicarbonate (3 mL) and solid sodium
Sicarbonate (5.2 g, 1.2 mmol). The mixture was stirred
4t ambient temperature overnight. The solution was
iluted with 100 mL CHZClz, the organics separated,

(0N

cried over anhydrous. MgSO‘, and the organics
concentrated under reduced pressure. The crude product
was purified via medium pressure liquid chromatography
using a gradient solvent system of CH,Cl,, followed by
10:90 EtOAc/CHzclz, followed by a 30:70 EtOAc/CHzclz
solution to give 100 mg of the title compound as a

BAD ORIGINAL @
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whice szlid. TLC: Rf = 0.19, 3:97 methanol/C82C12,
(1H; -NMR (CDCla) consistent with structure.

B. Compcund XXII (A = H, D' = 2-furyl, B = 4-
acetamidoprenyl, hydrochloride salt). To a solution of
the resultant compount of Example 137A (30 mg, 0.054
TImC.. 1n EtOAc (3 mL) was added 30% w/w HCl in EtOAc (1
ml). The mixture was stirred overnight at ambient
-erperature. The solution was concentrated under
reduced pressure to give the title compound which was
used without subsequent purification. TLC: Rf = 0.37
lill:zC NH‘:H/mechanol/CHZClz).

C. Ccmpound 137. To a solution of the resultant
corpeund of Example 137a in CH,Cl, (5 mL) was added
triethylamine (0.1 mL, 0.72 mmol) followed by the
compound of Example 48A (19 mg, 0.083 mmol). The
mixture was stirred at ambient temperature for 24
hours. The solution was concentrated under reduced
pressure and the crude product purified via medium
pressure column chromatography using a gradient solvent
system of CH2C12, followed by 1:99 methanol/CHZClz,
follcwed by 3:97 methanol/CH2C12 as the solvent system
ive 8.5 mg of the title compound. TLC: Rf = 0.11
7 :e:han:l/CH2C12), HPLC: Rt = 12.6% min; (lH)-NMR

‘::CLB« ccnsistent with structure.

sk}

ia

Example 138

Compound 138. A solution of 75 mg of the
resultant compound of Example 51D and 45 mg of 3-
chlorobenzenesulfonyl chloride were reacted in the
manner described in Example 60. After workup and
curification by preparative reversed-phase Ci¢ HPLC
using a linear gradient of 35% to 100% CH3CN/H20 with
0.1% TFA as eluant, 29.7 mg of the title compound was

BAD ORIGINAL
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obtained. TLC: Rf = 0.3, 4% MeOH/CH3C12, HPLC: Rt =
15.83 min; ('H)-NMR (CDCl,) cornsistent with sStructure.

Example 139

Compound 139. To a solution of 67.9 mg of
the resultant compount of Example 116B ip 1 mL of THF
was added Sequentially, 57 ulL of diisopropylethylamine
ard a solution of 52.¢ mg of the resultant compound of
Example 109C in 1 mL THF. The mixture wasg stirred for
<4 hours and concentrated in vacuo. The residue was
purified by pPreparative thick layer silica gel
Chrormatcgraphy using 7% methanol in C.'-IZCl2 eluent o
Yield 70.0 mg of the title compound. TLC: Rf = 0.390,
5% methanol/CH,Cl,. HPLC: Rt = 15.7g min; (H) NMR
(CDC13) consistent with Structure.

Example 140

A. 3(S)-amino-2(syn)-hydroxy-4-phenyl-l-chlorobutane
formate salt. To a slurry of 16.33 g of 10% palladium
on carbon (25% by weight) in methanol and
tetrahydrofuran (400 mL, 1:1) was added, under N,,
65.35 g of 3(S)-N-(-benzyloxycarbonyl)-amino-l-chloro-
2{syn}-hydroxy-4~phenylbutane (195.77 mmol) as a
sclution irn methanol and tetrahydrofuran (1.2 L). 7To

23 h, the reacticn mixture was filtered through
diatomaceous earth and concentrated to dryness. The
resuitant oil was slurried in toluene and evaporated,
then triturated Sequentially with diethyl ether and
Cl, to provide 47.64 g of product as a granular tan
solid. TLC: Rf = 0.17, 5% acetic acid/ethyl acetate.

B. 3(S)-N-(3(S)-tetrahydrofuryloxycarbonyl)-amino-l-
chloro-Z(syn)-hydroxy-4-phenylbutane. To a solution of
the resultant compound of Example 140A (1.97 g, 7.95

AP000390
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mmcl) o in CH,CL, (20 mL) was adde: a saturated solutior
cf scdium bicarborate (5 mL), followed by solid sodium
bicarbernate (1.33 g, 17.9 mmol), and the resultant

und cI Example 48A (2.0 g, 8.7 mmol). The mixture
was stirred at ambient temperature overnight. The
sclution was diluted with 200 mL CH,Cl,, the organics
separated, dried over anhydrous MgSO,, and concentrated
under reduced pressure. The residue was recrystallized
from etnyl acetate/hexane to give 1.01 g of the title
ccmpound as a white solid. TLC: Rf = 0.35, 3:97

H,01,. M4} -NMR (CDC1,) consistent with

- - ea T,

C. Compound XX (A = 3(s) -tetrahydrofuryloxycarbonyl) .
To a solution of the resultant compound of Example 140B
(1.0 g, 3.2 mmol) in absolute ethanol (15 mL) was added
solid KOH (0.21 g, 3.8 mmol). The mixture was stirred
at ambient temperature for 1.0 h. The solution was
filtered through a pad of Celite then concentrated
under reduced pressure. The residue was taken up in
ether (100 mL), washed with brine, dried over Mgso,,
the concentrated under reduced pressure to give 0.88 g
of the title compound as a white solid. TLC: Rf = 0.49
(3:97 metranol/CH,Cl), ('H)-NMR (CDCl,) consistent with

structure.

z. Compeound XXI (A = (S)-3-
tetranydrciurylexycarbenyl, D' = cyclopentylmethyl,

). The resultant compound of Example 140C (0.88
mol) was added to the resultant compound of
xample 114A (5.0 g, 50.4 mmol) and stirred for 24 h at
arbient temperature. The solution was concentrated by
distillaticn under reduced pressure. The residue was
triturated with hexane and the solid collected by
suction filtration and washed with hexane to give 0.93

ADANAN T A
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g cf the title compcund. TLC: Rf - 0.44, 1:10:90
comcencraced NH,OH/metranol/CH,Cl,; (iw)-mw (cpe1,)
ccnsistent with Struc:ure.

E. Ccmpound 140. To a solution of the resultanc
ccrpeund of Example 143D (0.93 g, 2.47 mmol) in CH,C1,
(20 mL) was added a Saturated solution of sodium
bicarbonate (s mL) followed by addition of solid sodium
bicarbonate (0.42 9, 4.94 mmol) and 4-
mechoxybenzenesulfonyl chloride (0.61 g, 2.96 mmol).
the mixturs was Stirred at ambpient temperature for 4
nSurs.  The sclution was diluted with 200 mL C32C12, the
orgarics Separated, dried over anhydrous MgSO‘, and the
organics concentrated under reduced pressure. The
crude product was purified via medium pressure liquid
chromatography using CI{2C12 followed by 1:99
methanol/CH2C12 solution as the eluent system to give
1.28 g of the title compound as a white solid. TLC: Rre
= 0.26, 3:97 methanol/C82C13, HPLC: Rt = 15.66 min,

('H) -NMR (CDC1,) consistent with structure.

Example 143

A. Compound XXII (A = H, D' = cyclopentylmethyl, E =
4-me:hoxvnhenyl, hydrochloride salt). A solution of
3

AP000390

mZ Cf the resul-an- Compound of Example 166A :n
EZCAc {25 x) at goc was treated with anhydrous HC1 gas
£2r 10 min., ang allowed to stand for 12 h while
wWarming to arkient temperature, then concentrated under
reduced pressure and the Tresulting white solid used

3. Compound 141. The resultant compound of Example
14ZA 10.134 mmol) was reacted with allyl chloroformate
in the manner described in Example 87B, After
concentration of the mixture in vacuo and workup, the
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residue was purified by thick layer silica gel
chromatography using 5% MeOH/CH,Cl, as eluant followed
Ly precarative reversed-phase C,¢ HPLC using a linear
gradient cf 35% to 100% CH;CN/H,0 with 0.1% TFA as
eluant tc cobtain 21.6 mg of the title compound. TLC:
Rf = 0.45, 5% MeOH/CH,Cl,. HPLC: Rt = 16.96 min.

Example 142

Compound 142. To a solution of 4.0 g of the
resultant compound of Example 141A in 45 mL of THF was
added sszguentially, 1.96 mL of diiscopropylethylarine
and a solution of 2.68 g of the resultant compound cf
Zxample 82A in 45 mL THF. The mixture was stirred for
24 nours and concentrated in vacuo. The residue was
taken up in CH,Cl,, washed with saturated sodium
bicarbcrate and brine, dried over magnesium sulfate,
filtered and concentrated in vacuo. The residue was
purified by low pressure silica gel column
chromatography using 20% to 40% EBtOAc in hexane eluent
to yield 3.69 g of the title compound. TLC: Rf = 0.41,
50% EtOAc/CH2C12.

Example 143
Compound 143. A solution of 3.69 g of the
resultant compound of Example 142 in 100 mL of ethyl
2iher was treated with anhydrous HCl gas for 10 min.

cn mixture was sparged with nitrogen then

v
8y
(1]
]
(D
[\
)
r
b o

filtered. The solid was taken up in methanol and
concentrated to yield 3.71 g of the title compound.
TLC: Rf = 0.62, 90/10/1 CH,Cl,/MeOH/ACOH, HPLC: Rt =
13.87 min. (H) -NMR (CDCl,) consistent with structure.
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A. Compcund XXII (A = tert-butoxycarbonyl, D' =
isobutyl, E = 2-‘S-isoxazoy-B-yl)-thiophene). To a
solution of 342.5 mg (1.02 mmol) of the resultant
compournd of Example 39a in CH,Cl, (8 mL) was added
agqueous scdium bicarbonate (2 mL), solid sodium
bicarbonate 257 T3 (3.1 mmol), and S-(isoxazcl-3-yl)-
thiophenesulfonyl chloride 254.2 mg, (1.02 mmol).
After 14 h, the resulting mixture was diluted with
CH,Cl,, washed with Saturated brine, dried over
Tagnesium sulfate, filtered ang concentrated in vacue.
The residue was purified by flash chromacography using
5% to 25% tOAc/C32Cl2 eluent and recrystallized from
ether CH,Cl, to provide 228.6 mg of the title product.
(IH)-NMR (CDCls) consistent with Structure.

B, Compound XXII (A - H, D' = isobutyl, E - 2-(5-
isoxazoy-3~ly)~thiopene, hydrochloride salt). a
solution of 228.¢ mng (0.416 ﬁmol) of the resultant
compound of Example 145A in BtOAc (15 mL) at -20°C was
treated with anhydrous HCl gas for 10 min. The ice
bath was removed and after anp additional 15 min, the
reaction mixture was sparged with nitroger then

t

AP 000390

rated ir vacuo to provide 223.¢ mg of title
product as the mro: salt. TLC: Rf = 0.48, 10%

methanol/CHZClz.

c. Compound 145, A solution of 78.5 mg of the
T2sultant compound of Example 145B (0.162 mmol) ip
CH,Cl, (3 mL) was treated Sequentially at ambient
temperature under an atmosphere of nitrogen with 9.97
mL (0.408 mmol) diisopropylethylamine and S5.6 mg
(0.243 mmol) of the resultant compound of Example 48a.

The mixture was stirred 16 nh and then concentrated
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i vacuo. The residue was taken up in CH2C12 and washed
with saturated brine, dried over masnesium sulfate,
tered, and concentrated in vacuo. The residue was

&£

title producs. TLC: Rf = 0.36, 25% EcAOc/CH2C12. HPLC:
5.2 mirn; (IH)-NMR (CDClg) consistent with

Example 146

A. Compound XXI (A = tert-butoxycarbonyl, D' =
Cyclopentylmathyl, E = 4-acetamidochenyl). To a
scluticn ©f the resulrtan: compound of Example 114B (300
mg, C.83 mmol) in CH,Cl, (15 mL) was added 4-
acetamidobenzenesulfonyl chloride (580 mg, 2.48 mmol)
fcllowed by the addition of a saturated solution of
sodium bicarbonate (4 mL) and solid sodium bicarbonate
(0.14 g, 1.67 mmol). The mixture was stirred at
ambient temperature overnight. The solution was
diluted with 150 mL CH,Cl,, the organics separated,
dried over anhydrous. MgsO,, and the organics
concentrated under reduced pressure. The crude product
was purified via medium pressure liquid chromatography
using a gradient solvent system of CH,Cl,, followed by
5:55 E:CA:/CH2C12, followed by 10:90 E:OAC/CH2C12
Sc.ution o give 310 mg of the title ccmpound as a
wnite solid. TLC: Rf = 0.10, 3:97 methanol/CH2C12,
HPLC: Rt = 15.96 min, (lH)-NMR (CDC1,) consistent with

-

S
- -

struc
8. Compound XXII (A = H, D' = cyclopentylmethyl, E =
4-acetamidophenyl, hydrochloride salt). To a solution
of the resultant compound of Example 146A (210 mg, 0.38
mmol) was added 30% w/w HCl in EtOAc (15 mL). The
mixture was stirred for 1 hour at ambient temperature.
The solution was concentrated under reduced pressure to

BAD ORIGINAL
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give 180 mg of the title compound which was used
without subsequent purification. TLC: Rf « 0.14,
1:10:9¢0 NH‘OH/methanol/szclz.

C. Compound XXII (A = allyloxycarbonyl, D' =
cyclopentylmechyl, E-= 4-acetamidophenyl). To a
solution of the resultant compound of Example 146B (100

mg, 0.20 mmol) in CHCl, (10 mL) was added triethylamine

(0.1 mL, 0.72 mmol), followed by allylchloroformate
(0.04 mL, 0.3 mmol). The mixture was stirred at
ambient temperature for 24 hours. The solution was
diluted with 150 mr CHZClz, washed with water, dried
over anhydrous MgSO‘, and the organics concentrated
under reduced pressure. The crude product wag purified
via medium pressure column chromatography using a
gradient solvent systém of CH,Cl,, followed by 1:99
methanol/CH2C12, followed by 3:97 methanol/C112C12 as the
solvent system to give 103 mg. Rf = 0.22, 3:97
MEthanol/CHyCl;, HPLC: Rte 15.29 min, (lm)-jam (cpCl,)
consistent with Structure,

Example 147

Compound 147. 7o a solution of the resultant
compourd of Example 146B (80 mg, 0.1s6 mmol) in
CHZCIQ{S mL; was added triethylamine (0.07 mL,
0.48 mmol), followed by slow addition over 3 hours of
the resultant compound of Example 82A (53 mg,
2.19 mm2l) as a solution in CH2C12 (3 mL). The mixture
was stirred at ambient temperature for 24 hours. The
Solutien was diluted with 100 my CH,Cl, washed with
water, dried over anhydrous MgSO,, and the organics
concentrated under reduced pressure. The crude product
was purified via medium Pressure column chromatography
using a gradient solvent system of CH2C12, followed by
1:99 methanol/CHZClz, followed by 2:9g methanol/CH2C12

APONO3IqD
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as the sclivent system to give 71.7 mg of the title
compound. Rf = 0.06, 3:97 methanol/CH,Cl,, HPLC: Rt =

!

2.1 min, ('H)-NMR (CDCla) consistent with structure.
Bxample 148
A. Compound XXII (A = tert-butoxycarbonyl, D' =

Cyclcpentylmethyl, E = phenyl). A solution of 297 mg

of the resulitant compound of BExample 114B in 4:1
CH,Cl,/saturated agueous NaHCO, was treated

sequentially, at ambient temperature under an

atmoschere of nicrogen, with 217 mg of benzenesulfonyl
cnloride and 103 mg of sodium bicarborare. The mixture
wis stirred for 6 h, diluted with CHZClz, washed with
saturated NaCl then dried over Mgso‘, filtered, and
concentrated in vacuo to yield 426 mg of the title
product as a white solid. TLC: Rf = 0.32, 5% diethyl

ether/CH,Cl,. ('H)-NMR (CDCl,) consistent with

sStructure.

AP000390

B. Compound XXII (A = H, D' = cyclopentylmethyl, E =
phenyl, hydrochloride salt). A solution of 400 mg of
the resultant compound of Example 148A in ethyl acetate
wis treated at -20°C with HCl gas for 20 min, during

wiich time the termperature was allowed to warm to 20°C.

hY
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C. Compound 148. A solution of 40 mg of the

Nitrcgen was thern bubbled through the mixture for 15
solvent removed in vacuo to yield 349 mg of
clid which was used directly for the ensuing

resultant compound of Example 148B in CH,Cl, was added,

at ambient temperature under an atmosphere of nitrogen,
o0 a solution of 31 mg of the resultant compound of
Example 48A and 35 mg N,N-diisopropylethylamine in
CH,Cl,. The mixture was stirred for 14 h, diluted with
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CH,T 7' washed with saturated NaHCO3 and saturated NacCl,
then dried over Mgso‘, filtered, and concentrated
in vacuo. The residue was purified by low pPressurs

white solid. TLC: Rf = 0.46, 20% diethyl ether/CHZClz.
HPLC: Rt = 15.78 min. () .-nmm (CDC1,) consistent wich

Structure.

Example 3149

A Compound XXII (A = ter:-butoxycarbcnyl, D' =a
cy:lopencymethyl, E = 3-pyridyl). To a solution c*
153 mg (0.422 mmol) of the resultant compound of
Example 114B in CH,Cl, (4 mL) was added aqueoug sodium
bicarbonate (1 mL), solid sodium bicarbonate 141,79 mg
(1.69 mmol), and the resultant campound of Example 144A
156.1 mg. (0.879 mmol). After 14 h, the resulting
mixture was diluted with CHZCIZ, washed with Saturated
brine, dried over magnesium Sulfate, filtered and
concentrated in vacuo. The residue was purifieq by
flash chromatography using 20% to 40% EtOAc/CH2C12
eluent to provide 64.7 mg of the title product. TLC;
Rf = 0.24, 20% ECOAC/CHZCIZ.

AP000399

8. Compound XXII (A = cert-bu:oxycarbonyl, D' =
:yclopentylmethyl, E = 3-pyridyl, hydrochloride salt).
A solution of 273.1 mg (0.572 mmol) of the resultant
corpound of Example 149a in EtOAc (15 mL) at -20°C was
treated with anhydrous HCl gas for 10 min. The ice bath
was removed and afrer an additional 15 min., the
reaction mixture was Sparged with nitrogen then
concentrated in vacuo. To a solution of the resulting
residue in CH2C12 (3 mL) was added, Sequentially at

BAD ORIGINAL @



w

(3]

}os
wn

N
tn

- 214 -

34.3 mg (0.1350 mmol) of the resultant compound of
The mixture was stirred for 16 h and then
cInisnrtra:s in vacuo. The residue was taken up in
”sz-z ard washed with saturated brine, dried over
Tagnasium sulfate, filtered, and concentrated in vacuo.
The residue was purified by low pressure silica gel
column chrcmatography using a gradient 20% to s0% EtOAc
in CH,Cl, eluent to yield 1i1.3 mg of the title product.
“xCi RE = 0.15 40% EtOAC/CH,Cl,. HPLC: Rt = 13.7 min;

_xa:‘.,;.e 43A.

RETERY Y- (CDC13} consistent with structure. :

xamnple :
A 1-Piperidinesulfonyl chloride. A solution of 4 g <
of sulfuryl chloride in acetronitrile was treated <
dropwise with 861 mg of piperidine at ambient 2

“2Tperature under an atmosphere of nitrogen. After
complete addition, the mixture was refluxed for 18 h,
cocled to room temperature and concentrated in vacuo to
yield the tltle product as a red oil. TLC: Rf = 0.8s,
CH,C1,. 1y - MR (CDC1,) consistent with structure.

B. Compound XXII (A = tert-butoxycarbonyl, D' =
isobutyl, E = piperidinyl). A solution of 73 mg of the
rasultant compeound of Example 39A in CH2C12 was treatced
szgusntlially, at arbient temperature under an

ners c¢f nizrogen, with 121 mg of the resultant

£ Example 150A and 84 mg of N,N-

hylamine. The mixture was stirred for 14
uted with CH,Cl,, washed with saturated NaCl then
dried over M3sC,, filtered, and concentrated in vacuo.
The residue was purified by low pressure silica gel
chrematography using 5% diethyl ether/CH, Cl, as eluent
Lo provide 70 mg of the title product as a white solid.
TLC: Rf = 0.21 (3% diethyl ether in CH Cl 2)+ HPLC: Rt =

17.40 min. (IH) NMR (CDC13) consistent with structure.
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C. Compound XXII (A = H, D' = isobutyl, E =
Eiperidinyi, hydrochloride salt). a solution of 79 mg
of the resultant compound of Exarple 150B in ethyl
acetate was treated at -20°C with HC1l gas for 20 min
diring which time the temperature was allowed to warm
td 20°C. Nitrogen was then bubbled through the mixture
for 15 min and solvent removed in vacuo to Yield a
viscous o0il which was used directly for the ensuing

z. Ccmpcound 150, A solution of the resultant
compound of Example 150C in CH,Cl, was added, at ambiernt
terperature under an atmosphere of nitrogen, to a
sclution of 50 mg of the resultant compound of Example
48A and S6 mg N,N-diisopropylethylamine in CH&Clz. the
mixture was stirred for 14 h, diluteqd with C32C13,
washed with saturated N’aHCO3 and saturated NaCl, then
dried over Mgso,, filtered, and concentrated in vacuo.
The residue was purified by low Pressure sgilica gel
chromatography using 20% diethyl ether/CH2C12 as eluent
-0 provide 16 mg of the title product as a white solid.
TLC: RE = 0.45, (0% diethyl ether/ CH2C12. HPLC: Rt =
5.3C min.  (g)-nmm (CDC1l,) consistent with structure.

Example 151

A Compound XXITI (A = tert butoxycarbonyl, D' =
:y:lopentylmethyl, E = 4-trifluormethoxyphenyl). A
clution of 71 mg of the resultan: compound of Example
214B in 4:1 CH2C12/sa:urated aqueous NaHCO, was treated
equentially, at ambient temperature under an
atimesphere of nitrogen, with 7¢ mg of 4-
fluorome:hoxybenzensulfonyl chloride and 25 mg of

AP000390

[{7]

0

ri
sodium bicarbonate. The mixtvre wag stirred, 14 h,
diluted with CH2C12, washed with Saturated NaCl then

or
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dr over MgsSo,, filtered, and concentrated in vacuo.
The residue was purified by low pressure silica gel
chreratography using 5% diethyl ether/CH2C12 as eluen:
t2o provide 92 mg of the title product as a white solid.
C: RS = 0.34, S¥ diethyl ether/ CHyCl,. (H)-mvR
(CDCL;) consistent with structure.

"3

B. Compound XXII (A = H, D' = Cyclopentylmethyl, E =
4-triflucrmethoxyphenyl, hydrochloride salt). A ¢
solution of 92 mg of the resultant compound of Example '
iA in ethyl acetate was treated at -23°C with HC) gas
2. min, during which time the temperature was
allecwed to warm to 20°C. Nitrogen was then bubbled
through the mixture for 15 min and solvent removed

in vacuo to yield 83 mg of white solid which was used

-—ea

directly for the ensuing reaction.

)a
w

&

(§]
e

LI o Y.

C. Compound 151. A solution of 22 mg of the
resultant compound of Example 151B in CH,CI2 was added,
at ambient temperature under an atmosphere of nitrogen,
to a solution of 15 mg of the resultant compound of
Example 48A and 16 mg N.N-diisopropylethylamine in
CH2C12. The mixture was stirred for 60 h, diluted with
CH,T1,, washed with sarurated Ncho3 and saturated NacC!,
then dried over MgSO,, filtered, and c¢oncentrated

=& vacuo. The residue was purified by low pressure
silica gel chromatography using 20% diethyl ether/
CH,Cl, as eluent to provide 23 mg of the title product
as a white solid. TLC: Rf = 0.44, 20% diethyl
e:her/CH2Clz. HPLC: Rt = 16.99 min. (!H)-NMR (CDC1,)

consistent with structure.
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A. Compound XXII (A = tert-butoxycarbonyl, D' a
isobutyl, E = 4-trifluormethoxyphenyl). A solution of
97 mg of the resultant compound of Example 39A in 4.3
CH2C12/satura:ed agqueous NaHCO3 was treated
Sequentially, at ambient temperature under an
atmeosphere of nitrogen, with 113 mg of 4-
trifluoromethoxybenzenesulfonyl chloride and 3¢ mg of
scdium ticarbecnate. The mixture was stirred for 14 h,
diluted with CH2C12, washed with Saturated NaCl then

ed cver MgSO‘, filtered, ang ccncentrated in vacuz,
The rasidue was purified by low Pressure sgilica gel
chroma:ography using 5% diethyl ether/CH2C12 as eluent
Lo provide 120 mg of the title Product as a white
soiid. TLC: Rf = 0.34, s% diethyl ether/CH2C12. HPLC:
Rt = 18.54 min. (!m)-mvR (CDC1,) consistent with

Structure,

AP000390

B. Compound XXII (A = H, D' = isobutyl, E = 4-
trifluormethoxyphenyl, hydrochloride salt). a Ssolution
°f 100 mg of the resultant compound of Example 1527 ip
ethyl acetate wasg treated at -20°cC with HCl gas for
<2 min, dirinz which time the temperature was allowed
3 warm to 27°cC., Nitrogen was then bubbled through the
TiXture for 15 min and Sclvent removed in vacuo t=

¢ white solid which was used directly for

C. Cempound 152, A solution of 41 mg of the
resultant ccrpound of Example 152B ip CH2C12 was added,
at ambient temperature under the atmosphere of
nigrogen, to a solution of 28 mg of the resultant
ccmpound of Example 4837 and 32 mg N,N-
diisopropyle:hylamine in C32C12. The mixture was
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Stirred 14 h, diluted with CH2c12, washed with saturazad

NazlC, and saturated NaCl, then dried over Mgso,,
filzersd, and concentraced in vacuo. The residue was
purified by low pressure silica gel chromathography

(o]

©Z the title product as white solid. TLC: Rf - 0.0s8
(5% diethyl e:her/CH2C13). HPLC: Rt = 16.52 min.
(1H) - NMR (CDCl,) consistent with sStructure.

Example 153

crmpeund XXII (A = tert-butoxycarbenyl, D' =
cutyl, E = 4-methoxyphenyl). To a solution of the
esultant compound of Example 39A (600 mng, 1.77 mmol)
in CH,Cl, (10 mL) was added 4-methoxybenzenesu1fonyl
chlcride (0.55 g. 2.66 mmol) followed by the addition
of a saturated solution of sodium bicarbonate (3 mL)
and 0.30 g of solid sodium bicarbonate. The mixture
was stirred at ambient temperature overnight. The
solution was diluted with 200 mL CH;Cl,, the organics
were separated, dried over anhydrous MgsO,, and the
organics concentrated under reduced pressure. The
crude product was purified via medium pressure liquid
chromatography using a gradient solvent system of

b o]
n
O

)

~

Cl, fcllowed by 5:95 ether/CH2C12 solution to give

3
[s I TO R N

3:97 methanol/CH,Cl,. (M) -NR (CDCl,)
nt with structure.

0
Q
o1
17]
b

n
(1
(D

IS Compcund XXII (A = H, D' = isobutyl, B = 4-
methoxyphenyl, hydrochloride salt). To a solution of
the resultant compound of Example 1S3A (0.63 g,

1.24 mmol) in EtAc (S mL) was added 30% w/w HCl in
EtOAc {5 mL.) The mixture was stirred for 6 hours
ampbient temperature. The solution was concentrated
under reduced pressure to give 0.59 g of a white solid

sing SY diethyl ether/CH2Cl2 as eluent to provide 30 mg

cf the title compound as a white solid. TLC: Rrf

AP0O0O(O3a0
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wiich was used direcrly for subsequenr reaction. TLC
RS = 0.12, 3:37 methanol/CH2C12.

Compound XXIT (A = (3-pyridyl;-me:hyloxycarbonyl,
' = isobutyl, E = 4-mechoxyphenyl}. To a solutiopn of
the resultant Compound of Example 1538 (100 mg,

C.23 mmol) in CH,Cl, (5 mL) was added triethylamine
(.2 mL, 0.72 mmol) followed by s:ow addition over

3 rours of the resultant compound of Example 827

()]

{73 mg, 0.27 mmol) as a solution in CH2C12 (S mL). The
mixture was Stirred at ambient temparature for
<%+ nIurs. Tha Sryjanics was Concentrated under reduced

Pressure and the crude product wag purified viga medium
Fressure column chromatography using a gradient solvent
Sys:tem of CH,Cl,, followed by 1:99 methanol/CH2C12,
followed by 3:97 methanol/CHZClz as the solvent sSystem
Lo give 49.3 mg of the title compound. Rf = 0.33, 3:97
mecfanol/CHaCly.  HPLC: Rt = 13.18 min, ("B -NR (cpe1y)
consistent with Structure,

Example 154

Compound 154. To 3 solution of the resultant compound
cf Example 1538 (100 mg, 0.20 mmol) in CH2C12 (5 mL)
was added triethylamizns (0.25 mL, 1.3 mmol) followed by
3_lylchlorcfornare 0.1 mL, 0.94 rmol) .  The Tixture
w3is stirraed at ambient temperature for 24 hours. The
solution was corcentrated under reduced pressure and
the crude pProduct purified via medium Eressure column
:h::ma:ography using a gradient Ssolvent System of
C52C;2, fcllowed by 1:99 methanol/CH2C12 as the solvent
System to give g4 Tg of the title compound. Rf = 0.71,
*:97 methanol/CH,Cl,. HpLC : ge . 16.12 min, ('m).nmr
(CDC13) consistent wirh Structure.

AP000390
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Example 15§

A N-rydroxysuccinimidyl-1- -methoxypropane-3-
carscrats. A solution of 355 mg of 2-methylene-1, 3-
proranediol in acetcnitrile (30 mL) was added
segquentially, at amcient temperature, 65 mg of sodium
nydride arnd 0.25 mL iodomethane. The mixture was
stirred for 12 h and concentrated in vacuo. The
res:idue was then taken up in 15 mL of acetonitrile and
treated sequentially, at ambient temperature under an
atmcsphere of nitrogen, with 1.3 g of N,N-
disuccinimidyl cartcnate and 1.6 mb of triethylamins.

irring for 14 h, the reaction mixture was
3

X
'
ot
o

-

0]
n

nirated in vacuo and the residue was diluced

o]
)
13

HZCLZ. washed with saturated sodium bicarbonate
sciution and saturated brine, dried over magnesium
sulfate, filtered and concentrated in vacuo. The
residue was purified by silica gel chromatography with
EtOAc as eluant to give 95 mg of the title compound.
('H) - MR (CDCl3) consistent with structure.

(¢}

O

APOOD a0

B. Compound 155. A solution of 0.056 mmol of the
resultant compound of Example 40A was reacted with the
resulcant compound of Example 155A in the manner
daescribed in Example 132. After concentration of the
mixture In vacuc and workup, the residue was purified
Ty thick layer silica gel chromatography using 7%
V=OH/CH,;TL, as eluant followed by preparative reversed-
prase Cyg HPLC using a linear gradient of 35% to 100%
CH4ON/H,0 with 0.1% TFA as eluant to obtain 3.7 mg of
tne title compound. TLC: Rf = 0.45, 7% MeOH/CH2C12.
HPLC: R = 13.78 min.

Example 156

A. l-acetylindoline-S-sulfonyl chloride. A 1.02 g
portion of l-acetylindoline was treated with 2 mL of

BAD ORIGINAL Q
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chlcreosulfcnic acid at 0°C. The mixture wag heated a-
£3°C fcr 2 h, then treated with crushed ice, filtereg
and dried ro give 1.3 g of the title compound which w33
“s2d directly for subsequent reaction. TLC: Rf - 0.:15,
5C% EtCAc/hexane. ('H)-NMR (CDC13) consistent with

Structure.

B. Ccmpourd XXII (A = cert-butoxycarbonyl, D' =
cyclcpen:ylmethyl, E = 5-(N-acety1)-indoline). To a
solution of &g Mg of the resultant compound of
Example 1143 in 15 mL of CH2C12 was addad (5 mp)
Saturated azuieous sodium bicarbonate sclution, 50.5 =~
scdium bicarbonate, and g0 Mg of the resultant Ccompourd
oI Example 136A. After 4 h, the resulting mixture was
dilutad with CH2C12, washed with saturated brine, drieq
Cver magnesium sulfate and filtered. The mixture wag
then concentrated in vacuo to give the desired product
wrnich was usged directly for subsequent reastion.
('H)-NMR (CDC1;) consistent with structure,

}

AP0GC0390

C. Compound 156. A Solution of 37 mg of the
resultazt compound of Example 156B in EtOAc (15 mL) at
C° C was treareq with anhydrous hydrogen chloride gas
for 17 min., and allowed to s:and for 12 n while
WATrTInT to arziens temperature. Thig Crude materia:
WAS o= rszacied wi-p ally: Chloroformate inp the manner
described :in Example 573, Afcer concentration of the
miIXIure ir vacuo ang workup, the residue was purifie
Ly thick ilayer silica gel chromatography using 7%
MeOH/CH2212 as eluanc follcwed by Preparative reversed-
prase Cyg HPLC using a linear gradient of 3s5% to 100%
CH3CN/H,O with 0.1% TFA as eluant to obtain 10.5s mg of
the title compound. TLC: Rf a 0.75, 10% MEOH/CHZCIZ.
HPLC: Rz = 15.7g min; ('H)-NMR (CDCLa) consistent with

Structure,

BAD ORIGINAL
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£cund 157. A solution of 37 mg of the

resultant cempcund of Example 156B in EtOAc (1§ mL} at

min., and allowed to stand for 12 h while

C
r 1cC
WArmirg to ambier: temperature. This crude material

was tr2ated with anhydrous hydrogen chloride gas

was then reacted with the resultant compound of Example

43A in the manner described in Example 88. After

concentration of the mixture in vacuo, the residue was

Zy prerarative reversed-phase Cig HPLC using a
2t 2f 35% te 100% CH3CN/H,O with 0.1% Tra

as eluan: to obtain 17.9 mg of the title compound.
TLC: RE = 0.6, 10% MeOH/CHZClz. HPLC: Rt = 14.68
1

min; ('H)-NMR (CDCLa) consistent with structure.

Example 158

A. Compcund XXII (A = tert-butoxycarbonyl, D' a

APOOODOTQQ(

Cyclohexylmethyl, E = H). To a solution of compound Xxx

(A = Boc) (5.0 mmol) in ethanol (20 mL) was added

Cyclohexylmethylamine (3.25 mL, 2.83 mmol) and the
mixture was stirred for 3 hours at ambient temperature.

The solution was filtered and concentrated under

reduced pressure o give 1.49 g of a white solid which

was used directly for subsequent reaction. TLC:

=, Compcocund XXII (A = tert-butoxycarbonyl, D' =

Rf

o)
.24, 3:37 :e:hanol/CHZClz. f1H)-NMR (CDC13) consistent

=

Cyclohexylmethyl, E = 4-methoxyphenyl). To a solution
of the resultant compound of Example 1S8A (400 mg, 1.06

mmol) in CH,Cl, (10 mL) was added 4-
methoxybenzenesulfonyl chloride (0.66 g, 3.1 mmol)

followed by addizion of a saturated solution of sodium

bicarbonate (3 mL) and 0.18 g of solid sodium

BAD ORIGINAL @
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Cicarbona*-e. The mix-ure

temca2rature Overnighs:.

230 > CHZCIZ, the crzanic

was stirred a:- ambient

The solution was diluted with

S separated, dried over

arhydrous MasC,, and the organics concentrated under
reduzed pressurse. The crude product was purified via

quid chromatography using CH,C1,,

followed by 1:99 methanol/CH2C12 as the solvent system
LO give 340 mg of the title compound ag a white solid.
TLC: Rf = 0.23, 3:97 meth

-

consistent

with Structure.

Compound XXI A = H,

methexypheny!, hydrochloride salt). To a solution of
2e resulrtan: compound of Example 158B (0.34 g, 0.62
tOAc (10 mL) was

(y

mnel) in

~——

(5 mL). The mixture was stirred for 3 hours at ambien=

tny

temperature. The Solution

anol/CHyCl,, (THY-NMR (cDCLy)

D' = cyclohexylmethyl, E = 4.

added 30% w/w HCl in EtOAc

AP000390

was concentrated under

reduced pressure to give 0.3 g of a white 80lid which
was used directly for subsequent reaction. TLC: Rf «

D. Compound 158.
ccmpound of Exampl

To a solution of the resultant

3 ml) was added trietrhylamine (0.2 mL, 1.44 mmol)
fcllcwsd by the resultant compound of Example 48A (71
TZ, 0.31 mmol; . The mixture was stirred ar ambient
Cemperature for ¢ Rours. The solution was diluted wizh
CH,C) (200 mL) washed with a saturared solution of

rfcnate (39 ml),

the organics separated,

dried over anhydrous MgSO, and concentrated under

ra2duced pressure and

solvent system of CH2C12 fo

as the solvent sys

compound.

TLC: Rf = 0.48,

the crude product purified via

llowed by 10:90 EtOAC/CH2C12

tem to give 84.9 Mg of the title

3:97 methanol/CH,C1,, HpLC:
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RT = 16.35 min; ('H)-NMR (CDCl;) consistent with

STIucture,

Example 159

A. Compound XXII (A = tert-butoxycarbonyl, D' «
cyclchexylmethyl, E = 4-fluorophenyl). To a solution
of the resultant compound of Example 158A (400 mg, 1.06
mmol) in CHy,Cl, (10 mL) was added 4-
fluorobe:zenesulfonyl chloride (0.62 g, 3.2 mmol)
fcllowed by addition of a Saturated solution of sodium
Cicarbonate (3 mL) and 0.18 g of solid sodium
cClcarfcrnate. The mixture was stirred at ambient
terperature overnight. The solution was diluted with
20 mL CH,Cl,, the organics Separated, dried over
anhydrous MgSO4, and the organics concentrated under
reduced pressure. The crude product was purified via
medium pressure liquid chromatography using CH,C1,
followed by 1:99 methanol/C32C12 solution as the
solvent system to give 280 mg of a white solid. TLC:
RE = 0.47, 3:97 methanol/CH,Cl,, ('H)-NMR (cpel,)

consistent with structure.

D

(8]

ADOOODO 9D

B. Compound XXII (A = H, D' = Cyclohexylmethyl, E -
luorcphenyl, hydrochloride salt). To a solution of
resultant compound of Example 1S53A (0.28 g, 0.52

-) was added 30% w/w HCl in EtOAc (10 mL). The

-ure was stirred for 3 hours at ambient Ctemperature.
solution was concentrated under reduced pressure to
Sive 0.23 g of a white solid which was used directly

th

' ES

cr
VY
D
(D

——
asdan

O

-~

x

3
1]

1)

Zor subseguent reaction. TLC: Rf = 0.13, (3:97
Te2hanol/CHyCly, ('H)-NMR (CDCLy) consistent with

Structure,

C. Compound 159. To a solution of the resultant
compound of Example 159C (100 mg, 0.21 mmol) in CH2C12
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‘8 mL) was added triethylamine (0.2 mL, 1.44 mmol)
followed by the resultant coempound of Example 48A (73
=3, 0.32 mmel). The mixture was Stirred at ambient
temperature for 6 hourg, The solution was diluted with
CHZCIZ, (200 mL) washed with saturated soluticn of
s>dium bicarbonate (30 mi), drieq over anhydrous Mgso,,

the crude product Purified via medium pressure column
chromatography using a gradient solvent system of
CHpCl,, followed by 10:90 BtOAc/CH2C12 as the solven*
SYstem o give 54 mg of the title Compound. TLC: Rf -
%%, 3:57 methanol/CH,Cl,, mPLC: Re . 16.48 min; ('y;.
R (CDCLa) consistent with Structure,

Example 160

A. Compound XXII (A = tert-butoxycarbonyl, D' =

solution of the resultant compound of Example 158a (400

+ 1.06 mmol) in CH2C12 (10 mL) was added 4-
acetamidobenzenesulfonyl chloride (0.7s 9, 3.2 mmol)
followed by addition of a Saturated solution of sodium
bicarbonate (3 mL) and 0.18 g of solid sodium
bicarborate. The mixture was stirred at ambien:

igh. The solution was diluted with
the crganics Separated, dried over
he organics concentrated under
‘f&. Tne crude product was purified via
medium pressure liquid chromatography using CH2C12,
followaed by 1:59 me:hanol/CH2C12 and 2:98
mechanol/CH2C12 as the solvent System to give 290 mg of

3
D

the tizle compound as a white solid. TLC: Rf = 0.14,
3137 metranol/cH,Cl,, ('w)-mg (CDCl3) consistent with
structure.

AP 000390
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2, Tocmpound XXII (A = H, D' = cyclohexylmethyl, E =
%-acezamidcphenyl, hydrochloride salt). To the
resultant ccmpound of Example 160A (0.29 g, 0.51 mmol)
added 3C% w/w HCl in EtOAc (10 mL). The mixture
wis stirred for 3 hours at ambient temperature. The

sc.ution was concentrated under reduced pressure to

X
™
[17]

give 0.28 g of a white solid which was used directly
Zor subsequent reaction. TLC: Rf = 0.10, 3:97

:e:hanol/C52C12.

c. Compcund 160. To a solution of the resultanc
SITrcund cf Example 160B (100 mg, 0.20 mmol, in CH,CL,
3 mL) was added triethylamine (0.2 mL, 1.44 mmol)
f£cllowed by the resultant compound of Example 48A (67
mg, 0.30 mmol). The mixture was stirred at ambient

AP0O0O0O390

temperature for 6 hours. The solution was diluted with
CHZClz, (200 mL) washed with saturated solution of
sodium bicarbonate (30 mL), dried over anhydrous Mgso,,
the organics concentrated under reduced pressure and
the crude product purified via medium pressure column
chromatography using a gradient solvent system of
CH,Cl,, followed by 10:90 EtOAc/CH,Cl,, followed by
20:890 EtOAc/CH,Cl, as the solvent System to give 56.8
mg cf 2 white solid. TLC: Rf = 0.17, 3:97
Tetnancl/CHyll,, HPLC: Rt = 14.65 min; ('H)-NVR (CDC1,4;

ZInsistent with structure.,

X 1 1

i-Morpholinesulfonyl chloride. A solution of 4.6
of sulfuryl chloride in acetonitrile was treated

[V I ¢

Q.

ropwise with 8996 mg of morpholine at ambient
mperature under an atmosphere of nitrogen. After

(T
D

QO

mplete addition, the mixture was refluxed for 16 h,

0

¢
(0]

oied to room temperature, and concentrated in vacuo
to yield the title product as a red oil. TLC: Rf =

BAD ORIGINAL @
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5. Compcund XXII (A-tert-butoxycarbonyl, D' =
isccutyl, E = morpholinyl). A solution of 98 mg of the
resuitant compound of Example 39A in 4:1
CH2C12/sacura:ed agueous Ncho3 was treated
seguentially, a: ambient temperature under an
atmcschere of nitrogen, with 270 mg of the resulrant
compound of Example 161A and 122 mg of sodium
Sicarkbcnate. The mixture was stirred for 14 h, diluragd
Wizl CH,Cl,, dried over MgS3,, filtered, and
concentrated in vacuo. The residue was purified by low
Pressure gilica gel chromatography using CH,Cl2 as
2luent followed by preparative HPLC to provide 22 mg of
the title product as an Oily solid. TLC: Rf = 0.46,
20% diethyl ether/CHZClz. HPLC: Rt = 15.50 min,

H) - NMR (CDC1,) consistent with Structure.

ADOONZY ()

C. Compound XXII (A = H, D' = isobutyl, E =
morpholinyl, hydrochloride salt). A solution of 22 mg
of the resultant compound of Example 161B in ethyl

acetate was treated at -20°C. Nitrogen was then
tubblag throush the mixture for 15 min and solvent

rameved in varcuo o yield an oily Sami-solid mass which
wis used directly for the ensuing reaction.

D. Compound 161, A sclution of the resultant
ccmpound of Example 16iC in CH,Cl, was added, at ambien«
temperature under an atmosphere of nitrogen, to a
solution of 16 mg of the resultant compound of Example
48A and 18 mg N,N‘diisopropylethylamine in CH,Clz. The
TiXTire was stirred for 14 h, diluted with CH,Cl,,
washed and saturated with NaHCO3 and saturated NacCl,
then dried over Mgso‘, filtered, and concentrated
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1% vazus. The residue was purified by preparative HPLC
t2 provide 21 mg of the title product as an oily solid.
T.T: RS = 0.22, 20% diethyl ether/CHZClz. HPLC: Rt =

3.2 min. (H)-MMR (CDCl,) consistent with structure.

Example 162

Ccmpound 162. A solution of 30 mg of the
resulzant compound of Example 1¢6A was deprotected with
hydrcgen chioride gas and the resultant compound was
reacted with the resultant compound of Example 1SSA in
2 manner described in Example 155B. After
onceniration of the mixture in vacuo and workup, the
residue was purified by thick layer silica gel
chrecratography using 5% MeOH/CH,Cl, as eluant, followed
by preparative reversed-phase Cyg HPLC using a linear
gradient of 3S% to 100% CH3CN/H,) with 0.1% TFA as
eluant to obtain 6.2 mg of the title coampound. TLC: Rf
= 0.65, 5% MeOH/CH,Cl,. HPLC: Rt = 15.93 min ('H)-}MR
(CDCl,) consistent with structure.

Example 163

Compound 163. A 120.3 mg portion of the
resultant compound of Bxample 153B was reacted with the
resultant compound of Example 82A as described in
Example 323, After workup and concentration in vacuo,

O ot

APOONTQq ()

es:due was purified by low pressure silica gel

1

J
1]
3]

cclurn chroratography using SO% EtOAc in CH,Cl, eluent,
lowed by preparative reversed-phase Cyg HPLC using a
lirear gradient of 40% to 100% acetonitrile/water for
elution to obtain 44.3 mg of the title compound. TLC:
Rf = 0.18, 50% EtOAC/CH,Cl,. HPLC: Rt=13.13 min; ('H)

NMR (CDC13) consistent with structure.
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“SiIn cf 226 mg of Phenechy: alconz! and 535
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resultant compound of Example 164A i

CHZCIZ. The mixture was st
CHZClz, washed with Saturat

a . 4% ambient temperature under an atmosphe
Srcgern, with 819 mg of N,N-diisopropyle:hylamin
The mixture was stirred for 67 r and ccncentrareg

taken up in ethyl acet

N saturateg NaHCO3, saturated NacC1,

ed in vacuo

(ot

and concentra

.- - Po- -y

4s a ysllcw =i TLC:

1., .

A solution of 83 mg of the

n CH2C12 was added,
at ambient temperature under an atmosphere of nitrogen,
S a solution of g4: Mg of the resultant Campound of

éxample 4Ca and 45 mg N,N-d

irred for 4 h, diluteq
ed NaHCO3 and Saturated

then dried over Mgso,, filtered, and concentrated

iisoprOpylethylamine in

Yilezny!l Carbora:-e,

mg of

re of

(-]
- .

ate
then

AP000390

with
NacC1,

in

¥acus. Thz residus was Subiected =5 breparative yprc
S vield 1f mg of sns title produc-. TLC: Rf = ¢,
S:ll:ss TH.H/CﬁacHV:Xqilz HPLT: Rr = =z 78 min
.
S, -NME :23-3} Consisiant wis-h STtructurs

<mpourd 165, a

solution of 35 mg of th

(19}

resultant compound of Example 51D in 4:1
CHzc;z/sa:urated agueous NaHCO3 was treated

Sequentially, at ambient temperatyre under an

dAtmosphere o* nitrogen, with 20 mg of P-Ioluenesyl
chloride and 138 mg of sodium bicarbonate. The mix

was stirred for 3 h, diluted with CH2C12

e

fonyl
ture

» washed with
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Saturated NaCll then dried over Mgso,, filtered, and
--~tentrated in vacuo. The residue was purified by low
Trszsuire s:iliza zel chromatography using S% dieczhyl
€inzr. ZH,CIL, as sluent to provide 38 mg of the title
Product as a white solid. TLC: Rf - 0.15, St diethy!

i X I

SIner/CHCl,. HPLC: RE = 15.27 min.  (ly) -pm (cocl,)
SCSThELSIsent with structure.

Example 166
A Ccmpound XXIZI (A = tert-butcxycarbonyl, D' =
SrIlctentylrathvi, E o= 4-me:h:xyphenyl). To a soluzizon
I e rasul-an- compound of Example 114B (1.8 g, 4.5¢
Tzl in CHZCIZ {10 mL) was added ¢4-
me:hcxy;benzensulfonyl chloride (2.10 g9, 9.93 mmol),

Zollowed by addic:on of a Saturated solution of sodium
Dicarbonate (3 mL) and 0.83 g of solid sodium
bicarbonate. The mixture was stirred at ambient
temperature for 24 hours. The solution was diluted
with 200 mo CH2C12, the organics were Separated, dried
over anhydrous MgSO,, and concentrated under reduced
Lra2ssure. The crude product was purified via medium

ADONNN Q0

Cressure liquid chromatography using CH2C12, followed
Sy 1:83 :e:hanol/332C12 followed by 2:98

:e:ha::L,Cizflz 4s In2 solvent system to give 1.49 g of
h2 titls corpound as a white solid. TLC: Rf = 0.37,
. : . 1. . . .

2z :e::a::-/vnzc-z; ¢ H)-NMR (CDC-3) consistent with

Compound XXII A = H, D'=cy:lopentylmethyl, E = 4-
rydroxyphenyl). A solution of the resultant compound
CI Ixarple 166A (.11 g, 2.08 mmol) in CHyCl, (20 mL)
was added to a sclution of boron tribromide in CH2C12

t

2.00M, 0.4 MLl The mixture was stirred at ambient
t=rpsrature for 24 hours. The solution was poured onto

40 mL cf a saturated solution of sodium bicarbonate.

BAD ORIGINAL @
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The azuiecus ~iysr was eéxtracted with 250 mL CH2C12

fcllcwad by éXtraction with 250 mr, EtCAc. The combined
-TZENI1CS were drissd cver anhydrous Mgsoa, concentrace

nder reduzad crassyre and the crude froduct purifisg
d medium pressure column chromatography using a
so.ven: system of CH2C12, followed by 1:99
me:ha:cl/CHZCL2, followed by 9:98 methanol/CH2Clz,
95 concentrated NH4OH/methanol/CHZC12

followed by a ::3;

Solutizn as sr=s Scivent system to give 0.38 g of the

tiile compounid. TiC: Rf 0.18, 3:97 :e:hanol/CHZClz,
’? - NME C:C-3 Cinsistent wish SIructure,

c Cecrpound 1635, 7o 4 solution of the resultant

-ompourd of Examrle 1555 (300 mg, 0.69 mmol) in CH2C12
'5 mL! was addsg triethylamine (.12 mi, 8.6 mmol),
followed by siow addition over 3 hours of the resultant
compound of Example g2 (0.21 g, 0.77 mmol) as a
solution in :HQC;Z ‘5 mL). The mixture was stirred a:
ambient temperature for 24 hours. The solution was
diluted with 25~ ml CH2C12, washed with water, dried
over anhydrous MSSC,, and the Organics concentrateq
under redyced Lressure. The crude Product was purified
via medium Pressire column chromatography using a

Jradiznt szloz-- Svsiem of CHzclz followad by 1:99

methan:cl :52:;2, Izllowasd Dy 2:93 me:ha:al/CH2C12 as che

SZ.VEnT svatam - Z:¥2 110 mg of a whits solid TLC:

== Cll4 zae- :e:ha::;/CHZCIZ), HPLC: 2: = 12.65 min,
Tx - NMR CoCl, clnsisisnt wite Structure,

Example 167

g 127, a solution of 102 mg of the
resultant cimpound of Example s1p ip 4:1
CTZClz/sa:ura:ei azuesus NaHCO3 was treated
Sequentially, a- aTttient Lemperature under an
atmosphere of nitrcgen, with 65 mg of p-

BAD ORIGINAL Q
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Sfs=nctenesulfonyl chloride and S1 mg ¢f sodium
bonate. The mixture was stirred for 14 h, dilu-ed
wicth CH2C12, washed with saturated NaCl, then drieg cvar

o
r.
n
1]
'

M333 Siltered, and concentrated in vacuo. The
rzsidue was purified by low pressure silica gel
chrcrmatography using 20% diethyl ether/CHzclz as eli=n-
*C previde 124 mg of the title product as a white

sc.id. TLC: Rf = 0.36, 20% diethyl ether/CHZCIZ. HPLC:
RT = 15.1%5 min. ('H)-NMR (CDCla) consistent with

Exampie 168

Compound 168. A solution of 124 mg of the
ra2sultant compound of Example 167 in ethyl acetate was
-reated, a: ambient temperature, with 13 mg of 10%
falladium on carbon. The mixture was stirred for 14 h
under an atmosphere of hydrogen, filtered through a pad
of Celite filter agent, and concentrated in vacuo. The
residue was subjected to Preparative HPLC to yield 82
7g of the title product as a white solid. TLC: Rf =
C.10, 20% ether/CH,Cl,. HPLC: Rt = 13.16 min. (') -ow
(CDCl,) consistent with Structure.

ADON O T 0N

“cmpound 165, To a3 soluticn cf the ragy Tan:
ccmpound ¢ Example 1668 (80 mg, 0.18 mmol) in CH,C1,
5 ml. was added a saturated solution of sodium

(]
U
t
9}
)
[ |
I\
ot
D
wn

o) followed by the addizicn of the
T2sultan:t compound of Example 48A (55 mg, 0.24 mmol).
The mixture was stirred at ambient temperature for 5
nours. The solution was diluted with 200 mL CHZClz,
the organics separated, dried over anhydrous MgSo,, and
c-ncentrated under reduced pressure. The crude product
was purified via medium pressure liquid chromatography
using CH,Cl,, followed by 1:99 methanol/CH2C12 as the

BAD ORIGINAL @
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So.vent system to give 56 mg of the ticle compound as s
whize gclid. Tic. Rf = 0.24, 3.97 methanol/CHZCIZ,

HPLC: Rt = 14.23 min., | 'H) -NMR (CDCla) Cinsistent wis-xn

fxam 7

A Compound XXII (A = tert-butoxycarbonyl, D' a
:yclcpencylmethyl, E = 4,nicrophenyl). To a solution
cf the resulzan- compound of Example 1143 (250 mg,
in CH2C12 (15 mL) was added a saturated

(5 mu) follzcwegd by szl:z
Sadium bicarbonass 9.12 g, 1.37 mmel! and 4-
benzensulfonyl chloride (200 mg, €.9 mmol). The
Tixture was Stirred at ambient temperature for 24
The soluzicn was diluted with 200 mL CH2C12,
the organics Separated, dried Over anhydrous MgSO4, and
The crude produce

C.85 mmecl;
scluztion of sodium Licarbenate

R
’4
(r
"
0

using a gradient solvent system of CHZC12 followed by
1:99 methanol/CH2C12 to give 360 mg of the title
compound as an orange solid. TLC: Rf = 0.45, 3.97
methanol/CHyCl,. /'y).jvm (CDCl3) consistent with
Structure.

= cyclcpencylmethyl, E-

- e e

TYl, hyérazhicrige salt). To the resultant

(360 mg, 0.66 mmol) was added

The solution was
Concenirated under reduced pressure Lo give 310 mg of
trhe title <Smpound as an ©range solid which was used
directly for subseqguent reaction. TLC: Rf « 0.70,
1:1

0:30 NH40H/methanol/CH2012.

BAD ORIGINAL
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c. Ccrpound 170, To a soluzion of the resultant
compound of Example 17CB (310 mg, C.64 mmol) in CH,C1,
{15 mL) was added a saturated solution of sodium
clcarbcinatz ‘S mL: followed by the addition of solid
cdium rciczarbonate (0.11 g, 1.3 mmol) and the resultanc
corpound cf Zxample 48A (0.18 3, C.77 mmol). The
mixture was stirred at ambien: temperature for 24
he solution was diluted with 150 mL CHZCIZ,

“h2 organics separated, dried over anhydrous MgS0O,, and

trated under reduced pressure. The crude product

A

was purifled via medium pressure liguid chromatogracry

4S.n3 CE Il,, fcllowed by 1:53 methanol/CH2C12 as the

sclvent sys:tam to give 0.32 g of the title compound ag

a white solid. TLC: Rf = 0.28, 3:97 methanol/CHZClz,

HPLC: Rt = 16.06 min, (1H)-NMR (CDC13) consistent wit}
u

Example 173

Compound 171. A solution of the resultant
cempound of Example 170C (0.19 g, 0.34 mmol) in BtOAc
(10 mL) was treated at ambient temperature with sg mg
of 10% palladium on carbon and hydrogenated for 72
hours under a slight positive pressure of hydrogen.
“he mixturs was filtered and Cccicentrated in vacuc ang
i2d via medium pressure liquid

Tnrimatograghy using CHyCl,, followed by 1:99
methanol CH,Cl,, followed by 3:57 methanol/CHZClz,

ollowed by 10:90 me:hanol/CH7C12 as the solvent system
o Jive 97 mg of the title compound as a white solid.

X 1 7

A. Compound XXII (Aatert-butoxycarbonyl,
D‘:cy:lopentylmethyl, E=2,4-dinitrophenyl). To a

BAD ORIGINAL
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scluticn of the resultant compcund of Example 114B
1500 mg, 1.38 mmol) in CH,Cl, /1S mL) was added a
Saturated szlution of 50dium t:zarbonate (5 mL)
followed by solid sodium bicarsonate (0.23 g,
2.76 mmol; and 2,4-dini:robenzenesulfonyl chloride
‘447 mg, 1.5 mmol). The mixtiure was Stirred at
amZ:ient terceratyre for 2 hours. The solurtion was
diluted with 200 mo CH2C12, the organics Separated,
dried over azhydrous MgSO4, and concentrared under
reduced pressure. The crude brzduct was purified viz
T23ium pressure liguid :hr:matcgraphy usirg a gradien-
System cf¢ CH2C12, follcwed by 1:99
mechanol/CHzflz to give 700 mg cf the title compound as
& frown solid. TiC. Rf = 0.48, 3:.97 mechanol/CHZClz,
1H;-NMR fCD:lJ), consistent with Structure.

3. Compound XXIT (A=H, D'-cyclopentylmethyl, E-2,4-
dinitropheny:, hydrochloride salt). To a the resultant
compound of Example 172A (700 mg, 1.18 mmol) wag added
10% w/w HCl in EtoOAc (20 mL). The mixture was Stirred
for 3 hours a- ambient temperature. The solution was
ccrncentrated under reduced pressure to give 5990 mg of
the title cormpound as a brown sclid which was used

wl.Tthcou:s subseguen: Curifizat:ion. TLC: Rf = 0.5s,

7 & scluticn of the resultant

-cmpound of 1723 rs539 mg, 1.11 mmol) in CHyCl, (15 mL)
~as added a saturates solution of sodium bicarbonate

: L), followed by solid sodium bicarbonate (0.19 g,
<.2 mmel) and -he resultant compound of Example 48a
2.31 g, 1.3 mmol). The mixture wag Stirred at ambient
temperature for 24 hours. The solution was diluted
with 150 mL CHZClz, the organics Separated, dried over
arhydrous MgSC,, and the organics concentrated under

BAD ORIGINAL @
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uced pressure. The zrude product was purified « -3
lum pressure liquid chromatography using a

&

o
- =

(L

2]
[ON

(e

I

CH3TH/CTH,Tl, gradient as eluant, to yield the produc: as

a white solid. HPLC: Rt = 16.36 min, ('x .

Cl,} consistent with sStructure.
3

'

-

()

u»

((3 (89}

-
< .

NME

Example 173

Corpound 173. A solution of the resultant
ccrpound of Example 172C (0.20 g, 0.33 mmol) in EtcaA-
20 mlL) was treated under ambient temperature with
TS ¢I 12% palladium on carbon and hydrogenated s--

TS ncours under a sligh:s Fositive pressure of hydrogen.
The mixture was filtered and concentrated in vacuo and
the crude product purified via medium pressure liquid

O
o 3

.rcnatog*apby using CH,Cl,, followed by 1:99
=nanol/CH,Cl,, 3:97 mebhano‘/C32C12, and 10:90

et anol/CH2C12 as the solvent system to give 120.2 mg
of the title compound as a light brown solid. TLC: Rf
= 0.17, 3:97 methanol/CHZCIZ, HPLC: Rt = 13.47 min,
(1) -NMR (CDCl3) consistent with structure.

'

e

Example 174
A. 4-Benzyloxybenzenesulfonyl chloride. To 0.87 g of
Zimethylfcrmarmide, at g ©- under an atmosphere of
etTogsn, was added 1.51 g of ulfuryl chloride. Tr=
TeXturz was siirred for 15 min and treated with 2.0C 3

cI benzyl phenyl ether. The mixture was then heated at
c2°C fZor 1.5 h, coczled == abcut 40°C, poured onto ice,
exIiricced wich CHZClz, dried over MgSO‘, filtered, and
corcentrated Iin vacuo. The residue was purified by low
Sressure silica gel chroma- Ography using 10% ethyl

tate in hexane as eluent to provide 0.78 g of the
title product as a white solid, TLC: Rf = 0.46, 10%
ethyl acetate in hexane. (lH)-NMR (CDC1l;) consistent

with structure.

ADnNAN 160 n

BAD ORIGINAL @



(¥]]

)
wm

t)
[

a2
O

- 237 -

B. Compound 2174. A solution of 30 mg of the
esultan:t compound of Example 5:2 in 4:1

)

CH,Cl,/sazurated agueous Na:—::::J wis treated
Sequentially, at ambient temperature under anp
atmosphere of nitrogen, with 24 mg of the resultagn-

compound of Example :74A and 18 mg of sodium

Sicarbonate. Tha mixture was stirred for 14 h, diluces

wicth CH “12, washed with Saturated Nall then dried cver
tered, and concentrated in vacuo, The

2 was purifisd cv low Cresscre silic gel

Shrcratograpny using 20% diezhy: ethe:/CH2Clz as the

eluent to provide 14 Mg of the title product as a whize
C: Rf = C.43, 20% diethyl ether/CHZClz. HPLC:

RT = 17.01 min. (lz .nmm (CDCly) consistent with

AP000390

Example 175

Compound 175. A solution of 11 mg of the
resultant compound Example 174B in ethyl acetate wag
treated at ambient temperature, with 2 mg of 10%
palladium on carbon. The mixture was stirred for 14 »

th

hydrogen, filtered through a cad

under an atmcsphera -~

I CTelizs fil-ar agent, filtered, ang <oncentratead
i ovazusz N2 resiiis was furifisd by low pressurs

Silica gsl :h:cr-:ogra;hy “SinZ 10% methanol inp CH2C12
o)

Tne 2luent o provide S mg of -xe title product as a

“hite solid. TLC: zf - C.22, 10% methanol in CH,Cl1,.
BELT: RT = 13037 =in. (ly s “2Cl;) consistent with

Example 176

A :,3-Benzodioxole-S-sulfonyl chloride, To 3.50 g
of dime:hylformamide, at 0°C under an atmosphere of
nitrogen, was added 6€.47 g of sulfuryl chloride. The

BAD ORIGINAL
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2 min and treated with 5.32 g of

1
-,3-Canxcdioxole. The mixture was then heated at 12¢¢cC

Icr 43 min, cceled to about 40°C, poured onto ice,

2x-racTad with CHZClz, dried over Mgso4, filtered, ara

“oncsntrated in vacuo. The residue was purified by low

pressurz silica gel caromatography using 40% CH,Cl2 in

n2xane as eluant to provide 2.70 g of the title product
as a yelliow s3lid. TLC: Rf = 0.37, 40% CH,Cl, in
nexane. 1z oawvm fCDC13) consistent with structure,

=. Comgound XXII A = terz-butoxy, D' = is

2,4-Zenzcdicxsle; . A solution of 49 mg of ¢
Tesultant compound of Example 39A in 4:1
CH2C12/sa:urated agueous NaHCO3 was treated

seguentially, at arbient temperature under an
atmosphere of nitrogen, with 45 mg of the resultant
cemnpound of Example 176A and 28 mg of sodium

-

ADNOAn TAOD

blcarbonate. The mixture was stirred for 14 h, diluted
with CH2C12, washed with saturated NaCl then dried over

vgSO,, filtered, and concentrated in vacuo.

residue was purified by low pressure gilica gel
chromatcgraphy using 20% diethyl ether/CH,Clz as the

SR o provids 7lmg of tre title product as a waxy

soli2 TLT: RE = 723, 20% diethyl ether/CHZClz.
TEO-NVE ::T13 -SThELsTent with structure.

C. Compound XXII YA = H, D' = isobutyl, E = 3,4-

Tenzodicxols, nydrsochleride salt). A solution of 71 mg

-

c s
dcecate was treated at -20 °C with HCl gas.

ultant corgound of Example 176B in ethyl

was bubbled through the mixture for 20 min over which

1]

a
min and solven: r

=TfLerature was allowed to warm to 20°C.
S then putkled through the mixture for 15

moved Iin vaztuo to yield 66 mg of the

AAD ORIGINAL @
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title produc:t as a whize soiid which was used direc:ly
11 subsequent reactions
2. Compz-und 17¢. A Sc.ution of 18 mg of the

resultant compound of Exarple :176¢C in C!-IzCl2 was added,
at amb:ent temperature under an atmosphere of nitrocen,
0 a solution of 13 M3 ¢ the resultan: compound of
txarple 43A and 14 m3 N,N-diisopropyle:hylamine in

CHzclz. The mixture was Stirred for 16 h, diluted wi:ch
CHZCLZ, washed with saturared NaHCO3 arnd saturated NacC:z,
then Zried sver Mgsc4, Siltered, and iZncentracted

=% WAIUul. The residus was Burified by low pressurs
szliza gel :hroma:og:aphy using 5% diechyl ether/CH2C12

as the eluen: o Provide 9 mg of the title product as a
olid. TLC: Rf = .14, s% diethyl ether/C32C12.
HPLC: Rt = 15.52 min; (!g; -nmg (CDC1,) consistent with

Structure.

AP 000390

Example 177
A. (4~Methoxyphenyl)-methyl-4-nitrophenyl carbonate.
To a solution of 1.50 g of P-nitrophenyl chloroforma:e
in 30 mL of CH2C12 at 0°C was added Sequentially,
2.77 L of 4-methoxyrenzy: alcohol and 90.82 mL of 4-

T2 rzsilcins TIXIure was diluszes

methyl morphsline. Alter Stirring for a half hcur a:z
2
ater, trine, dried over
e, filtered angd concentrated in vacuc
=3 vield a tale vellcow s31:23 wrnizs Was triturated wirsn
-HyCl,/nexans ang filtered o vield 1.51 g of the title
compound. TLC: Rf = C.40, 20% EtOAc/hexane.

o

Compound 177. 7To 3 sc.ution of 9.7 mg of the
rssultan: Ccrpound of Ixample 141A in > mL of CH2C12

was added Sequentially, 90 urI, of diisopropylethylamine
and 81.3 mg of the resultant compound of Example 178A.

BAD ORIGINAL
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fter stirring fcor 24 hours, the mixture was diluted
with CH,Cl,, washed with water and brire, dried over
Tazrnesium sulfate, filtered and concentrated iz vacun.
¢ res:dus was purified by preparative thin layer
chrcmatography us:ing St methanol in CH,Cl, eluent to
vield 104.8 mg cf the title compound. TLC: Rf = 0.4,
2°% EzOAc/hexane, HPLC: Rt = 17.66 min, ('H) MR (cziy
consistent with structure.

E;égg]g 178

Al B-Me:h:xyphe:yl)-me:hyl-4-ni:rophenyl carccnat=,
Tsrared by tne sams route as described for Examp.e
-77A, excep: 3-methoxybenzyl alcohol was utilized for

rzaciicn with p-nitrophenyl chloroformate to yield :zhe
title compound as a pale yellow solid. TLC: Rf = 0.4,

AP0O00390

2% EtOAc/hexane.

B. Compound 178. To a solution of 97.8 mg of the
resultant compound of Example 141A in 2 mI of CHyC1,
was added sequentially, 91 ul of disopropylethylamine
and 82.2 mg of the resultant compound of Example 178A.
After stirring for 24 hours, the mixture was diluted
with CH,Cl,, washed with water and brine, dried over
2s.um sulfate, filtered and concentrated in vacuo.
due was purif:ag by preparative thin layer
tnromatsgraciy using 5% methano! in CH2C12 eluent to
Y2213 25.7 mg of the -irle ccmpeound. TLC: Rf = 0.4,
°% IilAc/hexane, HPLC: Rt = 17.75 min. ('H)NMR (CDC1y)

Ex 17
A. (2-Me:hoxyphenyl)-me:hy1-4-nitrophenyl carbonate,
Prepared by the same route as described for Example

~77A, except 2-methoxybenzyl alcohol was utilized for
reaction with pP-nitrophenyl chloroformate to yield the

BAD ORIGINAL g
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ticle cempound as a pPale yellow solid. TLC: Rf = 0.4¢C,
20% EzCAc/hexare.

8. Compcund 173, To a solution of 97.8 mg of the
resuitaat compound of Example 141A in 2 mL of CH2C12
was added Sequentially, 99 4L of diisoprophylethylamine
and 85.2 g of the resultant compound of Example 1739a.
After stirring for 24 hours the mixture was diluted
with CHZCIZ, washed with water and brine, dried over
Tagnesium sulfate, filtered and concentrated in vacuc.
fe residue was purified by Preparative thinp iayer
Shroratcography uSing 3% methanol in CH,Cl, eluent to
vield 197.0 mg of the title compound. TLC: RS = 0.4,
20% EtlAc/nexane, HPLC: Rt = 17.sg min. ('H)NMR

(CDCl3) comsis:tent with structure.

Example 180

A. 2,3-Dihydrobenzofuran-S-sulfonyl chloride. To.
3.35 g of dimethylformamide, at 0°C under an atmosphere
of nitrogen, added 6.18 g of sulfuryl chloride. The
mixture was stirred 15 min and treated with 4.69 g of
2,3-dihydrobenzofuran. The mixture wasg then heated at
100°C for 1.5 h, cooled to about 40 oc, pPoured onto

; wizh CHZClZ, dried over MgSo,, filtered,
and ccnesntrated in vVacuo. The residuye was taken up :in

Iyl acs:iacze, Coc.ed to 5 °C for 16 h, and the
resultant pink Crystals collected by vacuum filtration
.2 S he title pProduct. TLC: Rf -

CC provide €.,12 3 o= t
-+ 1C% etihyl acetate in hexane. (1H)-NMR (CDC13)

consistent with Structure,

B. Compound 180. p solution of 32 mg of the
resultant compound of Example 140D in 4:1
C52C12/saturated aqueous NaHCOb was treated
Sequentially, at ambient temperature under an

BAD ORIGINAL @
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atmcspnere of nitrogen, with 22 g of the resultant
compound of Exarple 180A and 18 mg of sodium
bicarbcrate. The mixture was stirred 14 h, diluted

n » wasted with saturated NaC: then dried over
filtered, and concentrated in vacuo. The
residu2 was purified by low pressure silica gel
chromatography using 20% diethyl ether/CH§C12 as eluent
o provide 20 mg of the title product as a white solid.
TLC: Rf = 0.52, 20% diethyl ether/CHZClz. HPLC: Rt =
15.49 min (1H)-aR (CDCl,) consistent with Structure.

Example 1831

Ccrmpournd 181. A solution of the resultant compound of
Example 140D (150 mg, 0.4 mmol) in CHyCl, (10 mL) was
added a saturated solution of sodium bicarbonate (s mL)
followed by solid sodium bicarbonate (0.1 g, 1.2 mmol)
and 4-cyanobenzensulfonyl chloride (0.1 g, 0.48 mmol).
The mixture was stirred at ambient temperature for 4
hours. The solution was diluted with 200 mL CH:Clz,
the organics separated, dried over anhydrous MgSO4, and
the organics concentrated under reduced pressure. The
crude product was purified via medium pressure liquid
chrematography using CH,Cl,, followed by 1:99

APOONZ3IQQ

> ¢ 82% yield) of the title compound as a white
sclid Tl RI = C.40, 3:97 methanol/CHZClz, HPLC: Rt
]

I P

= 15.02 min, { H -NVR (CDC13) consistent with
Struzsture,
Example 182

Compound 182. This compound was prepared from the
resultant compound of Example 114D and the resultant
compourd of Example 48A in the same manner described in
Example 88. After workup and purification by
preparative reversed-phase Cig HPLC using a linear

BAD ORIGINAL
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gradient of 35% to 15:% CH3CN/HZO with 0.1% TFA as
eluant, 32.8 mg of the title compound was obtained.
TLC: RE = 0.25, 4% MeCH/CHZClz. HPLC: Rt = 16.0¢ miz;
:TH;NMR ‘CDCl4) consistent with Structure.

b 1R

Ccmpound 183.  This ccmpound was prepared from the
resulzant compound of Example 84 by treatment wich
hydrogen chloride gas and subsequent reaction with the
resultant compound of Zxample 48A in the manner
d2scribed in Ixample 132. Afrar workup and
Furiliicazicn oy Crysta_l:ization from EtOAc, 33.0 mg c=
the title compound was cbtained as a white solid. TLC.
<F = 0.25, 4% MeOH/CH)Cl,. HPLC: Rt = 17.71 min; ('H: -

NMR !CDCLa) consistent with Structure.

Example 184

A. (N-:ert-bucoxycarbonyl)«(R)-B-pyrrolidinyl-N-
hydroxysuccinimidyl carbonate. To a solution of 1.0 g
of (R) -3-hydroxypyrrolidine in tetrahydrofuran (50 mL)
was added sequentijally, at ambient temperature, 3.7s g
of di-tert-butyl dicarbocante and 3 mL of 2N sodium
hydroxide. The mixture was stirred for 1 hour,

AP 000390

=% vacus. The resultant

<nd was rsacted wien N,N-disuccinimidyl carborars
ST Ins mannsr dascribes in Example 153A. Workup and
furifization by thick layer siliza gel chromatography
“sing an EtOAc eluent vielded the title compound as a
white s3l:4d; f'H;-NMR (CDC13) consistent with

8. Compound :184. A solution of 350 mg of the
T2sultant ccrpound of Exarrle 1635A was deprotected with
~y7drogen chloride gas and the resultant compound was
reacted with the resultant compound of Example 184A in

BAD ORIGINAL @
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<2 wias purified
cnrcmatograghy using
cbtain 120 mg of the
5% Me:H/CH2C12. HPLC
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Afzer

in Example 88§.

mixture in vacuo ang workug,

ot
Y
[}

by thick layer Silica ge:!

7% MeOH/CHzclz as eluant, te
title compound. TL-. RS = C.45,
‘Rt = 16.97 min; ("m)-mR (zo,

clrsistent with structure.

Compound 185.
rssultant compound cf
was treatad with anhydrous fydrogen cihloride gas
i¢ min., and allowed to stand for 12 h while

vielded 110 mg of the

i1ng to ambient temperature,

¥ MeCH/89% CH,Cl,/1% NH,OH.
H) -NMR (CDC13) consistent with sStructure.

Example 185
A solution of 120 mg of the
Example 184B in Erca- 25 Il 3=

Concentration in vacu
title compound. TLC: Rf = 0.35,
HPLC: R: = 13.72 min;

Example 18¢

A. Compound XXX ((syn, anti)-OH, A = carbobenzyloxy,

R - (s)-sec-butyl, RS
A solution of 1.37 g of the resultant

butoxycarbonyl).

= H, D' - benzyl, A' = tert-

compourd of Examgle 1B in 150 mL of methylene chlcriis

e« ma
-

e - -~ = PR,
wisS Treated witn

- -~ S e —
Y - -

ShnED ZIiluted with o3 vo.Lum

0
(
n
1)

23304 scluticn, and brine.

~
e

cf Cbz-Ile, 523 mg of HCBT-HZC,

X o

14

mixXture was stirred for 18 =,

th

S oI diethyl ether and washad

ntially with water, saturated NaHCO; soluticrn, 10%

After drying over MgSC, a=d

-oncentrating in vacuo, the residue was purified by

crnromatography on a silica gel column using a gradient

cf 1% to 1.5% MeOH in
of the title compound
% me:nanol/CHZClz

CH2C12 as eluant to yield 2.10 g
as a white foam. TLC: Rf = 0.581,

BAD ORIGINAL
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B. Compound xxx ((syn, anti)-OH, A « carbobenzyloxy,
rRI . (S) -sec-butyl, rY . H, D' = benzyl, a' . H),
hyirochlcride sale. A solution of 65¢ mg of the
resultant cerpound of Example 127 ip 12 mL of ethyl
acetate was cooled in an ice/water bath and treated
with a slow stream of HCl gas for approximately 6 min
WlZL vigcrous stirring. The mixture was Capped and
Stirred fcr an additional 16 min, then purged with a
Stream of nitrogen for 15 minutes and concentrated

irn vacuc o Yield a white solid which was uged without
SuTsegiens burification. Tro. Rf = 0.18, $5:5:0.5
:Hz::2/:e:hanal/con:entra:ed N#,0H.

C. Compound 186. A solution of 20 mg of the
Tesultant compound of Example 186B ip 0.8 mL of
metlylere chloride was cocled in ice/methano}
(approximately 15°C), then treated with 13.g BL of DI=a
followed by 7.5 mg of a-toluene sulfonyl chloride. The
mixture was stirreq for 15 h, warming slowly to ambient
temperature. The mixture was concentrated to a sSmall
volume, applied to a 0.5 mm thick Prep plate and eluted
with 3.5% MeOH/CHZClz. The band containing the desired
: Somer was isolated and eluted with gg

AP000390

MeCHfCHZClz *C yield 4.8 mg cf the title compound .

©.42, 1s% diethy: e:her/C32C12. HPLC: Rt =
=702 mIin NV DC13): 0.78 idd, 6H) 0.84 {m, 1H)
.76-1.86 (m, 2H) 2.72 (m, 2H);

3.43 (dd4, 1H); 3.87 (dd, iH);

.38 m, 6] 4.01 (d, 1H); 4.14, (4, 1H) ; 4.26,
‘d, IH); 4.35, (d, 1H); 4.30, (m, 1H),; 5.08, (s, 2H) ;
5.97, (4, 1), 7.08, (4, 2H); 717, (t, 1H); 7.20-7.40,
(m, 17H).

Do
' [
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Compound 187. 100 mg of the resulting
cmpound 54A was trezated with 1 mL of 90% agqueous TFA
and allowed tc s:and for 12 h. The mixture was
concertrated in vacuo and the residue taken up in 10 mo
cZ dry CH,Cl,, treated with €5 mg of N-Cbz-L-isoleucine

$.235 rmolj, 50 ul of DIEA (0.27 mmoles), 30 mg of
EC2t (0.22 mmoles), and 42 mg of 1-(3-

©2.22 rmmoles). Tre mixture was srirred for 3 h, then
uted wizh inm CH,C1, and washed seguentially wish
wiaTZer, 33cturazesd NaH:C3 sclution, and brirns. Afrer

cérying cver McSC, and concentrating in vacuo, the

column using 5% CHOH in CH,Cl, as eluent to yield the

title compound, a portion which was purified by

reparative reversed-phase C,s HPLC using a linear

gradient of 35% to 100% CH3CN/H20 with 0.1% TFA for

elution to obtain 36.0 mg 99.0% pure compound. TLC: Rf
0.25, 5% CH,CH in CH,Cl,. HPLC: Rt = 16.45 min;

(1H) -NMR (CDCl,) consistent with structure.

'a

Example 1238

-Zmgound 122, A solution of 51 mg of the

TEsulting coxpound of Example 187A in 1S mL of methanol

. Afzer filtsrinz an concentrating in vacuo, the
Srude miIxture was taken up into 10 mL CH2C12 and treated
with 0.203 mL of CIEA and 19.0 mg of 2-quinoxaloyl
Chloride. The mixture was stirred for ¢ h, then
diluted with CH,C1, and washed with water. After
dryuing over MgSC, and concentrating in vacuo, a

porzion of the mixture was purified by preparative

ADOOO TG0
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reversad-phase cla HPLC using a linear gradient of 3s%
Lo 1C03% CH3CN/320 with 0.1% TFA for elution to obtain
<.1 mc of the title compound. TLC: Rf = 0.25, &%
SRCN H)0 with 0.1% TFA for elution to obtain 2.1 mg of

the title compound. TLC: Rf = 0.25, 6% CHyOH in CH,C1,.

HPLC: Rt = 16.21 min; (!H)-nmm (CDCly) consistent with

Structure.

Example 189

A. Compound XXIT (D' = isobutyl, A . H, E = 4-
iz2tar:dcophenyl, trifluoroacetace salt;. 7o a solution
¢l 83.3 mg. ‘0.167 mmol) of the resultant compound of
Exampls 39B in CH,Clz (1 mL) at 0° to 5o C was added
crifl::romethanesulfonic acid (1 my). After Stirring
£2r C.5 h the resultant mixture was concentrated

in vacuo and the resulting yellow gum used without
subsequent purification.

B. Compound 189, A solution of the resultant
compound of Example 189A (0.167 mmol) in C'H'.‘,Cl2 was
reated Sequentially, at ambient temperature under an
atmesphere of nitrogen, with 44.2 mg (0.217 mmol) of N-
E:c-a~axincisobutyric acid, 0.044 mp (0.251 mmo1l)
d;isc;:ooyle:hylamine, 27.1 mg (0.201 mmol) of 1-
nvirzs lazcle hydrate, 38.5 mg (0.201 mmol) 1.

y
<
[¢]
L
¢}
($2
(D
8]
2]
(@]
(R}
A

E-d;:e:hylaminopropyl)-3~echylcarbodiimide
“yircchnlsride. The mixture was stirred for 16 h and
then concentrared in vacuo. The residue was taken up

in ethy: acetate and washed with water, 0.5 N
hydrochloric acid, washed with sodium bicarbonate,
Saturated brine, dried over magnesium sulfate, filtered
and concentrated ip vVacuo. The residue was purified by
low pressure silica gel Column chromatography using a
1C% to 35% gradient of ethyl acetate/CHéCl2 eluent to

AP 000390
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TLC: RE = 0.45, 60% ethyl aceca:e/CHzc 9+ HPLC: Rz =
15,2 min; (H)-NMR (CDCl,) consistent with structure.

Example 190

Al Compound XXXI (A = H, R - methy?, Ry methyl, o
scbutyl, E = 4-acetamidophenyl, hydrochloride salc;.

“% a sclutiecn of 60.1 mg of the resultant compound of

Exampie 183B in CHpCLy (1 mi) at 0° to 5°C was added

trifluoromethanesulfonic acid (1 mL). After stirring

$ &, the resultant mixture was concentrated

sa,

th
(8]
"
o
<

im vatus and the resulting white solid used directly

2. Compound 130. Tc a solution of 37 mg (0.059 mmol;
compound of Example 190A in CH2C12

3 mL; was added sequentially, at ambient temperature
under an atmosphere of nitrogen, with 15.4 mg

+0.083 mmol) of 1-hydroxybenzotriazole hydrate, and
7.8 mg (C.089 mmol) EDC. The mixture was stirred for
1% h and then concentrated in vacuo. The residue was

QO
rh
ot

i)
.

(D
e
(D
n
b
’-J
r
W
e}
0t

(")
ADNANNA X O

taken up in EtOAc and washed with saturated brine,
dried over magnesium sulfate, filtered and concentrated
in vacuo. The residue was purified by thin layer

silica g2l column chreratography using 50% of EtQAc in
-Hy71, as 2luent o yield 12.5 mg of the title produc:.

LI RE = 20233, 30% E:CA:/CHZCIZ, HPLC: Rt = 15.65 min:
[

A (28, BRS)-S-Amino-:-chloro~2-hydroxy-4-

crenylbutane). A solution of 2.24 g (6.71 mmol) of
1S, ZRS)~V-(1-benzyl-3-chloro-2-hydroxypropyl)-
benzylcxycarbonylamine in 5 mL of methanol was added,
at ambient temperature under a nitrogen atmosphere, to
a siurry of 0.22 g (10% by weight) of 10% palladium on

BAD ORIGINAL
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carbon in 60 mL methanol and hydrogenerated for 24 h,
under a slight positive pressure of hydrogen. The
mixture was filtered and concentrated in vacuo to yield
.34 3 of the mixed diastereomeric products. TLC: Re .

©-33, 10% CHyOH/CH,CL,.

3. (23)-2-Benzyloxycarbonylamino-N'-((ls, 2RS) -1-
:e:zyl-s-chloro-z-hydroxypropyl)~N4-trityl succinamide.
A solution of 1.34 g (6.71 mmol) of the resultant
“cmpounds of Example 191A in 60 mL of dichloromethane
wis treztegd Sequentially, at arbiant temperature under
2% aimcsghare of nitrogen, with 3.58 g (7.0s mmol! of
czz-N® -:ri:yl-asparagine, 0.95 g (7.05 mmol) of
--aydrcoxybenzotriazole hydrate, 1.35 g (7.05 mmol) of
I2C. The mixture was stirred for 24 hours and then
-°icfentrated in vacuo. The residue was taken up in
ethyl acetate and washed with water, saturated NaHC03,
Saturated NaCl; dried over MgsO,; filtered and
-<cacentrated in vacuo. The residue was purified by low
pPressure silica gel column chromatography using 10%
ethyl acetate/dichloromethane as eluent to yield 3.08 g
tttal of the mixed diastereomeric products. TLC: Rf «
1.73, c.83, 40% EtOAC/CHyCl,; (') -mvm (CDC1,4)

AP 000390

SInsistsant with STructure,

. ‘ZS,-E-Amino-S'-ffls, 2Rs;-:-benzyl-3-chloro-2-
ouir xyprcpyl)-NA-:r::yl Succinamide. a solution of
z 6 mmol) cf the resultant compounds of

nsSm gs methanol was added, at ambient

{r
~
B
o]
3
1)
)
w
4
V)
)

-STperature under a ritrogen atmesphere, to a slurry of
8 g (10% oy weight) of 10% palladium on carbon in

--° mL methanol and hydrogenated for 24 h under a

S-i3ht positive pressure of hydrogen. The mixture was
tered and concentrated in vacuo to yield 2.26 g of

BAD ORIGINAL Q
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th2 mixed distereomeric products. TLC: Rf = 0.42,

2RS) -1-Benzyl-3-chloro-2-
-((quinoline-z—carbonyl)-amino)~N4-

trityl succinamide. A solution of 2.26 g (4.06 mmo.
S the resultant compounds of Example 19iC in 60 mL of
dicrhlioromethane was treated Sequentially, at ambien-

swberature under an atmoschere of nitrogen, with 0.72
S 4.27 mmol: of gquinaldic acid, 0.58 g (4.27 mmol) c¢
--nydrsxybanzzsriazole hydraze, and 0.82 g (4.27 rmzl
& nours, 30 mL of dichloremethane wzs

-~ - A‘—av—
— - B -l

(9]

aZiZed. The mix:ture was washed with water, 5% NaHCOJ
sc.ution, sacsuraced NaCl, dried over MgSO,, filtered
and concentrazed in vacuo. The residue was dissolvad
ethy. acetate/hexane and filtered through a plug
of silica gel. Removal of the solvents yielded 2.30 g
cf the mixed diastereomeric products. TLC: Rf « 0.53,
C.58, 40% EtOAc/CHZClz: ('H)-NMR (CDCl3) consistent with
structure.

in S3%
b SR e!

E. (ZS)-2-((1S,2RS)-1—Benzyl-z-hydroxy-3-iodopropyl)-
N1-!iquinoli:e-z-carbonyl)- mino)-N‘-:rityl
s.cco mamids. A soluzion of -.(C5 G (1.46 rmol) of the

TEs..Iant corpounds of Example 131D and 0.35 g
<. 37 mmoll of sciium iodids in 15 mo of methyl ecrnyl
K2-2n2 was heated tc reflux for 2 hours. The mixture

4
wW3is cZZzled rto room temperature and tken concentrated
The residue was taken Up ir dichloromethane
nd washed wi:th water, Saturated NaCl, dried over
4. filtered and concentrated in vacuo to yield
1.3 g of the mixed diastereomeric products. TLC: Rf =
0-65, 4c% E0Ac/CHyCly; ('m)-NR (cDCL)

consistent with structure.

ADONO YQ
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F. (28;-2-{(18, 2 Syn, anti)-3-(2-
methylpropyl)amino-1-benzyl-2-hydroxypropyl)-N’-
(( i:oline~2-carbonyl)-amino)-N‘-trityl Succinamide,
A sclution of 207.6 mg (0.26 mmol) of the resultans
comrpounds of Example 191f and 0.5 mL (5.17 mmol) of
iscbutylamine in 9 mr of acetonitrile in a Sealed tube
was hsated to reflux for 24 hours. After cooling to
roecm temperature, the mixture was concentraced
in vacue. The residue was taken up in dichloromethane
and washed with water, saturated NaCl, dried over
M3SC,, fil-ered and concentrated in vacuo to yiel3d
203.2 mg <f the mixed diastereomeric products. TLC: R=
0-1%, 10% CHjOH/CH,Cl,; ('H)-nMR (CDC13) consistens

wlth struz-urs,

G. Compound XIV ( (syn, anti)-OH, A = quinoline-2-
carbonyl, D' = isobutyl). A solution of 192.9 mg

*0.26 mmol) of the resultant compounds of Example 191F
and 0.07 mL (0.388 mmol) of diisopropylethylamine in

S mL of dichloromethane wag treated with 112.9 mg
(0.517 mmol) of di-tert-butyldicarbonate. After

24 hours, thne mixture was diluted with dichloromethane.
The mixture washed with water. Sg NaHCO3, 0.5 N HCZ,
Saturatad Nall, dried over Mgsod, filtered and

ADONO(O 390

SnZentratad in vacuo, The residue was purified by isw
FTesSsure silica gel column chromatography using 4c¢g
ethyl aze: te/dichloromethane as eluent to yield

<47.3 mg of the mixa=d diastercomeric products. TLC:

%5 = 0.60, 0.67, 40% ECOAC/CH,Cl,; ('H) -nMR (CDC1,4)
SOonsistent with Structure.

H. Compounds 191. A Solution of 147.3 mg
{0.174 mmol) of the resultant compounds of Example 191G
in 2 mL of dichloromethane was treated with 2 mL of
trifluoroacetic acid. After 4 hours, the mixture was

BAD ORIGINAL @



) s

2

t

W
)

(V)]

(]

wn

0

[¥2]

Zoncantrated in vacuo. TLC: Rf = 0.11, 10%

-— et T ea

CHaCH/S <H,Cl,. To a solution of the resultaat compoun

in ¢ ol 2f dichloromethane was sequentially added
{ saturaczed NaHCO;, small amount of solid

u
L
o

2aHC05 and 67 mg (0.226 mmol) of a mixture of 4-
a:e:am;ds-s-fluorobenzenesulphonyl chloride and 3-
a:e:am;d:-4-fluorcbenzenesulphonyl chloride. frer

3 hours, the mixture was diluted with dichioromethane.
The twe layers were separated and the agueous layer wsis
extracted once with dichloromethane. The ccmbined
crzanic layer was washed with saturated NaC: then cr:iag
i.zered and concentrated in va-uo. Ths

(@]
11
e
"
IA
W}
wn
o~

residue was purified by low pressure silica gel column
thromatography using 2% methanol/dichloromethane was
s_uent to yield 64 mg of the mixed diastereomers ang
235:01isomers which were further purified wi:zh
reparative HPLC to yield 18.9 mg of the mixed

'
APNANANA TN

'(

2gioclsomers comprising compounds 191 as a white sol:id.
zC: RE = 0.14, 5% cnaon/cnzc12; HPLC, Rt = 13.36 min;
H) -NMR (CDCl3) consistent with structure.

|
(&

-

{

X le 2

Compound 193. A solution of 81.2 ng
-.9¥3 mmel; of the resultant lower Rf diascereomer z:
ZXampoe 3/152A in 3 mL of dichloromerhane was trea:ed
~ 3ol cf trifliorsacetic acid, After 4 hours, tn=
~-A-ure was concentrated in vacuo. TLC: Rf = 0.1z, 0%
Clo. To a solution of 20.6 mg (0.0431 mmol; cf
Ine ra2suliant residue in 1 mL of dichloromethane was
sequentially added 0.3 mL of saturated NaHCO4, small
“nt of sclid NaHCO; and 12.4 mg (0.053 mmol) of 4-
acetamidcbenzenesulphonyl chloride. After 3 hours, the
rixzure was diluted with dichloromethane. The two
iayers were separated and the aqueous layer was
extracted once with dichloromethane. The combined

BAD ORIGINAL @
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organic layer was washeagd with brine then dried over
Mgso,, filtered and Concentrated in vacuo. The residue
was purified by preparative HPLC to yield 8.3 mg of the
title compound as a white solid; TLC: Rf = 0.20, s%
CHOR/CHyCly; HPLC, Rt = 12.7 min; ('H)-mvm (CDC1,)
ccrsistent with structure.

Example 194

Compound 194. 7To a solution of 13.0 mg
(C.026 mmol) of the trifluoroacetic acid deprotection
orcduct described in Example 193 jin 3 mL of
dichlcromethane was Sequent:ially added 0.3 mL of
saturated NaHCO3, small amount of solid NaHCOs and
8.4 mg (0.033 mmol) of S-(isoxazol-3-yl)thiophene-2-
sulpheonyl chloride. After 3 hours, the mixture wag
diluted with dichloromethane. The two layers were
Separated and the agueous layer was extracted once with
dichloromethane. The combined organic layer was washed
with brine then dried over Mgso4, filtered and
concentrated in vacuo. The residue was purified by
Lreparative HPLC to yield 5.1 mg of the title product
as a white solid; TLC: Rf = 0.27, s% CHaoH/CHQCIZ; HPLC,
Rt = 14.4 min; (1H‘-NMR 'DCl3) consistent with

1]

= .
-~ WlTUura2,

Ixample 165

AL Compound XXII(A:!S)-3-tetrahydrofuryl,
2'=:yclopen:ylme:hyl, A' = tert-butoxycarbonyl). To a
sclution of 264 mg ol the resultant compound of Example
~40D in 10 mL of CH2C12 was added 0.14 my of
jisopropyle:hylamine and 175 mg of di-tert
butylpyrocarbonate. After stirring for 4 hours, the
mixture was diluted with 50 mL of CH2C12, washed with
C.SN of HCl and brine, dried over magnesium sulfate,
filtered and concentrated in vacuo to Yield 364 mg of

AP000390
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thz z:itle ccmpcund as a white soiid which was used
W.thous subsecguernt purificatizn. TLC: Rf = 0.58, 40%

2. A sclution cf 334 mg of zhe resultant compound ¢f

zxarzle 135A in 5 mL cf ethans. was hydrogernated under

3% psi cf hydrozen in the presence of 80 mg of platinum

'iV. oxiZds Z3r 24 hours. The mixture was filtered and
ne res:idue was purified by a low

[}

©-33, 40% EtOAc/CH,Cl,. ('H)-NMR
r

n

soluzizn o

0
3

258 mg of the resultan: compound of
Ixample 195B in 10 mL of EtCA:- was treated with
anhydrous HC1l gas for S min. The reaction mixture was
sparged with nitrogen then concentrated in vacuo and
tne resulting white solid used without subsequent

urification for subsequent reaction.

(e

™
|

. Compound 195. To a solution of 233 mg of the

crude resultan:z ccocxrpcund of Example 195C in 10 =0 of

CH,CL, was addad Z ml ot satirz:t=d agueous sodium

“«

Sizarccnats and 143 -z oof 4-T2inylcxybenzene su.fonyl
cnlzriiz ~Iler : nzurs, e Tzsuliing mixture was

diluted wizh <R C1,, washed wizh sodium bicarbonate,
Zrine, Zri=d cver macgnesium sulfate, filtered a-a
cSncentrated in vacuc. The rss:due was purified by low

& gel column crrcmatography using 0% to
2Ciy d 225 mg of the title campound
solid. TLC: RE = 0.40, 20% EtOAC/CH,Cl,;
: )R iCDCl4, consistent with

AP000390
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A. (15,23)-N-ll-Iscbutyl-B-chloro-z-
hydroxypropyl)benzylcxycarbonylamine. To a solution of
N-Cbz-leucine chloromethyl ketcne (2.09) in 20 mp =+
methanol was added, at 0°C, 1.0 g of sodium berohydride
and the mixture was Stirred at ambient temperazure fo-
24 h. The solution was concentrated under reduced
gressure dnd the residue partitioned between 20 mL of
Saturated aqueous NH,Cl and 500 ml of diethyl ether.
“re organic fraction was separated, dried over Mgso4
iand concentratad inp vVacuo and the resigue purified py
s:lica gel chrcma:ography Lo yield 1.8 g of whize

3. (13)-1-1(3)(Carbobenzyloxy)amino-2~isobutyl-
cXirane. To a solution of the resultant compound of
Example 196A (300mg) in absolute ethanol was added ¢7
T3 of powdered KOH. The mixture was stirred for 3 p at
arbient temperature, filtered through diatomaceous
#arth, and concentrated in vacuo. The residue was
dissolved in diethyl ether, dried over Mgso4, and

AP000390

Soncentrated to yield 230 mg of colorless 0il, which
“35 used directly for subsequent reaction.

-;a:bcbenzy;cxy-Nl—isobutyl-l,B-diaminv-
CXy-Z-methyliexane. A 230 mg portion of the
Tssultans cempound ¢f examp’e 1963 was Suspended in

: ml oof isctutylamine ang tfhe mixture sStirred overnigh:
al ambien: terperature. The mixture was concentrated
i2 vacuo to Yield the t:irle product as 179 mg of a
wiite solid, which was used directly for subsequent

saction.

C. Compound I (A - tert-butoxycarbonyl, X = 0,D =
isobutyl, E a 4-methoxypheny1, (a)-hydroxy). Following

BAD ORIGINAL !}
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described in Example 81, a solution of
compound of example 196C (170mg) in CH,C1,
with 4-methoxybenzenxulfoyl chlorids (:s-

resence cf agqueous NaHCOs. Workup and

[+1]

ilica gel chromatography yielded 90 mg of product as

Cempound I (A=H, x=0, D=isobutyl, E = 4-
(S) -hydroxy). A solution of the
in etharol

3
M
or
jo g
0

Xythenyl,
£2 mg of 10% palladium on ca

under an atmosphsre of nydr:
reaction,
vacuo to yield 60 mg of the ti

which was used directly for subsequent

APYNANN A T AN

Compound 196. Reaction of the resultant compound
of Example 196E (60mg) in CH,Cl, was reacted with the

resultant product of example 48A (150 mg) as described
earlier yielded, following aqueous workup, drying over
MgSO,, filtering, and concentration in vacuo, a residue

"ry

purified by silica gel chroratcgraphy using
merhanzl/ZH Cl, as eluant to yield the

.
o~
scl.4.

We measured the inhibition cons:tants of the
-isted in Table VII against HIV-1 protease
abcve-cited method of Pennington et al.

We also measured the anti-viral potency ot

e compounds in CCRM-CEM cells by the above-cited

In the Tables below, K, and ICqq

ZCmpounds

method of Meek et al.

values are expressed in nM.
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have been
A:

(]

- 257 .

in Table VIII, the following classification
employed:

inhibits HIV replication at concentration of
13C nM or less.

inhibits K:Iv replication at concentration ¢+
between 1¢: and 1,000 nM.

inhibits HIvV replication at a concentration

of between 1,001 and 10,000 naM.

irhibits HIV replication at a concentration

of between 10, 001 and 40,000 nM.

nZT tested,

AP000390
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TABLE VII
Compound K vaiue Compound K valye Compoynd K;valye
1 4.0 55 430 109 6.0
2 2.0 56 60 110 28
3 32 57 200
4 19 58 34 111 0.3
5 2.0 59 206 112 4.0
6 3.0 60 4.0 113 3.0
7 8.0 114 0.35
8 850 61 4.0 115 0.5
3 4.0 62 72 116 <0.1
10 4.0 63 7.0 117 0.26
64 3.0 118 <0.1
11 34 65 0.7 119 1.8
12 0.1 66 0.4 120 11
13 0.2 67 7.400
14 0! 68 120 121 2.0
15 <C.3 69 42 122 1.2 <
16 <0.1 70 25 123 10 -
17 <0.1 124 1.1 ’
18 <0.1 71 470 125 0.3 ~
19 <0 72 4000 126 310 Py
20 0.1 73 140 127 650
74 11 128 >5000 <
21 0.7 75 290 129 19 =
22 1.0 76 ND 130 14
23 15 77 ND Q
24 32,500 78 ND 131 60 4
25 3,000 79 ND 132 6.0
26 0.1 80 ND 133 24
27 8.0 134 8.4
28 17 81 2.3 135 2.7
29 17 82 1.5 136 18
30 61 83 ND 137 26
84 1.4 138 1.4
31 ND 85 4.0 139 1.2
32 2.5 86 5.0 140 <0.1
33 80 87 10
34 17 88 1.4 141 0.1
35 4.0 89 2.0 142 <0.1
36 19 90 93 143 <0.1
37 0.1 144 8.0
33 1.5 CR 2.5 145 1.4
39 17 9z 20 146 2.0
40 1,100 93 0.8 147 1.6
94 1.7 148 0.2
41 220 95 1.3 149 1.7
42 a5 95 8.0 150 6.0
43 4.200 97 25
44 5.0 98 ns 151 0.8
45 6.0 99 0.24 152 2.5
46 154 100 0.16 153 0.2
47 4.0 154 0.5
48 1.4 101 250 155 1.7
49 9.0 102 33 156 2.8
50 n 103 45 157 0.7
104 6.5 158 <0.1
51 ND 105 7.5 159 0.2
52 0.4 106 1.4 160 1.0
53 27 107 1.4
54 22 108 2.0 161 20

BAD ORIGINAL @



3C

Lot
wm

162
183
164
165
166
167
168
169
170

m
172
173
174
173
176
177
178
179
180

181
182
183

185
186
187
188
189
190

191
192
193
194
195
195

- 259 -
TABLE VII (cont'd)

Compound K valye Compound Kvalye

Compound K.valye

AP000390

BAD ORIGINAL @



ih

X

t

L)

(Y]
(]

n

>

tn
tn

m

te

Compound ICq4 Range Compound ICq, Range

-‘-—‘—l—‘(DCD\IO’)U‘bUN-
W -0

14

ND

OOmwN

OZwN
o)

- 250 -

TABLE Vi

55
56
57
58
59
60

61
62
63
64
65
66
67
68
€3
70

7
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87
88
89
90

91
92
93
94
95
96

ND

AF000 39
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TABLE Vill (gont'g)

Compound 1Cg, Range Compoynd IC90-Range
109 8 163 B
110 ND 164 ND

165 8
111 c 166 A
12 8 167 8
113 8 168 A
114 8 169 A
115 8 170 8
116 A
117 C 171 A
118 8 172 ND
119 C 173 A
120 ND 174 ND
175 A
121 c 176 ND
122 C 177 ND
124 D 179 ND
125 8 180 ND
126 ND
127 ND 181 ND
128 ND 182 B
129 ND 183 B
130 ND 184 ND
185 ND
131 ND 186 ND
132 ND 187 B
133 ND 188 C
134 ND 189 ND
135 c 190 ND
136 ND
137 ND 191 c
138 8 192 C
139 B 193 ND
140 A 194 ND
195 A
141 8 196 ND
142 A
143 A
144 8
145 g
145 B
147 B
148 A
149 8
150 B
151 C
152 ND
153 ND
154 ND
155 B
156 8
157 8
158 A
159 8
160 A
161 ND
162 (o

AP000390
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trated in Tables VII arng VIIz, al:
I thez compounds tested displayed inhibicory and an:zi-
‘creover, several of thase compounds

<
)
L}
iT]
.l
W
(

{

’

]

‘
-

atiivity levels far greater than those of
Known HIV protzass inhibitors.
Wnile we have described a number of
erciimsnis 28 thig invention, it ig agparent that our
fasic constrizoicns may be altered to provide other

errcdimznis which us-ilize the products and Drocesses of
inis inventiosn. Therefore, it will be appreciated tha-
T2 sIzza of shig invention is to be dsfined by :che
2Ff=ndzd claims, rathar thano by the spec:fic
STicdimants whizh have been Presented by way of

sxamgl=,

AP000 390
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A= B N—CH—CH—CH,N—50,-E (I)

A is selected from the group consisting of E;
Her; -Rl-He:: ~R1-C1-C5 alkyl, which may be Optionally
Substituted with one or more groups selected from the
group consisting of hydroxy, CI-C‘ alkoxy, Het, -0-.
Hec, -NR?-CO-N(R?) (R?) and -co-N(x?) (R%); and -gl.c -C¢
alkenyl, wxhich may be optionally substituted with one

Rydroxy, C;-C, alkoxy, Het, -O-Het, -NR?-co-N(r?) (g3
and -CO-N(R?) (R?),;

each R! jg independently selected from the
group consisting of -C(0) -, -§(0),-, ~C(0)-c(0)-, -.o-
C(0)-, -0-5(0),, "NR?-5(0),-, -NR?-¢(0)- ang -NR?.c (0 -
C(0)-;

"
3
o
W
"
0
c
Ko
®
w
)
[
o
a
o
o
o
(2}
A
8
r
= 4
o
7]
3
5
o
&
Pos
[
e
[
o}
(¥s]
(o]
=4
AP 000390

€ach Het ig independently selected from the
group consisting of Cy-C, Cycloalkyl; CS-C7
Cycloalkeny:; CS-C1° aryi; and 5-7 membered Saturated or
ulsaturaced heterocycle, containing one or more
hetercatoms selected from N, N(Rz), 0, S and S(O)n,
wherein saigd heterocycle may optionally be benzofused;
and whereirn any member of said Het may be Optionally

the group consisting of oxo, -ORz, -Rz, -N(R’)(Rz),
R0, -ON, -COR?, .c(0)-N(R3 (R?), -$(0),-N(R?) (r?)
"N(RY)-C(0)-R,, -C(0)-R?, -S(0),-R?, -ocw,, -$(0) ,-Ar,
methylenedioxy, "N(R?) -5(0), (R?), halo, -cw,, -No,, Ar
and -0-Ar;

BAD ORIGINAL @



each r? is independently s2lected from zhe

STiip cconsisting of H and C;-C; alkyl optionally
sufstizuzed with Ar;

when present, is -N'2%)-cR3 (R .cic. .,

0
eacr R? is independently selected from the
nsisting of H, Het, C1'Cs alkyl, C2-C‘ alkenyl,
Cy-C¢ cycloalkyl and C -C¢ Cycloalkenyl, wherein an

5
TZer of said Rr?, except H, may be optionally

2

H

QO
!

uEszicuzed with one cor more subs=-ituen-s selecced

I3

n

-~
\).n

“D ccnsisting cf -ORz, -C:C -NE-Rz, -
N =% 2%, He:, -oN, -srY -Co,R?, NR2-C(0)-R2;

each n is independently 1 or 2;

D and D' are independently selected from the
group consisting of Ar; Cl-C‘ alkyl, which may be
optionally substituted with one Or more groups selected
from Cy-C¢ cycloalkyl, -OR,, -R}, -0-ar and Ar; C;-C,
alkenyl, which may be optionally substituted with one
Or more groups selected from the group consisting of
C3-C¢ cycloalkyl, -0R?, -R?, -0-Ar and Ar; C;-C
cycloalkyl, which may be optionally substituted with or
fused with Ar; and Cs-C¢ cycloalkenyl, which may be
cpticnally substituted with or fused with Ar;
each Ar is independently selecred from the

< --f Sinsisting ¢f phenyl; 3-5 membered carbocyclic

ring and 3-£ mesberag heterocyclic ring containing one
or mcre hetercatoms selected from C, N, s, $(0), and

N =2, wherein sai carbocyclic or heterocyclic rinc
may be saturated or unsaturated and optionally
sucstituted with one or more groups selected from the
group consisting of oxo, -OR?, -R?, -N(R?) (R?), -N(R?) .
(o) -R?, -R®-0H, -CN, -COR?, -C(0)-N(R?) (R}, hale and

~—
Ll

37
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Het; O-Het; Het-Het; -0-R3; .NR2RY, C,-Cg alkyl, which
may ta Ooptionally Substituted with one or more groups

elezted from the group consisting of R and Hert; Cz-c
alkenyl, which may be Optionally substituted with one

Or mCre groups selected from the group consisting of R¢

and He:; Cy-C4 saturated carbocycle, which may

Q
o]
T
"-
)
)
w
.l
’—‘

Y be substituted with oneé or more groups
selezzed from the group consisting of R* and Het; and
S5-Cg unsaturaced carbocycle, which may optionaily be
SuZstituted with ore O more groups selecred frem zhe
gISur consist:ing of RY ang Het; and

each RY is independently selected from the
sisting of -0R?, .c(0)-Nmmr2, -S(0),-NHR?, naio,
"NR*-C!2;-R? and -cn.

Te]
4]
]
[+

U
0
9]
I

2. The compound according to claim 1,
wharein saijd compound has the Structure of formula

N (XXII)

whersin A, o and E are defined as in claim 1.

6
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3. The compound according to claim 1,
whereir said compound has the Structure of formula

H?H/D
’ t

0 ~ M
Het—iCH )~ YN\/\/ SO,-E

O \R3 (XXZII)

wherein x, He:, R3, D' and E are defined as

4. The compound according to cla:im :,
wherein said compound has the Structure of formula

H D
R%\;R3 i

|
H O _

-ulo

whersin A, Ra, 2' and E are definez as in
clalim L
z A ZImpound f formula i, wharein:
A is s2l2cted from the group consisting of H;
.. -t -~ I .
-Ff-Hat; -R "<1-Cg alkyl, whicnh Tay be Optionally

gubsticuzed with sne or more groups selected from the
STSUp consisting of hydroxy, C1-C¢ alkoxy, He:r and -0-
1 ~ ~ 1T - S .
R "v-27%¢ d+Xeny., which may be Optionally
substituted with one or mOre groups selected from
~ydroxy, C,-C, alkoxy, Het and -O-Het;

BAD ORIGINAL
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each R! ig independently selected from the
groug consisting of -C(Q)-, -S(O)z‘. -C(0)-C(0) -,
19-CC-. -0-8(0) ;- and -¥z2-5(0),-;

each He: is independent - selected from rhe
groupr consisting of Cy-C, cycloalkyl; Cg-C,
Cyclcalkenyl; Ce-Cio aryl; and s-7 membered saturated or
-=nsatirated heterocycle, containing one or more
hetercatoms selected from N, 0 and S, which may
cptizrnally be berzofused; wherein any member of said
Het ray be optionally substituted with one or more

Substizuents selzcrad frem the Jroip consisting o* Sxz,
cRf R NGRY,, -R%.cH, -ow, "C2R?, -C(0)-NIRY), arng
-S(0. ,-NR?) _,

i 2

each R? is independently selected from the
group cornsisting of H and Cy-Cy alkyl;

B, when present, is -NH-CH(Rz)-C(O)-:

X is 0 or 1;

AP 000390

R} is selected from the group consisting of
Het, C,-C¢ alkyl, C,-C¢ alkenyl, Cy-C¢ Cycloalkyl and
Cg-Cs cycloalkenyl, wherein any member of said g3 may be
opticnally substitutred with one or more substituents
selec:zed from the group consisting of -ORz, -C(0) -NH-
RY08 0 LoNRYY,, Hatoang oy

- and ' ara ~ndependently selected from tre

alkyl, which may be

Spticrally substiruted wizth Cy-Cq Ccycloalky! or Ar; C,-
4 3lk=nyl, which may be Opticrnally Substituted wich Cy-
C¢ Cycloalky: or Ar; C3-Cq Cycloalkyl, which may be
optionally substituted or fused with Ar; and CS-C6
Sycioalkenyl, which may be optionally substituted o=-
4sed with Ar; with the pProviso that when p is attached
© N, D may not be methy. or C, alkenyl;

th

o
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Ar is selected frcm zhe group cocnsisting cf
ghenyl; 3-6 membered carbocyclic ring and 5-6 memrerez
< ring containing cne or more heteroat:z=z

w <, Nand §, whers:in said carbocyclic =r

selsczzzd frg;
neterccyclic ring may be saturated or unsaturacted a-nz
2.1y substituted with one or more SIoups selesc:ied

frem thz group consisting of oxo, -ORZ, -Rz, -N(szz. -

NiR% -2 2)R?, -R%-0H, -CN, -C0,8%, -C(0j -N(R?},, hal:
- T
and -2%,;
E is selected from tra group consisting cf
Hez; -2-R?; -NR4RS, C1-C¢ alxyl, whick mav ka Spticnalls
Sufstitutzd with one or more rRY or Het; C,-Cg alkenyl,

be cptionally substitusad with one or meors R
carbocycle, which ray optiocrally
Ce sucstituted with one or more R% or Het; and CS-Cs
which may optionally be

more R‘ or Het;

unsaturated carbocycle,
substizuted with one or
each RY is independen:ly selected from the

group consisting of -ORZ, -C(O)-NHRz, -S(O)z-NHRz, halo

and -CN; and

each R® is independently selected from the
JIroup <consisting of ¥ and R3, with the proviso that a-
least znz R% is na- =

z oz comgzund accerding to claim 2,

A is RI-He:;

o) b 3
- 18 se.=2cred

&
Srcm the

group consisting of
<1-Cy alxyl and C3 alkernyl, wher=:in said alkyl or

alkeny. may optiorally be subs:titured with one or more
Froups selectad from the group consisting of C3-C

cyclcalxyl, -OR?, -0-Ar and Ar.

BAD ORIGINAL
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7. The compound according to claim 3,

R :g selacted from the §Toup consisting c=
- ~ 1 - - - Y v b P
~17~g d~X¥., C,-Cg alkenyl, Cg Ce cyclcalkyl, Cg Ts
cycloalkenyl and a 5-¢ membered saturated or
Lisaturated heterocycle, whereir any member of said
Tay optionally be substituted w.th one or more

1y
)

Substituents selecred from the gToup consisting of -
=2, .20 -NE-R2, "S(0) NR? (R?., Her, .cN, -sR2, .
221,82, NR2-C'0)-R2; and

- oL - e - ; ; -~
- =& sz2.=cted from the grcuc CC:“.S‘.SCI.’ZQ <z

1]

'Y
o
(o)
]
[
e
<
fan
0
Y

Sv-Cq alkyl ari C3 alkenyl, wherein s

a.xenyl may ocptionally be substituted with one Cr mcra

SIOUpS selected from the group consisting of C3-Cg

cvcloalkyl, -c&?, .0-Ar ang Ar.

AP000390

8. The compound according to claim 4,
wherein:

A is Rl-Het;

each R3? ig independently Cl'cs alkyl, which
may be optionally substituted with a substituent
selected from the Jroup consisting of -ORZ, -C(O)-NH-Rz,
"S'C NR?Y . Ha:, .on, 522 "CC,R%, -NR%.C10) -R?; apna

D dg o~ L~ Y et - - -~y
T %% -17%4 8.XY., wRhizh ray pe ortionally
FLifsTizizsd wizm o3 FToUp s2lsected from -na group
..... -3 S mapmtaat ~~2 :
Sinisisting cf Cy-C ~F--laixkyl, -ZR4 -0-Ar and Ar; ang

consisting of:
(SI-N-l-(3-((3-Acetylamino-4-fluoro~
nesulfon'11~benzyl—amino)-(1s,2 Syn) -1-benzyl-2.-
hydroxy-prcpyl)-z-((quinoline-z-carbonyl)-amino)-
succinamide and (S)-N-l-(B-((4-Ace:ylamino-3-fluoro~

T2z

D
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by
benzenesulfonyl}-amino)-2-(syn)-hydroxy-propyl)-2-
(:q:;no:ine-z-:arb:nyl)-amino)-succinamide (compound
(S)-N-l-(1~(S)-Benzyl-z-(syn)-hydroxyl-3-
(isobutyl-(5-pyridin-2~yl-:hiOphene-z-sulfonyl)-amino)~
p::;yl)-2-((quinoline-z-carbonyl)-aminc)-succinamide

7 - 3
(comzzuend 12 ;

S o-N-1- 3. s-32nzenzsulficnyl-thicphene-2-
scliznyl -isczuzvl-aming - 18,2 syn -l-benzyl-z
l-berzyl-zZ-
nUZrcxy-prepvil -2 Jiinc.oin2-l-carkbonyl. -amino! -
S.IIinamiZs compound 13 ;
S -N-1- 1-18)-Benzyl-3-/ 4-Fluava.
Tentenesulisnyl’ -isczutyl-amina »-2-(syn) -nydroxy-
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'S -N-1-73-1/4-Acetylamino-3-fluoro-
:e:ze:esu;fonyl;-issb':yl-amino)-(ls,2 sy~!-l-benzyl-

cxy-propyl)-2-((quinoline-z-carbonyl)-amino)-

[
’
ot |
<
[0
'

succinamids !ccrpound 15);
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(S)-N-l-(B-((3-Acetylamino-4-fluoro-
benzenesulfonyl)-isobutyl-amino)-(ls,z syn) -1-benzyl -
z-hydroxy-propyl)-z-((quinoline-Z-carbonyl}-amino)-
sucZctiramide (compound 16);

(S)-N-l-(l-(S)-Benzyl-3-((4-acechamino-
be:zenesulfonyl)-isobutyl-amino)-2«(syn)-hydroxy-
propyl;-2-((quinoline-z-carbonyl)~amino)-succinamide
‘compound 17);

(S)-N-l-(3-((5-Acetylamino-B-methyl-thiophene-z'
s:lfonyl)-isobutyl-amino)-(18,2 syn) -1-benzyl-2-
hydrcxy-;:epyl)-z-((quinoline-z-carbonyl)-amino)-
Succinamide (compound 18);

(S)-N-l-(3-((3-Acetylamino-benzenesulfonyl)-
isobutyl-amino) - (18,2 syn)-1-benzyl-z-hydroxy-propyl)-
2-{(quinoline-2-carbonyl)-amino)-succinamide (compound
i3});

(S)-N-l-(3-((Benzo(l,z,5)oxadiazole-4~sulfonyl)-
isobutyl-amino)- (1S, 2 syn)-1-benzyl-z-hydroxy-propyl)-
2-((quinoline-z-carbonyl)-amino)-succinamide (compound
20);

AP000390

N-1-((18-2 syn)-1-Benzyl-2-hydroxy-3-(l—isobutyl-
3,3-dimethylsu1fonylurea)-propyl)-2-((quinoline~2-
carbonyl) -amino) -succinamide (compound 21);

x-:-f3~(f4-Acetylamino-benzenesulfonyl)-isobutyl-
aminc - 15,2 sy:,-1-benzyl-Z-hydroxy-propyl)-2-

-~

ol ;di:---y;-methcxycarbonyl)-succinamide (compound
N-l-(3-((4-Acetylamino-benzenesulfonyl)-isobutyl-
aming, - (18,2 syn)-l-benzyl-z-hydroxy-propyl)-2-
pyridin-4-yl-methoxycarbonyl)-succinamide (compound

3

N-l-(3-((4-Fluoro-benzenesulfonyl)-isobutyl-
arino; -118,2 syn)-1~benzyl-2-hydroxy-propyl)-2-
;pyridin~2-yl-methoxycarbonyl)-succinamide (compound
26) ;
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4-FIvoro-N-((2 syn,BS)-2-hydroxy-4-phenyl-3-({S)-

tetranydrofuran-3-yloxycarbecnylamino) -butyl) -N-
iscoutyl-benzanesulfonam:de (compound 35);
3,4-Dicnloro-N-1{2 syn,3S)-2-hydroxy-4-pheny: - :
Sa~:e:rahydrofura:-3-yloxy:arbonylamino)-bu:yl)-N-

"

Zsccutyl-benzanesulionamide (compound 37);

— Dot -

N-{4-(::2 syn,BS)-2-Hydroxy-4-phenyl-3-(pyridi:

S-yl-*c'*:xy:arbonylaminol-bu:yl)-isobu:yl-sulfamoy;,

fhenyl) -acetamide (compound 44);
2,4-2irethyl-thiazole-S-sulfonic acid- (1,1-

-t T

dimesnyl

ethcxycarzonylaminog) - (2 syn,3S:-2-hydroxy-4
TheEnyl-Dutyl, -iscrutyl-amide (compound 45 ;
-(4-({{2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)-

P4

:a::ahyd:afura:-B-yloxycarbonylamino)~butyl)~isobutyi-

su.famoyl!-phenyl)-acetamide (compound 48);

4-Fruoro-N-((2 syn, 3S) -2-hydroxy-4-phenyl-3- ((R) -

:e:rahydrofuran-3-yloxycarbonylamino)-butyl)'N-

ADNANN 7 n

>sobuctyl-benzenesulfonamide and 4-Fluoro-N- ( (2 8yn, 3S; -

2-nydroxy-4-phenyl-3- ((R) -tetrahydrofuran-3-
yloxycarbonylamino) -butyl) -N-isobutyl -
ocenzenesulforamide (compounds 52);
Benzo(1,2,5)cxadiazole-S-sulfonic acid ((2
sy:,BS}-2-hyd:oxy-4-phenyl-3-(pyridin-B-yl-
TEinoxycarsonylaming -butyl)-iscbutylamide (compounsz

N s < syn,38, -2-Hydroxy-4-phenyl-3- ((R) -

:e::ahvi::fura:-z-ylcxycarbonylamino)-bu:yl)-isobutyl

su.famsyl-phenyl! -acetaride and N-(4- (7 (2 syn,3S)-2-
Hydroxy-4-chenyl-3-. . S;-tetrahydrofuran-3-

y::xycarbcnylamino)-bu:yl)-isobutyl-sulfamoyl)-phenyl;-

acstaride (compounds 86);
N-(2-Fluorc-5-{ (2 syn, 3S) -2-hydroxy-4-phenyl-3-

S)~tetrahydrofura:-3-yloxycarbonylamino)-butyl)-

ty:-sulfamoyl) -phenyl) -acetamide (compound 88);

T’

'
[}
O
[0}
&
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N-3-(((2 syn,BS)-2-Hydroxy-4-phenyl-3~((S)-

tetrahydrofuran-3-yloxycarbonylamino)-butyl)-isobutyl-

s;;famcyl)-phenyl}-ace:amide (compound 31);

3-FlUCro-N-{ (2 syn,BS)-2-hydroxy-4-pheny:-3-({R)-

:e:rahydrofuran-3'yloxycarbonylamino)-butyl)~N-
;s:bu:yl-benzenesulfonamide (compound 93);
N-(4-{;'syn)-2-Hydroxy-($)-4-phenyl-3-

;:e::ahydro-furan-(R)—B-yl)-oxycarbonylamino)-butyl)-

is:cu:y:-sulfamoyl)-phenyl)-acetamide (compound 94);

4-Filuoro-N-(2 syn,BS)-2~hydroxy-4-pheny1-3-

:e:rahyd:o-furan-/R)-3-ylmethcxycarbonylamino)-

Zotvl -:-is:b;:y;-benzenesulfonamide and 4-Fluoro-N-
sy:,ss.-2-hydroxy-4-phenyl-3~((tetrahydro-furan-(S)-
ylme:h:xy:arbonylamino)-butyl)~N-isobutyl-
Cerzenesulfonamide (compounds 97) ;

4-Fluoro-N- ( (2 syn,BS)-2-hydroxy-4-phenyl-3-
(pyridin—B-yl-methoxycarbonylamino)-butyl)-N-isobuty
Tanzenesulfonamide (compound 98);

4-Chloro-N-( (2 syn,BSJ-2-hydroxy-4-phenyl-3-((S

(2
3-

1l-

AP000390

) -

:e:rahydrofuran-3-yloxycarbonylamino)-butyl)-isobutyl-

benzenesulfonamide (compound 99);
N-((2 syn,BS)-2—Hydroxy-4-phenyl-3-((S)-
:a:rahydrofuran—3-yloxycarbonylamino)-butyl)-N-

-

“:vlo4-me:h:xy-benzenesulfonamide (compound 100) ;

4-?;::::-N-:4-fsyn;-hyd::xy-B-((2-oxazolidon-(S}-

é-v;_-:e:h:xy:arbony;aminc,-4-(8)-phenyl~butyl)-N-

;s:b;:yl-benze:esulf:namide {compound 105);

Ee:zene-l,B-disulfonic acid 1l-amide 3-((2 syn, 3S) -

~-hyir3xy~4-pne:yl-3-f3-(S)-tetrahydrofurau-3-
y;cxyca:b::ylami:o;-butyl)-isobutyl-amide (compound
222 ;

furan-3-stlfonic acid (2 syn,3S)-2-hydroxy-4-
phenyl-B-{(S)-cetrahydrofuran-3-yloxycarbonylamino)-
b::yl)-isobu:yl-amide {compound 113);

BAD ORIGINAL Q
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-((3-Allyloxycarbonylamino) - (2 syn, 3S) -2-hydroxy-
4-phenyl-cuzyl) -N-cyclopentylmethyl-4-fluéro-
niznesulfonam:de (compound 114);

N-Cyclcpentylmethyl-N- i 'iI-ethoxycarbonylamino) - .2
Syn.3S)-2-hydrcxy-4-phenyl-busyl) -4-£fluoro-

‘ crnamide (compound 115);
4-Ch.crs-N-cyclopentylmethyl-N- ( (2 syn, 3S)-2-
hyd:cxy-4-,“vny--3-((S)-te:rahydrofuran-B-
v.cxycarbonylamino) -butyl) -ben izenesulfonamide (compound
116);
4-Cnlcrc-N-cyclopentyl methyl-N-/’2 syn, 3S
nyirixy-4-ghsnyl-3-ipyridin- 3y--methoxycarbonyl)-

U
1]
]
3}
1]
¢}
1]
/)]
o4
. F)
12

Culyl! -bernzenesulfonamide (compound 118);
N-(4-Cyclcpentylmethyl- ((2 syn, 3S) -2-hydroxy-4-
phenyl-s-f(S}-:e:rahydrofuran-B-yloxycarbonylamino)-
outylj-sulfamoyl) -phenyl) -acetamide (compound 125);
3-Chloro-N-((2 syn, 3S) -2-hydroxy-4-phenyl-3- ((S) -
:e:rahydrofuran-3-yloxycarbonylamino)-butyl)-N-
isobutyl-benzenesulfonamide (compound 138);
4-Chloro-N- cyclopentylmethyl-N- (2- {syn) -hydroxy -
3-((2-cxazolidon-4-(S)-yl- methyl) -oxycarbonylamino) -4 -
chenyl-butyl) -benzenesul fonamide (compound 139);
N-cyclcpentylmethyl-N- ( (2 syn,3S)-2- -hydroxy-4-
£oznyl-3-0 S -tetrahydrofuran-2 3-yioxycarbonylamino) -
ZUTyl o -4-m2incxy-benzenesul fonamide (compound 140) ;

N- '3-allylcocxycarbenylamino) - (2 Syn, 3S) -2-hydroxy-
j:e:/--b;:yl‘-N-cy:lopentylme:hyl-4-methoxy-
Zznzznesulfcznzamide {compound :41);

N-Zyclcpzntylmezhyl-N- 12 syn, 3S) -2-hydroxy-4-

tnenyl-3-(3-pyridin-3-yl- me-noxycarbonylamlno) -butyl-
= -Tethoxy-benzenesulfonamide | compound 142);
Pyridine-3-sulfonic acid ((2 syn, 3S8) -2-hydroxy-4-
Thenyl-3-((S)-ze :rahydrofuran-3-yloxycarbonylamino)-
cuzyl) -isobutyl-amide, trifluorcacetic acid salt

compound 144);

BAD ORIGINAL
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s-Isoxazol-3-yl-thiophene-z-sulfonic acid ((2
syn,3$)-2-hydroxy-4-phenyl-3-((S)-tetrahydroturan-3-
ylcxycarbonylamino)-butyl)-isobutyl-amide (compound
143 ;

N-(4-((3-(Allyloxycarbonylamino)-(2 syn, 3S) -2-
hyd:oxy-4-phenyl-bu:yl)-cyclopentylmethylsulfamoyl)-
phenyl) -ace-amide (compound 146);

N-(4~(Cyclopentylmethyl-((z syn,3S)-2-hydroxy~4-
phe:yl-B-{pyridin-B-yl-methoxycarbonylamino)-bucyl)-
sulfamoyl)-phenyl)-ace:amide (compound 147);

N-Cyclopen:ylme:hyl~N-((2 syn,3$)-2-hydroxy-4-
nenyl-3-¢ S;~:e:rahydrofuran-3-yloxycarbonylamino)-
bucyl}-benzenesulfonamide (compound 1438) ;

fyridine-3-sulfonic acid cyclopentylmethyl-((z
yn,ES)-2-hydroxy-4-phenyl-3-((S)~tetrahydrofuran~3-
yloxycarbonylamino)-butyl)-amide (compoung 149);

Piperidine-1-sulfonic acid ((2 syn,3S)-2-hydroxy-
4-phenyl-3-((S)-tetrahydrofuran-B-yloxycarbonylamino)-
butyl)-isobutyl-amide (compound 150);

N-4-((2-(syn)—Hydroxy-3-((Z-methoxymethyl-
allyloxycarbonylamino)-4-(S)-phenyl-butyl)-isobutyl-
sulfamoyl)-phenyl)-acetamide (compound 155);

l-A:etyl-z,3-dihydro-1H-indole-6-sulfonic acid

(allylaxy:arbcnylamino}~{2 syn,BSi-2-hydroxy—4'phenyl-
bu:y;,-:yclcpe:cylme:hy;-amide (compound 156);

'0

w

AP000390

:-A:e:yl-z,3—dihydro-IH-indole-S-sulfonic acid
cy:lopen:ylmethyl-((2 sy:,3S)-2~hydroxy-4-phenyl-3-
'!S)-te:rahydrofuran-3-yloxycarbonylamino)-butyl)-amide
fcompound 137;;

N-Cyclohexylme:hyl-N-((2 syn,3S)-2-hydroxy-4-
phenyl‘B-((S)-tetrahydrofuran-B-yloxycarbonylamino)-
butyl)-4-methoxy-benzenesulfonamide (compound 1s8);

N-Cyclohexylme:hyl-4-fluoro-N-((2 syn, 3S)-2.-
hydroxy-4—phenyl-3-!(S)-cetrahydrofuran-B-

BAD ORIGINAL @
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y-2xycarbonylamino) -butyl) -benzenesul fonamide {compound
153);

N-(4- (Cyciohexylmethyl) - ( (2 syn, 3S)-2-hydroxy-4-
che:yl-B-((S)-cetrahydrcfuran-B-yloxycarbonylaminc
utyl)-sulfamoyl-phenyl) -acetamide (compourd :189);

N-((2 syn,3S)-2-Hydroxy-4-phenyl-3-(pyridin-4-yl-
me:hoxycarbcnylamino)-bucyl)-N-isobutyl-4~methoxy-
berzenesulfonamide (compound 163);

N-((2 syn,BS)-2-Hydroxy-4~phenyl~3-((syn)-
ce:rahydrofuran-3-yloxycarbony1amino)-bucyl)-N-
iscpbutyl-4-methyl-benzenesul fonamide {(compound 145 ;

N-Cyclopentyimethyl-4-hydroxy-N- {2 syn,35 -z-
hydroxy-4-phenyl~3-(pyridin-3-yl-methoxycarbonylami:c?-
cutyli-benzenesulfonamide (compound 166);

N-{(2 syn,3S)-2-Hydroxy-4-phenyl-3- ((S) -
ce:rahydrofuran-3-yloxycarbonylamino)-butyl)-N-
isobutyl-4-nitro-benzenesul fonamide (compound 167);

4-Amino-N- /(2 syn, 3S) -2-Hydroxy-4-phenyl-3- ((S; -
tecrahydrofuran-B-yloxycarbonylamino)-butyl)-N-
isobutyl-benzenesulfonamide (compound 168) ;

N-Cyclopentylmethyl-4-hydroxy-N- ( (2 syn, 3S)-2-
hydroxy-4-phenyl-3-((S)-tetrahydrofuran-3-

APDONA T

N-Cyclopentylmethyl-N-((2 syn, 3S) -2-hydroxy-4-
:rahydrcfuran-3-yloxycarbonylamino;-
butyl. -4-nitrc-benezensulfonamide {compound 170);

4 -Amino-N-cyclopentylmethyl -N- ( (2 syn,3S)-2-
hydr:xy-é-phenyl—B-((S)-:e:rahydrofuran-3-
yloxycarbbnylamino)-buCyl)-benzenesulfonamide (compound
2710

2,4-Diamino-N-cyclopentylmethyl-N- ( (2 syn, 3S)-2-
hydroxy-4-phenyl-3- ((S) -tetrahydrofuran-3-
y.cxycarbonylamino) -butyl) -benzenesul fonamide (compound

173);

BAD ORIGINAL Q



4-Hydrox_v-N-(3_vn.3S;-2-hydroxy-4-phen_vl-.}-((S)-tetrahydrofuran-
3-viox ycarbonylamino)-buty | )-N-isobutyl-benzenesulfonamide (compound
75

.\'-Cyclopem_»imethyl~4-ﬂuoro—N-{(2syn.35)-2-hydroxy-4-phenyl-3-
(S) -xexrahydrorju ran-3-, on)carbonylamino)-butyl)-benzenesulfonamidc
(compound 182);

3.4-Dichloro~N-cyclopemylmethyl-N-((2 syn,3S)-2-hydroxy-4-
phen_vl-3-((S)-tetrahydrofuran'J-yloxycarbonylamino)-butyl)-
benzenesulfonamide (compound 183); )

Benz_xonycarbonyi-(L)~isoleucine-N-(5-((3~amino-(2 syn,3S)-2-
n>:rox;.-4-phen)!-b_:_\'l)-isobu:_vl-sulr‘amo_\1)-2-ﬂuoro-phenyl)-acetamide
(compound 187): and

N-((2 s_vn.3S)—4-Cyclohex_vl-2~hydroxy-3~((5)-tetrahydrofuran-3-
ylox)carbonylamino)-butyl)-N-cyclopentylmethyl-4-methoxy—
benzenesulfonamide (compound 195).

10.  The compound according to claim 9, said compound being
selected from the group consistong of:

(S»-N-1-(1 -(S)-Benzyl-2-(syn)-h ydrox yl-3—ﬁsobutyl)-(5-pyﬁdin-2-yl-
thiophene-Z-sulfonyl)-amino)-propyl)—?.-((quinoline-2-carbonyl)-amino)-
succinamide (compound 12):

AP000390

(S)-N-1+ 1-(S)-Bcnzy!-3-((4-ﬂuoro-benzenesulfonyl)-isobutyl-amino)-
2-(s_vn)-h_\'droxy-propyl)~2-((quinoh‘ne-2-carbony1)—amino)-succinamide
(compound 14);

(S)-N-1-(3-((4-Acezylamino-3-ﬂuoro-benzenesu!fonyl)-isobutyl-
amino)-(1S.2  syn)-| -benz_vl-Z-hydroxy-propyl)-Z-((quinoline—Z-carbonyl)-
amino)-succinamide (compound 15);
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{S)-N-1-(3-((Berzcil,2,5)oxadiazole-4-sul fonyl:-
iscbutyl-amino) - (18,2 syn) -l-benzyl-2- -hydroxy-prepyl:
Tiinc.ins-2-carbonyl) -aminz: -succinamide (compound

N-1- (18-2 synj-1l-Banzyi-2-hydroxy-3-(1- isobury. -
3,3-dimetnyl sulfonylurea; -propyl) -2 2-((quinoline-2-
carzeinyl! -amino! -succinamide (compound 21} ;

N-{a- ({2 syn, 3S) -2-Hydroxy-4-phenyl-3-{(S; -
tetrahydrciur n-3-yloxycarbonylamino)-butyl)-isobu:yl-
sulfamoyl. -phenyl) -acezamide (compound 48) ;

N-./l syn, 35 -2-Hydroxy-4- pheny--B-((S‘-
Idran-3-ylcxy: arcenylamino) -butyl) -N-

-~

)

=

= ey~
TaLva
‘-

(t

iscb::yl-4-methoxy-benzenesulfonamlde (compound 100; ;

4-Crhlcro-N-cyc iopentylmethyl-N- ( (2 syn,3S)-2-
hydroxy-4-ghenyl-3-((S)-tetrahydrofuran-3-
y-<xycarconylaming) -butyl) -benzenesul fonamide (compound
116);

N-Cycliopentylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4-
phenyl-B-j(S)-tetrahydrofuran-B-yloxycarbonylamino)-
butyl) -4-methoxy-benzenesul fonamide (compound 140) ;

N-Cyclopentylmethyl-N- ((2 syn, 3S) -2-hydroxy-4-
phenyl—B-(3-pyridin-3-yl-methoxycarbonylamino)-butyl-
4 -methoxy-22nzenesulfonamide ‘compound 142) ;

()

N-Cycocpentylmethyl-N- ({2 syn, 33 S)-2-hydroxy-4-
Crahydrsiura an-3-ylexycarbonylamino) -
cmamide compound 148);
N-Jyclohexylmethyl-N-( (2 Syr.,3S) -2-hydroxy-4-
henyl-3-10!8)- tetrahydrcfu:an—B-yloxycarbonylamino)-
",-4-:e:::xy-benzenesulfonamide {compound 158) ;
-(4--Cyclohexylmethyl)-((z syn, 3S) -2-hydroxy-4-
phenvl-3- }-:etrahydrofuran~3-yloxycarbonylamino)-
butyl;-sulfamoyl-phenyl)-a:etamide {compound 160);
N-cyc;ccen:ylmefhyl-4-hyd*oxy N-((2 syn,3s)-2-
rydrcxy-4-chenyl-3- (pyridin-3- -yl- methoxycarbonylamino) -

butyl) -benz=nesul fonamide (compound 166) ;

BAD ORIGINAL gj
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4-Amino-N-((2 s,\.*_.35)-3-H_\drox_v-4-phcnyl~3-((S)-tcmhydmﬂxran-3—
vioxscarbonylamino)-buty!)-N-isobutyl-benzenesulfonamide (compound
[08):

4-Amino-N-cyciopentyl methyl-N-((Zsyn.35)-2-hydroxy-4~phenyl-3-

((S)-tetrahydro furan-3-yloxycarbonylamino)-butyl)-benzenesulfonamide
(compound [71):

2.4-Diamino-N-cyclopentylmethyl-N-((2 syn,3S)-2-hydroxy-4-phenyl-

3-((S)-tetrah ydrofuran-3-yloxycarbonylamino)-butyl)-benzenesulfonamide
(compound 173);

4-Hyd roxy-N-(3yn.3S)-2-hydroxy-4-phenyl-3-((S )-tetrahydrotfuran-

3-)lo\;.carbony!amino)-b'.'.yl)-N-isobutyl-bcnzenesulfonamide (compound
175): and

N-((2 syn,3S)—4-Cyclohexyl-2-hydroxy-3-((S)-tetrahydrofuran-3-

yloxy carbonylamino)-butyl)-N~cyclopentylmethyl-4-methoxy-
benzenesulfonamide (compound 195).

I1.  The compound according to claim 1, wherein said compound

has a molecular weight less than or equal to about 700 g/mol.

12. A compound according to claim 11, wherein said compound

has a molecular weight less than or equal to about 600 g/mol.

3. A compound having

physicochemical characteristics:

(1)

the following structural and

a first and a second hvdrogen bond acceptor moiety, at least

one of which is more highly polarizable than a carbonyl, said moieties being

the same or different, and being capable of hydrogen bonding with the
hydrogen atoms of the flap water

BAD ORIGINAL @
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molecule of an HIV aspartyl protease when the compcund
s bcund thereto;

‘2 substantially hydrophotiz moieties which
~th the 2, and P,' binding porckets cf sa:d

w
HIV aspartyl proteass when the compound is bound

+3, a third hydrogen bonding moiety, whi-n
T3y c2 either a hydrogen bond donor Or acceptor,
£ sirultanesusly hydrogen bonding to Asp2s arndg
Y g P
-

C
Asp23' of said HIV aszartyl protease when the cormpzind

t4, an addizional Cccupied volume of spacs
east 120 A? when the compound is bound to the
active site of said HIV aspartyl protease, said space
cverlapping with the volume of sSpace that would be
filled by a native substrate of said HIV aspartyl

dse or a nonhyrolyzable isostere thereof;

(3 a deformation energy of binding of the
compound to said HIV aspartyl protease of not greater
than 10 kcal/mole; and

(6) a neutral or favorable enthalpic
contribution from the sum of all electrostatic
eracticns between the compound and the protease wher

bot

bo-
(a4

~2 compound s bouni to said BTV aspartyl protease.

e b ) daa -

th

~4. Tnsz ccocmpound according to claim 13, said

SITEIund having the structurs of formula Xi:
2 -Q"-1'-M-12. 2. 22 {XL)
whersin
Q' and Q2 ars independently hydrogen bond
acceplor meieties capable of binding with the hydrogen

0
atcms of the flap water molecule of an HIV aspartyl

BAD ORIGINAL
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protease, with the proviso that at least one of Q' or Q?
s mcre highly polarizable than a carbonyl;

M is a hydrogen bonding moiety, which may be
eithar a hydrogen bond donor Or acceptor, capable of
simultaneously hydrogen bonding to Asp25 and Asp25' of
said HIV aspartyl protease;

L' and L? are independently acyclic or cyclic
linker moieties; and

which CcIcoupy a volume c¢f Space overlapping with the
“S.ume of space that would be filled by the native
substrate of said HIV aspartyl protease.

15. The compound according to claim 14,
wnerein at least one of Q'or ins a substituted
sulfonamide.

16. A pharmaceutical composition effective
against viral infection comprising a Pharmaceutically
effective amount of a compound according to any one of
claims 1-4 or 13-14 and a pharmaceutically acceptable
carrier, adjuvant or vehicle.

17. The pharmaceutical composition according
2 claim 16, further comprising an additional antj-

18. The use of a compound according to any
cne of claims 1-4 or 13-14 asg a therapeutic agent
against viral infection, said virus requiring an
aspartyl protease for an obligatory life cycle event.

19. The use according to claim 18, wherein
said virus is HIV-1, HIV-2, or HTLV.

AP000390
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<. Tre use of a ccxpound according to any
cae of c.aims 1-4 and 13-14, for inhibiting enzymatic
Yy 1T an aspartyl protease.

<. The use according to claim 20, wherein
said asgartyl protease is HIV protease.

Z2. A pharmaceutically effective amount of a pharmaceutica;

compesition according to claim 16 ¢- 17 for use in a methog for

23. A prarmeceutically effective amount of a pharmaceutica’

compositicn actzording to claim 16 or 17 for use in a method for

treating #I/ infection in a mammal.

24.  The pharmaceutical composition according to claim

22 or 23 in oral or injectable form.

<5. A rethod for identification, design, or
tion ¢f an HIV protease intibitor comprising the

(a) selecting a candidate compound of
defined chemizal structurs containing a first and a
second nydrcgen bend acceptor moiety, at least one of
which is more highly polarizable than a carbonyl, said
moieties being the same or different; a third hydrogen
boﬁding moiety, which may be either a hydrogen bond
donor or acceptor; and at least two substantially

hydrophckizc mcieties;

AFGL0390
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(b) determining a low-energy
ccrniormation for binding of said compound to the active
size of an HIV aspartyl protease;

{(c) evaluating the capability of sa:s
f:rst and second hydrogen bond acceptor moieties to
form hydrogen bonds to the flap water molecule of said
RIV aspartyl protease when said compound is bound
trhereto in said conformation;

(d) evaluating the capability of said
substantially hydrophobic moieties to associate with
2 Py, and P,' binding pockets cf said HIV aspartyl

$2 wosn said compound is bound thereto in said

(e) evaluating the capability of said
third hydrecgen bonding moiety to form hydrogen bonds to
Asp25 and Asp2S' of said HIV aspartyl protease when
said compound is bound thereto in said conformation;

(f) evaluating the overlap of the
occupied volume of said compound when said compound is
bound to said HIV aspartyl protease in said
conformation and the occupied volume of a native
substrate of HIV aspartyl protease or a nonhydrolyzable
isostere thareof, when said polypeptide is bound to
sa.d HIV ascartyl protease;

AP 000390

\g) evaluating the deformation energy
ing cf said compound to said HIV aspartyl

(h) evaluating the enthalpic
oniributicn of the sum of all electrostatic

t2ractions between said compound and said HIV

spartyl protease when said corpound is bound thereto
in said conformation; and

]
o3

(i) accepting or rejecting said
candidate ccmpound as an HIV protease inhbitor based
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upon the determinations and evaluations carried ou: in
steps (b) through (h).

<5. An HIV protease inhibitor i entifisz,
designed or predicted by the method according to cla:im

(V]

-~
Lo

27. Tze HIV protease inhibitor according ::
claim 26, wherein said inhibitor has the scructure =¢

fermula XL:
z'-¢'-L'-m-12.¢2. 22 i

wherein:

Q' and ¢? are independently hydrogen bond
acceptor molsties capable of binding with the hydrogen
atoms of the flap water molecule of an HIV aspartyl
protease, with the proviso that at least one of Q' or Q?
is more highly polarizable than a carbonyl;

M is a hydrogen bonding moiety, which may be
either a hydrogen bond donor or acceptor, capable of
simultaneously hydrogen bonding to Asp25 and Asp25' of
said HIV aspartyl protease;

L' and 1% are ndependently acyciiz or cyciic
-inker moietiess; and

cach ¢ 2’ and 2Z? may be optionally presentc
and, if present, ars independently selected from groucs
which occupy a volume of space overlapping with the
wolume of space that would be filled by the rative
substrate of said HIV aspar:yl protease.

s LHIGINAL
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28. a pharuacoutically effective a8ount or a
Pharaaccutical compusition accoraing tn clajm

for use in a wmethod for Preventing niv

Ranza. .,

16 or 17
infection in a

29.

A phcrlaceutically effactive amount of a
Pharzaceytical

composition According to claja

16 or 17y
Use in a method for Lreating niv infection jin

2 mamajl.

30. The Plhiarmaceutical Compasition According
to claim 28 or 29 jn oral or

injectable fura.

J1.

A method for Prcparing a caupound
accoraing to ¢}

aim 1} comprising the steps of.
(a)

(11)

L — I
reacting a nucleophilic amine =
coapound with a Compourd of rformula II: ro

=

o

A'B‘Nﬂ'CH(D)‘Cﬂ'Cﬂ: o
\ / :

o Q.

vherein A, p and D are

as defined in oclainm 1,
to produce a compound of formula

I1I:

D

|
A-B-NH-CH-CH-CH,-NH
I
OR¢ L
(I11)
wherein RS

is K ur any suitabie hydroxy
Protecting group;

L is H or p' ag detined in clajm 1; and
R and D are ag dcfined in claiam 3;
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(b) reacting said compound of formula
III with a sulfonyl-activated species; and

(c) opticnaliy removing any protecting
grcips from the prosduct of step (b) to prcduce said
cempound according te claim 1.

32. The use of an intermediate of formula I

for producing a compound according to claim 1:

A-B-NH-CH(D) -CH~CH,
\ /
Q
(I1)

wherein A, B and D are as defined in claim 1.

33. The use of an intermediate of formula
IITI for producing a compound according to claim 1:

D

|
A-B~NH~CH-CH~CH, -NH
|
OR® L
(I11)

wherein R® is H Or any suitable hydroxy protecting

group;
L is H er D' as defined in claim 1; and

B and D are as defined in claim 1.

F

>7’/FISHER CORMACK & BOTHA
Patent Agents for the Applicants
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ABSTRACT

The present invention relates to a novel

S ¢ sulfonamides which are aspartyl protease
innikiisrs.  In one embodiment, thig invention relates
-2 a novel class of HIV aspartyl protease inhibitors
characterized by specific Structural and
Physicochemical features. Thig invenrion also relates
Lo pharmaceutical compositions comprising thesge
compounds. The compounds and pharmaceutical

HIV-2 protease activity
and consequently,‘may be advantageously used as antj-

tnis invention ard mechods for s
S anzi-®HIy activity,

¢reening compounds
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