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o (SQAbstract: The present invention discloses novel compounds which have HCV protease inhibitory activity as well as methods
for preparing such compounds. In another embodiment, the invention discloses pharmaceutical compositions comprising such com-

pounds as well as methods of using them to treat disorders associated with the HCV protease.
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Novel Peptides as NS3-Serine Protease

Inhibitors of Hebatitis C Virus

Field of Invention

The present invention relates to novel hepatitis C virus (*HCV") protease
inhibitors, pharmaceutical compositions containing one or more such inhibitors,
methods of preparing such inhibitors and methods of using such inhibitors to treat
hepatitis C and related disorders. This invention specifically discloses novel
peptide compounds as inhibitors of the HCV NS3/NS4a serine protease. Priority
for the invention is based on U.S. patent applications Serial Number 60/220,108
filed July 21, 2000, and Serial Number 09/908,955 filed July 19, 2001.

Background of the Invention
Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that has

been implicated as the major causative agent in non-A, non-B hepatitis (NANBH),
particularly in blood-associated NANBH (BB-NANBH)(see, International Patent
Application Publication No. WO 89/04669 and European Patent Application
Publication No. EP 381 216). NANBH is to be distinguished from other types of
viral-induced liver disease, such as hepatitis A virus (HAV), hepatitis B virus
(HBV), delta hepatitis virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus
(EBV), as well as from other forms of liver disease such as alcoholism and
primary biliar cirrhosis.

Recently, an HCV protease necessary for polypeptide processing and viral
replication has been identified, cloned and expressed; (see, e.4., U.S. Patent No.
5,712,145). This approximately 3000 amino acid polyprotein contains, from the
amino terminus to the carboxy terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural proteins (NS1, 2, 3, 4a, 5a and
5b). NS3 is an approximately 68 kda protein, encoded by approximately 1893
nuclectides of the HCV genome, and has two distinct domains: (a) a serine
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protease domain consisting of approximately 200 of the N-terminal amino acids;
and (b) an RNA-dependent ATPase domain at the C-terminus of the protein. The
NS3 protease is considered a member of the chymotrypsin family because of
similarities in protein sequence, overall three-dimensional structure and
mechanism of catalysis. Other chymotrypsin-like enzymes are elastase, factor
Xa, thrombin, trypsin, plasmin, urokinase, tPA and PSA. The HCV NS3 serine
protease is responsible for proteolysis of the polypeptide (polyprotein) at the
NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions and is thus
responsible for generating four viral proteins during viral replication. This has
made the HCV NS3 serine protease an attractive target for antiviral
chemotherapy. -

It has been determined that the NS4a protein, an approximately 6 kda
polypeptide, is a co-factor for the serine protease activity of NS3. Autocleavage of
the NS3/NS4a junction by the NS3/NS4a serine protease occurs intramoiecularly
(i.e., cis) while the other cleavage sites are processed intermolecularly (i.e., trans).

Analysis of the natural cleavage sites for HCV protease revealed the
presence of cysteine at P1 and serine at P1’ and that these residues are strictly
conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions. The
NS3/NS4a junction contains a threonine at P1 and a serine at P1". The Cys—Thr
substitution at NS3/NS4a is postulated to account for the requirement of cis rather
than trans processing at this junction. See, e.g., Pizzi et al. (1994) Proc. Natl.
Acad. Sci (USA) 91:888-892, Failla et al. (1996) Folding & Design 1:35-42. The
NS3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites.
See, e.g., Kollykhalov et al. (1994) J. Virol. 68:7525-7533. It has also been found
that acidic residues in the region upstream of the cleavage site are required for
efficient cleavage. See, e.g.. Komoda et al. (1994) J. Virol. 68:7351-7357.

Inhibitors of HCV protease that have been reported include antioxidants
(see, International Patent Application Publication No. WO 98/14181), certain

peptides and peptide analogs (see, International Patent Application Publication
No. WO 98/17679, Landro et al. (1997) Biochem. 36:9340-9348, Ingallinella et al.
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(1998) Biochem. 37:8906-8914, Llinas-Brunet et al. (1998) Bioorg. Med. Chem.
Lett. 8:1713-1718), inhibitors based on the 70-amino acid polypeptide eglin ¢
(Martin et al. (1998) Biochem. 37:11459-11468, inhibitors affinity selected from
human pancreatic secretory trypsin inhibitor (hPSTI-C3) and minibody repertoires
(MBip) (Dimasi et al. (1997) J. Virol. 71:7461-7469), cVKE2 (a “camelized”
variable domain antibody fragment) (Martin et al.(1997)_Protein Eng. 10:607-614),
and a1-antichymotrypsin (ACT) (Elzouki et al.) (1997) J. Hepat. 27:42-28). A

. ribozyme designed to selectively destroy hepatitis C virus RNA has recently been

disclosed (see, BioWorld Today 9(217): 4 (November 10, 1998)).

Reference is also made to the PCT Publications, No. WO 98/17679,
published April 30, 1998 (Vertex Pharmaceuticals Incorporated); WO 98/22496,
published May 28, 1998 (F. Hoffmann-La Roche AG); and WO 99/07734,
published February 18, 1999 (Boehringer Ingelheim Canada Ltd.).

HCV has been implicated in cirrhosis of the liver and in induction of
hepatocellular carcinoma. The prognosis for patients suffering from HCV infection
is currently poor. HCV infection is more difficult to treat than other forms of
hepatitis due to the lack of immunity or remission associated with HCV infection.
Current data indicates a less than 50% survival rate at four years post cirrhosis
diagnosis. Patients diagnosed with localized resectable hepatoceilular carcinoma
have a five-year survival rate of 10-30%, whereas those with localized
unresectable hepatocellular carcinoma have a five-year survival rate of less than
1%.

Reference is made to A. Marchetti et al, Synlett, S1, 1000-1002 (1999)
describing the synthesis of bicylic analogs of an inhibitor of HCV NS3 protease. A
compound disclosed therein has the formula:
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AcHN

COOH

Reference is also made to W. Han et al, Bioorganic & Medicinal Chem.
Lett, (2000) 10, 711-713, which describes the preparation of certain o-
s ketoamides, a-ketoesters and a-diketones containing allyl and ethyl
functionalities.
Reference is also made to WO 00/09558 (Assignee: Boehringer Ingelheim
Limited; Published February 24, 2000) which discloses peptide derivatives of the
formula:

/
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N
/o)

e} Ry
HaC A M N
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where the various elements are defined therein. An illustrative compound of that

10

series is:
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Reference is also made to WO 00/09543 (Assignee: Boehringer Ingelheim
Limited: Published February 24, 2000) which discloses peptide derivatives of the

formula:

Rs Ry

OH

0]

where the various elements are defined therein. An illustrative compound of that

series is:
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CHa

HaC O
CHy

Current therapies for hepatitis C include interferon-a. (INFy) and

combination therapy with ribavirin and interferon. See, e.q., Beremguer et al.

14
\ e

(o]

28) ssoc. Am. Physiciane 110(2):08-112. These therapies suffer from a

[/ aYed
[ RAT)

w

low sustained response rate and frequent side effects. See, e.g., Hoofnagle et al.
(1997) N. Engl. J. Med. 336:347. Currently, no vaccine is available for HCV
infection.

Pending and copending U. S. patent applications, Serial No. 60/194,607,
10 filed April 5, 2000, and Serial No. 60/198,204, filed April 19, 2000, Serial No.
60/220,110, filed July 21, 2000, Serial No. 60/220,109, filed July 21, 2000, Serial
No. 60/220,107, filed July 21, 2000, Serial No. 60/254,869, filed December 12,
2000, and Serial No. 60/220,101, filed July 21, 2000, disclose various types of
peptides and/or other compounds as NS-3 serine protease inhibitors of hepatitis C
15 virus.
There is a need for new treatments and therapies for HCV infection. it is,
therefore, an object of this invention to provide compounds useful in the treatment

or prevention or amelioration of one or more symptoms of hepatitis C.
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It is a further object herein to provide methods of treatment or prevention or
amelioration of one or more symptoms of hepatitis C.

A still further object of the present invention is to provide methods for
modulating the activity of serine proteases, particularly the HCV NS3/NS4a serine
protease, using the compounds provided herein.

Another object herein is to provide methods of modulating the processing
of the HCV polypeptide using the compounds provided herein.

Summary of the invention

In its many embodiments, the present invention provides a novel class of
inhibitors of the HCV protease, pharmaceutical compositions containing one or
more of the compounds, methods of preparing pharmaceutical formulations
comprising one or more such compounds, and methods of treatment, prevention
or amelioration or one or more of the symptoms of hepatitis C. Also provided are
methods of modulating the interaction of an HCV polypeptide with HCV protease.
Among the compounds provided herein, compounds that inhibit HCV NS3/NS4a
serine protease activity are preferred. The present application discloses a.
compound, or enantiomers, stereoisomers, rotamers, tautomers, racemates or
prodrug of said compound, or pharmaceutically acceptable salts or solvates of
said compound, or of said prodrug, said compound having the general structure
shown in Formula |:

Formula |
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wherein:

Y is selected from the group consisting of alkyl, alkyl-aryl, heteroalkyl, heteroaryl,

“aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyloxy, alkyl-aryloxy, aryloxy,

heteroaryloxy, heterocycloalkyloxy, cycloalkyloxy, alkylamino, arylamino, alkyl-

arylamino, arylamino, heteroarylamino, cycloalkylamino and

heterocycloalkylamino, with the proviso that Y maybe optionally substituted with

X" or X12;

X" is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl, heterocyclyl,

heterocyclylalkyl, aryl, alkylaryl, arylalkyl, heteroaryl, alkytheteroaryl, or

heteroarylalkyl, with the proviso that X" may be additionally optionally substituted

with X'%;

X'2 is hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio, amino, alkylamino,

arylamino, alkylsulfonyl, arylsulfonyl, alkylsulfonamido, arylsulfonamido, carboxy,

carbalkoxy, carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido,
arylureido, halogen, cyano, or nitro, with the proviso that said alkyl, alkoxy, and
aryl may be additionally optionally substituted with moieties independently

selected from X'%;

R! is -C(O)R® or -B(OR), wherein R® is H, -OH, -OR®, -NR°R"’, -CF,, -C,F,
-C4F;, -CFRS, -R®, or —C(O)R” wherein R is H, -OH, -OR®, -CHR®’R', or
NR°R'® , wherein R®, R, R® and R are independently selected from the
group consisting of H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
cycloalkyl, arylalkyl, heteroarylalkyl, -[CH(R")},C(O)OR"", -
[CHR"),C(O)NR™R™, -[CH(R")[;S(02)R", -[CHR"),C(O)R",
[CH(R")[,CHOH)R", -CH(R" )C(O)N(H)CH(R? )C(O)OR"",
-CH(R")C(ON(H)CH(R?)C(O)NR™R™, -CH(R")C(O)N(H)CH(R* )R’,
-CH(R")C(OIN(H)CH(R?)C(O)N(H)CH(R*)C(O)OR™,
-CH(R")C(ON(H)CH(R?)C(OIN(H)CH(R®)C(OINR™R'™,
-CH(R")C(ON(H)CH(R?)C(O)N(H)CH(R¥)C(O)N(H)CH(R*)C(O)OR™,
-CH(R")C(O)N(H)CH(R?)C(O)N(H)CH(R¥)C(O)N(H)CH(R*)C(O)NR™R™,
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-CH(R™)C(O)N(H)CH(R? )C(O)N(H)CH(R®)C(OIN(H)CH(R*)C(O)N(H)CH(R®)C(O)OR™
and

-CH(R" )C(O)N(H)CH(R?)C(O)N(H)CH(R®)C(O)N(H)CH(R*)C(O)N(H)CH(R®)
C(O)NR%R"®,

wherein R", R?, R¥, R*, R¥, R"", R2, R"3, and R’ are independently
selected from the group consisting of H, alkyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alky! and heteroaralkyl;

Z is selected from O, N, C(H) or C(R);

W maybe present or absent, and if W is present, W is selected from C(=0), C(=S),
C(=N-CN), or S(Oy);

Q maybe present or absent, and when Q is present, Q is C(H), N, P, (CHa),,
(CHR), , (CRR'),, O, NR, S, or SO2; and when Q is absent, M may be
present or absent; when Q and M are absent, A is directly linked to L,

Ais O, CHy, (CHR), , (CHR-CHR'),, (CRR’)p, N(R), S, §(O,) or a bond;

E is CH, N, CR, or a double bond towards A, L or G;

G may be present or absent, and when G is present, G is (CHz),, (CHR),, or
(CRR"),; and when G is absent, J is present and E is directly connected to
the carbon atom in Formula | as G is linked to;

J maybe present or absent, and when J is present, J is (CHz)p, (CHR),, Or
(CRR'),, S(‘dg), N(H), N(R) or O; and when J is absent, G is present and E
is directly linked to N shown in Formula | as linked to J;

L may be present or absent, and when L is present, L is C(H), C(R), O, S or N(R);
and when L is absent, then M may be present or absenf; and if M is present
with L being absent, then M is directly and independently linked to E, and J
is directly and independently linked to E;

M may be present or absent, and when M is present, Mis O, NR, S, $(02),

(CHz),, (CHR)p (CHR-CHR’),, or (CRR’); ;

p is a number from 0 to 6; and

R, R, R?, R%and R* can be the same or different and are independently from the

group consisting of H; C4-Cg alkyl; C2-C1o alkenyl; C3-Cg cycloalkyl; C3-Cs
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heterocycloalkyl, alkoxy, aryloxy, alkylthio, aryithio, amino, amido, ester,
carboxylic acid, carbamate, urea, ketone, aldehyde, cyano, nitro, halogen;
(cycloalkyl)alkyl and (heterocycloalkyl)alkyl, wherein said cycloalkyl is made of
three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or
phosphorus atoms, and said alkyl is of one to six carbon atoms; aryl; heteroaryl;
alkyl-aryl; and alkyl-heteroaryl;

wherein said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl
and heterocycloalkyl moieties may be option.ally and chemically-suitably
substituted, with said term “substituted” referring to optional and chemically-
suitable substitution with one or more moieties selected from the group consisting
of alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloalkyl, heterocyclic, halogen, hydroxy,
thio, alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro, sulfonamido, sulfoxide, sulfone,
culfonyl urea, hydrazide, and hydroxamate;
further wherein said unit N-C-G-E-L-J-N in Formula | represents either a five-
membered cyclic ring structure or a six-membered cyclic ring structure with the
proviso that when said unit N-C-G-E-L-J-N represents a five-membered cyclic ring
structure, or when the bicyclic ring structure in Formula | comprising N, C, G, E, L,
J,N, A, Q, and M represents a five-membered cyclic ring structure, then said five-
membered cyclic ring structure lacks a carbonyl group as part of the cyclic ring.
Among the above-stated definitions for the various moieties of Formula l,
the preferred groups for the various moieties are as follows:
Preferred definition for R" is -C(O)R® with R® being H, -OH, -C(O)OR® or
-C(O)NR®R™®, where R®, R® and R™ are defined above. Still preferred moiety for
R' is ~C(O)C(O)NR®R", where R® is H; and R is H, -R", -[CH(R")],C(O)OR™,
[CH(R")] ,C(OINR*R™, [CHR"M,S(02)RM, [CHR",S(O2NR'?R™,
[CHR"LCOR", -CH(R")C(O)N(H)CH(R*)C(O)OR™",
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-CH(R")C(ON(H)CH(R*)C(OINR'R", or -CH(R")C(O)N(H)CH(R*)(R"), wherein
R™ is H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl,
aryl-alkyl, alkenyl, alkynyl or heteroaralkyl.

Among the above for R10, preferred moieties for R1 0 are: H, -R™,
-CH(R")C(O)OR", -CH(R™CH(R")C(O)OR™, -CH(R")C(O)NR'?R™,
-CH(R")CH(R")YC(O)NR"R", -CHR"CHR"S(OR",
-CH(R")CH(R")S(O2)N R'2R™, -CH(R")CH(R")C(O)R™,
_CH(R")C(O)N(H)CH(R?)C(OYOR™, -CH(R")C(O)N(H)CH(Rz')C(O)NR’ZR“’, or
-CH(R")C(O)N(H)CH(R?)(R), wherein R" is H or alkyl, and R? is phenyl,
substituted phenyl, hetero atom-substituted phenyl, thiophenyl, cycloalkyl,
piperidyl or pyridyl.

More preferred moieties are: for R1, is H, for R11 is H, methyl, ethyl, aliyl, tert--
butyl, benzyl, a-methylbenzyl, a,a-dimethylbenzyl, 1-methylcyclopropyl or 1-
methylcyclopentyl; for

R’ is hydroxymethyi or -CH.C{O)NR'?R" where

NR'2R" is selected from the group consisting of:
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wherein U® is H, OH, or CH-0OH;
R" is preferably selected from the group consisting of: H, Me, Et, n-propyl,

5 methoxy, cyclopropyl, n-butyl, 1-but-3-ynyl, benzyl, a-methylbenzyl, phenethyl,
allyl, 1-but-3-enyl, OMe and cyclopropylmethyl,

uw

and Rz, is preferably independently selected from the group consisting of:
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wherein:
U' and U% maybe same or different and are selected from the group
consisting of H, F, CH,COOH, CH,COOMe, CH,CONH,, CH,CONHMe,
CH,CONMe;, azido, amino, hydroxyl, substituted amino and substituted
5 | hydroxyl; |
U® and U* maybe same or different and are selected from O and S;
U® is selected from the moieties consisting of alkyl sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl carbonyl,
heteroalkyl carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyt,
10 heteroaryloxycarbonyi, alkylaminocarbonyl, arylaminocarbonyl,
heteroarylaminocarbonyl! or a combination thereof.
Preferred moieties for R? are:

.- o T T
A e
CHa  cH, CHs | I
CHq
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‘ CHj CH, 3 CHs CHs
i ’7,, LLA : L‘t.
(hcw, CH é i %
CH3 CHs 3 n=0.3 n=03
F
é (o] S é £F & "

and

Preferred moieties for R3 are:
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ch/)\cn3 \ ﬁj
R31

']‘19 $2°
Hy CHa CF; Y
CHj3

wherein R* = OH or O-alkyl;

Y'® is selected from the following moieties:

L roon. J\O Kon

\,\j\/\COOH % j\/csHs ‘(ﬁ\ceHs

and Y% is selected from the following moieties:

SR \j\/@ KL L

xj\:;rt’::s "gi o~ ~H(CHa) \‘LNHAC

CHs

Additional R® moieties include the following:

B B A A

Me R NHRS!
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where R%'= H, -COCH,, -COOtBu or -CONH1BU.

Most preferred moieties for R are:

e s~ AnAn nan

CHS/LCH3 CH;,/‘\CH;, CH3 | CH, '/LCH
CHa ’ 0-4

OH
5_7\ ; ; ; ; CFa COzH kkCO H
N4 Ci

5  Some other preferred moieties are: for Z it is N, for R4 itis H, and for W it is C=0.
Additionally, the moiety Z-C-R® in Formula |, with R* being absent, may be
represented by the following structures:
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Preferred moieties for Y are:

i R O O e

N T
AN
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H H H Me

Mes Ny Me. N Me. N Me. N

Me=T Me] ¥ me- ¥ Me>( ¥
Me

Me CF3 CCly

)xn\f 9\(“\! >S<“\f /xn\;’
o af ol L&,/ AN

3 0-3"Me 03 HN

Voo Dy O T

wherein:
Y''is selected from H, COOH, COOEt, OMe, Ph, OPh,
NHMe, NHAc, NHPh, CH(Me),, 1-triazolyl, 1-imidazoiyl,
5 and NHCH,COOH,;
Y'2 is selected from H, COOH, COOMe, OMe, F, Cl, or Br;
Y® is selected from the following moieties:

o ~\ N
t ol S/
© Me Me  CbzHN
CbzHN
Me)\Me Me/bt\eMe M S/EMG ©)
SIS SIS S G
CO2Bn COtBuU CO.H ONHa

Y is selected from MeS(0O2), Ac, Boc, iBoc, Cbz, or Alloc;
10 Y™ and Y'® are independently selected from alkyl, aryl, heteroalkyl, and

heteroaryl;
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Y" is -CF3, -NO2, -C(O)NHa, -OH, -C(Q)OCH3, -OCHs, -OCgHs, -CsHs, -C(O)CeHs,
-NHz, or —C(O)OH; and
Y8 is -C(O)OCH3, -NO2, -N(CH3)z, F, -OCHs, -CH,C(O)OH, -C(O)OH, -S(O2)NHz,
or -NHCOCHG.
s Y may be more preferably represented by:

Me-__O
Sy Ay ey MR

O
v ooy U
Me Me Me Me
Me
G -
0-Ipe Me O~y O O~
H Me
Me_ N Me lr:} Me-__-N Me l’\l\
Me>|/ A’J Me>|/ \r"' Me>|/ \?’r Me>( ?j
Me CF3 CCl, Me
H H H
Ly Py o
H Me
\(/v)/\ H @ :N\; <> N H
0-3N>" 0-3'Me 03 N\‘f HN\;,:

10
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c OOH C OOCH; j:?;

Me M o)
o M °~ ~
M \§ M
M M
wherein:

Y'Y = CF;, NO,, CONH,, OH, NH,, or COOH;
Y'®= F, COOH. :
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Still more preferred moieties for Y are:
Me HyCSOHN Y
Me O« e o
MeXMef Me)\/o\/ Me)\( i Me\‘/
Me
Me
M Me
Me. O (0]
\( )’! /T>(O\ Me O, M >r \*’;
Me MeMe Me;x Me%‘z(Mef ) CFs
Me>M(/ Me/\ 0}5 o’s‘* O~
Me O\fr MeMe @ ( -3 Me
Me
ay ooy Y
Me Meé Me Me O\f

o O
v i T e s
M:>r!/|/ ~ M:>(N\; M N CFs

Me  Me

Me
Meﬁ\(ﬂ\ R @_"Me L&/H >
Me Me ¥ 03 r\f 0-3 N\,,-"' N)"’ HN\-';

As shown in Formula |, the unit:
{
\L/E\

/
LS

Q—_
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represents a cyclic ring structure, which may be a five-membered or six-
membered ring structure. When that cyclic ring represents a five-membered ring,
it is a requirement of this invention that that five-membered cyclic ring does not
contain a carbonyl group as part of the cyclic ring structure. Preferably, that five-
5 membered ring is of the structure:
R, R
R

R

N R

wherein R and R’ are defined above. Preferred representations for that five-
membered cyclic ring structure is:

R
L& P
& N ﬂ

10 where R is selected from the following moieties:

~ M \k \/© \/\©

< Ty Ty

A0 D g

Furthermore, that five-membered ring, along with its adjacent two exocyclic
carbonyls, may be represented as follows:
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in which case, R*' and R? may be the same or different and are independently
selected from the following moieties:
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Oy SHO %

Some preferred illustrations for the five-membered ring structure:
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are as follows:

Me M?
A Me
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A)\ N | N | 6
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Additionally, the unit:

/Q\ A / ™A

R M\E/ " M%/% X
>< R R G

RO ]

>/N | L o>/ " IO

Preferred definitions for b are:

B b A
00
sh b

9 £
BUSAP I %?%/ »%Y

In ¢, G and J are independently selected from the group consisting of (CHz),,
10 (CHR),, (CHR-CHR'),, and (CRR’),; A and M are independently selected from the
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group consisting of O, S, SOz, NR, (CHz) », (CHR),, (CHR-CHR'),, and (CRR’),;
and Q is CHp, CHR, CRR’, NH, NR, O, S, SO,, NR, (CHz),, (CHR),, and (CRR’),.
Preferred definitions for ¢ are:

Ay sl a0

X 78
‘j\()'\f /ko\a” ')\@T
/k@j( z\@v B
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0
H
R R 0 s‘c\k_’/CHs
H HoA H HaC
I H ? H N
N N I N ) }) (o]
(0] o} (o}

W

F3C~-CF3
0 ( )n
N /H\N where = 0-4
o0
o
0

When the cyclic ring structure is depicted as:
"
M\ ’
L/E\

/ G

J

o\
bl

s its most preferred illustrations are as follows:
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Some of the still preferred moieties for the unit:
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Unless defined dtherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of skill in the art to
which this invention belongs. Thus, for example, the term alkyl (including the alkyl
portions of alkoxy) refers to a monovalent group derived from a straight or
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branched chain saturated hydrocarbon by the removal of a single atom having
from 1 to 8 carbon atoms, preferably from 1 to 6;

aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
and having at least one benzenoid ring, with all available substitutable aromatic
carbon atoms of the carbocyclic group being intended as possible points of
attachment. Preferred aryl groups inciude phenyl, 1-naphthyl, 2-naphthyl and
indanyl, and especially phenyf and substituted phenyl;

aralkyl — represents a moiety containing an aryl group linked vial a lower
alkyl;

alkylaryl — represents a moiety containing a lower alkyl linked via an aryl
group;

cycloalkyl — represents a saturated carbocyclic ring having from 3 to 8
carbon atoms, preferably 5 or 6, optionally substituted.

heterocyclic — represents, in addition to the heteroaryl groups defined
below, saturated and unsaturated cyclic organic groups having at leastone O, S
and/or N atom interrupting a carbocyclic ring structure that consists of one ring or
two fused rings, wherein each ring is 5-, 6- or 7-membered and may or may not
have double bonds that lack delocalized pi electrons, which ring structure has
from 2 to 8, preferably from 3 to 6 carbon atoms, e.g., 2- or 3-piperidinyl, 2-or
3-piperazinyl, 2- or 3-morpholinyl, or 2- or 3-thiomorpholinyl;

halogen — represents fluorine, chlorine, bromine and iodine;

heteroaryl — represents a cyclic organic group having at least one 0,8
and/or N atom interrupting a carbocyclic ring structure and having a sufficient
number of delocalized pi electrons to provide aromatic character, with the
aromatic heterocyclyl group having from 2 to 14, preferably 4 or 5 carbon atoms,
e.g., 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or
4-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, or 3- or 4-pyridazinyl, etc.
Preferred heteroaryl groups are 2-, 3- and 4-pyridyl; such heteroaryl groups may
also be optionally substituted. Additionally, unless otherwise specifically defined,
as stated above, the term “substituted or unsubstituted” or “optionally su bstituted”



10

15

20

25

WO 03/062265 PCT/US03/01430

37

refers to the subject moiety being optionally and chemically-suitably substituted
with a moiety belonging to R'? or R'3. As used herein, "prodrug" means
compounds that are drug precursors which, following administration to a patient,
release the drug in vivo via some chemical or physiological process (e.g., a
prodrug on being brought to the physiological pH or through enzyme action is
converted to the desired drug form).

Also included in the invention are tautomers, rotamers, enantiomers and
other optical isomers, as well as prodrugs, of compounds of Formula |, as well as
pharmaceutically acceptable salts, solvates and derivatives thereof.

A further feature of the invention is pharmaceutical compositions containing
as active ingredient a compound of Formula | (or its salt, solvate or isomers)
together with a pharmaceutically acceptable carrier or excipient.

The invention also provides methods for preparing compounds of Formula
I, as well as methods for treating diseases such as, for example, HCV, AIDS
(Acquired immune Deficiency Syndrome), and related disorders. The methods for
treating comprise administering to a patient suffering from said disease or
diseases a therapeutically effective amount of a compound of Formula 1, or
pharmaceutical compositions comprising a compound of Formula I.

Also disclosed is the use of a compound of Formula | for the manufacture
of a medicament for treating HCV, AIDS, and related disorders.

Also disclosed is a method of treatment of a hepatitis C virus associated
disorder, comprising administering an effective amount of one or more of the
inventive compounds.

Also disclosed is a method of modulating the activity of hepatitis C virus
(HCV) protease, comprising contacting HCV protease with one or more inventive
compounds.

Also disclosed is a method of treating, preventing, or ameliorating one or
more symptoms of hepatitis C, comprising administering an effective amount of
one or more of the inventive compounds. The HCV protease is the NS3 or NS4a
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protease. The inventive compounds inhibit such protease. They also modulate the
processing of hepatitis C virus (HCV) polypeptide.

Detailed description of preferred embodiments

in one embodiment, the present invention discloses compounds of Formula
| as inhibitors of HCV protease, especially the HCV NS3/NS4a serine protease, or
a pharmaceutically acceptable derivative thereof, where the various definitions are
given above.

Representative compounds of the invention which exhibit excellent HCV
protease inhibitory activity are listed below in Tables 1 to 5 along with their
activity (ranges of Ki* values in nanomolar, nM). Several compounds as well as

addiitonal compounds are additionally disclosed in the Claims.
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Table 1: Compounds and HCV protease continuous assay results

Compound from Example No.

Ki* Range

NININININININININ | A=
RINIBIBIRBINIRS|o|x|N|o | 0| |w|o|=|o|©|®| N[O Oy B IR =

WIN
(w] (o]

w
-

wlw
PN

w
N

w
()]

OOOOOOOOOOOOOOOOOOOOOC)OOOOOOOOOOOOOOO

w
~




WO 03/062265 PCT/US03/01430

40

4}
©
O>|0|>m > |0|0|wmO|m(O|O[m@|O|O]O|O|O0I0[O|O|0]O|0|O|0|O|O|O]O|0]O|O|O0|O;00|O[0O|0|O




WO 03/062265

41

PCT/US03/01430

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

UJUJZDUJUJ>>>>>CU>UJ>>>>>WOOOOO>>WCDOOOOOOOC)(D>UJUJOOCU>




WO 03/062265

42

PCT/US03/01430

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

163

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

®|0|>|m o303 >|>|m|olm|w|m|>| > >3 > || > > 0L W >| >0 3> 3> 3> 3> >0 3> 3>|3>| W > 3> >0




WO 03/062265

43

PCT/US03/01430

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

CD>>>>>UJCDUJWUJ)>UJ>>>)>UJ>UD>)>UJUJUJ>>>>>>UJ>UJ>)>UJCD>>>)>>UJ




WO 03/062265 PCT/US03/01430

44

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

O>WCDOO(DOO)>)>UJOCDOWO)O)OUJOOOO>>>O>>OOUJJ>J>)>)>>OUJCDED




WO 03/062265

45

PCT/US03/01430

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

219

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

OUJUJOOWOOOOOOWCUOOOOOOO?PCD>UJ)>OOOO)>O>O>UJOUJCD>OO>>




WO 03/062265

46

PCT/US03/01430

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

OO>OOO>O>>CDUJUJ>)>)>UJCDO>>OOOO>>>>UJUJ)>WOOOOL‘DUJOOOCDO




WO 03/062265 PCT/US03/01430

47

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

olmlm|>|ol>[>|olo]o|oo|o]o|m|x|o

HCV continuous assay Ki* range:
Category A = 1-100 nM; Category B = 101-1,000 nM; Category C >1000

3
:

Some of the types of the inventive compounds and methods of
synthesizing the various types of the inventive compounds of Formula | are listed
below, then schematically described, followed by the illustrative Examples.
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Depending upon their structure, the compounds of the invention may form
pharmaceutically acceptable salts with organic or inorganic acids, or organic or
inorganic bases. Examples of suitable acids for such salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citric, malonic, salicylic, malic, fumaric,
succinic, ascorbic, maleic, methanesulfonic and other mineral and carboxylic
acids well known to those skilled in the art. For formation of salts with bases,
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suitable bases are, for example, NaOH, KOH, NH4OH, tetraalkylammonium
hydroxide, and the like.

In another embodiment, this invention provides pharmaceutical
compositions comprising the inventive peptides as an active ingredient. The
pharmaceutical compositions generally additionally comprise a pharmaceutically
acceptable carrier diluent, excipient or carrier (coliectively referred to herein as
carrier materials). Because of their HCV inhibitory activity, such pharmaceutical
compositions possess utility in treating hepatitis C and related disorders.

In yet another embodiment, the present invention discloses methods for
preparing pharmaceutical compositions comprising the inventive compounds as
an active ingredient. in the pharmaceutical compositions and methods of the
present invention, the active ingredients will typically be administered in admixture
with suitable carrier materials suitably selected with respect to the intended form
of administration, i.e. oral tablets, capsules (either solid-filled, semi-solid filled or
liquid filled), powders for constitution, oral gels, elixirs, dispersible granules,
syrups, suspensions, and the like, and consistent with conventional
pharmaceutical practices. For example, for oral administration in the form of
tablets or capsules, the active drug component may be combined with any oral
non-toxic pharmaceutically acceptable inert carrier, such as lactose, starch,
sucrose, cellulose, magnesium stearate, dicalcium phosphate, calcium sulfate,
talc, mannitol, ethyl alcohol (liquid forms) and the like. Moreover, when desired or
needed, suitable binders, lubricants, disintegrating agents and cdloring agents
may also be incorporated in the mixture. Powders and tablets may be comprised
of from about 5 to about 95 percent inventive composition.  Suitable binders
include starch, gelatin, natural sugars, corn sweeteners, natural and synthetic
gums such as acacia, sodium alginate, carboxymethylcellulose, polyethylene
glycol and waxes. Among the lubricants there may be mentioned for use in these
dosage forms, boric acid, sodium benzoate, sodium acetate, sodium chloride, and
the like. Disintegrants include starch, methylicellulose, guar gum and the like.

Sweetening and flavoring agents and preservatives may also be included
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where appropriate. Some of the terms noted above, namely disintegrants,
diluents, lubricants, binders and the like, are discussed in more detail below.

Additionally, the compositions of the present invention may be formulated
in sustained release form to provide the rate controlled release of any one or more
of the components or active ingredients to optimize the therapeutic effects, i.e.
HCV inhibitory activity and the like. Suitable dosage forms for sustained release
include layered tablets containing layers of varying disintegration rates or
controlled release polymeric matrices impregnated with the active components
and shaped in tablet form or capsules containing such impregnated or
encapsulated porous polymeric matrices.

Liquid form preparations include solutions, suspensions and emulsions. As
an example may be mentioned water or water-propylene glycol solutions for
parenteral injections or addition of sweeteners and pacifiers for oral solutions,
suspensions and emulsions. Liquid form preparations may also include solutions
for intranasal administration.

Aerosol preparations suitable for inhalation may include solutions and
solids in powder fdrm, which may be in combination with a pharmaceutically
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of fatty
acid glycerides such as cocoa butter is first melted, and the active ingredient is
dispersed homogeneously therein by stirring or similar mixing. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool
and thereby solidify.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions and
emulsions.

The compounds of the invention may also be deliverable transdermally.

The transdermal compositions may take the form of creams, lotions, aerosols
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and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

Preferably the compound is administered orally, intravenously or
subcutaneously.

Preferably, the pharmaceutical preparation is in a unit dosage form. In such
form, the preparation is subdivided into suitably sized unit doses containing
appropriate quantities of the active components, e.g., an effective amount to
achieve the desired purpose.

The quantity of the inventive active composition in a unit dose of
preparation may be generally varied or adjusted from about 1.0 milligram to about
1,000 milligrams, preferably from about 1.0 to about 950 miiligrams, more
preferably from about 1.0 to about 500 milligrams, and typically from about 1 to
about 250 milligrams, according to the particular application. The actual dosage
employed may be varied depending upon the patient's age, sex, weight and
severity of the condition being treated. Such techniques are well known to those
skilled in the art.

Generally, the human oral dosage form containing the active ingredients
can be administered 1 or 2 times per day. The amount and frequency of the
administration will be regulated according to the judgment of the attending
clinician. A generally recommended daily dosage regimen for oral administration
may range from about 1.0 milligram to about 1,000 milligrams per day, in single or
divided doses.

Some useful terms are described below:

Capsule - refers to a special container or enclosure made of methy!
cellulose, polyvinyl alcohols, or denatured gelatins or starch for holding or
containing compositions comprising the active ingredients. Hard shell capsules
are typically made of blends of relatively high gel strength bone and pork skin
gelatins. The capsule itself may contain small amounts of dyes, opaquing agents,
plasticizers and preservatives. .
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Tablet- refers to a compressed or molded solid dosage form containing the
active ingredients with suitable diluents. The tablet can be prepared by
compression of mixtures or granulations obtained by wet granulation, dry
granulation or by compaction.

Oral gel- refers to the active ingredients dispersed or solubilized in a
hydrophillic semi-solid matrix.

Powder for constitution refers to powder blends containing the active
ingredients and suitable diluents which can be suspended in water ofjuices.

Diluent - refers to substances that usually make up the major portion of the
composition or dosage form. Suitable diluents include sugars such as lactose,
sucrose, mannitol and sorbitol; starches derived from wheat, com, rice and potato;
and celluloses such as microcrystalline cellulose. The amount of diluent in the
composition can range from about 10 to about 90% by weight of the total
composition, preferably from about 25 to about 75%, more preferably from about
30 to about 60% by weight, even more preferably from about 12 to about 60%.

Disintegrant - refers to materials added to the composition to help it break
apart (disintegrate) and release the medicaments. Suitable disintegrants include
starches; "cold water soluble” modified starches such as sodium carboxymethyl
starch; natural and synthetic gums such as locust bean, karaya, guar, tragacanth
and agar; cellulose derivatives such as methylcellulose and sodium
carboxymethylcellulose; microcrystalline celluloses and cross-linked
microcrystalline celluloses such as sodium croscarmellose; alginates such as
alginic acid and sodium alginate; clays such as bentonites; and effervescent
mixtures. The amount of disintegrant in the composition can range from about 2 to
about 15% by weight of the composition, more preferably from about 4 to about
10% by weight.

Binder - refers to substances that bind or "glue" powders together and
make them cohesive by forming granules, thus serving as the "adhesive” in the
formulation. Binders add cohesive strength already available in the diluent or
bulking agent. Suitable binders inciude sugars such as sucrose; starches derived
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from wheat, corh rice and potato; natural gums such as acacia, gelatin and
tragacanth; derivatives of seaweed such as alginic acid, sodium alginate and
ammonium calcium alginate; celiulosic materials such as methylcellulose and
sodium carboxymethylcellulose and hydroxypropylmethylcellulose;
polyvinylpyrrolidone; and inorganics such as magnesium aluminum silicate. The
amount of binder in the composition can range from about 2 to about 20% by
weight of the composition, more preferably from about 3 to about 10% by weight,
even more preferably from about 3 to about 6% by weight.

Lubricant - refers to a substance added to the dosage form to enable the
tablet, granules, etc. after it has been compressed, to release from the mold or die
by reducing friction or wear. Suitable lubricants include metallic stearates such as
magnesium stearate, calcium stearate or potassium stearate; stearic acid; high
melting point waxes; and water soluble lubricants such as sodium chloride,
sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and d'l-
leucine. Lubricants are usually added at the very last step before compression,
since they must be present on the surfaces of the granules and in between them
and the parts of the tablet press. The amount of lubricant in the composition can
range from about 0.2 to about 5% by weight of the composition, preferably from
about 0.5 to about 2%, more preferably from about 0.3 to about 1.5% by weight.

Glident - material that prevents caking and improve the flow characteristics
of granulations, so that flow is smooth and uniform. Suitable glidents include
silicon dioxide and talc. The amount of glident in the composition can range from
about 0.1% to about 5% by weight of the total composition, preferably from about
0.5 to about 2% by weighf.

Coloring agents - excipients that provide coloration to the composition or
the dosage form. Such excipients can include food grade dyes and food grade
dyes adsorbed onto a suitable adsorbent such as clay or aluminum oxide. The
amount of the coloring agent can vary from about 0.1 to about 5% by weight of the
composition, preferably from about 0.1 to about 1%.



10

15

20

25

30

WO 03/062265 PCT/US03/01430

81

Bioavailability - refers to the rate and extent to which the active drug
ingredient or therapeutic moiety is absorbed into the systemic circulation from an
administered dosage form as compared to a standard or control.

Conventional methods for preparing tablets are known. Such methods
include dry methods such as direct compression and compression of granulation
produced by compaction, or wet methods or other special procedures.
Conventional methods for making other forms for administration such as, for
example, capsules, suppositories and the like are also well known.

Another embodiment of the invention discloses the use of the
pharmaceutical compositions disclosed above for treatment of diseases such as,
for example, hepatitis C and the like. The method comprises administering a
therapeutically effective amount of the inventive pharmaceutical composition to a
patient having such a disease or diseases and in need of such a treatment.

In yet another embodiment, the compounds of the invention may be used
for the treatment of HCV in humans in monotherapy mode or in a combination
therapy (e.g., dual combination, triple combination etc.) mode such as, for
example, in combination with antiviral and/or immunomodulatory agents.
Examples of such antiviral and/or immunomodulatory agents include Ribavirin
(from Schering-Plough Corporation, Madison, New Jersey) and Levovirin™ (from
ICN Pharmaceuticals, Costa Mesa, California), VP 50406™ (from Viropharma,
Incorporated, Exton, Pennsylvania), ISI1S 14803™ (from 1SIS Pharmaceuticals,
Carlsbad, California), Heptazyme™ (from Ribozyme Pharmaceuticals, Boulder,
Colorado), VX 497™ (from Vertex Pharmaceuticals, Cambridge, Massachusetts),
Thymosin™ (from SciClone Pharmaceuticals, San Mateo, California),
Maxamine™ (Maxim Pharmaceuticals, San Diego, California), mycophenolate
mofetil (from Hoffman-LaRoche, Nutley, New Jersey), interferon (such as, for
example, interferon-alpha, PEG-interferon alpha conjugates) and the like. "PEG-
interferon alpha conjugates” are interferon alpha molecules covalently attached to
a PEG molecule. lllustrative PEG-interferon alpha conjugates include interferon
alpha-2a (Roferon™, from Hoffman La-Roche, Nutley, New Jersey) in the form of
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pegylated interferon alpha-2a (e.g., as sold under the trade name PegasysTM),
interferon alpha-2b (Intron™, from Schering-Plough Corporation) in the form of
pegylated interferon alpha-2b (e.g., as sold under the trade name PEG-intron™),
interferon alpha-2c (Berofor Alpha™, from Boehringer Ingelheim, Ingelheim,
Germany) or ‘consensus interferon as defined by determination of a consensus
sequence of naturally occurring interferon alphas (Infergen”", from Amgen,
Thousand Oaks, California).

As stated earlier, the invention includes tautomers, rotamers, enantiomers
and other stereoisomers of the inventive compounds also. Thus, as one skilled in
the art appreciates, some of the inventive compounds may exist in suitable
isomeric forms. Such variations are contemplated to be within the scope of the
invention.

Another embodiment of the invention discloses a method of making the
compounds disclosed herein. The compounds may be prepared by several
techniques known in the art. Representative illustrative procedures are outlined in
the following reaction schemes. It is to be understood that while the following
illustrative schemes describe the preparation of a few representative inventive
compounds, suitable substitution of any of both the natural and unnatural amino
acids will result in the formation of the desired compounds based on such
substitution. Such variations are contemplated to be within the scope of the
invention.

Abbreviations which are used in the descriptions of the schemes,
preparations and the examples that follow are:

THF: Tetrahydrofuran

DMF: N,N-Dimethylformamide

EtOAc: Ethyl acetate

AcOH: Acetic acid

HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one

EDCI: 1-(3-dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride
NMM: N-Methyimorpholine



10

15

20

25

30

WO 03/062265

83

ADDP: 1,1'-(Azodicarbobyl)dipiperidine

DEAD: Diethylazodicarboxylate

MeOH: Methanol

EtOH: Ethanol

Et20: Diethyl ether

DMSO: Dimethylsulfoxide

HOBt: N-Hydroxybenzotriazole

PyBrOP: Bromo-tris-pyrrolidinophosphonium hexafluorophosphate
DCM: Dichloromethane

DCC: 1,3-Dicyclohexylcarbodiimide

TEMPO: 2,2,6,6-Tetramethyl-1-piperidinyloxy

Phg: Phenylglycine

Chg: Cyclohexylglycine

Bn: Benzyl

Bzl: Benzyl

Et: Ethyl

Ph: Phenyl

iBoc: isobutoxycarbonyl

iPr: isopropyl

'Bu or Bu"; tert-Buty!

Boc: tert-Butyloxycarbonyl

Cbz: Benzyloxycarbonyl

Cp: Cylcopentyldienyl

Ts: p-toluenesulfonyl

Me: Methyl

HATU: O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

DMAP: 4-N,N-Dimethylaminopyridine

Bop: Benzotriazol-1-yl-oxy-tris(dimethylamino)hexafluorophosphate
General Preparative Schemes:

PCT/US03/01430
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The following schemes describe the methods of synthesis of intermediate
building blocks:

SCHEME 1
HC! HoN-Phg-co0B'
12 .
OOOH HOCBt
BocH Nd, e I
o) NVM Y
0
1.1 H
BocH N\/lkN/E
N COCBY ~dioxare
0 7min
13 Y
OB
Q,CHCOH
Hy 00/0:7,
DCC 0 H
\) 14
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SCHEME 2
HCI HoN-Phg-NMe »
H 21 \
BocH NH_.COOH
0 Y
3 G0 N
: BocH N HCl
N CONMe; ™ dioxane
o 1 hr.
22 Y o
H
o,CHCOH ¢ u Ni
DMSO 2 CONMe,
Dcc 0 H
Y 2.3
S
BocH CONMe, HC! H h
0 H H
2 CONMe,,
I_JN.HQI_> o] H
2.4 dioxane
7 min 25
SCHEME 3
OH NaOCl m
/ _NaBr HS™~""sH S
Cbz”" "COOMe Cbz”" TCOOMe Cbz” COOMe
341 3.2
1. TMSI (3 eq), 30 min
2. Boc,0 (4eq)/
(i-Pr,NEt (3.1eq) /
THF, 20 min
Y
S S __LtioH s
dloxane dioxane-H,0
3.5 3.3 3.4
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SCHEME 4
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H
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NMM N N A ANpoBY
boc-Chg N O H O
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4.9 )n Moffatt oxidation
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SCHEME 7

HCI OH H ©Q
+ HoN N HOOBt

N7 }-OH N CONMez EDCI
, , O NMM
boc-Chg 0 2.3)
(7.1) ' Ph
OH Q
m‘/ \)J\N*CONMeZ
iboc-Chg’ H
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Moffatt ( )
oxidation

O Ph SH SH

H © H
.N N CONMez
Iboc-Chg 0 0 H
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H O
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’ Ph N
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O O
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where R = | 'L,’L/\'Lﬂl“""t
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SCHEME 11
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Preparation of Intermediates:

Preparative Example 1

Step A: Compound (1.1)

OH OH 0
BocHN OH BocHN N\)J\ N
- (@) Ph
0 0

5 (1.08) (1.09)

To a stirred solution of Compound (1.08)(3.00 g, 12.0 mmol (S. L.
Harbeson et al. J.Med.Chem. 37 No.18 (1994) 2918-2929) in DMF (15 mL) and
CH2Cl2 (15 mL) at -20°C was added HOOBt (1.97 g, 12.0 mmol), N-methy!
morpholine (4.0 mL, 36.0 mmol) and EDCI (2.79 g, 14.5 mmol) and stirred for 10
10  minutes, followed by addition of HCI-H2N-Gly-OBn (2.56 g, 13.0 mmol). The

resulting solution was stirred at -20°C for 2 hrs, kept refrigerated overnight and
then concentrated to dryness, followed by dilution with EtOAc (150 mL). The
EtOAc solution was then washed twice with saturated NaHCO3, H20, 5%
H3PO4, brine, dried over Na2S0O4, filtered and concentrated to dryness to give

15  the Compound (1.09) (4.5 g, 94%). LRMS m/z MH*= 395.1.

Step B. Compound (1.1)
OH 4y @ oH y
BocHN N\/u\o/\Ph — . BocHN N\/U\OH
o)
© (109)

(1.1)
A solution of Compound (1.09) (7.00 g, 17.8 mmol) in absolute ethanol
20 (300 mL) was stirred at room temperature under a hydrogen atmosphere in the
presence of Pd-C (300 mg, 10%). The reaction progress was monitored by tlc.
After 2 h, the mixture was filtered through a celite pad and the resulting solution
was concentrated in vacuo to give Compound (1.1) (5.40 g, quantitative). LRMS

m/z MH*= 305.1.
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Preparative Example 2
Step A Compound (1.3)
OH y @ Ph oH y Q Ph
N
BocHN \/U\OH + HzN)\COOBu' » BOCHN N N)\COOBUt
o) o} H
5 (1.1) (1.2) (1.3)

A mixture of Compound (1.1) from Preparative Example 1, Step B above (1
eq.), Compound (1.2) ( from Novabiochem, Catalog No. 04-12-5147) (1.03 eq.),
HOOBt (1.03 eq.), N-methylmorpholine (2.2 eq.), and dimethylformamide (70
mL/g) was stirred at -20°C. EDCI (1.04 eq.) was added and the reaction stirred

10 for 48 hr. The reaction mixture was poured into 5% aqueous KH2PO4 and
extracted with ethyl acetate (2 x). The combined organics were washed with cold
5% aqueous K2CQO3, then 5% aqueous KH2PO4, then brine, and the organic

iayer was dried over annydrous Mg
evaporated and the filtrate dried under vacuum, the residue was triturated with

15 Et20O-hexane, and filtered to leave the title compound (1.3)(86% yield),
C25H3gN307 (493.60), mass spec. (FAB) M+1 =494.3.

Step B Compound (1.4)

oHH O fh o oHnH Q N
BocHNP/K’( N\/U\N)\COOBut . HoN N A N)\COOBut
(13) (1.4)
20 Compound (1.3) from Preparative Example 2, Step A (3.0 g) was treated

with 4 N HCl/dioxane (36 mL) and stirred at room temperature for 7 min. The
mixture was poured into 1.5 L cold (5°C) hexane and stirred, then allowed to set
cold for 0.5 hr. The mixture was suction-filtered in a dry atmosphere, and the
collected solid was further dried to afford the title compound (1.4) (2.3 g, 88%
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yield), C2oH31N305:-HCH, H' NMR (DMSO-dg/NaOD) & 7.38 (m, 5H), 5.25 (m,
1H), 4.3-4.1 (m, 1H), 3.8 (m, 2H), 3.4-3.3 (m, obscured by D20), 1.7-1.1 (m, 4H),
1.35 (s, 9H), 0.83 (m, 3H).
Preparative Example 3

s Compound (1.5)

OoH H © Ph
X

O B 9 Ph
BocHN N N >coosu! BocHN N\/U\N/‘\ COOBU
o} H 5 H

(1.3) ' (1.5) |
Compound (1.3) from Preparative Example 2, Step A, was treated in

essentially the same manner as in Preparative Example 7, Step A below to afford
10 Compound (1.5). '

Preparative Example 4
Compound (1.6)

oHOPh

] 0 O Ph
BocHNﬂN ﬁ)\COOBut — I:|C2:N I “JL”)\COOBJ
(1.5) (1.6)
15 Compound (1.5) from Preparative Example 3, was treated in essentially the
same manner as in Preparative Example 2, Step B, to afford Compound (1.6).
Preparative Example 5§

Step A Compound (2.09)

BocHN” N O BocHN CHs

20
(2.08) (2.09)
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To a solution of dimethylamine hydrochiloride (1.61 g, 19.7 mmol), N-Boc-
phenylglycine, Compound (2.08)(4.50 g, 17.9 mmol, Bachem Co. # A-2225),
HOOBt (3.07 g, 18.8 mmol) and EDCI (4.12 g, 21.5 mmol) in anhydrous DMF
(200 mL) and CH2ClI2 (150 mL) at -20°C was added NMM (5.90 mL, 53.7 mmol).
After being stirred at this temperature for 30 min, the reaction mixture was kept in
a freezer overnight (18 h). It was then allowed to warm to rt, and EtOAc (450 mL),
brine (100 mL) and 5% H3PO4 (100 mL) were added. After the layers were
separated, the organic layer was washed with 5% H3PO4 (100 mL), saturated
aqueous sodium bicarbonate solution (2 X 150 mL), water (150 mL), and brine
(150 mL), dried (MgSQ4), filtered and concentrated in vacuo to afford Compound
(2.09) (4.86 g) as a white solid, which was used without further purification.

Step B Compound (2.1)

~ X
0 J
ok —_— HCI ok
BOOHN/'\n/'\LCt-i3 HzNJ\.(N‘CH3
o} 0
(2.09) (2.1)

Compound (2.09) from P}eparative Example 5, Step A (4.70 g, crude) was
dissolved in 4 N HCI (60 mL, 240 mmol) and the resulting solution was stirred at
room temperature. The progress of the reaction was monitored by TLC. After 4 h,
the solution was concentrated in vacuo to yield Compound (2.1) as a white solid

which was used in the next reaction without further purification. LRMS m/z MH*=
179.0.

Preparative Example 6
Step A Compound (2.2)
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OH H 0 0 Ph

Ph OH H
HCI
BocHNP/'\n/N OH + HzN)\CONMez - BocHNP/Kn/N\/u\u)\CONMez
0] 0

(1.1) (2.1) (2.2)
[n essentially the same manner as Preparative Example 2, Step A.
substituting phenylglycine N,N-dimethylamide hydrochloride in place of
s phenylglycine t-butyl ester hydrochloride, Compound (2.2) was prepared
mass spec. (FAB) M+1 = 465.3.

Step B Compound (2.3)
Ph Ph
OH p @ Hoo OH py @
BocHN N\)L”J\CONMez —» HoN N\/u\{_\l{/LCONMez
o} o}
10 (2.2) (2.3)

) was reacted with 4 N HCl/dioxane

in a 20°C water bath, triturated under isopropyl ether, filtered, and dried to afford

Compound (2.3) (1.57 g, 98% vyield), C18H28N404-HCI, mass spec. (FAB) M+1 =
15 365.3

Preparative Example 7

Step A Compound (2.4)
oH 4 0 B0 9o 4 & &
BocHN N ﬁ/LCONMez BocHN N\)L”/LCONMeZ
o o)
(2.2) (2.4)
20 A solution of Compound (2.2) from Preparative Example 5, Step A (2.0 g) in

dichloromethane (60 mL) was treated with dimethylsulfoxide (3.0 mL) and 2,2-
dichloroacetic acid (0.70 mL). The stirred mixture was cooled to 5°C and then
added 1 M dicyclohexylcarbodiimide/ dichloromethane solution (8.5 mL). The cold
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bath was removed and the mixture stirred for 22 hr. Then added 2-propanol (0.5
mL), and stirred for an additional 1 hr. The mixture was filtered then washed with
ice-cold 0.1 N NaOH (50mL), then ice-cold 0.1 N HCI (50 mL), then 5% aqueous
KH2PO4, then saturated brine. The organic solution was dried over anhydrous
magnesium sulfate, then filtered. The filtrate was evaporated, and
chromatographed on silica gel, eluting with ethyl acetate to afford Compound (2.3)
(1.87 g, 94% vyield), C23H34N40g , mass spec. (FAB) M+1 = 463.3.

Step B Compound (2.5)

Ph . o Ph
N
BOCHNﬁN N/‘\CONMez — N \./U\N/'\CONMez
H H
o) (0]
(2.9) (2.5)

In essentially the same manner as Preparative Example 2, Step B,
Compound (2.5) was prepared.

- s At o P _ £
rreparauve cxdilipic o

Step A Compound (3.1)
Q — &
COOMe COOMe
(3.01) (3.1)

In a flask were combined N-Cbz-hydroxyproline methyl ester (available from
Bachem Biosciences, Incorporated, King of Prussia, Pennsylvania), compound
(3.01) (3.0 g), toluene (30 mL), and ethyl acetate (30 mL). The mixture was
stirred vigorously, and then a solution of NaBr/water (1.28 g /5 mL) was added.
To this was added 2,2,6,6-tetramethyl-1-piperidinyloxy free radical (TEMPO, 17
mg, from Aldrich Chemicals, Milwaukee, Wisconsin). The stirred mixture was
cooled to 5°C and then was added a prepared solution of oxidant [commercially
available bleach, Clorox® (18 mL), NaHCO3 (2.75 g) and water to make up 40
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mL] dropwise over 0.5 hr. To this was added 2-propanol (0.2 mL). The organic
layer was separated, and the aqueous layer extracted with ethyl acetate. The
organic extracts were combined, washed with 2% sodium thiosulfate, then
saturated brine. The organic solution was dried over anhydrous MgSOQy4, filtered,
and evaporated the filtrate under vacuum to leave a pale yellow gum suitable for
subsequent reactions (2.9 g, 97% yield), C14H15NOs5 (277.28), mass spec. (FAB)
M+1 =278.1.

Step B Compound (3.2).

o 8
25\ ’e
——————
cbz” Y NcooMe /ZNlcoorwe
2 Cbz

(3.1) (3.2)

Compound (3.1) from Step A above (7.8 g) was dissolved in
dichloromethane (100 mL), and cooled to 15°C. To this mixture was first added
1,3-propanedithiol (3.1 mL), followed by freshly distilled boron trifluoride etherate
(3.7 mL). The mixture was stirred at room temperature for 18 h. While stirring
vigorously, a solution of K2CO3z/water (2 g / 30 mL)was carefully added, followed
by saturated NaHCO3 (10 mL). The organic layer was separated from the
aqueous layer (pH ~7.4), washed with water (10 mL), then brine. The organic
solution was dried over anhydrous MgSOy4, filtered, and evaporated under
vacuum. The residue was chromatographed on silica gel, eluting with toluene,

then a with a gradient of hexane-Et20 (2:3 to 0:1) to afford a brown oil (7.0 g, 68%
yield), C17H21NO4S2 (367.48), mass spec. (FAB) M+1 =368.1.

Step C Compound (3.3)
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M

ol
- COOMe

Cbz

M
S
- O
Boc” COOMe

(3.2) (3.3)
A solution of compound (3.2) from Step B above (45 g) in acetonitrile (800
mL) at 20°C was treated with freshly distilled iodotrimethylisilane (53 mL) at once.
The reaction was stirred for 30 min., then poured into a freshly prepared solution
5 of di-t-butyldicarbonate (107 g), ethyl ether (150 mL), and diisopropylethylamine
(66.5 mL). The mixture stirred for 30 min. more then was washed with hexane (2
x 500 mL). Ethyl acetate (1000 mL) was added to the lower acetonitrile layer, and
then the layer was washed with 10% aqueous KH2PO4 (2 x 700 mL), and brine.
The filtrate was evaporated under vacuum in a 25°C water bath, taken up in fresh
10 ethyl acetate (1000 mL), and washed successively with 0.1 N HCI, 0.1 N NaOH,

10% aqueous KH2PO4, and brine. The organic solution was dried over

anhydrous MgSQa4, filtered, and evaporated under vacuum. The residu

was chromatographed on silica gel (2 kg), eluting with hexane (2 L), then

Et2O/hexane (55:45, 2 L), then Et20 (2 L) to afford an orange gum which slowly
1s  crystallized on standing (28 g, 69% yield), C14H23N04S2 (333.46), mass spec.

(FAB) M+1 = 334.1.

Step D Compound (3.4)

M M
Boc” COOMe Boc¢” COOH
(3.3) (3.4)

20 A solution of compound (3.3) from Step C above (11 g) in dioxane (150 mL)
at 20°C was treated with 1N aqueous LiOH (47 mL) and stirred for 30 h. The
mixture was concentrated under vacuum in a 30°C water bath to half volume. The
remainder was diluted with water (300 mL), extracted with Et20 (2 x 200 mL).
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The aqueous layer was acidified to pH ~4 with 12 N HCI (3-4 mL), extracted with
ethyl acetate, and washed with brine. The organic solution was dried over
anhydrous MgSO4, filtered, and evaporated under vacuum to leave Compound
(3.4) (8.1 g, 78%), C13H21NO4S2 (319.44), mass spec. (FAB) M+1 =320.1.

s StepE Compound (3.5).

M

™
Q. O
3 N
Boc” COOMe HCIH COOMe

(3.3) (3.5)

To a solution of compound (3.3) from Step C above (1 g) in dioxane (5 mL),
was added 4 N HCl-dioxane solution (50 mL). The mixture Was stirred vigorously
for 1 hr. The mixture was evaporated under vacuum in a 25°C water bath. The

10 residue was triturated with Et;0, and filtered to leave the title compound (0.76 g,
93% yield), CgH15N02S2-HCI (269.81), mass spec. (FAB) M+1 = 234.0.

(= T ——m A2 Pm_ 0 A
riepdiduve CXdl“EIe J

Step A Compound (3.6)
0 - ]
"“35\ I
5Sammali ol
Cbz/N COOMe Cbz/N COOMe

15 (3.1) (3.6)
Following essentially the same procedure of Preparative Example 8, Step
B, substituting ethane dithiol for propane dithiol, compound (3.6) was obtained.
Step B Compound (3.7).
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L
Cbz/N COOMe Boc/N COOMe
(3.6) (3.7)

Following essentially the same procedure of Preparative Example 8, Step C
substituting compound (3.6) for compound (3.2), the product compound (3.7) was

1

obtained.
s StepC Compound (3.8)
S._S S_S
A T L
Boc” N ~COOMe Boc” V. TCOOH
(3.7) (3.8)

Following essentially the same procedure of Preparative Example 8, Step
D, substituting compound (3.7) for compound (3.3) the product compound (3.8)
was obtained.
10 StepD Compound (3.9)

-—_—>
N N
Boc” COOMe HCIH COOMe
(3.7) (3.9)

Following essentially the same procedure of Preparative Example 8, Step
E, substituting compound (3.7) for compound (3.3) the product compound (3.9)
was obtained.
15  Preparative Example 10

Step A Compound (4.1)
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[
S__S Hoo OH w @ Fh
+ HN N\)LN)\COOBut
N o} H \
Boc’ COOH —
S_S
(3.8) (1.4) L oHy O P
N N NJLNJ\WOBu‘
Boc’ 2 0O H o

4.1)
In essentially the same manner as Preparative Example 2, Step A,
Compound (4.1) was prepared C33H48N40gS2 (708.89).

Step B Compound (4.2)
S><8 : O Ph ——-—>S S Ph
OH N OHy @
{j\(ﬁ NJLNJYOBU‘ {j\”/n N\)LNJ\WOBU‘
Boc 5 o) H (o) HCI'[ll S ) H o)
, (4.1) (4.2) .

In essentially the same manner as Preparative Example 2, Step B,
Compound (4.2) was prepared mass spec. (FAB) M+1 = 609.3.
Step C Compound (4.3)

S-S
OH O Ph ) i
H H + Iboc-Chg-OH
\ N NJLNJ\rrOBu‘
. TNy (4.9)
HCl-H o)

S<8 Ph
N N N NJ\;TOBU
Iboc-Chg” 5 o} H o
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In essentially the same manner as Preparative Example 2, Step A,
Compound (4.3) was prepared, C41Hg1 N5010S2 (708.89), mass spec. (FAB)
M+1 =709.3.

Step D Compound (4.4)

—

<8 Ph S5<8 0
OHy @ y O Ph
ZNEW/H N N"\;rOB”t — y H N*/U‘N”'\fOB“t
lboc-Chg” I © HO Iboc-Chg’ o "o
0
(4.3) (4.4)
In essentially the same manner as Preparative Example 7, Step A,

Compound (4.4) was prepared.

Preparative Example 11
Step A Compound (4.5)

S(\\S OH H o ’

?S + ol HN A NI A .

\ o) H - \
BOC,N’KCOOH |) ™

(3.4)

In essentially the same manner as Preparative Example 2, Step A,
Compound (4.5) was prepared.
Step B, Compound (4.6)

S5 S S Ph
H He O " — H QHH § t
N N N\/lLNJ\ITOBU N N N NJ\n/OBu
Boc’ X 0 H g HCI- H I o) H §

(4.5) (4.6)

In essentially the same manner as Preparative Example 2, Step B,
Compound (4.6) was prepared. |
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Step C, Compound (4.7)

(1
OHy ©
Z“:’Y%M
HCI- H 0

oBu! + lboc-Chg-OH

=
B
O=2— d

o) (4.9)
(4.6)
S S O Ph
OH y
Iboc-Chg’ a3 o) H o

Compound (4.9) from Preparative Example 12, was reacted with
Compound (4.6) from Step B above, in essentially the same manner as
5  Preparative Example 2, Step A, to afford Compound (4.7).
Step D, Compound (4.8)

/\

Ph o
lboc-Chg 0 |boc—Chg

(4 7) (4 8)

In essentially the same manner as Preparative Example 7, Step A,
Compound (4.8) was prepared. '
10 Preparative Example 12
Compound (4.9)

i-BuOCOCI + H-Chg-OH —>»  thocChg-OH

(4.01) (4.02) (4.9)

A solution of L-cyclohexylglycine (4.02) (1.0 eq.), dimethylformamide (20
mL/g), and diisopropylethylamine (1.1 eq.) at 5°C is treated with isobutyl
15  chioroformate (4.01) (1.1 eq.). The cold bath is removed and it is stirred for 6 hr.
The reaction mixture is poured into 5% aqueous KH2PO4 and extracted with ethyl
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acetate (2 x). The combined organics are washed with cold 5% aqueous K2CC3,
then 5% aqueous KH2PO4, then. brine, and the organics are dried over anhydrous
MgSO4. The mixture is filtered, the filtrate evaporated under vacuum, the residue
chromatographed if necessary or else the residue triturated with EtpO-hexane,
and filtered to leave the title compound (4.9), C13H23NO4 (257.33).

Preparative Example 13
Compound (13.1)

i-BuOCOCI + H-Thr(Bz-OH —»  Iboc-Thr(Bzl)-OH
(4.01) (13.02) (13.1)

In essentially the same manner as Preparative Example 12, substituting L-
O-benzylthreonine (13.02) (Wang et al, J. Chem. Soc., Perkin Trans. 1, (1997)
No. 5, 621-624.) for L-cyclohexylglycine (4.02) Compound (13.1) is prepared
C16H23NO5 (309.36), mass spec. (FAB) M+1 = 310.2.

Preparative Example 14

Ph
N\/lL NJ\,fOH
lbOC‘Chg boc- Chg H O

(4 8) (5 1)
Compound (4.8) from Preparative Example 11, Step D (1.0 g) was reacted
with a solution of anhydrous trifluoroacetic acid-dichloromethane (1:1, 50 mL) for 2
hr. The solution was diluted with xylene (100 mL) and evaporated under vacuum.
The residue was triturated with Et20, and filtered to leave the title compound (5.1)
(0.9 g), C37H53N509S2 (775.98), mass spec. (FAB) M+1 =776.5.
Step B Compound (5.2)
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M ()

S-S o o S_S
0 0 O Ph
H H —— H
. N N\)LNJ\rrOH Y R AR J\“NHz
Iboc-Chg’ : o} H o Iboc-Chg’ I o) H §
(5.1) (5.2)

In essentially the same manner as Preparative Example 2, Step A,
Compound (5.1) was reacted with ammonia (0.5 M 1,4-dioxane solution), to obtain
the title compound (5.2) C37H54Ng08S2 (774.99), mass spec. (FAB) M+1 =
7754. ‘

Preparative Example 15

S8 0 Ph Ss<8 0
H H\j — H H Q  Ph
Iboc-Chg’ o o) H o Iboc-Chg’ o o] H o

(5.1 (5.3)

A mixture of Compound (5.1) from Preparative Example 14, Step A (0.15 g),
N,N-dimethylamine (0.12 mL of 2 M THF solution), dimethylformamide (10 mL),
and PyBrOP coupling reagent (0.11 g) was cooled to 5°C, then
diisopropylethylamine (DIEA or DIPEA, 0.12 mL) was added. The mixture was
stirred cold for 1 min., then stirred at room temperature for 6 hr. The reaction

mixture was poured into cold 5% aqueous H3PO4 (50 mL) and extracted with

ethyl acetate (2 x). The combined organics were washed with cold 5% aqueous

K2CO3, then 5% aqueous KH2PO4, then brine. The organic solution was dried
over anhydrous MgSO4, filtered, and evaporated under vacuum. The residue was
chromatographed on silica gel, eluting with MeOH-CH2Cl2 to afford the title
compound (5.3), C3gH58Ns08S2 (803.05), mass spec. (FAB) M+1 =803.5.
Preparative Example 16

Step A Compound (6.2
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H H
+ Iboc-Chg-OH ——»
OCH,Ph n’/ ocH,Ph
0 lboc- Chg™ 0
(6.1) 4.9) 6.2)

In essentially the same manner as Preparative Example 2, Step A,
Compound (6.1) hydroxyproline benzyl ester hydrochloride was reacted with
5 Compound (4.9) from Preparative Example 12, to obtain the title compound (6.2),
C25H36N206 (460.‘56), mass spec. (FAB) M+1 = 461.2.

Step B Compound (6.3)
H
—_—
: N OCH,Ph OCH,Ph
lboc-Chg” 0 Iboc~Chg” o
(6.2) (6.3)
10 In essentially the same manner as Preparative Exampie 8, Compouhd (6.3)

was nrenarad. CosH2aN20c (458 ARY mases enec. (FAR)Y M+1 = 4502
wae prepared, (C25H Og { ass spec., (FAR)

- INLO TP FI (Rt AR L e AL

Step C Compound (6.4)

—_—
hTOCHZPh QZX(OH
Iboc=Chg” Iboc-Chg™

0 0
(6.3) (6.4)
15 A mixture of Compound (6.3) from Step B (1 g), 10% Pd/C (0.05 g), and

EtOH (100 mL) was stirred under 1 atm. H2 for 6 hr. The mixture was filtered, and

evaporated to dryness under vacuum to leave the title compound (6.4) (0.77 g),
C18H28N20¢ (368.42) mass spec. (FAB) M+1 = 369.2.

Preparative Example 17

20 Step A Compound (7.1)
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o)
Ph
HoOOL OHpH @ /L
N + N” “CONMe;
lboc-Chg 4 o]
(2.3)
(6.4) o or
H H
N
RN \)LN/LCONMeg
lbocChg o) H

(7.1)
Compound (6.4) from Preparative Example 16, Step C, was reacted with
Compound (2.3) from Preparative Example 6, Step B, in essentially the same
manner as Preparative Example 2, Step A, to afford Compound (7.1),
5 C36H54N609 (714.85), mass spec. (FAB) M+1 = 715.9.

Step B Compound (7.2)
H\)L oH Ph
CONMe - H )\
Iboc- Ch " CONMe,

(7 2)
Compound (7.1) was reacted in essentially the same manner as Preparative
Example 7, Step A, to afford Compound (7.2), C36H52N60g (712.83), mass
10 spec. (FAB) M+1 =713.5.
Step C Compound (7.3)

(\S
S o) O Ph
u( CONMe2 H H
- N
peeens ﬁ - mNﬁ Ay conwe,
o

7.2) Iboc-Chg” o
(7.3)
Compound (7.2) from Step B above, was reacted in essentially the same
manner as Preparative Example 8, Step B, with 1,4-butanedithiol, to obtain the
15 title compound (7.3), C40He0N608S2 (817.07), mass spec. (FAB) M+1 = 8175,
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Using the above-noted and herein-described procedures, the compounds in
the attached Tables 2 through 6 were prepared. As a general note to all the
Tables ( 1 through 6) that are attached hereto as well as to the Examples and
Schemes in this specification, any open-ended nitrogen atom with unfulfilled
valence in the chemical structures in the Examples and Tables refers to NH, or in
the case of a terminal nitrogen, -NH.. Similarly, any open-ended oxygen atom with
unfulfilled valence in the chemical structures in the Examples and Tables refers to
-OH and any open-ended carbon atom with unfilled valence is appropriately filled
with -H.

Solid Phase Synthesis:

General procedure for solid-phase coupling reactions.

The synthesis was done in a reaction vessel which was constructed from a
polypropylene syringe cartridge fitted with a polypropylene frit at the bottom. The
Fmoc-protected amino acids were coupled under standard solid-phase
techniques. Each reaction vessel was loaded with 100 mg of the starting Fmoc-
Sieber resin (approximately 0.03 mmol). The resin was washed with 2 mL
portions of DMF (2 times). The Fmoc protecting group was removed by treatment
with 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min. The resin was
washed with 2 mL portions of DMF (4 times). The coupling was done in DMF (2
mL.), using 0.1 mmol of Fmoc-amino acid, 0.1 mmol of HATU [ O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate ] and 0.2
mmol of DIPEA (N,N-diisopropylethylamine). After shaking for 2 h, the reaction
vessel was drained and the resin was washed with 2 mL portions of DMF (4
times). The coupling cycle was repeated with the next Fmoc-amino acid or
capping group.

General procedure for solid-phase Dess-Martin oxidation.

The synthesis was conducted in a reaction vessel which was constructed
from a polypropylene syringe cartridge fitted with a polypropylene frit at the
bottom. Resin—bound hydroxy compound (approximately 0.03 mmol) was treated
with a solution of 0.12 mmol of Dess-Martin periodinane and 0.12 mmol of t-BuOH
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in 2 mL of DCM for 4 h. The resin was washed with 2 mL portions of a 20 % v/v
solution of iPrOH in DCM, THF, a 50 % v/v solution of THF in water (4 times), THF
(4 times) and DCM (4 times).

Preparative Example 18

Preparation of N-Fmoc-2’,3'-dimethoxyphenyiglycine Co.mr&und (901)

Q
—NH HO
GHO KON, (NH),c0o; PN ~o HN~~0
ag. EtOH aq. NaOH
I ————
OMe
OMe OMe OMe
OMe
9014 OMe
901B 901C
FmocOSu
aq. Na,CO;

HO
FmocHN, /k\c

OMe
OMe

901

Toa solutic')n of potassium cyanide (1.465 g, 22.5 mmol) and ammonium
carbonate (5.045 g, 52.5 mmol) in water (15 mL) was added a solution of 2,3-
dimethoxybenzaldehye 901A (2.5 g, 15 mmol) in ethanol (15 mL). The reaction
mixture was heated at 40 °C for 24 h. The volume of the solution was reduced to
10 mL by evaporating under reduced pressure. Concentrated hydrochloric acid
(15 mL) was added and compound 901B was obtained as a white precipitate.
Compound 901B was isolated by filtration (2.2 g, 9.3 mmol). Compound 901B
was dissolved in 10 % w/w aqueous sodium hydroxide solution (15 mL) and the
resulting solution was heated under reflux for 24 h. Concentrated hydrochloric
acid was added and the pH was adjusted to neutral (pH 7). The resulting solution
containing compound 901C was evaporated under reduced pressure. The
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residue was dissolved in 5 % w/w aqueous sodium bicarbonate solution (150 mL).
The solution was cooled to 0 °C in an ice bath and 1,4-dioxane (30 mL) and a
solution of 9-fluorenylmethyl succinimidyl carbonate (2.7 g, 8 mmol) in 1,4-dioxane
(30 mL.) was added at 0 °C. The reaction mixture was allowed to warm to room
temperature and was stirred at room temperature for 24 h. 1,4-dioxane was
evaporated under reduced pressure. The aqueous solution was washed with
diethyl ether. Concentrated hydrochloric acid was added and the pH was
adjusted to acidic (pH 1). Ethyl acetate was added the organic layer was washed
with water and brine. The organic layer was dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure to afford the desired
compound 901 as a white foamy solid (3.44 g, 7.9 mmol). MS (LCMS-
Electrospray) 434.1 MH".

Preparative Example 19

Compound (801)

Me )
|
OH ——» N. —_—
FmocHN FmocHN OMe FmocHN H
o o]

0o
801A 801B 801C
0]
FrocHN CN FmocHN OH
OH OH |
801D 801

To a solution of N-Fmoc-phenylalanine 801A (5 g, 12.9 mmol) in anhydrous
DCM (22 mL) cooled to -30°C in a dry ice-acetone bath was added N-
methylpyrrolidine (1.96 mL, 16.1 mmol) and methyl chioroformate (1.2 mL, 15.5
mmol) sequentially. The reaction mixture was stirred at -30°C for 1 hand a
solution of N,O-dimethylhydroxylamine hydrochloride (1.51 g, 15.5 mol) and N-
methylpyrrolidine (1.96 mL, 16.1 mmol) in anhydrous DCM (8 mL) was added.
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The reaction mixture was allowed to warm to room temperature and was stirred at
room temperature overnight. Toluene was added and the organic layer was
washed with dilute hydrochloric acid, aqueous sodium bicarbonate solution and
brine. The organic layer was dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure to afforded compound 801B (4 g, 9.29
mmol). ’

To a solution of Red-Al (6.28 mL, 21.4 mmol) in anhydrous toluene (8 mL)
cooledto  -20°C in a dry ice-acetone bath was added a solution of compound
801B (4 g, 9.29 mmol) in anhydrous toluene (12 mL). The reaction mixture was
stirred at —20 °C for 1.5 h. The organic layer was washed with dilute hydrochloric
acid, aqueous sodium bicarbonate solution and brine. The organic layer was
dried over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure and the crude product 801C was used in the next reaction without further
purification.

To a solution of compound 801C (approx. 9.29 mmol) in hexane (15 mL)
was added a solution of potassium cyanide (24 mg, 0.37 mmol) and
tetrabutylammonium iodide (34 mg, 0.092 mmol) in water (4 mL) and acetone
cyanchydrin (1.27 mL, 13.9 mmol) sequentially. The reaction mixture was stirred
at room temperature for 24 h. Ethyl acetate was added and the organic layer was
washed with water and brine. The organic layer was dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced pressure to afford
compound 801D (2.4 g, 6.03 mmol).

To a solution of compound 801D (2.4 g, 6.03 mmol) in 1,4-dioxane (11 mL)
was added concentrated hydrochloric acid (11 mL). The reaction mixture was
heated at 80 °C for 3 h. Ethyl acetate (25 mL) and water (25 mL) was added.

The organic layer was washed with brine and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure to afford the desired
compound 801 as a white foamy solid (2 g, 4.8 mmol). MS (LCMS-Electrospray)
418.1 MH".
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Example (301J):
Scheme 8 Compound (301.J)
024
/ o) 0
H H
H %N N\/U\N NH,
"4, © 0 0
o £
o O CHs
(301J)

Resin-bound compound 301B, 301C, 301D, 301E, 301F and 301G were prepared
according to the general procedure for solid-phase coupling reactions started with
100 mg of Fmoc-Sieber resin (0.03 mmol). Resin-bound compound 301G was

oxidized to resin-bound compound 301H according to the general procedure for

; T fm bnmi il Ao i A anau ...
tion. The resin-bound COMpouna oviin w

with 4 mL of a 2 % viv solution of TFA in DCM for 5 min. The filtrate was added to
1 mL of AcOH and the solution was concentrated by vacuum centrifugation to
provide compound 301J (0.0069 g, 29 % yield). MS (LCMS-Eiectrospray) 771.2
MH®*.

Using the solid phase synthesis techniques detailed above, and the
following moieties for the various functionalities in the compound of Formula 1, the

compounds in Table 3 were prepared:

-W-:
0

o
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Table 3. Compounds prepared by Solid Phase Svnthesis
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Additional compounds that were prepared and their activity (Ki*) ranges are
given in the attached Tables 4, 5 and 6. The procedure used to prepare the
compounds in Tables 4, 5 and 6 is outlined below. .

I) Synthesis of intermediates for the compounds in Tables 4, 5 and 6:
Example 1. Synthesis of 4,4-dimethyl proline methyl ester (H-Pro(4,4-diMe)-OMe)

HCIsHN
OMe
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Step 1. Synthesis of tert-Butyl N-tert-butoxycarbonyl-4-methyl-L-pyroglutamate
(Boc-PyroGlu(4-methyl)-OtBu):

X"?%Ok T Xooﬂok

To a solution of tert-butyl N-tert-butoxycarbonyl-pyroglutamate (11.5 g, 40
5 mmol) in THF (200 mL) stirring at -78 °C, was added a 1M solution of lithium
hexamethyldisilazide in THF (42 mL, 42 mmol) dropwise over 5 minutes. After 30
minutes, methyliodide (3.11 mL, 50 mmol) was added. After an additional 2 hours

at -78 °C, the cooling bath was removed and 50% saturated aqueous ammonium
chloride (200 mL) was added. The solution was stirred for 20 minutes, then

10 extracted with.ether (3 x 200 mL). The combined organic layers were washed
with brine (200 mL), dried (NaS0,), filtered and concentrated. The residue was
chromatographed with 1:1 ethylacetate/hexanes to give Boc-PyroGlu(4-methyl)-
OtBu (10.6 grams, 35.4 mmol, 88%) as a mixture of isomers (2:1 cis to trans).
Step 2. Synthesis of tert-Butyl N-tert-butoxycarbonyi-4,4-dimethyl-L-pyroglutamate

15 (Boc-PyroGlu(4,4-dimethyl)-OtBu):

o R

To a solution of tert-butyl N-tert-butoxycarbonyl-4-methyl-L-pyroglutamate

(1.2 g, 4.0 mmol) in tetrahydrofuran (20 mL) stirring at -78 °C, was added a 1M
solution of lithium hexamethyldisilazide in tetrahydrofuran (4.4 mL, 4.4 mmol)
20  dropwise over 5 minutes. After 30 minutes, methyliodide (0.33 mL, 5.2 mmol) was

added. After an additional 3 hours at -78 °C, the cooling bath was removed and
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50% saturated aqueous ammonium chloride (40 mL) was added. The solution
was stirred for 20 minutes, then extracted with ether (2 x 50 mL). The combined
organic layers were washed with water(2 x 25 mL), saturated sodium bicarbonate
(2 x 25 mL), brine (50 mL), dried (Na,S0O,), filtered and concentrated to give Boc-
PyroGlu(4,4-dimethyl)-OtBu (0.673 g, 54%).

Step 3. Synthesis of tert-buty! N-teri-butoxycarbonyl-4,4-dimethylproline (Boc-
Pro(4.4-dimethy!)-OtBu)

N J< - N /l<
o\< 0 o\< o
>r o O X °© ©
Modification of known procedure: Pedregal, C.; Ezquerra, J.; Escribano, A.;
Carreno, M. C.; Garcia Ruano, J. L. Tefrahedron Letters 1994, 35(13), 2053-

DNER
LUVV

).

To a solution of tert-butyl N-tert-butoxycarbonyi-4,4-dimethylpyroglutamate
(2.0 mmol) in tetrahydrofuran (5 mL) stirring at -78 °C, was added a 1M solution of
lithium triethylborohydride in tetrahydrofuran (2.4 mL, 2.4 mmol) dropwise over §
minutes. After 30 minutes, the cooling bath was removed and saturated aqueous
sodium bicarbonate (5 mL) was added. The reaction mixture was immersed in an
ice/water bath and 30% aqueous hydrogen peroxide (10 drops) was added. The
solution was stirred for 20 minutes at 0 °C, then the reaction mixture was
concentrated in vacuo to remove the tetrahydrofuran. The aqueous solution was
diluted with water (10 mL) and extracted with dichloromethane (3 x40 mL). The
organic layers were dried (Na,SQ,), filtered and concentrated. The residue was
dissolved in dichloromethane (20 mL) and triethylsilane (310 pL, 2.0 mmol), then
cooled to -78 °C and boron trifluoride diethyletherate (270 pL, 2.13 mmol) was
added dropwise. Stirring was continued for 30 minutes, at which time additional

triethylsilane (310 plL, 2.0 mmol) and boron trifluoride diethyletherate (270 pL.,
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2.13 mmol) were added. After stirring at -78 °C for an additional two hours, the
cooling bath was removed and saturated aqueous sodium bicarbonate (4 mL) was
added. After 5 minutes the mixture was extracted with dichloromethane (3 x 40
mL). The organic layers were dried (Na;SOy,), filtered and concentrated to give
Boc-Pro(4,4-dimethyl)-OtBu.

Step 4. Synthesis of 4,4-dimethyiproline (H-Pro(4.4-dimethyi}-OH):

N /\< ? N H
o~\< o) e /
>|/ o O o)
A solution of tert-butyl N-tert-butoxycarbonyi-4 ,4-dimethylproline in
dichloromethane (5 mL) and trifluoroacetic (5 mL) was stirred at room temperature

for five hours. The solution was concentrated, dried under high vacuum and taken
to the next step without further purification.

Step 5. Synthesis of N-tert-butoxycarbonyl 4,4-dimethyliproline (Boc-Pro(4 .4-
dimethy!)-OH):

o — é}

/

H O O O\
O 0] O H

To a solution of 4,4-dimethylproline trifluoroacetic sait (1.5 mmol) in

dioxane (7 mL), acetonitrile (12 mL) and diisopropylethylamine (700 uL, 4 mmol)
was added a solution of di-tert-butyl-dicarbonate (475 mg, 2.18 mmol) in
acetonitrile (5 mL). After stirring for 12 hours at room temperature the solution
was concentrated in vacuo, dissolved in saturated aqueous sodium bicarbonate
(50 mL) and washed with diethyl ether (3 x 40 mL). The aqueous layer was
acidified to pH=3 with citric acid, then extracted with dichloromethane (3 x 40 mL).
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The combined organic layers were dried over sodium sulfate filtered and
concentrated.

Step 6. Synthesis of 4,4-dimethylproline methylester hydrochloride salt (HCleH-
Pro(4.4-dimethyl)-OMe): |

HCI*HN

N
S T
@] O
5 O

To a solution of Boc-Pro(4,4-diMe)-OH (0.5 g, 2.06 mmol) in anhydrous
methanol (8 ml) was added dropwise thionylchloride (448 OI, 6.18 mmol) and the
reaction was stirred for six hours at room temperature. The reaction mixture was
concentrated to an amorphous solid (377 mg, 95%).

10 Example ll. General procedure for the synthesis of N-tertbutoxycarbonyl-4-alkyl-

4-methyl proline:

N
o\< Q
>‘/ 0] o] H
Compounds where R group is allyl and benzyl were synthesized following steps 1-
15 4 below:
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Step 1. Synthesis of tert-Butyl N-tert-butoxycarbonyl-4-alkyl-4-methyl-L -
pyroglutamate:

O

N
o~
o % 4
To a solution of tert-butyl N-tert-butoxycarbonyl-4-methyl-L-pyroglutamate
5 (10.2 g, mmol) (see Example |, step 1) in tetrahydrofuran (170 mL) stirring at -78

°C, was added a 1M solution of lithium hexamethyldisilazide in tetrahydrofuran
(37.5 mL, 37.5 mmol) dropwise over 5 minutes. After 40 minutes, alkyl halide
(61.4 mmol) was added. After an additional 3 hours at -78 °C, the cooling bath
was removed and 50% saturated aqueous ammonium chloride (200 mL) was
16 added. The solution was stirred for 20 minutes, then extracted with ether (2 x 200
mL). The combined organic layers were diluted with hexanes (150 mL) and
washed with saturated sodium bicarbonate (100 mL), water (2 x 100 mL) and
brine (100 mL), dried (Na;SO,), filtered and concentrated. The residue was flash
chromatographed using 20% ethylacetate in hexanes to give the pure tert-Butyl N-
15 tert-butoxycarbony'll-4-alkyl-4-methyl-L-pyrogIutamate.
Step 2. Synthesis of tert-butyl N-tert-butoxycarbonyl-4-alkyl-4-methylproline:

N

. O\<
%
Modification of known procedure: Pedregal, C.; Ezquerra, J.; Escribano, A.:

20 Carreno, M. C.; Garcia Ruano, J. L. Tetrahedron Letters (1994) 35(13), 2053-
2056). '
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To a solution of tert-butyl N-tert-butoxycarbonyl-4-alkyl-4-
methylpyroglutamate (16.6 mmol) in tetrahydrofuran (40 mL) stirring at -78 °C,
was added a 1M solution of lithium triethylborohydride in tetrahydrofuran (20 mL,
20 mmol) dropwise over 10 minutes. After 120 minutes, the cooling bath was
allowed to warm to —-25 °C at which point saturated aqueous sodium bicarbonate
(40 mL) was added. The reaction mixture was immersed in an ice/water bath and
30% aqueous hydrogen peroxide (4 mL) was added. The solution was stirred for
10 minutes at 0 °C, then the reaction mixture was concentrated in vacuo to
remove the tetrahydrofuran. The aqueous solution was diluted with water (300
mL) and extracted with dichloromethane (3 x 200 mL). The organic layers were
dried (sodium sulfate), filtered and concentrated. The residue was dissolved in
dichloromethane (100 mL) and triethylsilane (2.6 mL, mmol), then cooled to -78
°C and boron trifluoride diethyletherate (2.2 mL, mmol) was added dropwise.
Stirring was continued for 1 hour, at which time additional triethylsilane (2.6 mL,
mmol) and boron trifluoride diethyletherate (2.2 mL, mmol) were added. After
stirring at -78 °C for an additional 4 hours, the cooling bath was removed and
saturated aqueous sodium bicarbonate (30 mL) and water (150 mL) were added.
After 5 minutes the mixture was extracted with dichloromethane (3 x 200 mL).
The organic layers were dried (Na;SQ,), filtered and concentrated.

Step 3. Synthesis 4-alkyl-4-methylproline:

A solution of tert-butyl N-tert-butoxycarbonyl-4-alkyl-4-methyiproline in
dichloromethane (5 mL) and trifluoroacetic (5 mL) was stirred at room temperature
for 5 hours. Toluene was added and the solution was concentrated and then
dried under high vacuum.
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Step 4. Synthesis of N-tert-butoxycarbonyl 4-alkyl-4-methylproline:

R, Me

To a solution of 4-alkyi-4-methylproline trifluoroacetic sait (1.5 mmol) in
dioxane (7 mL), acetonitrile (12 mL) and diisopropylethylamine (700 ulL., 4 mmol)

5 was added a solution of di-tert-butyl-dicarbonate (475 mg, 2.18 mmol) in
acetonitrile(5 mL). After stirring for 12 hours at room temperature the solution was
concentrated in vacuo, dissolved in saturated aqueous sodium bicarbonate (50
mL.) and washed with diethyl ether (3 x 40 mL). The aqueous layer was acidified
to pH=3 with 1N hydrochloric acid, then extracted with dichloromethane (3 x 40

10 mL). The combined organic layers were dried (Na;S0O,), filtered and
concentrated. The residue was purified by flash chromatography using 1:1
ethylacetate/hexanes with 1% acetic acid.

Example lll. Synthesis of N-tert-butoxycarbonyl 4-propyl-4-methylproline:

15 A solution of N-tertbutoxycarbonyi-4-allyl-4-methylproline (400 mg, 1.48
mmol) (see Example 1l Step 4) and 10% Pd on carbon (400 mg) in methanol (20
mL) was .hydrogenated at 50 psi for 4 hours. The mixture was filtered and
concentrated.
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Example 1V. Synthesis of Boc-4-cyclohexylproline:

5 ¢
AT

o O H

A solution of the commercially available Boc-4-phenylproline (750 mg) and
5% Rh on carbon (750 mg) in methanol (15 mL) was hydrogenated at 50 psi for
24 hours. The mixture was filtered and concentrated to give 730 mg of product.

Example V: Preparation of Fluorenyimethoxycarbonyl-Pro(4-spirocyclopentane)-
carboxylic acid : '

FrnocO
Step 1. Synthesis of Boc-pyroglutamic(4-allyl)-tert-butylester :
N
LIHMDS
o %Omu allyl bromide — By
| THF

Boc © o)

Boc
To a cooled (-78 °C) solution of the commercially available N”-Boc-tert-

butyl pyroglutamate (10 g, 35.1 mmol) in THF (175 ml) was added lithium
hexamethyldisilazide (36.8 mL, 36.8 mmol) over five minutes. Stirring continued
for thirty minutes. A solution of allyl bromide (6.1 ml, 70.2 mmol) in THF (39 mL)
was added dropwise to the first solution. After two hours at -78 °C, the reaction
was quenched by the slow addition of saturated ammonium chloride (50 mL)
solution. The reaction mixture was then diluted with ethylacetate and the layers

were separated. The organic layer dried over sodium sulfate and concentrated.
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Flash column chromatography carried out in 2:8 ethylacetate: hexanes afforded
the product (6 g, 53%). NMR § ppm (CDCI3): 5.7 (m, 1H), 5.1 (dd, 2H), 4.4 (m,
1H), 2.6 (m, 2H), 2.4 (m, 1H), 1.8-2.2 (m, 1H), 1.45 (s, 9H), 1.4 (s, O9H).

Step 2. Synthesis of N-Boc-pyroglutamic(4 4-diallyl)-tert-butylester:

N
LIHMDS
o OtBU allyl bromide g
N THF

Boc O

N-Boc-pyroglutamic(4-allyl)-tert-butylester obtained in the Step 1 above
(2.68 g, 8.24 mmol) was subjected to a second élkylation with allyl bromide under
similar conditions. Flash chromatography in 15:85 ethylacetate: hexanes provided
2.13 g product (71%) as a clear oil.
Step 3. Synthesis of Boc-Pro(4.4-diallyl)-tert-butylester:

f -y

a) LiB(C2Hs)aH '
o OtBu : > OtBu
N b) EtsSiH, BF 3.E0

Part a: To a cooled (-78 °C) solution of Boc-PyroGlu(4,4-diallyl)-tert-
butylester (2.13 g, 5.83 mmol) in tetrahydrofuran (14 ml) was added lithium
triethylborohydride (1M in tetrahydrofuran, 7.29 ml, 7.29 mmol) over five minutes.
After two hours at -78 °C, the reaction was warmed-up to 0 °C and quenched by
the slow addition of saturated sodium bicarbonate solution (20 ml) and 30%
hydrogen peroxide (20 drops). Stirring continued for 20 minutes. The
tetrahydrofuran was removed under reduced pressure and the remaining thick
white residue was diluted with water (80 ml) and extracted three times with
dichloromethane. The orgar;ic layer was dried, filtered and concentrated and
taken to the next step without further purification.

Part b): To the product obtained in part (a) in dichioromethane (14 ml) was
added triethylsilane (931 pl, 5.83 mmol) followed by boron trifluoride diethy!
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etherate (776 ul, 6.12 mmol). After thirty minutes more triethylsilane (931 pl, 5.83
mmol) and boron trifluoride diethyl etherate etherate (776 pl, 6.12 mmol) were
added and the reaction was stirred at -78 °C for three hours at which time the
reaction was quenched by the slow addition of saturated sodium bicarbonate
solution and water. The reaction mixture was extracted with dichloromethane and
the organic layer was dried, filtered and concentrated. Flash column
chromatography in 15% ethylacetate in hexanes afforded 1.07 coloriess oil (57%).
NMR § ppm (CDCI3): 5.7-5.8 (m, 2H), 5.1 (m, 4H), 4.1-4.2 (2 dd's, 1H rotamers),
3.5-3.3 (dd, 1H) and 3.2 (dd, 1H) rotamers, 2.2-2.0 (m, 5H), 1.7(m, 1H), 1.46 (s,
9H), 1.43 (s, 9H).

Step 4. Synthesis of Boc-Pro(4-spirocyclopentene)-tert-butylester:

| o), ey
\ " U=
C"E(C )3 Ph
tBu s OtBu
N N
éoc 0 DCM, reflux I|30c o)

To Boc-Pro(4,4-diallyl)-tert-butylester (1.07 g, 3.31 mmol) in
dichloromethane (66 ml) was added 5% Bis(tricyclohexylphosphin)benzylidene
ruthenium IV dichloride (Grubbs catalyst) and the mixture was heated at reflux for
1.5 hours. The reaction mixture was concentrated and the remaining residue was
purified by flash column chromatography in 15% ethylacetate in hexanes. A
yellow oil was obtained (0.57 g, 53%). NMR & ppm (CDCI3): 5.56 (bs, 2H), 4.2
and 4.1 (t, 1H, rotamers), 3.2-3.5 (m, 2H), 2.2-2.5 (m, 5H), 1.9 (dd, 1H) 1.47 and
1.46 (2 s's, 9H, rotamers), 1.45 and 1.44 (2 s's, 9H, rotamers).

Step 5. Synthesis of Boc-Pro(4-spirocyclopentane)-tert-butylester:

Ho, Pd/C, 35 psi

OtBu . > OtBu
'l\l 35 psi r'\l

A solution of Boc-Pro(4-spirocyclopentene)-tert-butylester (1.12 g) in
methanol (18 ml), water (4 ml) and acetic acid (4 mi) was placed in the Parr
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shaker and was hydrogenated for three hours at 35 psi in the presence of 10%
palladium on carbon (300 mg). The catalyst was filtered off and the filtrate was
concentrated to a colorless oil (1.26 g). NMR & ppm (CDCI3): 4.1 and 4.2 (t, 1H,
rotamers, 3.4 (d, 1H), 3.2 (d, 1H), 2.1 (m, 1H), 1.9 (m, 1H), 1.6-1.7 (m, 10H), 1.5
(3 s's, 18H, rotamers).

Step 6. Synthesis of Fmoc-Pro(4-spirocyclopentane)-carboxylic acid:

H 1) TFA,DCM H
N 2) Fmoc-Osu N
Boc © Fmoc©

The Boc-Pro(4-spirocyclopentane)-tert-butylester (1.26, 3.9 mmol) was
treated with dichloromethane (10 ml) and trifluoroacetic acid (15 ml) for three
hours. The reaction mixture was concentrated and the yellow oil obtained was
dissolved in water (6 mi). Fluorenyimethyl succinyl carbonate (1.45 g, 4.3 mmol)
dissolved in dioxane (6 ml) was added portionwise followed by the addition of

potassium carbonate (2.16 g, 15.6 mmoi). The reaction was stirred for 18 hours
and concentrated. The remaining residue was diluted with the saturated sodium
bicarbonate solution (10 mL) and washed with diethylether (3 x 10 ml). The
aqueous layer was then acidified to pH ~ 1 with 1N sodium bisulfate solution and
extracted with ethylacetate. The organic layer was dried over sodium sulfate,
filtered and concentrated to a beige foam (1.3 g, 100%).

Example V1. Synthesis of Boc-Pro(4t-NH(Fmoc))-OH:

(A2,
&%,
>

(@) O

O~

Step 1. Synthesis of N°-tert-butoxycarbonyl-cis-4-chloro-L-proline benzyl ester:
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Cl

N A

A mixture of the commercially available N-tert-butoxycarbonyl-trans-4-
hydroxy-proline (8.79 g, 38 mmol), potassium carbonate (13.0 g, 94 mmol), benzyl
bromide (4.5 ml, 38 mmol) and dimethylformamide (150 mL) was stirred for 18 h.
Addition of ethyl acetate (100 mL) was followed by filtration. The white cloudy
filtrate was clarified by the addition of 1M HCI (100 mL). The layers were
separated and the aqueous layer was extracted with additional ethyl acetate (2 x
100 mL). The combined organic layers were washed with water (2 x 50 mL), dried
(sodium sulfate), filtered and concentrated. Toluene was added to the crude
benzyl ester, and the solution was filtered and reconcentrated. Dichloromethane
(70 mL) and carbon tetrachloride (70 mL) was added, followed by
triphenylphosphine (21.11 g, 80 mmol). The reaction mixture was stirred for 10 h,
quenched with ethanol (7 mL) and stirred for 5 more h. The solution was
concentrated to approx. 100 ml, then dichloromethane (40 mL) was added,
followed by the addition of ether (200 mL) while stirring. The solution was cooled
for 4 h, filtered and concentrated to give a yellow-brown oil which was purified by
flash chromatography using ether/hexane/dichloromethane 2:2:1 to give the title
compound (9.13 g, 26.9 mmol, 71%) as a white solid.

Step 2. Synthesis of N*-tert-butoxycarbonyl-trans-4-azido-L-proline benzyl ester:

>(°‘\<§>OY°/\©

A solution of N®-tert-butoxycarbonyl-cis-4-chloro-L-proline benzyl ester (9.0

g, 26.5 mmol) and sodium azide (7.36 g, 113 mmol) in dimethylformamide (270
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mL) was heated at 75°C for 2 days. Water (100 mL) was added and the reaction
mixture was extracted with ethyl acetate (3 x 100 mL). The combined organic
layers were washed with water (3 x 50 mL), dried (sodium sulfate), filtered and
concentrated. The oil was purified by flash chromatography using ethyl
acetate/hexanes 1:1 to give the title compound (8.59 g, 24.8 mmol, 94%).

Step 3. Synthesis of Boc-Pro(4t-NH(Fmoc))-OH:

(A2
8%,
>(0‘<

o O

A mixture of N-a-t-butoxycarbonyl-trans-4-azido-L-proline benzyi ester
(8.59 g, 24.8 mmol) and 10% palladium on carbon (900 mg) in ethanol (500 mL)
was hydrogenated at 50 psi for 14 h using a Parr hydrogenation apparatus. The
mixture was filtered, concentrated, dissolved in methanol (60 mL), refiltered and
concentrated to give a colorless oil. The oil was dissolved in water (53 mL)
containing sodium carbonate (5.31 g, 50.1 mmol) and a solution of fluorenylmethyl
succinyl carbonate (8.37 g, 29.8 mmol) in dioxane (60 mL) was added over 40
min. The reaction mixture was stirred at room temperature for 17 h, then
concentrated to remove the dioxane and diluted with water (200 mL). The
solution was washed with ether (3 x 100 mL). The pH of the aqueous solution
was adjusted to 2 by the addition of citric acid (caution! foaming!) and water (100
mL). The mixture was extracted with dichloromethane (400 mL, 100 mL, 100 mL)
and the combined organic layers were dried (sodium sulfate), filtered and
concentrated to give the title compound.
Example VII. Synthesis of N-t-butoxycarbonyl-4-trans-(N-
fluorenylmethyloxycarbonyl aminomethyl)-L-proline (Boc-Pro(4t-MeNHFmoc)-OH):
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Step 1. Synthesis tert-butoxycarbonyl cis-4-hydroxy-L-proline benzy! ester (Boc-
Pro(4-cis-OH)-OBn):

OH

N
o~< Q
7% TO

To a mixture of cis-hydroxy-L-proline (5 g, 38;1 mmol) in benzene (45 mL)
and benzyl alcohol (45 mL) was added p-toluenesulfonic acid monohydrate (7.6 g,
40.0 mmol). The reaction mixture was heated at 125°C for 20 h while water (2ml)
was removed using a Dean-Stark trap. The solution was filtered while still hot,
and then ether (150 ml) was added. The solution was allowed to cool for three h
at room temperature, then three h at 4 °C. The resulting solid was collected,
washed with ether (100 mL) and dried in vacuo for 1 h to give 13.5 grams of white
solid. The solid was dissolved in dioxane (40 mL) and diisopropylethylamine (7.6
mL), and then di-tert-butyl-dicarbonate (10 g, 45.8 mmol) was added over 5 min
while using an ice bath to maintain a constant reaction temperature. After 10 h at
room temperature the reaction mixture was poured into cold water (200 mL) and
extracted with ethyl acetate (3 x 200 mL). The combined organic layers were
washed with water (3 x 100 mL) and saturated aqueous sodium chloride (50 mL),

dried (sodium sulfate), filtered and concentrated. The crude product was purified
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by flash chromatography using 40-60% ethyl acetate in hexanes to give the title
compound (10.04 g, 31.24 mmol, 82%).

Step 2. Synthesis of N-t-butoxycarbony! cis-4-mesyloxy-L-proline benzyl ester
(Boc-Pro(4-cis-OMs)-OBn):

To a solution of Boc-Pro(4-cis-OH)-OBn (8.45 g, 26.3 mmol) in pyridine (65
mL) at 0°C, was added methanesulfonyl chloride (3.4 mL, 44 mmol) dropwise over
7 min. The reaction mixture was allowed to warm to room temperature over 2 h,
then stirred overnight. A solution of 10% water in pyridine (20 mL) was added
over 15 min and the reaction mixture was concentrated. The residue was
dissolved in water and extracted with ethyl acetate (2 x 200 mL). The combined
organic layers were washed with water (2 x 50 mL) saturated aqueous sodium
bicarbonate (50 mL) and saturated aqueous sodium chloride (50 mL), dried
(sodium sulfate), filtered and concentrated. The resulting residue was dissolved in
toluene (100 mL) and concentrated to remove traces of pyridine. The residue was
dried in vacuo for 30 min to afford the tite compound (10.7 g, 102%), then used in
the next step without purification.
Step 3. N-t-butoxycarbonyl-trans-4R-cyano-L-proline benzylester (Boc-Pro(4-
trans-CN)-OBn):
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A solution of Boc-Pro(4-cis-OMs)-OBn (10.7 g, 26.3 mmol) and
tetrabutylammonium cyanide (15.0 g, 56 mmol) in dimethyiformamide (100 mL)
was heated in an oil bath at 55°C for 28 h. After cooling, water (150 mL) was
added and the mixture was extracted with ethyl acetate (3 x 200 mL). The
combined organic layers were washed with water (3 x 100 mL) and saturated
aqueous sodium chioride (100 mL), dried (sodium sulfate), filtered and
concentrated. .The resulting residue was purified by flash chromatography (1:1
ether/hexanes) and then recrystallized from ethyl acetate/hexanes to provide the
titte compound (2.40 g, 7.26 mmol, 28%).

Step 4. N-t-.butoxycarbonyl-4-trans-(N-ﬂuorenvImethvloxvcarbonvl aminomethyl)-
L-proline (Boc-Pro(4t-MeNHFmoc)-OH) :

Usla

™
0 ¢
o_ N O/H
7<\<?\[

A mixture of the compound of Step 3 above (2.31 g, 7 mmol), water (10
mL), methanol (85 mL) and 10% palladium on carbon (700 mg) was hydrogenated
at 50 psi for 11 h using a Parr hydrogenation apparatus. The mixture was filtered
and concentrated. Water (15 mL.) and sodium carbonate (1.5 g, 14.2 mmol) was
added to the residue. A solution of fluorenylmethyl succinyl carbonate (2.36 g, 7.0

mmol) in dioxane (17 mL) was added over 5 min and stirring was continued for 28
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h at room temperature. The reaction was concentrated in vacuotoa 15 mL
volume, and water (100 mL) was added. The solution was washed with ether (3 x
75 mL). The pH of the aqueous solution was adjusted to 2 by the addition of citric
acid (approx. 20 g, caution! foaming!) and water (100 mL). The mixture was
extracted with dichloromethane (4 x 100 mL), and the combined organic layers
were dried (sodium sulfate), filtered and concentrated. The crude product
contained a major impurity which necessitated a three step purification. The
crude product was dissolved in dichloromethane (50 mL) and trifluoroacetic acid
(50 mL) and stirred for 5 h before being concentrated. The residue was purified
by preparatory reverse-phase HPLC. The pure 4-(N-fluorenyimethyloxycarbonyl
aminomethyl)proline trifluoroacetate salt (1.887 g, 3.93 mmol) was dissolved in
dioxane (10 mL), acetonitrile (20 mL) and diisopropylethylamine (1.4 mL, 8 mmol).
To the reaction mixture was added a solution of di-tert-butyldicarbonate (1.1g, 5
mmol) in dioxane (5 mL). After stirring for 18 h, the pH of the solution was
adjusted to 2 by the addition of citric acid (caution: foaming!) and water (100 mL).
The mixture was extracted with ethyl acetate (3 x 150 mL) and the combined
organic layers were washed with saturated aqueous sodium chloride (100 mL),
dried (sodium sulfate), filtered and concentrated. The crude product was
dissolved in saturated aqueous sodium bicarbonate(100 mL) and washed with
ether (3 x 75 mL). The aqueous layer was adjusted to pH = 3 by the addition of
citric acid, then extracted with dichloromethane (4 x 100 mL). The combined
organic layers were dried (sodium sulfate), filtered and concentrated to the titie
compound (1.373 g, 2.94 mmol, 42%).

Example VIii. Synthesis of 3.4-isopropylideneprolinot:

¥

N
H

. HO
Step |. Cyclopropanation reaction (Tetrahedron Lett. 1993, 34(16), 2691 and

2695):
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To a stirring solution of isopropyltriphenyl- phosphonium iodide (4.14 g,
9.58 mmol) in tetrahydrofuran (60 mL) at O °C, was added n-butyllithium (1.6 M in

B 3

hexanes, 5.64 mL, 9.02 mmol) over 5 min. After 30 min, a solution of enamide

5 ((5R, 78)-5-phenyl-5,6,7,7a-tetrahydro-6-oxapyrrolizin-3-one) (1.206 grams, 6.0
mmol) (see J. Org. Chem. 1999, 64(2), 547 for the synthesis of the enamide
starting material) in tetrahydrofuran (40 mL) was added over 10 min. After an
additional 10 min, the cooling bath was removed and the reaction mixture was
stirred at room temperature for 4 hours. The reaction was poured into water (400

10 mL) and extracted with diethyl ether (400 mL) and ethylacetate (2 x 400 mL). The

- combined organic extracts were dried with sodium sulfate, filtered and

concentrated to give the desired crude product. The residue was purified by flash
chromatography eluting with 3:5:2 ethylacetate/hexanes/methylene chloride to
give pure cyclopropanated product (750 mg, 3.08 mmol, 51%).

15  Step 2. Synthesis of 3,4-isopropylideneprolinol P[3,4-(diMe-cyclopropyi)l-alcohol)
(J. Org. Chem. (1999) 64(2), 330):

9%

»
ol

Y

IR C
sl
a b ¢
A mixture of the product obtained in step 1 above (1.23 grams, 5.06 mmol)
and lithium aluminum hydride (1.0 M in THF, 15 mL, 15 mmol) was heated at
20 reflux for 5 hours. After cooling to 0 °C, the remaining aluminum hydride was

carefully quenched by the dropwise addition of saturated aqueous sodium sulfate
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(1.5 mL) over 15 min. The mixture was diluted with ethylacetate (40 mL) and then
filtered through celite. The filtrate was dried with sodium sulfate, filtered and
concentrated to give crude N-benzyl aminoalcohol (1.25 grams), which was
carried on to the next step without further purification. A solution of crude N-
benzyl aminoalcohol (1.25 grams, 5.06 mmol) in 1:1 acetic acid/ethylacetate (30
mL) with 10% Pd/C (1 gram) was hydrogenated at 50 psi for 16 hours using a Parr
hydrogenation apparatus. The reaction mixture was filtered to remove the carbon-
based catalyst and the filtrate was concentrated. The residue was dissolved in
water (30 mL) and the pH was adjusted to 13 with 50% NaOH. The mixture was
extracted with ether (3 x 60 mL). The combined extract was dried with sodium
sulfate, filtered and concentrated to give crude aminoalcohol (485 mg, 3.43
mmol). This material was taken to the next step without further purification.
Example IX. Synthesis of iBoc-G(Chx)-Pro(3,4-isopropylidene)- carboxylic acid -

OH

iBoc

<:>.....

Step 1. Synthesis of isobutyloxycarbonyl- cyclohexylglycine (iBoc-G(Chx)-OH):

isobutylchloroformate

OH j\ OH
HCIsH N KoCOs, Ho0, Y\o N
O H 0

acetonitrile

To a solution of the commercially available cyclohexylglycine hydrochloride
(15 g, 77.4 mmol) in acetonitrile (320 ml) and water (320 ml) was added
potassium carbonate. Isobutyichloroformate (11.1 mli, 85.1 mmol) was added to
the clear solution over 15 minutes and the reaction was stirred for 17 hours. The
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acetonitrile was removed under reduced pressure and the remaining aqueous
layer was extracted twice with ether (100 ml). The aqueous layer was then
acidified to pH 1 with 6N hydrochloric acid and extracted with dichloromethane (3
x 300 ml). The organic layer was dried over sodium sulfate, filtered and
concentrated to yield 18.64 g (94%) product as a white solid.

Step 2. Synthesis of isobutyloxycarbonyl-cyclohexylglycyl-3,4-

isopropylideneproline (iBoc-G(Chx)- P[3,4-(diMe-cyclopropy)}-OH):

lBocHN\/U\ \/ . \/

(l‘ Jones (\

(\ iBocHN\_/‘( § on _2dater BocHN._{ N‘gco
'N& HOAL, HATU : 0 : O

H : 0O
HO
a Ob Oc

a) Coupling step

To a solution of iBoc-G(Chx)-OH (890 mg, 3.45 mmol) in acetonitrile (20
mL) was added HATU (1.33 g, 3.5 mmol), HOAt (476 mg, 3.5 grams) and then
diisopropylethylamine (2.5 mL, 14 mmol). After a 2 minutes, 3,4-

isopropylideneprolinol (485 mg, 3.43 mmol) was added and the reaction mixture
was stirred overnight. Addition of saturated aqueous sodium bicarbonate was
followed by extraétion with ether and ethylacetate. The combined organic layers
were dried, filtered and concentrated. The residue was purified by flash
chromatography eluting with 1:1 ethylacetate/hexanes to give pure dipeptide
alcohol iBoc-G(Chx)-3,4-isopropylideneprolinol (870 mg, 2.3 mmol, 67%)

b) Jones oxidation step

To a solution of dipeptide alcohol iBoc-G(Chx)-3,4-isopropylideneprolinol
(100 mg, 0.26 mmol) in acetone (2 mL) stirring at 0 °C was added Jones reagent
(300 pL) dropwise over 5 min. [Jones Reagent: Prepared from chromium trioxide
(13.4 g) and concentrated sulfuric acid (11.5 mL) diluted with water to a total
volume of 50 mL.] After stirring at 0 °C for 3 hours, isopropanol (500 pL) was

added and stirring continued for an additional 10 minutes. The reaction mixture
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was diluted with water (20 mL) and extracted with ethylacetate (3 x 70 mL). The
combined organic layers were dried, filtered and concentrated to give the
dipeptide iBoc-G(Chx)-3,4-isopropylideneproline (100 mg, 0.25 mmol, 96%).
Example X. Synthesis of N-Cbz-3.4-methanoproline:

: \ N
07(%0“
O O
Step 1. Synthesis of N-benzyl-3.4-methanoprolinol:
O -' -~
N —_— N
SN
b

A mixture of the benzylidene starting material (J. Org. Chem. 1999, 64(2),
E o

AP\ 1A - e s — - dhlaie oo

~n N4 4 AN el P P A Te s hyvdride n
7) (4.6 grams, 21.4 mimol) and lithium aluminum hydride (1.0 M in THF, 84 mL.

/4

yd ¢

10 64 mmol) was heated at reflux for 5 hours. After cooling to 0 °C, the remaining
aluminum hydride was carefully quenched by the dropwise addition of saturated
aqueous sodium sulfate (5 mL) over 15 min. The mixture was diluted with
ethylacetate (200 mL) and then filtered through celite. The filtrate was dried with
sodium sulfate, filtered and concentrated to give crude N-benzyl aminoalcohol

15 (3.45 grams), which was carried on to the next step without further purification.

Step 2. Synthesis of N-benzyloxycarbonyl-3,4-methanoprolinol (CBz-P(3,4-CH2)-

ore Qoﬂ

a4k

O HO

A solution of crude N-benzyl aminoalcohol (3 grams, 14.76 mmol) in
20 methanol (120 mL) and concentrated HCI (1.5 mL) with 10% Pd/C (300 mg) was
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hydrogenated at 50 psi for 16 hours. The reaction mixture was filtered to remove
the carbon-based catalyst and the filtrate was concentrated. The residue was
dissolved in water/dioxane (100 mL) and diisopropylethylamine (3.2 mL) was
added. Benzyl chioroformate (2.76 mL., 16.2 mmol) was added and the reaction
was stirred overnight. The reaction mixture was concentrated, dissolved in 1M
HCI (100 mL) and extracted with ethylacetate (3 x 200 mL). The combined
organic layers were dried with magnesium sulfate, filtered and concentrated. The
residue was purified by flash chromatography using 1:3 ethylacetate/hexanes to .
give the N-Cbz-3,4-methanoprolinol (2.4 g)

Step 3. Synthesis of N-benzyloxycarbonyl-3 4-methanoproline (CBz-P(3,4-CH2)-

OH):
OwrQ\ 8
OH
0 HO : O\g o)

To a solution of N-Cbz-3,4-methanoprolinol (2.2 g, 8.90 mmol) in acetone

(68 mL) stirring at 0 °C, was added Jones reagent (6.6 mL) dropwise over 5 min.
[Jones Reagent: Prepared from chromium trioxide (13.4 g) and concentrated
sulfuric acid (11.5 mL) diluted with water to a total volume of 50 mL.] After stirring
at 0 °C for 3 hours, isopropanol (11 mL) was added and stirring continued for an
additional 10 minutes. The reaction mixture was diluted with water (400 mL) and
extracted with ethylacetate (3 x 500 mL). The combined organic layers were dried
over magnesium sulfate, filtered and concentrated to give N-Cbz-3,4-
methanoproline (2.25 g, 96%)

Example X!. Synthesis of Boc-(6S-carboethoxymethano) proline:




WO 03/062265 PCT/US03/01430

190

The synthesis of the title compound was carried out according to the
published procedure: Marinozzi, M.; Nataini, B.; Ni, M.H.; Costantino, G.,
Pellicciari R. IL Farmaco (1995) 50 (5), 327-331.

5  Example Xll. Synthesis of Boc-3-morpholine carboxylic acid :

The synthesis of the title compound was carried out according to the
published procedure: Kogami Y., Okawa, K. Bull. Chem. Soc. Jpn. (1987) 60,
2963-2965.
10 Example XllI. Synthesis of N-tert-butoxycarbonyl 2-aza-3S-hydroxycarbonyl-

[2.2,2]-bicyclooctane:

R e
0 1
OH
N —
RN N

A solution of crude 2-aza-2-(1-phenylethyl)-3S-methoxycarbonyl-[2,2,2]-
bicyclooct-5-ene (10 mmol) (Tetrahedron (1992) 48(44) 9707-9718) and 10% Pd
15 on carbon (1 g) in methanol (30 mL) was acidified with 12N HCI then
hydrogenated at 50 psi for 16 hours using a Parr hydrogenation apparatus. The
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reaction mixture was filtered to remove the carbon-based catalyst and the filtrate
was concentrated. The residue was dissolved in concentrated HCI and stirred
overnight. The solution was concentrated and redissolved in acetonitrile (50 mL).
Diisopropylethylamine (3.5 mL) and di-tert-butyldicarbonate (1 g) were added.

5 The reaction mixture was stirred for 24 hours and then concentrated. The residue
was dissolved in CH,Cl, and 5% aqueous sulfuric acid. The reaction mixture was
extracted with CH,Cl, and the combined organic layers were concentrated. The
residue was dissolved in 10% saturated sodium bicarbonate, washed with diethyl
ether (2x) and acidified with 5% aqueous sulfuric acid. The aqueous layer was

10 extracted with ethylacetate (2x). The combined ethylacetate layers were dried
filtered and concentrated to give N-tert-butoxycarbonyl 2-aza-3S-hydroxycarbonyl-
[2,2,2]-bicyclooctane (650 mg).

Example XIV. Synthesis of isobutyloxycarbonyl-cyclohexylglycyl-4.4-dimethyl
proline (iBoc-G(Chx)-P(4.4-dimethyl)-OH):

Y\bf(fg

Step |. Synthesis of iBoc-G(Chx)-P(4,4-dimethyl)-OMe:

f*%?

To a solution of iBoc-G(Chx)-OH (Example 1X, Step 1.)(377 mg, 1 95
mmol) in acetonitrile (7 mL) was added successively HCleHN-Pro(4,4-dimethyl)-

15

20 OMe (Example |, step 6)(377 mg, 1.95 mmol), N-hydroxybenzotriazole (239 mg,
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1.75 mmol), TBTU (845 mg, 2.63 mmol) and diisopropylethylamine (1.35 mL, 7.8
mmol). The reaction mixture was stirred at room temperature for 18 hours. The
reaction mixture was concentrated and the remaining residue was dissolved in
ethylacetate. The organic layer was washed twice with 10 ml portions of
saturated sodium bicarbonate solution, 1N hydrochloric solution, and brine. The
organic layer was dried over sodium sulfate, filtered and concentrated to a white
solid (612 mg, 79%).

Step 2. Synthesis of iBoc-G(Chx)-P(4.4-dimethyl}-OH:

A
o] N
H OH
0

o

The methvl ester obtained in Step 1 above (612 ma, 1.54 mmol) in
methanol (6 ml) was saponified in the presence of 2M lithium hydroxide (1.16 mi)
for three hours. The methanol was removed under reduced pressure and the
remaining residue was diluted with ethylacetate and acidified to pH=2 with 1N
hydrochloric acid. The layers were separated and the organic layer was washed
with water and briﬁe. dried over sodium sulfate, filtered and concentrated.
Example XV. Synthesis of L-phenylglycine dimethylamide
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Step 1. Synthesis of N-benzyloxycabony! —L-phenyiglycine dimethylamide (CBz-
Phg-NMe2):

N-benzyloxycarbonyl-L-phenyliglycine (25g, 88 mmols) was dissolved in
5 THF (800mL) and cooled to -10 °C. N-methylmorpholine (9.7 mL, 88 mmols) and
isobutyichloroformate (11.4 mL, 88.0 mmols) were added and the mixture allowed
to stir for 1 minute. Dimethylamine (100 mL, 2M in THF) was added and the
reaction was allowed to warm to room temperature. The mixture was filtered and
the filtrate concentrated in vacuo to afford N-benzyloxycabonyl —L-phenylglycine
10 dimethylamide (32.5 g) as a yellow oil.

15

20

25
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Step 2. Synthesis of L-phenylalycine dimethylamide (H-Phg-NMe2):
The N-benzyloxycarbonyl-L-phenylglycine dimethylamide (32.5 g) obtained
above was dissolved in methanol (750 ml) and 10% palladium on activated carbon

(3.3 g) was added. This mixture was hydrogenated on a Parr apparatus under 35
psi hydrogen for 2 hours. The reaction mixture was filtered and the solvent
removed in vacuo and the residue recrystallized from methanol-hexanes to afford
phenyliglycine dimethylamide (26g) as an off white solid. The ee of this material
was determined to be >99% by HPLC analysis of the 2,3,4,6-tetra-O-
acetylglucopyranosyithioisocyanate derivative.

Example XVI. Synthesis of (1-methylcyclohexvyi) glycine:

Step 1. 1-methyl-1-hydroxymethylcyclohexane
OH

O OH

To a solution of 1-methyl-1-hydroxycarbonylcyclohexane (10 g, 70 mmol) in
tetrahydrofuran(300 mL) at 0 °C was added 1M diborane in tetrahydrofuran (200
mL, 200 mmol) over 90 minutes. The cooling bath was removed and the reaction
mixture was stirred at room temperature for two days. The remaining borane was
quenched by the slow addition of saturated sodium bisulfate (10 mL) over 90 min
with cooling. Additional saturated sodium bisulfate (200 mL) was added and after
20 min of stirring the aqueous layer was removed. The organic layer was washed
with water and saturated sodium chloride, dried, filtered and concentrated. The
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residue was purified by flash chromatography using 20% diethylether in hexanes
to give 1-methyl-1-hydroxymethylcyclohexane (6.17 g, 48 mmol, 69%).
Step 2. 1-methylcyclohexylcarboxaldehyde:

OH ~0

To a solution of 1-methyl-1-hydroxymethyicyclohexane (6.17 g, 48 mmol)
and triethylamine (20.1 mL, 144 mmol) in dichloromethane (150 mL) at 0 °C, was
added a solution of pyridine sulfur trioxide complex (22.9 g, 144 mmol) in
dimethylsulfoxide (150 mL) over 15 min. The cooling bath was allowed to warm to
room temperature over two hours, at which time the reaction mixture was poured
into brine with ice (400 mL). The layers were separated and the aqueous layer
was extracted with dichloromethane (200 mL). The combined organic layers were
diluted with hexanes (600 mL) and washed with 1M HCI (2 x 150 mL), saturated

sodium chloride (2 ¥ 100 ml), dried, filtered and concentrated. The residus was

oA Sarive W ERETE 18

purified by flash chromatography to give 1-methylcyclohexylcarboxaldehyde (1.77
g, 13.8 mmol, 29%).

Step 3. Synthesis of N-formyl-N-glycosyl- 1-methylcyclohexyl- tert-butylamide :
O \\\\NH2

[l P iVO&..'
Pivo™ OPiv

~o :
OPiv

PO
ZnClp, formic acid, W

tert-butyl isocyanide
Tetrahydrofuran

The synthesis of the 2,3,4-tri-O-pivaloyl-0-D-arabinosylamine was carried
out according to the published procedure (Kunz. H.; Pfrengle, W.; Ruck, K.;
Wilfried, S. Synthesis (1991) 1039-1042).

To a solution of 1-methylcyclohexylcarboxaldehyde (1.17 g, 8.34 mmol),
2,3,4-tri-O-pivaloyl-0-D-arabinosylamine (8.3 g, 20.7 mmol), formic acid (850 ulL,
22.2 mmol) and tert-butylisocyanide (2.4 mL, 21.2 mmol) in tetrahydrofuran (170
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mL) at —30 °C was added 0.5M zinc chloride in tetrahydrofuran (41 mL, 20.57
mmol). The solution was stirred at —20 °C for 3 days, then concentrated. The
residue was diluted with CH,Cl, (500 mL), washed with saturated sodium
bicarbonate (2 x 500 mL), water (500 mL). The organic layer was dried, filtered

s and concentrated to give a clear oil. Flash chromatography (20% ethylacetate in
hexanes) provided pure product (4.3 g, 6.6 mmol, 33%)

10
Step 4. Synthesis of (1-methylcyclohexyl)glycine:

A solution of the product obtained in step 3 above (4.3 g, 6.6 mmol) in
dichloromethane (30 mL) and saturated anhydrous methanolic HCI (30 mL) was

15  stirred overnight. The solution was concentrated and the residue was dissolved in

water (100 mL) and washed with pentane (2 x 100 mL). The aqueous layer was
concentrated and the residue was dissolved in 6N HCI (50 mL) and heated at
reflux for 30 hours. The solution was concentrated to give the crude (1-

methylcyclohexyl)glycine hydrochloride (790 mg, 3.82 mmol, 58%).
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Example XVIl. Synthesis of (4.4-dimethylcyclohexyl)glycine:

Step 1. Synthesis of 4,4-dimethylcyclohexanone:

O .0

| A mixture of 4,4-dimethylcyclohex-2-en-1-one (12 mL, 91.2 mmol) and
Degussa type 10% Pd on carbon (2 g) was hydrogenated at 40 psi for 18 hours.
The mixture was filtered and concentrated ('"H NMR showed a mixture of ketone
and alcohol in a 5:3 ratio). The mixture was dissolved in acetone (400 mL) and
cooled to 0 °C. Jones reagent (40 mL) was added over 30 min and the cooling
bath was removed. After 2 days the excess acetone was evaporated and the
resulting residue was dissolved in water and diethylether. The ether layer was
washed with wate'r until colorless, dried, filtered and concentrated to give 4,4-
dimethylcyclohexanone (7.4 g, 58.6 mmol, 64%).
Step 2. Synthesis of the methyl enol ether of 4,4-

dimethvylcyclohexylcarboxaldehyde:
9] OMe

To a solution of methoxymethy! triphenylphosphonium chloride (8.6 g) in
tetrahydrofuran (125 mL) at 0 °C was added n-butyllithium (1.6M in hexanes, 14.3
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mL) over 10 min. After 30 min the reaction mixture was cooled to —78 °C and a
solution of 4,4-dimethylcyclohexanone (2.45 g, 19.1 mmol) in tetrahydrofuran (50
mL) was added over 20 min. After 1 hour the cooling bath was remove and the
reaction was warmed slowly to 0 °C. The reaction was diluted with saturated

5 ammonium chloride (50 mL), ethylacetate (100 mL) and hexanes (100 mL). The
organic layer was washed with water and brine, dried filtered and concentrated.
The residue was stirred with hexanes (70 mL) for 10 min and filtered. The filtrate
was concentrated and chromatographed using 25% ethylacetate in hexanes to
give the title compound (1.925 g, 12.5 mmol, 65%).

10 Step 3: 4. 4-dimethylcyclohexylcarboxaldehyde:

OMe H. 20

A solution of the methyl enol ether of 4,4-
dimethylcyclohexylcarboxaldehyde (1.925 g, 12.5 mmol) (Step il above),
tetrahydrofuran (100 mL) and 6M HCI! (20 mL) was stirred at room temperature for

15 4 hours. The reaction mixture was diluted with hexanes, diethylether, brine and
water. The organic layer was dried, filtered and concentrated to give 4,4-
dimethylcyclohexylcarboxaldehyde (1.0 g, 7.1 mmol, 57%).

Step 4. Synthesis of N-formyl-N-glycosyl- 4,4-dimethylcyclohexyl- tert-butylamide :

O “\\NHZ
[/\L PIvOy,,
PvO™ Y “OPiv
OPiv
» PivO

ZnCl», formic acid,
tert-butyl isocyanide
Tetrahydrofuran

20 To a solution of 4,4-dimethylcyclohexylcarboxaldehyde (1.17 g, 8.34
mmol), 2,3,4-tri-O-pivaloyl-a-D-arabinosylamine (3.43 g, 8.55 mmol), formic acid
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(350 pL, 9.17 mmol) and tert-butylisocyanide (990 pL, 8.76 mmol) in THF (70 mL)
at —30 °C was added 0.5M zinc chloride in tetrahydrofuran (17 mL, 8.5 mmol).

The solution was stirred at —20 °C for 2 days, then concentrated. The residue was
diluted with dichloromethane (200 mL), washed with saturated sodium
bicarbonate (2 x 200 mL), water (200 mL). The organic layer was dried, filtered
and concentrated to give a clear oil. Flash chromatography (20% ethylacetate in
hexanes) provided pure product (2.1 g, 3.3 mmol, 39%)

Step 5. Synthesis of (4.4-dimethylcyclohexyl)glycine:

O
OPiv., /0 (/ 0 0
o N"
R . N/]V C|H3N,,,u oH
OPiv
oP _—

iv

A solution of the Ugi product obtained in step 4 above (2.1 g, 3.3 mmol) in
dichloromethane (20 mL) and saturated anhydrous methanolic HCI (20 mL) was
stirred overnight. The solution was concentrated and the residue was dissolved in
water (100 mL) and washed with pentane (2 x 100 mL). The aqueous layer was
concentrated and the residue was dissolved in 6N HCI (40 mL) and heated at
refiux for 30 hours. The solution was concentrated to give the crude (1-
methylcyclohexyl)glycine hydrochloride (300 mg, 1.36 mmol, 41%).

Example XVIIl. Synthesis of Boc-nVal-(CHOH)-Gly-OH:

Boc-HN N/\ffo H

OH O
Step 1. Preparation of Boc-norvalinol:
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BHq THF ﬁ/
Boc-HN H 2 s Boc-HN OH

o]

To a solution of Boc-norvaline (25.0 g, 0.115 mol) in tetrahydrofuran (461
mL), cooled to 0°C, was added borane/tetrahydrofuran complex (461 mL of a
1.0M solution in tetrahydrofuran) dropwise. After 1h at 0°C, the solution was
warmed to room temperature over a period of 1.5h. TLC indicated that the
reaction was complete. Methanol was added to quench the reaction. The
solution was concentrated to yield the title compound (22.56 g, 96%) as a foamy
syrup. TLC of the products indicated satisfactory purity. Rf = 0.34 (40% ethyl
acetate/hexanes).
Step 2. Preparation Boc-norvalinal:

ﬁ Cl,CHCO2H, EDC
e /OH > Bc{‘ N H

Bac-HN™ = toluene, DMSO cHN T

To Boc-norvalinol (7.77 g, 38 mmol), in anhydrous dimethylsulfoxide (153
mL) and toluene (153 mL) was added EDC (73.32g, 382 mmol). After the solution
was cooled to 0°C, dichloroacetic acid (15.8 mL, 191 mmol) was added dropwise.
After addition was complete, the reaction was stirred for 15 min. The solution was
allowed to warm to room temperature over a period of 2h. The reaction mixture
was concentrated to remove the toluene, then dissolved in ethyl acetate. The
solution was washed successively with 1N sodium bisulfate, saturated sodium
bicarbonate and brine, dried over sodium sulfate, filtered and concentrated to
afford crude Boc-norvalinal which was used directly in the next step. TLC Rf =

0.84 (40% ethyl acetate/hexanes).
Step 3. Synthesis of Boc-nVal-(CHOH)-Gly-OEt:
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CNCH,COEL, Pyridine Q

TFA, dichioromethane . BoS-HN N o~
OH
To a solution of the crude Boc-norvalinal (4.18 g, 20.77 mmol) in
dichloromethane (83 mL) was added ethylisocyanoacetate (2.72 ml, 24.93 mmol)
and pyridine (6.72 ml, 83.09 mmol). After the solution was cooled to 0°C,
5 trifluoroacetic acid (4.15 ml, 41.54 mmol) was added dropwise. After stirring for

1h, the solution was stirred at room temperature for 18 hours while allowing the

Boc-HN

solvent from the reaction mixture in an uncovered vessel to evaporate under
ambient conditions. The reaction mixture was concentrated, then dissolved in
ethyl acetate. The solution was washed successively with 1N sodium bisulfate,

10 saturated sodium bicarbonate and brine, dried over sodium sulfate, filtered and
then concentrated. The residue was purified by flash chromatography eluting with
20% to 40% ethylacetate/hexanes to afford 2.8 g of the title compound as a yellow
syrup. Low resolution mass spectroscopy confirmed the presence of the desired
product (MH" 333).

15

Step 4. Synthesis of Boc-nVal-(CHOH)-Gly-OH:

o LiOH, ethanol o
Boc-HN N ~" T Boc-HN N H
H H
. OH o} OH o}

The product obtained (Boc-nVal-(CHOH)-Gly-OEt) (1.52 g, 4.70 mmol)

20 dissolved in ethanol (23 ml) was saponified with 1N lithium hydroxide (18.81 ml)
for two hours at room temperature. The reaction mixture was acidified to pH = 2
with Dowex® 50 WX8 ion exchange resin, stirred for 20 minutes and then filtered.
The resin was 'washed well with ethanol and water and the combined filtrates were
concentrated to a white foam (0.48 g, 33%).
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Example XVIV. Synthesis of (2R,35,4S,55)-tert-Butyl N-CBz-3-amino-2-hydroxy-
4.5 methylene-hexanoate:

To a solution of tert-Butyl diethylphosphonoacetate (4.7 mL, 20 mmol)
dissoived in THF (50 mL) at -78° C was added 1.6M n-buty! lithium in hexanes
(12.4 mL). After 30 minutes (1S, 2S)-2-methylcyclopropylcarboxaldehyde (1 g, 12
mmol) (Barrett, A. G. M.; Doubleday, W. W.; Kasdorf, K.; Tustin, G. J., J. Org.
Chem. (1996) 61, 3280) in diethyl ether (100 mL) was added over 10 min. The
reaction was warmed to 0° C for 2 hours and to 6 °C for 12 hours. The reaction
was quenched with éaturatéd ammonium chloride (20 mL) and the organic layer
was separated, washed with 50 mL brine and dried over sodium sulfate, filtered
and concentrated to afford 3.5 g of a clear oil. Fiash chromatography (20%
ethylacetate in hexanes) afforded puré unsaturated tert-butylester (1.4 g).

Step 2:
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To a solution of benzyl carbamate (3.55g, 23.5 mmols) in n-propanol (24
mL) was added a solution of sodium hydroxide (900 mg ,22.7 mmol)in water (48
mL), followed by tert-butylhypochlorite (2.57 mL, 22.7 mmol). After 15 minutes
the reaction was cooled to 0 °C and (DHQ),PHAL (350 mg, 0.45 mmol) was
added in n-propanol (24 mL), followed by unsaturated tert-butyl ester (1.4 g) from
above in n-propanol (48 mL). Finally potassium osmate (110 mg, 0.30 mmol) in
water (2 mL) was added and the solution very rapidly developed a dark green
color which persisted for 4 hours. After 6 hours saturated sodium sulfate (50 mL)
was added and the mixture extracted with ethyl acetate (2 x 50 mL). The
combined organic layers were washed with brine (30 mL), dried over sodium
sulfate, filtered and concentrated. Flash chromatography with 20% ethylacetate in
hexanes afforded the desired cBz protected amino tert-butylester as a white solid
(316 mg).



10

15

WO 03/062265 PCT/US03/01430

204

A mixture of CBz protected amino tert-butylester (316 mg, 0.9 mmol) and
32mg 10% palladium on carbon in 9 mL methanol was hydrogenated for 8 hours.
The mixture was filtered and concentrated to afford the free amine as a clear oil
(195 mg).

Example XX. Synthesis of 1R,2-dimethylPropyl chloroformate:

\( T :on\m

- OH
To the commercially available 2R-hydroxy-3-methylbutane (410 mg, 4.65
mmol) was added a solution of 20% phosgene in toluene (1 mL, 2 mmol). The
solution was stirred for 6 hours to generate the chloroformate (2 mmol) which was
reacted directly and immediately with the desired amine. The S-isomer was

synthesized by the same procedure.

I} Representative solution phase synthesis of HCV inhibitors

Example XXI. Solution phase synthesis of iBoc-G(Chx)-Pro(4,4-dimethyl)-Leu-
(CO)-Gly-Phg-dimethylamide:

O% g nvii%rh\
Y*ﬂog}r& 2

Step 1. Synthesis of tert-butyloxycarbonyl-leucinal Boc-Leu-CHO):
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dichloromethane,
dimethylsulfoxide
OH — > H
Boc-HN Pyridine » SO3 Boc-HN

O
To a solution of the commercially available (Advanced Chem Tech) Boc-L-
leucinol (0.78 g, 3.6 mmol) in anhydrous dichloromethane (17.5 ml) was added

triethyl amine (2 ml, 14.36 mmol) and the mixture was cooled to 0 °C. Dimethyl

sulfoxide (17.5 ml) was added followed by sulfur trioxide pyridine complex (2.3 g,
14.36 mmol) and the reaction was stirred for two hours. TLC in 1:1 ethylacetate:
hexanes confirmed the completion of the reaction. The reaction mixture was
concentrated and the remaining residue diluted with ethylacetate. The
ethylacetate layer was washed with 1M hydrochloric acid (2 x 75 ml) followed by
saturated sodium bicarbonate solution (2 x 75 ml) and brine (75 ml). The organic
layer was dried (sodium sulfate), filtered and concentrated to yield 775 mg of
product.

Step 2. Synthesis of Boc-2-hydroxy-3-amino-5-methyl hexanoyi-glycine ethyl ester
(Boc-Leu-(CHOH)-Gly-OFEt):

trifluoroacetic acid,
H pyridine, CNCH,COoEL OEt
Boc-HN »  Boc-HN N/\n/
dichloromethane H
(@] OH 0]

To a solution of Boc-Leucine aldehyde (0.77 g, 3.59 mmol) in anhydrous
dichloromethane (24 ml) was added anhydrous pyridine (1.16 ml, 14.36 mmol)
and ethylisocyanoacetate (0.4 ml, 4.66 mmol). The reaction mixture was cooled
to 0 °C and trifluoroacetic acid (0.55 ml, 7/18 mmol) was added over two minutes.
The reaction mixture was capped and stirred at 4 °C for four days, and at room
temperature for one day. The reaction mixture was diluted with dichloromethane
(350 ml) and washed twice each with 75 ml portions of 1M hydrochloric acid,
saturated sodium bicarbonate and brine. The organic layer was dried, filtered and
concentrated. The residue obtained was subjected to flash chromatography in a
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2" x 6" silica gel column using 10% ethylacetate in hexanes (800 mi) followed by
1:1 ethylacetate in hexanes (800 mi). The fractions corresponding to the product
were pooled and concentrated to yield 980 mg (79%) product.

Step 3. Synthesis of Boc-Leu-(CHOH)-Gly-OH:

LiOH
OEt

> OH
Boc-HN N ethanol Boc-HN N/\n/
H H
OH (@] OH O

To a solution of Boc-Leu-(CHOH)-Gly-Oet (0.98 g, 2.83 mmol) in ethanol
(11.3 ml) was added 2M lithium hydroxide (4.25 ml) and the reaction was stirred
for five hours at room temperature. The ethanol was removed under reduced
pressure and the aqueous layer was diluted with ethylacetate. The organic layer
was washed with 1M hydrochloric acid followed by brine, dried, filtered and
concentrated to yield 775 mg (86%) product as a white solid.
Step 4. Synthesis of Boc-Leu-(CHOH)-Gly-Phg-dimethylamide:

on  HPhoNMe)2 ? H\j\
- EDC, HOB ] -
Boc-HN N . Boc-HN N N

OH 0] DIEA, acetonitrile OH 0] ©

To a solution of Boc-Leu-(CHOH)-Gly-OH (0.37 g, 1.18 mmol) in
acetonitrile (23 ml) was added successively phenylglycine dimethylamide
(obtained in Example XV, Step 2), EDC (0.34 g, 1.76 mmol), N-
hydroxybenzotriazole (HOBt)(0.18 g, 1.18 mmol) and diisopropylethylamine

(DIEA) (0.82 ml, 4.7 mmol) and the reaction was stirred for 18 hours at room
temperature. The reaction mixture was concentrated and the remaining residue
was diluted with ethylacetate and washed successively with two 75 mi portions of
1M hydrochloric acid, saturated sodium bicarbonate and brine. The organic layer
was then dried filtered and concentrated. The crude product was subjected to '
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flash chromatography in a 2" x 6" silica gel column using 4:1 ethylacetate:
hexanes (700 ml) followed by ethylacetate (1000 ml) and 10% methanol in
dichloromethane (600 ml). The fractions corresponding to the product were pooled
and concentrated to yield 445 mg (80%) white solid.

5 Step 5. Synthesis of H-Leu-(CHOH)-Gly-Phg-dimethylamide trifluoroacetate salt:

i i H\)OL
trifluoroacetic acid N P
Boc-HN N »  TFA-H,N N T N

AH dichloromethane oH
© ‘

To a solution Boc-Leu-(CHOH)-Gly-Phg-dimethylamide (70 mg, 0.146
mmol) in dichloromethane (1 mi) was added trifluoroacetic acid (1 ml) and the
reaction was stirred at room temperature for 1 hour. The reaction mixture was

10  concentrated and taken to the next step without further purification.
Step 6. Synthesis of iBoc-G(Chx)-Pro(4,4-dimethyl)-Leu-(CHOH)-Gly-Phg-
dimethylamide:

0

TFAHoN N/\(

OH

igﬁ(wi%

To-a solution of iBoc-G(Chx)-P(4,4-diMe)-OH (Example X1V, step 2)(53 mg,
15 0.148 mmol) in acetonitrile (3 ml) was added successively TFA*2HN-Leu(CHOH)-
Gly-Phg-NMe2 (61 mg, 0.148 mmol), N-Hydroxybenzotriazole (HOBt) (23 mg,
0.148 mmol), TBTU (71.5 mg, 0.222 mmol and diisopropyiethyl amine (103 0O,

iBoc-G(Chx)-Pro(4,4-diMe)-OH

t

S=o

TBTU, HOBt, DIEA, acetonitrile
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0.593 mmol). The reaction was stirred at room temperature for 18 hours and
concentrated. The remaining residue was dissolved in ethylacetate and washed
with 1M hydrochloric acid (2 x 5 ml), saturated sodium bicarbonate solution (2 x 5
ml), and brine (2 x 5ml). The organic layer was dried, filtered and concentrated.
The product (100 mg) was taken to the next step without further purification.

Step 7. Synthesis of iBoc-G(Chx)-Pro(4,4-dimethyl)-Leu-(CO)-Gly-Phg-

dimethylamide:
!
dichloromethane \/\,\J\Q & )]\/ /Lk ,f|‘k
o

Dess-Martin o

1/

To a solution of iBoc-G(Chx)-Pro(4,4-dimethyl)-Leu-(CHOH)-Gly-Phg-
dimethylamide (30 mg, 0.04 mmol) in dichloromethane (1 ml) was added the
commercially available Dess-Martin reagent (Omega Chemical Company
Inc.)(67.8 mg, 0.16 mmol) and the reaction was stirred at room temperature for 90
minutes. The reaction mixture was concentrated and the remaining residue was
stirred in 5% sodium thiosulfate. It was then diluted with dichloromethane and the
layers were separated. The organic layer was washed with sodium thiosulfate (4
x 3 mi), followed by water and brine. The organic layer was dried over sodium
sulfate, filtered and concentrated. The crude product was dissolved in hexanes
and isopropyl alcohol and was subjected to HPLC purification using a normal
phase Kromasil 5 silica column (Phenomenex, 250 x 21.20 mm, 100 angstrom

pore size, 5 um gel particles) eluting with a 30 minutes gradient consisting of 0 to
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25% isopropyl alcohol in hexanes (25 ml/minutes). The fractions corresponding to
the product were pooled and concentrated. Lyophilization from water yielded 6.7

mg white powder. Low resolution mass spectra confirmed the desired mass (MH*
=741.4).

IIl) Solid Phase Synthesis:

Solid-phase synthesis is useful for the production of small amounts of certain

compounds of the present invention. As with the conventional solid-phase
synthesis of peptides, reactors for the solid-phase synthesis of peptidyl
ketoamides are comprised of a reactor vessel with at least one surfacehpermeable
to solvent and dissolved reagents, but not permeable to synthesis resin of the

selected mesh size. Such reactors include glass solid phase reaction vessels with

a sintered glass frit, polypropylene tubes or columns with frits, or reactor KansTM
made by lrori Inc., San Diego CA. The type of reactor chosen depends on volume
of solid-phase resin needed, and different reactor types might be used at different -
stages of a synthesis. The following procedures will be referenced in the
subsequent examples:

Procedure A: Coupling reaction: To the resin suspended in N-methylpyrrolidine
(NMP) (10-15 mL/ gram resin) was added Fmoc-amino acid (2 eq), HOAt (2 eq),
HATU (2 eq) and diisopropylethylamine (4 eq). The mixture was let to react for 4-
48 hours. The reactants were drained and the resin was washed successively
with dimethylformamide, dichloromethane, methanol, dichloromethane and
diethylether (use 10-15 mL solvent/ gram resin). The resin was then dried in
vacuo.

Procedure B: Fmoc deprotection: The Fmoc-protected resin was treated with 20%
piperidine in dimethyiformamide (10 mL reagent/ g resin) for 30 minutes. The

reagents were drained and the resin was washed successively with
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dimethyiformamide, dichloromethane, methanol, dichloromethane and diethyl

ether (10 mL solvent/ gram resin).

Procedure C: Boc deprotection: The Boc-protected resin was treated with a 1:1
mixture of dichloromethane and trifluoroacetic acid for 20-60 minutes (10 mL
solvent/ gram resin). The reagents were drained and the resin was washed
successively with dichloromethane, dimethylformamide, 5%
diisopropylethylamine in dimethylformamide, dimethylformamide, dichioromethane
and dimethylformamide (10 mL solvent/ gram resin).

Procedure D: Semicarbazone hydrolysis: The resin was suspended in the

cleavage cocktail (10 mL/ g resin) consisting of trifluoroacetic acid: pyruvic acid:
dichloromethane: water 9:2:2:1 for 2 hours. The reactants were drained and the
procedure was repeated three more times. The resin was washed successively
with dichloromethane, water and dichloromethane and dried under vacuum.
Procedure E: HF cleavage: The dried peptide-nVal(CO)-G-O-PAM resin (50 mg)
was placed in an HF vessel containing a small stir bar. Anisolé (10% of total
volume) was added as a scavenger. In the presence of glutamic acid and
cysteine amino acids, thioanisole (10%) and 1,2-ethanedithiol (0.2%) were also
added. The HF vessel was then hooked up to the HF apparatus (|mmuho
Dynamics) and the system was flushed with nitrogen for five minutes. It was then
cooled down to -70°C with a dry ice/ isopropanol bath. After 20 minutes, HF was
distilled to the desired volume (10 mL HF/ g resin). The reaction was let to
proceed for one and a half hour at 0°C. Work up consisted of removing all the HF
using nitrogen. Dichloromethane was then added to the resin and the mixture
was stirred for five minutes. This was followed by the addition of 20% acetic acid
in water (4 mL). After stirring for 20 minutes, the resin was filtered using a fritted
funnel and the dichloromethane was removed under reduced pressure. The
remaining residue and the mixture was washed with hexanes (2x) to remove

scavengers. Meanwhile, the resin was soaked in 1 mL methanol. The aqueous
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layer (20% HOAc) was added back to the resin and the mixture was agitated for
five minutes and then filtered. The methanol was removed under reduced
pressure and the aqueous layer was lyophilized. The peptide was then dissolved
in 10-25% methanol (containing 0.1% trifluoroacetic acid) and purified by reverse
phase HPLC.

Example XXHi: Representative solid phase Synthesis of Hep C inhibitors: (iBoc-
G(Chx)-P(4t-NHSO2Ph)-nV-(CO)-G-G(Ph)-NH2)

Step 1. Synthesis of Fmoc-nV-(dpsc)-Gly-OH:

A) Synthesis bf allyl isocyanoacetate (steps a-b below):

a) Synthesis of isocyanoacetic acid potassium salt:

CN ogt ———> CN\J\O_ K+

Ethyl isocyanoacetate (96.6 ml, 0.88 mol) was added dropwise to a chilled
solution of ethanol (1.5 L) and potassium hydroxide (59.52 g, 1.0 mol). The
reaction was slowly warmed to room temperature. After two hours the
precipitated product was filtered on a glass funnel and washed with several
portions of chilled ethanol. The potassium salt of isocyanoacetic acid thus
obtained was dried in vacuo to a golden-brown solid (99.92 g, 91.8%).
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b) Synthesis of allyl isocyanoacetate:

CN\/ﬁ\o- Kt ——> CN\j\Oallyl

To the product of part a (99.92 g, 0.81 mol) dissolved in acetonitriie (810
ml) was added allyl bromide (92 mi, 1.05 mol). After heating at reflux for four
hours a dark brown solution was obtained. The reaction mixture was
concentrated and the remaining residue was dissolved in ether (1.5 L) and
washed three times with water (500 ml). The organic layer was dried, filtered and
concentrated to a dark brown syrup. The crude was purified by vacuum distillation
at 7 mm Hg (98°C) to a clear oil (78.92 g, 78%). NMR 3 ppm (CDCI3): 5.9 (m, 1

H), 5.3 (m, 2H), 4.7 (d, 2H), 4.25 (s, 2H).

B) Svnthesis of 9-fluorenylmethoxycarbonyi-norvalinal (steps a-c below):

_ a) Synthesis of 9-fluorenylmethoxycarbonyl-L-norvaline methyl ester
(Fmoc-nVal-OMe):

»

Fmoc-HN OH Fmoc-HN °<
) e 0

To a chilled .éolution of the commercially availabie Fmoc-norvaline (25 g,
73.75 mmol) in anhydrous methanol (469 ml) was added thionyl chloride (53.76
ml, 737.5 mmol) over one hour. TLC in ethylacetate taken an hour later confirmed
the completion of the reaction (Rf = 0.85). The reaction mixture was concentrated
and the remaining residue was dissolved in ethylacetate. The organic layer was
washed with several 200 ml portions of saturated sodium bicarbonate followed by
brine. The organic layer was dried, filtered and concentrated to afford Fmoc-
norVal-OMe) as a white solid (26.03 g) in quantitative yield. NMR & ppm
(CD30D): 7.7 (m, 2H), 7.6 (m, 2H), 7.4 (m, 2H), 7.3 (m, 2H), 4.3 (m, 2H), 4.1 (m,
2H), 3.7 (s, 3H), 1.7 (m, 1H), 1.6 (m, 1H), 1.4 (m, 2H), 0.95 (t, 3H).

b) Synthesis of 9-fluorenylmethoxycarbonyl-norvalinol (Fmoc-nValinol):
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—> ﬁ/OH
Fmoc-HN ~ Fmoc-HN

o)
o}

To Fmoc-nVal-OMe (26.03 g, 73.75 mmol) in tetrahydrofuran (123 ml) and
methanol (246 ml) was added calcium chloride (16.37 g, 147.49 mmol). The
reaction mixture was cooled to 0°C and sodium borohydride (11.16 g, 294.98
mmol) was added in several batches. To the thick paste obtained, methanol (500
ml) was added and the reaction was let to stir at room temperature for 90 minutes.
TLC in 2:3 ethylacetate: hexanes confirmed the completion of the reaction (Rf =
0.25). The reaction was quenched with the slow addition of water (100 ml) at 0°C.
The methanol was removed under reduced pressure and the remaining aqueous
phase was diluted with ethylacetate. The organic layer was washed with water (3
x 500 ml), saturated sodium bicarbonate (3 x 500 ml) and brine (500 ml). The
organic layer was dried over sodium sulfate, filtered and concentrated to a white
solid (21.70 g, 90.5%). NMR & ppm (CD30D): 7.8 (m, 2H), 7.7 (m, 2H), 7.4 (m,
2H), 7.3 (m, 2H), 4.3-4.5 (m, 2H), 4.2 (m, 1H), 3.6 (s, 1H), 3.5 (s, 2H), 1.5 (m, 1H),
1.3-1.4 (m, 3H), 0.99 (m, 3H).

¢) Synthesis of 9-fluorenylmethoxycarbonyl-norvalinal (Fmoc-nVal-CHO):

—_—
Fmoc-HN/d/OH Fmoc-HN H

o
To a solution of Fmoc-norValinol (21.70 g, 66.77 mmol) in dichloromethane
(668 ml) was added triethylamine (37.23 ml, 267 mmol) and the solution was
cooled to 0°C. A suspension of pyridine sulfur trioxide complex (42.51 g, 267
mmol) in dimethylsulfoxide (96 ml) was added to the chilled solution. After one
hour, TLC in 2:3 ethylacetate: hexanes confirmed the completion of the reaction.
The dichloromethane was removed under reduced pressure and the remaining

residue was dissolved in ethylacetate and washed with water (2 x 50 ml), 1N
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saturated sodium bisulfate (2 x 50 ml), saturated sodium bicarbonate (2 x 50 ml)
and brine (50 ml). The organic layer was concentrated to yield a white solid.

Theoretical yield (21.57 g) was assumed and the reaction was taken to the next
step without further purification.

C) Synthesis of diphenylmethyl semicarbazide (dpsc) trifluoroacetate salt (steps
a-b below):
a) Synthesis of Boc-semicarbazid-4-yl diphenylmethane
2,5 40
N _N
tBuO N
Y

J

To a solution of carbonyldiimidazole (16.2 g, 0.10 mole) in

dimethylformamide (225 ml) was added a solution of t-butyl carbazate (13.2 g,
0.100 mol) in dimethylformamide (225 mi) dropwise over 30 minutes.
Diphenylmethylamine (18.3 g, 0.10 mol) was added next over 30 minutes. The
reaction was allowed to stir at room temperature for one hour. Water (10 mL) was
added and the mixture was concentrated to about 150 mL under reduced
pressure. This solution was poured into water (500 mL) and extracted with ethyl
acetate (400 mL). The ethylacetate phase was washed two times each with 75 mL
1N HCI, water, saturated sodium bicarbonate solution and sodium chloride, and
dried with magnesium sulfate. The mixture was filtered and the solution was
concentrated to give 29.5 g (85% yield) of a white foam. This material could be

purified by recrystallization from ethyl acetate/hexane, but was pure enough to
use directly in the next step: mp 142-143°C. TH NMR (CDCI3) d 1.45 (s, 9H), 6.10

(dd, 2H), 6.42 (s, 1H), 6.67 (bs, 1H), 7.21-7.31 (m, 10H). Anal calculated for
C1gH23N303: C, 66.84; H, 6.79; N, 12.31. Found: C, 66.46; H, 6.75; N; 12.90.

b) Synthesis of diphenylmethy! semicarbazide (dpsc) trifluoroacetate salt
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TR N
)

)

A solution of Boc-semicarbazid-4-yl diphenylmethane (3.43 g, 10 mmol) in
dichloromethane (12.5 mL) was treated with 12.5 mL of trifluoroacetic acid at
room temperature and stirred for 30 min. The solution was added dropwise to 75
mL of ether and the resulting solid (2.7 g, 80%) was colilected by filtration. mp 182-
184°C. TH NMR (CD30D) d 6.05 (s, 1H), 7.21-7.35 (m, 10H). 13C NMR
(CD30D)d 57.6, 118.3 (q, CF3), 126.7, 127.9, 141.6, 156.9, 160.9 (q,
CF3CO2H).

D) Synthesis of Fmoc-nVal-(CHOH)-Gly-Oallyl.

allyl isocyanoacetate o 0
- O
Fmoc-HN H Pyridine, trifluoroacetic acid Fmoc-HN N ~x

o) dichloromethane OH H o)

To a solution of Fmoc-nVal-CHO (Step IB) (6.47 g, 16.90 mmol) in
dichloromethane (170 ml) was added allyl isocyanoacetate (Step IA) (2.46 ml,
20.28 mmol) and pyridine (5.47 ml, 67.61 mmol). The reaction mixture was
cooled to 0°C and trifluoroacetic acid (3.38 ml, 33.80 mmol) was added dropwise.
The reaction was stirred at 0°C for 1h, and then at room temperature for 48 hours.
TLC taken in ethylacetate confirmed the completion of the reaction. The reaction
mixture was concentrated and subjected to flash chromatography using 20% to
70% ethylacetate in hexanes. Fractions containing the desired product were
pooled and concentrated to a white foam (6.88 g, 87.3%). TLC in 50:50
ethylacetate shows one spot (Rf = 0.37). NMR & ppm (CD30D): 7.8 (m, 2H), 7.65

(m, 2H), 7.4 (m, 2H), 7.3 (m, 2H), 5.9 (m, 1H), 5.1-5.4 (M, 2H), 4.55-4.65 (m, 2H),
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4.3-4.4 (m, 2H), 4.15-4.25 (m, 1H), 4.01 (s, 1H), 3.9-4.0 (m, 3H), 1.5-1.6 (m, 2H),
1.35-1.45 (m, 3H), 0.9 (m, 3H).

E) Synthesis of Fmoc-nVal-(CO)-Gly-Oallyl:

0
EDC, dichloroacetic acid

Fmoc-HN N VSN ) ) > Fmoc-HN N/\n/o\/\
OH dimethylsulfoxide, tpluene H

o] o]
to a solution of Fmoc-nVal-(CHOH)-Gly-Oally! (Step D) (5.01 g, 10.77

mmol) in dimethylsulfoxide (100 ml) and toluene (100 mi) was added EDC (20.6
g, 107.7 mmol). The reaction mixture was cooled to 0 °C and dichloroacetic acid
(4.44 ml, 53.83 mmol) was added dropwise. The reaction was stirred for 15

minutes at 0 °C and 1h at room temperature. After cooling back to 0 °C, water (70
ml) was added and the toluene was removed under reduced pressure. The
remaining residue was diluted with ethylacetate and washed several times with a
saturated sodium bicarbonate solution followed by 1N sodium bisulfate and brine.
The organic layer was dried over sodium sulfate, fiitered and concentrated. The
theoretical yield of 4.99 g was assumed and the reaction was taken to the next
step without further purification. TLC in 50:50 ethylacetate shows one spot (Rf =
0.73).

F) Synthesis of Fmoc-nVal-(dpsc)-Gly-Oallyl:

. o @)
O\/\ diphenylmethylsemicarbazide 0\/\
. N > ™ Fmoc-HN N x
Fmoc-HN H/\g/ sodium acetate, water, ethanol H/ﬁr

To a solution of Fmoc-nVal-(CO)-Gly-Oallyl (Step E) (4.99 g, 10.75 mmol) in
ethanol (130 ml) and water (42 ml) was added diphenylmethyl semicarbazide
(dpsc) trifluoroacetate salt (Step IC) (7.6 g, 21.5 mmol) and sodium acetate
*3H,0 (1.76 g, 12.9 mmol), successively . The reaction mixture was heated at
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reflux for 90 minutes. The completion of reaction was confirmed by TLC taken
in 1:1 ethylacetate: hexane. Ethanol was removed under reduced pressure and
the remaining residue was dissolved in ethylacetate and washed with 1N
sodium bisulfate (2 x 10 ml), saturated sodium bicarbonate (2 x 10 mi), followed
by brine (10 ml). The organic layer was dried, filtered and concentrated. The
resulting residue was purified by flash chromatography in 20% to 50%
ethylacetate in hexanes to give a white solid (5.76g, 78%). TLC in 50:50
ethylacetate: hexanes showed two spots (cis and trans isomers) with Rf = 0.42

and 0.5.

G) Synthesis of Fmoc-nVal-(dpsc)-Gly-OH:

O OH
Fmoc-HN N R Fmoc-HN N
N B oo dimedone, catalyst N Too
o >
NH tetrahydrofuran | H
0=[l o=[‘
NH-CH(Ph), NH-CH(Ph),

To a solution of Fmoc-nVal-(dpsc)-Gly-Oallyl (Step IG) (4.53 g, 6.59 mmol)
in tetrahydrofuran (300 ml) was added dimedone (4.62 g, 32.97 mmol) followed by
tetrakis(triphenylphesphine) palladium(0) catalyst (0.76 g, 0.66 mmol). The
completion of the reaction was confirmed by TLC after 90 minutes using 9:1
dichloromethane: methanol. The reaction mixture was concentrated and the
remaining residue was dissolved in ethylacetate and washed three times with 50
ml portions of 0.1M potassium biphosphate. The organic layer was then treated
with 50 mi sodium bisulfite and the two phase system was stirred for 15 minutes.
The phases were separated and the procedure was repeated twice more. The
organic layer was dried and concentrated and subjected to flash chromatography
with 20% to 100% ethylacetate in hexanes. This was followed with 9:1
dichloromethane: methanol solution. The fractions corresponding to the pure
product were pooled and concentrated to obtain a white solid (3.99 g, 94%). TLC
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in 9:1 dichioromethane: methanol showed two spots (cis and trans isomers). NMR
8 ppm (CD3OD): 7.75 (m, 2H), 7.6 (m, 3H), 7.2-7.4 (m, 14H), 6.1-6.2 (m, 1H),
4.25-4.4 (m, 2H), 4.1-4.2 (m, 2H), 3.85 (s, 2H), 1.6-1.8 (m, 2H), 1.3-1.5 (m, 2H),
0.95 (t, 3H).

Step 2. Synthesis H-Phg-MBHA resin:

Ha

®
L ~

< RRC

The commercially available MBHA resin (2.6 g, 1.12 mmol/g, 2.91 mmol)

"
Iz

was transferred to a 250 mL fritted solid phase reaction vessel equipped with a

10 nitrogen inlet. It was then washed thoroughly with 30 ml 'portions of
dichloromethane, methanol, dimethylformamide and dichloromethane and coupled
over 18 hours to the commercially available Fmoc-Phg-OH (2.17 g, 5.82 mmol)
according Procedure A with 99.82% efficiency. The resin was then subjected to
Fmoc deprotection according to procedure B. A qualitative ninhydrin assay on a

15 small aliquot gave dark blue resin and solution, indicating a successful reaction.

Step 3. Synthesis of H-nVal(dpsc)-Gly-Phg-MBHA resin:

0

P
N
HoN i N ¥ NH-MBHA resin
2 H/Y
N 0
NG
v
O
NH-CH(Ph)2

The resin obtained in step Il (2.6 g, 0.8 mmol/g, 2.91 mmol) was reacted
20  with Fmoc-nVal-(dpsc)-Gly-Oallyl (Step IG) (5.82 mmol, 3.77 g) according to
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Procedure A. After 18 hours, quantitative ninhydrin analysis indicated 99.91%
coupling efficiency. The resin was subjected to Fmoc deprotection according to
procedure B. A qualitative ninhydrin assay on a small aliquot gave dark blue resin
and solution, indicating a successful reaction.

Step 4. Synthesis of Boc-Pro(4t-NHFmoc)-nVal{dpsc)-Gly-Phg-MBHA resin:
NH-Fmoc

Boc—
N\j‘\
S N 7 u/\{( NH-MBHA resin

o 3

NH-CH(Ph),
The compound H-nVai(dpsc)-Gly-Phg-MBHA resin (Step 3 above) (600 mg,
0.8 mmol/g, 0.67 mmol) was transferred to a fritted polypropylene tube and was

10 coupled to Boc-Pro(4t-NHFmoc)-OH (Exampie Vi, Step 3) (610 mg, 1.34 mmoi)
according to procedure A. After 18 hours, quantitative ninhydrin analysis
indicated 99.96% coupling efficiency.

Step 5. Svnthesis of Boc-Pro(4t-NH»)-nVal(dpsc)-Gly-Phg-MBHA resin.
.‘,\NHQ

Boc—
PiY
N .
e) N tl:li/\n/ NH-MBHA resin
T 0

QO

o)
5 NH-CH(Ph)

(RULN}

The resin from the previous step (Boc-Pro(4t-NHFmoc)-nVal(dpsc)-Gly-Phg-
MBHA resin) was subjected to Fmoc deprotection according to procedure B. A
qualitative ninhydrin assay on a small aliquot gave dark blue resin and solution,
indicating a successful reaction. ‘
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Step 6. Synthesis of Boc-Pro(4t-NHSO,Bn)-nVai(dpsc)-Gly-Phg-MBHA resin:

Boc—N
o e
0” N /\n/N\E)J\NH-MBHA resin

N o ~
w O
=
NH-CH(Ph),
To the resin obtained from the previous step (Boc-Pro(4t-NH,)-nVal(dpsc)-
5  Gly-Phg-MBHA resin) (0.2 g, 0.22 mmol) suspended in NMP (2 ml) was added

2,4 ,6-collidine (0.24 ml, 1.79 mmol) and benzenesulfonyl chloride and the reaction
was shaken for 18 hours. The solvent was drained and the resin was washed
thoroughly with 2 ml portions of dichloromethane, methanol, dimethylformamide

and dichloromethane. Qualitative ninhydrin analysis showed colorless beads and
10  solution indicating a successful reaction.

Step 7. Synthesis of Fmoc-G(Chx)-Pro(4t-NHSQ.Bn)-nVal(dpsc)-Gly-Phg-MBHA
resin:

20
Fmoc-HN
i H O
N - NH-MBHA resin
H H z
|

NH-CH(Ph),
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The resin obtained in the previous step (Boc-Pro(4t-NHSO,Bn)-nVal(dpsc)-
Gly-Phg-MBHA resin) was subjected to the Boc deprotection procedure according
to Procedure C. Fmoc-G(Chx) (0.17 g, 0.45 mmol) was then coupled according to
procedure A. After 18 hours qualitative ninhydrin analysis showed colorless
beads and the quantitative ninhydrin analysis indicated 99.79% coupling
efficiency.

Step 8. Synthesis of iBoc-G(Chx)-Pro(4t-NHS02Bn)-nVal(dpsc)-Gly-Phg-MBHA

resin:

_0
?

; O’?
/i /d\/u\ /\(N\/u NH-MRHA resin

i :
N
NH-CH(Ph),

The resin obtained in the previous step (Fmoc-G(Chx)-Pro(4t-NHSO2Bn)-
nVal(dpsc)-Gly-Phg-MBHA resin) was subjected to Fmoc deprotection according
to procedure B. A ninhydrin assay on a small aliquot gave dark blue resin and
solution, indicating a successful reaction. To the resin (0.2 g, 0.22 mmol)
suspended in 2 ml NMP was added isobutylchioroformate (0.12 ml, 0.90 mmol)
followed by diisopropylethylamine (0.31 ml, 1.79 mmol), and the reaction mixture
was shaken for 18 hours at room temperature. Qualitative ninhydrin analysis
showed colorless beads and solution indicating a successful reaction.
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Step 9. Synthesis of iBoc-G(Chx)-Pro(4t-NHSO2Bn)-nVal(CO)-Gly-Phg-MBHA
resin:

g
04?/
NH
o .
O/U\N N
o N N/\ﬂ/ «” “NH-MBHA resin
H o H 0 H

5 The compound of the previqus step (iBoc-G(Chx)-Pro(4t-NHSO2Bn)-
nVal(dpsc)-Gly-Phg-MBHA resin) (200 mg) was subjected to semicarbazone
hydrolysis Procedure D.

Step 10. Synthesis of Synthesis of iBoc-G(Chx)-Pro(4t-NHSO2Bn)-nVal(CO)-Gly-
10 Phg-NH,:

The resin of the previous step (iBoc-G(Chx)-Pro(4t-NHSO2Bn)-nVal(CO)-
Gly-Phg-MBHA resin) (100 mg) was subjected to HF cleavage condition
(Procedure E) to yield the desired crude product. The material was purified by

15 HPLC using a 2.2 x 25 cm reverse phase column, containing a C-18 resin
comprised of 10 micron size gel particles with a 300 angstrom pore size, eluting
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with a gradient using 20-50% acetonitrile in water. Analytical HPLC using a 4.6 x
250 mm reverse phase column, containing a C-18 resin comprised of 5 micron
size gel particles with a 300 angstrom pore size, eluting with 25-75% acetonitrile
(containing 0.1% trifluoroacetic acid) showed one peak at 13.5 minutes. Low

5  resolution mass spectrum confirmed the desired mass (MH* 826.4).

IV. Additional Compounds Prepared by Solution Phase Synthesis:

Representative procedures to prepare additional inventive compounds are

shown below, and the compounds prepared by such procedures are listed in
Tables 5 and 6.

10 Example XXilI : Preparation of a Compound of Formula XXIi|:

. 1]
CHy CH; O _~ L
podll
Step 1.
QP X
HoN
/N\/U\ocsz 2 OCZHS
15 XXllta XXXIlib

A stirred solution of ketimime XXilla (50 g, 187.1 mmol) under Nz in dry
THF (400 mL) was cooled to —78 °C and treated with 1 M solution of K-BuO (220
mL, 1.15 equiv.) in THF. The reaction mixture was warmed to 0 °C and stirred for
20 1 h and treated with bromomethyl cyclobutane (28 mL, 249 mmol). The reaction
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mixture was stirred at room temperature for 48 h and concentrated in vacuo. The
residue was dissolved in Et,0 (300 mL) and treated with ag. HCI (2 M, 300 mL)
The resulting solution was stirred at room temperature for 5 h and extracted with
Et;O (1L). The aqueous layer was made basic to pH ~12-14 with NaOH (50 %
aq.) and extracted with CH,Cl, (3x300 mL). The combined organic layers were
dried (MgSOy), filtered, and concentrated to give pure amine (XXIlIb, 18 g) as a

colorless oil.

Step 2.

HoN
2 OC,Hs BocHN OH

XXliib XXlile

A solution of amine XXIllb (18g, 105.2 mmol) at-0 °C in CH,Cl, (350 mL)
was treated with di-tert-butyldicarbonate (23 g, 105.4 mmol) and stirred at rt. for
12 h. After the completion of the reaction (TLC), the reaction mixture was
concentrated in vacuo and the residue was dissolved in THF/H,0 (200 ml, 1:1)
and treated with LiOHeH,0 (6.5 g, 158.5 mmol) and stirred at room temperature
for 3 h. The reaction mixture was concentrated and the basic aqueous layer was
extracted with Et,O. The aqueous layer was acidified with conc. HCI to pH~1-2
and extracted with CHxCl,. The combined organic layers were dried (MgSO,),

filtered, and concentrated in vacuo to yield XXillc as a colorless viscous oil which

was used for next step without any further purification.

Step 3.

0]
BocHN BocHN N,OMe

OH —_——

i
Me

XXlilc XXind
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A solution of acid XXllic (15.0 g, 62 mmol) in CH,Cl, (250 mL) was treated
with BOP reagent (41.1 g, 93 mmol), N-methy! morpholine (27 mL), N,O-dimethyl
hydroxylamine hydrochloride (9.07 g, 93 mmol) and stirred overnight at rt. The
reaction mixture was diluted with 1 N ag. HCI (250 mL), and the layers were
separated and the aqueous layer was extracted with CH2Cl, (3x300 ml). The
combined organic layers were dried (MgSQ,), filtered and concentrated in vacuo
and purified by chromatography (SiO,, EtOAc/Hex 2:3) to yield the amide XXIlld
(15.0 g) as a colorless solid.

Step 4.

BocHN .OMe BocHN

XXilid a XXiile

A solution of amide XXllld (15 g, 52.1 mmol) in dry THF (200 mL) was
treated dropwisely with a solution of LiAlH, (1M, 93 mL, 93 mmol) at 0 °C. The
reaction mixture was stirred at room temperature for 1 h and carefully quenched at
0 °C with a solution of KHSO4 (10% ag.) and stirred for 0.5 h. The reaction mixture
was diluted with aq. HCI (1 M, 150 mL) and extracted with CH2Cl, (3x200 mL),
The combined organic layers were washed with aq. HCI (1 M), saturated
NaHCOs, brine, and dried (MgS0,). The mixture was filtered and concentrated in
vacuo to yield XXllle as a viscous coloriess oil (14 g).

Step 5.



WO 03/062265 PCT/US03/01430

10

15

20

226

OH

BocHN BocHN
c oc ' CN

XXilie XXiuf

A solution of the aldehyde XXille (14 g, 61.6 mmol) in CH;Cl, (50 mL), was
treated with EtsN (10.73 mL, 74.4 mmol), and acetone cyanohydrin (10.86 g,
127.57 mmol) and stirred at room temperature for 24 hrs. The reaction mixture
was concentrated in vacuo and diluted with aq. HCI (1 M, 200 mL) and extracted
into CH2Cl; (3x200 mL). The combined organic layer were washed with H>0,
brine, dried (MgSO,), filtered, concentrated in vacuo and purified by
chromatography (SiO,, EtOAc/Hex 1:4) to yield XXIiIf (10.3 g) as a colorless liquid
Step 6.

OH - 4 OH
CIH3N OCH
BOCHN\QN 3 3
R 0]
XXiilf XXlilg

Methanol saturated with HCI*, prepared by bubbling HCI gas to CH;0H
(700 ml) at 0 °C, was treated with cyanohydrin XXIlIf and heated to reflux for 24 h.
The reaction was concentrated in vacuo to yield XXlllg, which was used in the
next step without purification.
* Alternatively 6M HCI prepared by addition of AcCl to dry methanol can also be

used.

Step 7.
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_ ., OH OH
CIH3N OCH; BocHN OCH;
o} —_ o}
XXillg XXIlih

A solution of the amine hydrochioride XXillg in CH.Cl, (200 mL) was
treated with EtsN (45.0 mL, 315 mmol) and Boc,0 (45.7g, 209 mmotl) at —78 °C.
5 The reaction mixture was then stirred at room temperature overnight and diluted
with HCI (2 M, 200 mL) and extracted into CH,Cl,. The combined organic layer
were.dried (MgSQ,) filtered, concentrated in vacuo and purified by
chromatography (EtOAc/Hex 1:4) to yield hydroxy ester XXHIh.

Step 8.
10

(|)H (?H
BocHN OCHj; BocHN NH,

0] 0]

XXilh . XXt

A solution of methyl ester XXilth (3g, 10.5 mmol ) in THF/H20 (1:1) was
treated with LiOHeH,0 (645 mg, 15.75 mmol) and stirred at rt. for 2 h. The
15 reaction mixture was acidfied with aq HCI (1 M, 15 mL) and concentrated in
vacuo. The residue was dried in vacuum.
A solution of the acid in CH,Cl> (50 mL) and DMF (25 mL) was treated with
NH4Cl (2.94 g, 55.5 mmol), EDCI (3.15 g, 16.5 mmol), HOOBt (2.69 g, 16.5
mmol), and NMM (4.4 g, 44 mmol). The reaction mixture was stirred at room
20 temperature for 3 d. The solvents were removed under vacuo and the residue was
diluted with aq. HCI (250 mL) and extracted with CH2Cl2. The combined organic
layers were washed with aq. Sat'd. NaHCO3, dried (MgSO,) filtered concentrated

R TIPS T CUCIRI 1% ST I ST X ot | TSV TIORNEAE A, ‘TP WIRPPTAS: - - Aty -k LT O 4



WO 03/062265 PCT/US03/01430

228

in vacuo to obtain XXIlli, which was used as it is in the following steps.
(Alternatively XXI1Ili can also be obtained directly by the reaction of XXHIf (454,
17.7 mmol) with ag. H20; (10 mL), LiOHeH>0O (820 mg, 20.8 mmol) at 0 °C in 50

mL of CH3OH for 0.5 h.)
5 Step9.
OH _ .+ OH
BocHN NH, CIH3N NH;
0] O
XX XXiHlj

A solution of XXIIli obtained in the previous step was dissolved in 4 N HCI
10 indioxane and stirred at rt. for 2 h. The reaction mixture was concentrated in
vacuo to give XXIllj as a solid, which was used without further purification.

Step 10.

CHa_-CHs
CH; _CHs

o)
OCH;,4
o oS Lo~
= 3

+

N
NS BocHN. &, ©
H.Cl O =

$

XXIIIk Xxim XXIIIm
15
The amino ester XXIIIl was prepared following the method of R. Zhang and
J. S. Madalengoitia (J. Org. Chem. 1999, 64, 330), with the exeception that the
Boc group was cleved by the reaction of the Boc-protected amino acid with
methanolic HCI.
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A solution of commercial amino acid Boc-Chg-OH, XXillk (Senn chemicals,
6.64 g, 24.1 mmol) and amine hydrochloride XXIill (4.5 g, 22 mmol) in CH,Cl;
(100 mL) at 0 °C was treated with BOP reagent and stirred at rt. for 15 h. The
reaction mixture was concentrated in vacuo, then it was diluted with ag. 1 M HCI
and extracted into EtOAc (3x200 mL). The combined organic layers were washed
with sat'd. NaHCO3 (200 mL), dried (MgSQ,), filtered and concentrated in vacuo,
and chromatographed (SiO, EtOAc/Hex 3:7) to obtain XXlllm (6.0 g) as a
colorless solid.

Step 11.
CH3\.(CH3 CHs_-CHs
S < y OH
N
BocHN\/& o S —— = BocHN o o O
-’ NG
XXllim XXHIn

A solution of methyl ester XXillm (4.0 g, 9.79 mmol) in THF/H,0 (1 :1)' was
treated with LiOHeH,O (401 mg, 9.79 mmol) and stirred at rt. for 3 h. The reaction
mixture was acidified with ag. HCI and concentrated in vacuo to obtain the free
acid.

A solution of acid (1.5 g, 3.74 mmol) in DMF/CH,Cl, (1:1 50mL) was
treated with amine XXIllj (772 mg, 3.74 mmol), EDCI (1.07 g, 5.61 mmol), HOOBt
(959 mg , 5.61 mmol) and NMM (2.15 mL, 14.96 mmol) at -10 °C. The reaction
mixture was stirred at 0 °C for 48 h and concentrated in vacuo. The residue was
diluted with aq. 1M HCI and extracted with CH,Cl,, The combined organic layers
were extracted with ag. NaHCO3, aq. HCI, brine, dried (MgSO,), fitered and
concentrated in vacuo to obtain XXIlln (2.08 g) as a tan colored solid.
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Step12.
CHstHg CHy CHs
Uwr U\«
BocHN ' T BocHN

XXIin XXIll

5 A solution of amide XXllin (2.08 g, 3.79 mmol) in toluene and DMSO (1:1

20 mL) at 0 °C was treated with EDCI (7.24 g, 37.9 mmol) and dichloroacetic acid
(2.42 g, 19.9 mmol) and stirred at rt. for 4 h. The reaction mixture was diluted with
CH.Cl,, washed with sat'd. NaHCOj3, and brine. The organic layer were dried
(MgSOQ,) filtered, concentrated, in vacuo and purified by chromatography (SiO;

10 Acetone/Hexanes 3:7) to yield XXIll as a colorless solid.
Example XXIV Preparation of a Compound of Formula XXIV:

CHa_CH,

S
S

H O
(x’/N NHZ

c:;-13>r N o © o

CH3
XXIvV

15
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Step 1.

CHz_CH,

O
BocHN \)J\OH S [HOCHS
H + [HOCH;,

N
CH34\CH3 BocHN \;/&O

N -
CH3 HzCl (@] z
A~
CHg CHC;H3
XXIVa XX1m XXIvb

A solution of Boc-tert-Lue XXIVa (Fluka, 5.0 g 21.6 mmol) in dry
5 CH,Cl/DMF (50 mL, 1:1 ) was cooled to 0 °C and treated with the amine XXIIH
(5.3 g, 25.7 mmol), NMM (6.5 g, 64.8 mmoli) and BOP reagent (11.6 g, 25.7
mmol). The reaction was stirred at rt. for 24h, diluted with aq. HCI (1 M) and
extracted with CH,Cl,. The combined organic layers were washed with HCL (aq, 1
M), sat'd. NaHCO3, brine, dried (MgSQ,), fitered and concentrated in vacuo and
10 purified by chromatography (Si0O2, Acetoneitiexane 1:5) to yieid XXivb as a
colorless solid.

Step 2.

CHz_CHa CHa._CHs

3
S 2

N

N
BocHN\/&O o XNTQ\AO 0

(4
W

T O cDeH
XXIVb XXIVe

15
A solution of methyl ester XXIVb (4.0 g, 10.46 mmol) was dissolved in HCI
(4 M soln. dioxane) and stirred at rt. for 3 h. The reaction mixture was
concentrated in vacuo to obtain the amine hydrochloride salt used in the next
step.



10

15

20

WO 03/062265 PCT/US03/01430
232

A solution of the amine hydrochioride salt (397 mg, 1.24 mmol) in CH,Cl2
(10 mL) was cooled to =78 °C and treated with tert-butyl isocyanate (250 mg, 2.5
mmol) and stirred at rt. overnight. The reaction mixture was concentrated in vacuo
and the residue was diluted with aq. HCI (1M) and extracted with CH,Cl,. The
combined organic layers were washed with aq. HCI (1M), sat'd. NaHCO3 and
brine. The organic layers were dried, filtered and concentrated in vacuo and the
residue was purified by chromatography (SiO,, acetone/Hex 1:4) to yield XXIVc

as a colorless solid.

Step 3.
CHS\/CHS CH3\/CH3
o S oM
(_)WOCH:’ (HN /k”/NHz
N N
H o) H o 0
o

STy >

o i Oni, 4
CHﬂs\uQHS CH3T~CH,
haa) Id . \"ns
XXive XXivd

A solution of methyl ester XXIVc (381 mg, 1.0 mmol) in THF/HO (1:1, 5
mL) was treated with LiOHeH,0 (62 mg, 1.5 mmol) and stirred at rt. for 3 h. The
reaction mixture was acidified with aq. HCl and concentrated in vacuo to obtain
the free acid.

A solution of acid (254.9 mg, 0.69 mmol) in DMF/CH.Cl> (1:1, 5.0 mL) was
treated with amine XXIilj (159 mg, 0.763 mmol), EDCI (199 mg, 1.04 mmol),
HOOBt (169.5 mg , 1.04 mmol) and NMM (280 mg, 2.77 mmol) at -20 °C. The
reaction mixture was stirred at -20 °C for 48 h and concentrated in vacuo. The
residue was diluted with aq. 1M HCI and extracted with EtOAc, The combined
organic layers were extracted with aq. NaHCO3 , aq. HCI, brine, dried (MgSQy,)
filtered concentrated in vacuo to obtain XXIVd (470 mg) as a tan colored solid.
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Step 4.

~ 2

., OH S
OWN NH; [_Sj(N NH;
N N
H o ———~ H H

0 o 0 O
Mo q Ny o

Onpy1 Op
CHsT> CHT™
3CH§H3 3C.H§H3
XXivd
XXIV
5 A solution of amide XXIVd (470 mg, 0.9 mmol) in toluene and DMSO (1:1

20 mL) at 0 °C was treated with EDCI (1.72 g, 9.0 mmol) and dichloroacetic acid

(0.37 mL, 4.5 mmol) and stirred at 0 °C for 4h. The reaction mixture was diluted

with CH2Cl,, and washed with satd. NaHCO3, and brine. The organic layer was

dried (MgSOQ,), filtered, concentrated, in vacuo and purified by chromatography
10 (SiO,, Acetone/Hexanes 3:7) to yield XXIV as a colorless solid.

Example XXV Preparation of a compound of Formula XXV

CHa,_CHs

< _Z

o) o)
H v SoH
H H
CHg_N.__N._k O 0
Sy Ny So
3 =
3

XXV

15
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Step 1.
CH
OH 3
FmocHN —_
R S X@ Fmockn ™ K©
O CHj
XXVa XXVe
5 A solution of Fmoc—glycine (Bachem, 2.0 g, 6.87 mmol) in CHzCl2 (20 mL)

was treated with 2-phenyl-2-propanol (Aldrich, 3.36 g, 24.7 mmol), DCC (1M soin
CH,Cly, 8.24 mL), DMAP (167 mg, 1.37 mmol) and stirred at rt. for 24 h. The
reaction mixture was concentrated in vacuo and diluted with Et,O (100 mL). The
solid seperating out was filtered and the filterate was washed with satd. NaHCOa;.

10  The organic layer was dried (MgSOs), filtered, concentrated in vacuo, and purified
by chromatography (SiO., EtOAc/Hex 1:5) to yield ester XXVc (1.1 g)as a

cglorl ss viscous liquid.

Step 2.
FmocHN/ﬁl/ 7< : _ HZN/ﬁr @
O CH 3 CH3
15 XXVe XXvd

A solution of XXVc in CH,Cl, (16.0 mL) was treated with piperidine (4.0
mL) and stirred at rt. for 0.5 h. The reaction mixture was concentrated in vacuo
and purified by chromatography (SiO2, Acetone/Hexanes 1:10 tlo 1:1) to yield the
20 amine XXVd (420 mg) as a colorless liquid.
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N OCHs3
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TS cH OchsT™
XXIVe XXVe

A solution of methyt ester XXIVe (381 mg, 1.0 mmol) in THF/H0 (1:1, 5
5 mL) was treated with LiOHeH,O (62 mg, 1.5 mmol) and stirred at rt. for 3 h. The
reaction mixture was acidified with aq. HCI and concentrated in vacuo to obtain
the free acid.
A solution of acid (2.0 g, 5.5 mmol) in DMF/CH:Cl; (1':1, 40.0 mL) at-10 °C
was treated with amine XXlitg (1.51 g, 6.8 mmol), EDCI (1.57 g, 8.25 mmol),

10 HOOBt (1.41 g, 8.25 mmol) and NMM (2.5 g, 24.7 mmoi). The reaction mixiure
was stirred at 0 °C for 48 h and concentrated in vacuo. The residue was diluted
with ag. 1M HCI (100 mL) and extracted with CH2Clz (3x100 mL). The combined
organic layers were extracted with aq. NaHCO3, aq. HCI, brine, dried (MgSOs)
filtered, concentrated in vacuo to obtain XXVe (3.17 g) as a tan colored solid used

15 further without any purification.

Step 4.

CHa~_-CHs
5y OH Sy

H OHHO
Lo e
H H H H
N__N O o N__N 0 O
>(7Crbé0 YUY o
’T\
HaC|%H3

4
0O
Q
T
5
Z

XXVe XxXvf
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A solution of methyl ester XXVe (2.5 g, 4.66 mmol) in THF/H,O/CH30H
(1:1:1, 60 mL) was treated with LiOHeH,O (200 mg, 4.87 mmol) and stirred at rt.
for 4 h. The reaction mixture was acidified with aq. HCI and concentrated in vacuo
to obtain the free acid.

5 A solution-of acid (200.0 mg, 0.38 mmol) in DMF/CH,CI, (1:1, 6.0 mL) at -
10 °C was treated with amine XXVd (78 mg, 0.4 mmol), EDCI (105 mg, 0.55
mmol), HOOBt (95 mg, 0.55 mmol) and NMM (150 mg, 1.48 mmol). The reaction
mixture was stirred at 0 °C for 48 h and concentrated in vacuo. The residue was
diluted with ag. 1M HCI (30 mL) and extracted with CH.Cl, (3x30 mL). The

10 combined organic layers were extracted with aq. NaHCO; (2x30 mL), aq. HCI,
brine (30 mL), dried (MgSO,) filtered, concentrated in vacuo to obtain XXVf (240
mg) as a tan colored solid.

Step 5.
CHa\/CHs
NI OH
H H
[_)WN N\/U\><©
N
H H
o)
"My No
o £
CH3T>
3Cl“F3H3
CHstHa
o O\W
N g
OC"ls’f\FFH3
15 XXV

A solution of XXVf (240 mg, 0.28 mmol) in CH2Cl> (10 mL) was treated
with Dess-Martin reagent (Omega, 242 mg, 0.56 mmol) and stirred at rt. for 2 h.
After the oxidation was complete (TLC, Acetone/Hex 1:4) the reaction mixture was
20 diluted with satd. NaHCOj3 (20 mL) and Na>S2>03 (10% aq soin, 20 mL). The



10

15

WO 03/062265 PCT/US03/01430

237

reaction mixture was stirred for 30 min and extractred with CH,Cl, (3x30 mL). The
combined organic layers were extracted with satd. NaHCO3, brine, dried (MgSOa)
filtered concentrated in vacuo and purified by chromatography (SiO,,
acetone/Hexanes 1:5) to yield XXV (122 mg) as a colorless solid.

Example XXVI Preparation of a compound of Formula XXVI:

CI\&/CI
s H 0
N NH,
N
o] (0]
BocHN - 0 4

XXvi

QCOzH . LNXCOﬂBU

éoc Boc

XXVla XXVib

To a stirred solution of N-Boc-3,4-dehydroproline XXVla (5.0 g, 23.5 mmol),
di-tert-butyl dicarbonate (7.5 g, 34.4 mmol), and 4-N,N-dimethylaminopyridine
(0.40 g, 3.33 mmol) in acetonitrile (100 mL) at room temperature was added
triethylamine (5.0 mL, 35.6 mmol). The resulting solution was stirred at this
temperature for 18 h before it was concentrated in vacuo. The dark brown residue
was purified by flash column chromatography eluting with 10-25% EtOAc/hexane
to give the product XXVIb as a pale yellow oil (5.29 g, 84%).

Step 2:
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cr_c
Q‘Coztsu —_— [\
CO,tBu
Boc NG
Boc
XXVIb XXVic

To a stirred solution of dehydroproline XXVib (10.1 g, 37.4 mmol),
benzyltriethylammonium chioride (1.60 g, 7.02 mmol) in chloroform (120 mL) at
5  room temperature was added 50% aqueous sodium hydroxide (120 g). After
vigorously stirred at this temperature for 24 h, the black mixture was diluted with
CHCI> (200 mL) and diethyl ether (600 mL). After the layers were separated, the
aqueous solution was extracted with CH,CI/Et,0 (1:2, 3x600 mL). The organic
solution was dried (MgSO4) and concentrated. The residue was purified by flash

10 column chromatography using 5-20% EtOAc/hexane to afford 9.34 g (71%) of
. XXVic as an off-white solid.

Step 3:
Cl\\v’/Cl 0|ycu
Ohooee ——— (o, oroom
N~ TCOtBu N~ TCOH
l’30c H
XXVic XXVid
15 The solution of XXVIic (9.34 g, 26.5 mmol) in CH,Cl, (25 mL) and CF;CO,H

(50 mL) was stirred at room temperature for 4.5 h before it was concentrated in
vacuo to give a brown residue which was used in Step 4 without further

purification.
Step 4
cl_cl CI\{CI
ik —_— : HCl
N H

20 XXllid XXilie
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Commercial concentrated hydrochloric acid (4.5 mL) was added to a
solution of the residue from Step 3 in methanol (70 mL) and the resulting mixture
was warmed to 65°C in an oil bath. After 18 h, the mixture was concentrated in
vacuo to give a brown oil XXVle, which was used in Step 5 without further

purification.
Step 5:
ci ¢l
Cl_ _CI BocHN.__CO,H
Y o2 <p‘cone

&COZMe + O BocHN \:/go

XXVie XXVIif
XXVig
H i - 4 A i
To a stirred solution of proline methyl ester XXVie from Step 4, commercial

N-Boc-cyclohexylglycine XXVIf (10.2 g, 40.0 mmol) and [O-(7-azabenzotriazol-1-
y1)-1,1,3,3-tetramethyluronium hexafluorophosphate] (HATU) (16.0 g, 42.1 mmol)
in DMF (200 mL) at 0°C was added diisopropylethylamine (18.0 mL, 104 mmol) .
After allowed to warm to room temperature along with the ice bath over night (18
h), the reaction mixture was diluted with EtOAc (600 mL), 5% H3PQ04 (150 mL) and
brine (150 mL). The organic solution was washed with 5% H3PO4 (150 mL),
saturated NaHCO3; (2x200 mL) before it was dried (MgSQ.,), filtered and
concentrated /in vacuo. The residue was purified by flash column chromatography
using 5-20% EtOAc/hexane to afford 3.84 g (32%, three steps) of XXVIg as an
off-white solid.

Step 6:
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C|\\V/C| C|\/C|
Q‘COzMe QCOzH
—_—— -
BooHN._ A BocHN\;/&O
XXVig XXVIh

The solution of methyl ester XXVig (5.87g, 13.1 mmol) and LiOH (1.65 g,
39.3 mmol) in THF/MeOH/H,0 (1:1:1, 90 mL) was stirred at room temperature for
4 h. Methanol and THF were removed uhder reduced pressure. The aqueous
solution was acidified to PH~2 using 1 N aqueous HCI solution (50 mL) and
saturated with solid sodium chloride before it was extracted with EtOAc (3x150
mL). The organic solutions were combined, dried (MgSQ,), filtered and
concentrated in vacuo to give a white solid XXVih (5.8 g, quantitative).

Cl \&/Cl
. T e
O‘ OH N N N2
N~ T COzH , HN NH, BocHN 0 0
BocHN\/KO ‘HCI > 1 0

o)

XXVIh XX XXVH

The desired product XXIlli was prepared according to the procedure in
Example XXIiI, Step 11.

Step 8:
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cl. _ci
“© Y
S H OH A H O
\ 0 o BocHN o 0
BocHN o 7 "0
XXVIE XXVI

The desired product XXV! was prepared according to the procedure in
Example XXIli, Step 12.

5 Example XXVIl: Preparation of compound of formula XXVII:

XXV

10

XXvii XXVila
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The desired product XXVlla was prepared according to the procedure in
Example XXIil, Step S.

Step 2
CNg SN
2, OH T, OH
[—BﬁrN NH2 (_>\n/N NHp
N — 4 s N
0 o) o) o
HOLHAN A >rNTN\.:/J“o
5 XXVlia XXVilb

The desired product XXVIIb was prepared according to the procedure in
Example XXIV, Step 2.

Step 3
10

XXViib XXV

The desired product XXVII was prepared according to the procedure in
Example XXIII, Step 12.
15 Example XXV Preparation of a compound of formula XXVIIl:
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H
(_)W/N NHZ
N
XXV

OH
HoN OMe

.HC 0

BocHN

OH

5 XXvitla ‘ XXVIiitb

The intermediate XXVIilb was prepared according to the procedure in
Example XXIli, Steps 3-6.

Step 2:
10

Me\‘{Me Me Y Me
q OH
&(OH OH ' %N OMe

N HoN OMe ——>
o + 2 BocHN o 0
BocHN\E/l§o HCI o \_/go
Me/hll;Me Me/‘\TA;Me
XXVilic XXViiib XXViild

The acid from Example XX1V, Step 2 (XXVliIc) (0.7g) was reacted with
15 product from Step 1 above (0.436g), HATU (0.934g) and DIPEA (1.64 mL) in the
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manner previously described in Example IX, Step 2a to afford 0.66 g of the
desired product XXViiid.

Step 3:
Me\/Me Me\\v{ Me
= H OH S H 0
O\WN OMe N N OMe
N _
)
socHN_AK © 0 BocHN\:/‘%O o
Me/]I/I\eMe Me M Me
5 Xxvilid XXVilie

The product of Step 2 (0.5g) was reacted with Dess-Martin reagent (1g) in
the manner previously described in Example XX, Step 7. Purification by flash
column chromatography (40% EtOAc, Hexane, silica) furnished 0.35g of product

10 XXVllle. Mass spectrum (LCMS) 522 (M+H").

Step 4.

Y Y

Yo S o

(Ao (o

>kr§oo o >H/¥OO O
NH Oﬁ,NH

>o;°( >r°

XXVille XXVt

15 The product of Step 4 (0.3g) was added a 1/1 H,0/MeOH solution (20 mL)
and NaHCO3 solid (242 mg, 5equiv.). After being stirred for 18 hours at room
| temperature, the reaction was diluted with EtOAc and layers were separated. The
aqueous layer was acidified to pH 2 with HCI 1.0 N and extracted with EtOAc. The
EtOAc layer was washed with brine then dried over MgSO., filtered and
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concentrated in vacuo to afford product XXVIIIf as a white powder (0.26g). Mass
spectrum (LCMS) 508 (M+H").

Step 5:
\E“;( ———>  BocHN
Oﬁ/ NH Me/l\ Me
XXVIII
5 XXVINf

The product of Step 5 (0.15g) was dissolved in CH,Cl; and reacted with

HATU (0.137g), NH4CI (0.08g, 5equiv.) and DIPEA (0.53 mL). After 2 hours at
room temperature, the reaction was diluted with EtOAc, washed with a 10% citric

10 acid solution, then a saturated NaHCOj; solution. The EtOAc layer was washed
with brine then dried over MgSO., filtered and concentrated in vacuo to afford a
crude mixture. Purification by flash column chromatography (30% Acetone,
Hexane, silica) furnished the desired product XXVIil (0.096g). Mass spectrum
(LCMS) 507 (M+H").

15 Example XXIX: Preparation of a compound of formula XXIX:

N
Sl 0 o
H H |
Z;l‘rN N AL AN
>)\(& 0 H 9

XXIX
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Step1:

O OAc

SO = >0y
O 0 0
XXIXa

To a 0 °C solution of the starting aldehyde (4.0g) in CH,Cl, (75 mL) was

added acetic acid (2.0 equiv., 2.15 mL) followed by methylisocyanoacetate (1.1
equiv., 1.9 mL). The reaction was then gradually warmed-up to room temperature.
After 18 hours (ovemight), the reaction was diluted with EtOAc and washed with a

10 saturated NaHCOj solution. The EtOAc layer was washed with brine then dried
over MgSO,, filtered and concentrated in vacuo to afford a crude mixture.
Purification by flash column chromatography (30 to 40% EtOAc, Hexane, silica) -
furnished the product XXIXa (4.5¢).

Step2:
15
OAc 0] OH O
H H H H
O._N N
>I/OYN N\/U\OMe . >|/ \n/ \)LOH
O o o) 0
XXIXa . XXIXb

To a 0 °C solution of XXIXa (4.4g) in THF (100 mL) was added 26 mL (2.2
equiv.) of a 1.0 N LiOH solution. The reaction was stirred at this temperature for 2
20 hours then warmed-up to room temperature. After 2 hours, reaction mixture was
acidified to pH 2 with a 1.0 N HCI solution. EtOAc was added and layers were
separated. The EtOAc layer was washed with brine then dried over MgSOsq,
filtered and concentrated in vacuo to afford product XXIXb (3.7g).
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Step3:
OH 0
H H
>ro\n,N N Aoy ,
o) o}
HCI.H,N" ~CONMe,
XXIXb XV
OH , ©O |
HCLH,N NN
0 H o
XXIXc

The acid XXIXb was reacted with the amine from Example XV in the
manner previously described in Example XXI, Step 4. The resuiting intermediate
was then treated with HCI in the manner previously described in Exam

Step 9 to afford product XXIXc.
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Step4:

OsNH o) o]
o)
>f XXVllic XXIXc
A4
4 OH 0
anqnvm,q N
>k(&oo o " o
OYNH

XXIXd

The acid XXVllic (2.43g) was dissolved in CH2Cl2 and was reacted with
s amine XXIXc (2.47g), HATU (2.5g) and DIPEA (5.8 mL) in the manner previously
described in Example 1X, Step 2a to afford, after purification by flash column
chromatography (4% MeOH, CH,Clz, silica), the desired product XXIXd (4.35g).
Mass spectrum (LCMS) 727 (M+H").
Step 5:
10
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Y

XXiXd

XXIX

The product of Step 4 (4.2g) was reacted with Dess-Martin reagent (6.4q)
in the manner previously described in preparative Example XX, Step 7.
Purification by flash column chromatography (100% EtOAc, silica) furnished 3 g of
the final product XXIX. Mass spectrum (LCMS) 725 (M+H").
Example XXX: Preparation of a compound of formula XXX:

XXX
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o)

H
UL P
CF, CF3 O

O

XXXa
The alcohol 2-(trifluoromethyl)propan-2-ol (1 .28g) was reacted with N,N-

5  disucciminidyl carbonate (3.84g) and Et;N (4.2 mL) in dry CH3CN (50 mL) for 18
hours. The mixture was diluted with EtOAc (200 mL) and filtered. The filtrate was
washed with NaHCO3, brine then dried over MgSOy, filtered and concentrated in
vacuo to afford a crude mixture. Purification by flash column chromatography
(50% EtOAc, Hexane, silica) fumished the desired product XXXa (0.3g).

10 Step2:

N Y
A >
S 0 o
H H |
[N_J\WN N\)LEI(N\ .
)i\TJ§Oc> o) 0
O« NH
o)
>( XXix "4
2 o) 0
H H l
[;]km/w NVJLH N__
o ! 0
NH,.HCI

XXXb
The product from Example XXIX (0.3g) was treated with 100 mL of 4.0 N
HCI in dioxane. After 1 h, 200 mL of Et,O were added and the resulting precipitate



WO 03/062265 PCT/US03/01430

251

was filtered off and dried under vacuo to afford the product XXXb (0.27g) as a
white powder. Mass spectrum (LCMS) 625 (M — HCI +H").
Step 3:

Fs

XXXa

S % O O
H H I
Zp\”/N\d:‘rN\)LH N..
>k(’l§o o o} 0
Os _NH v

P

To a room temperature solution of XXXb (0.05g) in CH2Cl; (5 mL) was

added DIPEA (0.040 mL) XXXa (1.5 equiv., 0.030g), followed by 1 crystal of

10 DMAP. After 30 minutes, reaction was diluted with EtOAc (20 mL) and washed
with HCI 1.5 N then NaHCO; then brine. EtOAc layer was dried over MgSOsa,
filtered and concentrated in vacuo to afford a crude mixture. Purification by
preparative chromatography (40% Acetone, Hexane, silica) furnished the desired
product XXX (0.044g). Mass spectrum (LCMS) 779 (M+H").

15 Example XXXI: Preparation of a compound of formula XXXI|:
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=

4
—— 0 0

H H l
S S S BEY

01;NH
>

XXXI
Step 1:
%
5 0
H H I
NN N\/U\tlll Ne_ _
o © o)
NH,.HC!
XXXb
Y
3 o} o]
) H H |
%N N\/‘L{:li Ne
>lj/¥%)o o) o
OYNH
>|/NH
5 XXXI

To a solution of XXXb (0.05g) in CH,Cl, (5 mL) at room temperature was
added DIPEA (0.040 mL) and tert—butylisocyanate (1.2 equiv., 0.01 mL). After 18
hours, reaction was diluted with EtOAc (20 mL) and washed with HCI 1.5 N,
10  NaHCOj3 and brine. EtOAc layer was dried over MgSOQ,, filtered and concentrated
in vacuo to afford a crude mixture. Purification by preparative chromatography
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(100% EtOAc, silica) furnished the final product XXXI (0.021g). Mass spectrum
(LCMS) 724 (M+H™).
Example XXXII: Preparation of a compound of formula XXXII:

5 CFa XXXH
Step 1:
Y
BU B Y
N N ~NH, S 5
LIl LA K I nn
>H/&O 0 ! _ N 2
Os_NH >k(ko o) o
>ro NH,.HCI
XXVl XXXIla
10 The product from Example XXVIII was treated in the manner previously

described in preparative Example XXX, Step 2 to afford product XXXlla. Mass
spectrum (LCMS) 407 (M — HC! +H").
Step 2:
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0 S b0
. N NH
U SN S g
CF, O >H/&O o) o
0 NH,.HC!

XXXla

N

S0

%N\C‘;‘/Nﬁz
>H/£Oo o)
OTNH
1

CF, XXXI}

The amine XXXlla was reacted with XXXa in the manner previously

C
&v
C
C
[
[«
et
@,
a
[
e
C
cr
C
¢

described in preparaiive Exampie XAX, Siep 3 i
s XXXII. Mass spectrum (LCMS) 508 (M+H").
Example XXXIil: Preparation of a compound of formula XXXIii:

N
S o
NN NH,
>‘\/£O 0 0
NH

XXX

10 Step 1:
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o)
NH,.HC!

A\
4 = ST
N 2 *Aoo 0
———
>H/K o) o) OYNH
XNH

XXXita
XXX

The amine XXXlla was reacted with tert-butylisocyanate in the manner

previously described in Example XXXI, Step 1, to afford the product XXX1il. Mass
spectrum (LCMS) 561 (M+H™).
5 Example XXXIV: Preparation of a compound of formula XXXIV:

>
— H o] H O I
[:B\(N\)K/N\/U\m i N\
N 1l il " N
%/O\H/HYKOO \\[>0 H o]
O -

XXXIV

(@)
OCH [ > 4 0 OCH
m 3 N , MS A QW/ 3

Step 1:

10
To the mixture of ester (6.0g) and molecular sieve (5.2g) in anhydrous
methylene chloride (35 mL) was aded pyrrolidine (5.7 mL, 66.36 mmoL.). The
resulting brown slurry was stirred at room temperature under N, for 24 h, filtered
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and washed with anhydrous CH3CN. The combined filtrate was concentrated to
yield the desired product.

Step 2:
Q ~

Og_&
OCH =</ OCH
Qﬁr ° o Topoen
o = 0
©/\0/go Na], K2003 ©/\O/ko

To a solution of the product from proceeding step in CH3CN (35 mL) was
added anhydrous K,COj3, methallyl chloride (2.77g, 30.5 mmoL), Nal (1.07g, 6.7
mmoL). The resulting slurry was stirred at ambient temperature under N2 for 24 h.
50 mL of ice-cold water was added followed by 2N KHSO, solution until pH was 1.
10 EtOAc (100 mL) was added and the mixture was stirred for 0.75h. Combined

organic layer was collected and washed with brine, dried over MgSO;s, and

evaporated to yield the desired product.

Step 3.
0 %( Os
QOCH, 1N LiOH / dioxane TBW/OH
N i ]
O
@/\o/go o ©/\O o)

15 The product from preceding step (2.7 g, 8.16 mmolL) was dissolved in
dioxane (20 mL) and treated with freshly prepared 1N LiOH (9 mL). The reaction

mixture was stirred at ambient temperature under N, for 20 h. The reaction

mixture was taken in EtOAc and washed with H,0. The combined aqueous phase
was cooled to 0°C and acidifed to pH 1.65 using 1N HCI. The turbid mixture was

20 extracted with EtOAC (2 x 100 mL). Combined organic layer was washed with
brine, dried over MgSOys, concentrated to give the desired acid (3.40 g).
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0w ]
NaBH(OAc); - [—3\(014
y OH - N

To a suspension of NaBH(OAc)s (3.93g, 18.5 mmoL) in CHzCl; (55 mL)

5  was added a solution of product from preceding step in anhydrous CH,Cl, (20 mL)
and acetic acid (2 mL). The slurry was stirred at ambient temperature for 20 h .

Ice cold water (100 mL) was added to the slurry and stirred for 1/2 hr. Organic

layer was separated, filtered, dried and evaporated to yield the desired product.
Step 5:

-~/
B {
A
) . (BWOMe
N OH CH,N, / Et,O / MeOH N

10

To a solution of the product from preceding step (1.9g) in MeOH (40 mL)
was treated with excess of CH,N2 / Et,0 solution and stirred for overnight. The
reaction mixture was concentrated to dryness to yield a crude residue. The

15 residue was chromatographed on silica gel, eluting with a gradient of EtOAc /
hexane to afford 1.07 g of the pure desired product.
Step 6:
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< X

HO., 1 '

(&OMG OMe
N BF3 . MeZO / CH20|2 ' N
©/\o 0

To a solution of product from preceding step (1.36 g) in anhydrous CH,Cl;
(40 mL) was treated with BF3. Me,O (0.7 mL). The reaction mixture was stirred at
ambient temperature for 20 h and quenched with sat. NaHCOj3; (30 mL) ad stirred

5 for 1/2 hr. Organic layer was separated and combined organic layer was washed
with brine, dried over MgSO,, concentrated to give crude residue. The residue
was chromotagraphed on silica gel eluting with a gradient of EtOAc / hexane to
afford 0.88 g of the desired compound.

Step 7:
K N

\{ l' O/ \

My - 10% Pd /C —
N OMe > OMe
N
/K o H
o °
10

To a solution of the product (0.92 g) from preceding step in MeOH (30 mL)
was added 10 % Pd/C (0.16 g) at room temperature and hydrogenated at ambient

temperature under 1 atm. Pressure. The reaction mixture was stirred for 4 h and
15 concentrated to dryness to yeild the desired compound.

Step 8:
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The desired product was prepared according to the procedure in Example
XXIIi, Step 10.

s Step9:

S
[—B\"/OMe Z——B\(,OH
goN T 1N LIOH N

N o} ———e

%/O\n/ 7 0 dioxane %/O\n/ﬂ\/goc”)

The desired acid product was prepared according to the procedure in
Example XXIV, Step 3.

10 Step 10:
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XXXIV

The desired product XXXIV was prepared according to the procedure in
5  Example XXIX, Steps 4-5.
Example XXXV: Preparation of a compound of formula XXXV:

MeyMe
F&
~ ' (o] .. 0O )
H H i
R (AN N\)LN)\H/N\
F H
0 e} o] O

O\\gNH
>l/ XXXV

Step 1:
10
0 | CO.Et
Ol
O;LO + (EtO)z-L-CHzcozEt —
v/ O 0O
-/

A solution of triethyl phosphonate (44.8 g) in THF (30 mL) at 0°C was
treated with a 1M solution (200 mL) of sodium bis(trimethylsilylamide) in THF.
15 The resulting mixture was stirred at RT for 0.5 hour, and then cooled to 0°C. A
solution of 1,4-cyclohexanedione ethylene ketal (15.6 g) in THF (50 mL) was
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added dropwise, and the resulting solution was stirred at RT for 18 hours. The
reaction mixture was then cooled to 0°C, treated with cold aqueous citric acid, and

the mixture was extracted with EtOAc. The extract was washed with saturated

- aqueous NaHCOg3, then brine; then dried over anhydrous Na2S04, filtered, and

the filtrate evaporated. The residue was chromatographed on silica gel, eluting
with a gradient of CH2CI2/EtOAc to afford the title com'pound (21 g), 92% vyield.
Mass spectrum (FAB) 227.3 (M+H™).

Step 2:

P "

The product of the preceding step (20 g) was dissolved in EtOH (150 mL)
and treated with 10% Pd/C under 1 atm of hydrogen for 3 days. The mixture was
filtered and the filtrate evaporated to afford the title compound (20.3 g), 100 %
yield. Mass spectrum (FAB) 229.2 (M+H").

Step 3.

OJEt O,H

O 0
\J P

The product of the preceding step (20 g) was dissolved in MeOH (150 mL)
and treated with a solution of LiOH (3.6 g) in water (50 mL). The mixture was
stirred for 18 hours, and concentrated under vacuum. The residue was dissolved
in cold water (100 mL), the solution was acidified to pH 2-3 with 5N HCI, and the
resulting mixture was extracted with EtOAc. The extract was dried over
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anhydrous Na2S0Oy4, filtered, and the filtrate evaporated to afford the title

compound (17.1 @), 97% yield. Mass spectrum (FAB) 201.2 (M+H").
Step 4:

O,H o)

Hh\%o > \_L_/O

0 N
Ph U/

~,

1. The product of the preceding step (3.0 g) was dissolved in Et20 (150 mL),
treated with Et3N (2.1 mL), and the solution cooled to -78°C. Pivaloyi chloride

(1.85 mL) was added dropwise, and after 0.25 hour additional stirring, the reaction

‘was allowed to warm to 0°C over 0.75 hour, and then cooled again to -78°C to

afford a solution of mixed anhydride for reaction in part 2.

2. A solution of (S)-4-benzyl-2-oxazolidinone (2.66 g) in THF (22 mL) was cooled
to -78°C, and a 1.6 M solution (9.38 mL) of n-butyllithium in hexane was added
dropwise. After an additional 0.33 hour stirring at this temperature, the solution
was transferred via canula to the cold solution of part 1. The mixture was stirred
at-78°C , then warmed to 0°C, and stirred at this temperature for 0.5 hour. The
organic layer was‘éeparated, the aqueous layer was extracted with Et20, the

combined organics were washed with brine, dried over anhydrous Na2S04,

filtered, and the filtrate evaporated. The residue was chromatographed on silica
gel, eluting with a gradient of hexane/EtOAc (9:1) to afford the title compound (5.0
g), 93% yield. Mass spectrum (FAB) 360.4 (M+H™).

\.—/ "

7 e ™

0
/

\4

'U/ 4,
&
U,
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The product of the preceding step (2.7 g) was dissolved in THF (25 mL),
cooled to -78°C, transferred by canula to a solution 6f 0.5 M potassium
bis(trimethylsilyl)amide/toluene (16.5 mL) in THF (25 mL) at -78°C, and the
resulting solution was stirred at -78°C for 0.75 hour. To this solution was added
via canula a solution of trisyl azide (3.01 g) in THF (25 mL) pre-cooled to -78°C.
After 1.5 minutes, the reaction was quenched with acetic acid (1.99 mL), the
reaction was warmed to RT, and then stirred for 16 hours. The reaction was
diluted with EtOAc (300 mL), and washed with 5% aqueous NaCl. The aqueous
phase was extracted with EtOAc, the combined organic phases were washed with
saturated aqueous NaHCO3, then brine; then dried over anhydrous Na2S04,
filtered, and the filtrate evaporated. The residue was chromatographed on silica
gel, eluting with EtOAc/hexane (1:3) to afford the title compound (2.65 g), 88%
yield. '

Step 6:

o] (o) O
Ny[" O Ny’/, '\Hk o
~/ - \_/

~,
~,

< " "

The product of the preceding step (11.4 g) was dissolved in 95% formic
acid (70 mL) and heated at 70°C for 0.5 hour while stirring. The solution was
evaporated under vacuum, and the residue was taken up in EtOAc. The solution
was washed with saturated aqueous NaHCO3, then brine; then dried over
anhydrous Na2S04, filtered, and the filtrate evaporated. The residue was
chromatographed on silica gel to afford the title compound (8.2 g).

Step 7:
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(0] 0 0] 0
N, o Ny, N)ko
\u . \\_/
Ph . Ph

The product of the preceding step (8.2 g) was dissolved in CH2CI2 (16 mL)

and treated with diethylaminosulfur trifluoride (DAST, 7.00 mL) at RT for 3 hours.
The reaction was poured over ice/water (200 cc), and extracted with CH2Cl2. The

extract was washed with saturated aqueous NaHCO3, then brine; then dried over
anhydrous Na2S04, filtered, and the filtrate evaporated. The residue was

chromatographed on silica gel, eluting with EtOAc/hexane (15:85) to afford the
tittle compound (4.5 g), 52% yield.

Step 8:

Ny, L
837,

OH

The product of the preceding step (3.7 g) was dissolved in a mixture of THF
(150 mL) and water (48 mL), cooled to 0°C, treated with 30% H202 (3.95 mL),

and then with LiOH-H20 (0.86 g). The mixture was stirred for 1 hour at 0°C, then
quenched with a solution of Na2S03 (5.6 g) in water (30 mL), followed by a
solution of 0.5 N NaHCO3 (100 mL). The mixture was concentrated under
vacuum to 1/2 volume, diluted with water (to 500 mL), and extracted with CH2Cl2

(4 x 200 mL). The aqueous phase was acidified to pH 1-2 with 5N HCI, and
extracted with EtOAc (4 x 200 mL). The extract was washed brine; then dried
over anhydrous Na2S0O4, filtered, and the filtrate evaporated to afford the title

compound (1.95 g), 91% yield, which was used directly in the next step.
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OH - OMe

F
The product of the preceding example (2.6 g) was dissolved in Et20 (50
5 mL) and treated dropwise with a solution of CH2N2 in Et20 until the solution

remained yellow. The solution was stirred for 18 hours, then evaporated under

vacuum to afford the title compound (2.8), which was used directly in the next

step.
Step 10:
10
o ©
Ny, A e HZNESU\ OMe
s Q

The product of the preceding step (1.95 g) was dissolved in MeOH (150
mL), treated with formic acid (1.7 mL), then treated with 10% Pd/C (3.3 g,
Degussa type E101) under 1 atm of hydrogen for 1.5 hours. The mixture was
15 filtered and the filtrate evaporated to afford the title compound (2.1 g) as the
formic acid salt, which was used directly in the next step.

Step 11:

HZN/,'. H O
OMe Boc~ N,,.. OMe

Y
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The product of the preceding step (2.1 g) was dissolved in 1,4-dioxane
(100 mL) and di-tert-butyl dicarbonate (1.9 g) was added, followed by
diisopropylethylamine (2.9 mL). The solution was stirred for 18 hours, and
concentrated under vacuum. The residue was treated with aqueous 5% KH2PO4
5 and the mixture extracted with EtOAc. The extract was washed with brine; then
dried over anhydrous MgSO4, filtered, and the filtrate evaporated. The residue
was chromatographed on silica gel, eluting with a gradient of CH2CI2/Et20 to
afford the title compound (2.5 g), 99% yield. Mass spectrum (FAB) 307.9 (M+H").

Step 12:
10
Boc ™™~ oMme . Boc N, 2 o
FF FF

The product of the preceding step (2.5 g) was dissoived in 1,4-dioxane (35
mL), treated with aqueous 1M LiOH (17 mL), and stirred for 2 hours. The mixture
was quenched with ice/water (125 cc), the mixture was acidified to pH 3-4 with 3N
15 HCI, and extracted with EtOAc. The extract was dried over anhydrous MgSO4,

filtered, and the filtrate evaporated to afford the title compound (2.3 g), 96% vyield.
Mass spectrum (FAB) 294.0 (M+H").

Step 13:

) : D\;r
OH OMe
Fm F N
O NH o

20
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The desired product was prepared according to the procedure in Example

XXIl, Step 10.
Step 14:

Me\{Me Me\S{Me

AN A
ZP\,(OMG ; Q\(OH
F 6]
o© o
NH OYNH

The desired acid product was prepared according to the procedure in
Example XXIV, Step 3.

Step 15:
' Me _Me
R

F

5O * HCLHN N\)LN Ne_

OYNH' o H o
>(°
Me\/Me
A o 0
H H |
R [Nj\’(N N AL AN
F H
e o 0
O NH

0
>|/ XXXV
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The desired acid product was prepared according to the procedure in
Example XXIX, Step 4.
Example XXXVI. Preparation of compounds of Formulas XXXVI and XXXVIIi:

Compounds of formulas XXXVI and XXXVIIlI were prepared according to
5 the scheme below and utilizing preparative Examples 11 through 15 discussed
above.

F F

o
F F BubN_JL , HATU, DIPEA F
N O—  10% PdiC o * H e N O~
_— N 212

BnO 00 TsOH, MeOH, H,0 H 7ro\[r
o i
XXXVia /N
OH
E CIH H;N N\/\ F
F F OH
1N LIOH t}on ‘ © ) H H\/\
———————- H
o H\/K 0 N 0 o}
RS oY \%
AN ° AN |
(©}
cf. Preparative [
lExample 15 F
T Iy
0 o} o} o}
H H | o--N
d@w Ay Tl L
o \n,n\/goo 0 R oo N
i /T\ XXXVI
XXXV

The compound of formula XXXVIb was prepared from a compound of formula

XXXVla as follows by known procedures:

F F
F | F
OMe 10% Pd/C OMe
N — N
A O TSOH, MeOH, H,0 H o

BnO™ O

XXXVib
10 XXXVia
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To a solution of Compound XXXVla ( 6.58g, 22 mmol) in 100 mL of MeOH was
added 10% Pd/C (0.8 g) and p-toluene sulifonic acid (4.2 g). The reaction mixture
was subjected to hydrogenation at room temperature overnight. The reaction
mixture was filtered through celite and washed with excess MeOH. The combined

5 filtrate was concentrated in-vacuo to provide the title compound XXXVIb as a
gummy. Conversion of XXXVib to XXXVI and XXXVIi followed the route as
shown in the scheme above and according to preparative examples 11-15.
Example XXXVIIl. Preparation of a compound of formuia XXXVIii:

A compound of the formula XXXVIII was prepared utilizing the following
10 scheme and following preparative Examples 11 through 15 discussed earlier.

H OH H (0]
0 0 EDCI, HOB, O.__N N 0/
S X +C,HH2N¢L L Y
') u oH NMM, DMF o) o)

OH

s =
N n fw § Y°
w OH O CH.HN ~ ~_OoN_ A N I AN

! = + i Py I ) H Il
ot 10mane 7O Y on e © N° o
1N LiOH / Dioxane o 0 EDCI, HOBt, NMM, DMF
LS OH
H o] | N EDCI, HOBt
. H + H ' i
AMHCIN c1y HN N\/U\N NS OTN\AOO NMM, DMF
dioxane 0 H o . I o /T\ '

XXxvili
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Example XXXIX. Synthesis of the compound of Formula XXXIX:

A
H3 CH<3:H3
XXXIX
Step 1:
cl |
CbzZHN A~ CbZHN .~ N~
0°"%0 0” \\o\[\
XXXIXa XXXIXb

A solution of the sulfonyl chloride XXXIXa prepared by the procedure of H.
Mcklwain (J. Chem. Soc 1941, 75) was added dropwise to a mixture of 1.1. equiv
of t-butylmethylamine and triethylamine at —78 °C and stirred at rt for 2h. The
reaction mixture was concentrated in vacuo and purified by chromatography
(SiO, Hex/Acetone 4:1) to yield sulfonamide XXXIXb as a colorless oil.

Step 2:
CszN\/\/S,\r[Q\ —_— HZN\/\/S,\ILK
oo 0”0
XXXIXb . XXXIXc

A solution of the Cbz-protected-amine XXXIXb was dissolved in methanol
and treated with 5 mol% of Pd /C (5%w/w) and hydrogenated at 60 psi. The
reaction mixture was filtered through a plug of celite and concentrated in vacuo to
obtain the free amine XXXIXc which solidfied on standing.

Step 3:
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CHz_-CHj3 CHa.__CHs
S OH S OH

N OCH, K N
N \/\/5=O
H H O/ \N_.

>ty 0 N _>X N\/&O °

L TcH A
3 CHs 3 %Hg CH(;;Hs
XXVe XXXIXd

The hydroxy sulfonamide XXXIXd was synthesized similar to the procedure
for the synthesis of XXVf except replacing the amine XXVd with XXXIXc. The

5 crude reaction mixture directly used for the next reaction.
Step 4:

CHs \/CH3

CHs/é\H(gHa %H@%Ha
XXXIXd XXXIX
The hydroxy amide XXXIXd was oxidized to compound XXXIX using the
10  Dess Martin reagent following the procedure for the synthesis of XXV (step 5).
The crude mixture was purified by chromatography (SiO,, Acetone/Hexane 3:7) to
obtain XXXIX as a colorless solid.

Example XXXX Preparation of Compound of Formula XXXX

4—)\(" i
N NH
N
>H/£ o 0
o
Oﬁ/NH
I:j/ml
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Step1

N “H ZNj\‘(N NH,
HCI(4.0 N) Dioxane
>H/§Oo 0 4.0 N) >H/§OO I

Ox NH

NH,.HCI

o
>f XXXXa XXXXb

5 XXXXa was reacted in the manner previously described XXXII step 1 to afford
XXXXb product product of step 1 Mass spectrum (LCMS) 421 (M — HCI +H").
Step2

CO,H

N=C=0
% Diphenylphosphorylazide >§
~ Et3N, PhMe K)

XXXXc XXXXd

10
Et3N(1.4 mL) and Diphenylphosphorylazide(2.2 mL) were added to a
solution of carboxylic acid XXXXc in toluene (13 mL). Reaction was stirred at RT
for 30 min then refluxed overnight. After 18 h, reaction is cooled to RT and XXXXd
product of step2, which was used directly Oas a 0.7 M solution in Toluene.
15
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Step 3

0O

™\ H
NCO CH,Cl,, DIPEA
o o) o]

Os NH
NH
XXXXd
‘ XXXX

XXXXb, Product of step 1 of preparative example XXXX was reacted with XXXXd
5 product of step 2 of preparative example XXXX in the manner previously

described in example XXXIIl to afford XXXX. Mass spectrum (LCMS) 560
(M+H").

Example XXXXI Preparation of Compound of Formula XXXXI

| (o) NH
Y
(o)
) S
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Step4
y o

ococl : N NH,

CH,Cl,, DMAPcat. N

- o© 0
OsNH
Prepared cf J.Org.Chem., 1977,42,143 0
XXXXta XXXXI

5 XXXXb, product of step 1 of preparative example XXXX was reacted with

chioroformate XXXXla prepared as J.Org.Chem.,1977,42,143 in the manner
previously preparative example 12 compound 4.1 described to afford XXXXI.
Mass spectrum (LCMS) 561 (M+H").

IR VAV ViV

uia XAXXii

PR B P [1
Or1 rorimui
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CF3 CF,
. . Me>l\
MelLi/Et, O
~ 2
Me N/\Ph Me EIAPh

Prepared cf J.Org.Chem., 1996 p 6567

XXX Xlib
XXX Xila

To a stirred and cooled (acetone/dry ice bath) solution of the starting imine

XXXXI1 a (3.679 g) in diethy! ether (50 ml) was added 1.6M methy! lithium in
5 diethyl ether (12.6 ml). The reaction mixture was allowed to warm up to room
temperature over 2 hrs. Saturated NaHCO3; was added and after stirring for ~30
min the organic phase was separated. It was then washed with brine, dried over
anhydrous Na;SO4 and concentrated to dryness under vacuum. The crude
product was subjected to chromatography over silica gel (2% ethyl acetate in n-
10 hexane) to provide the desired product XXXXIilb (0.3 g).

Step 2
CF3 e 12
Me (Boc),0/Ag. NaOH/Dioxane ' >L o~
Me” "N~ “Ph me” N7 Ph
H Boc
XXXXitb XXXXIle
15 To a stirred and cooled (ice bath) solution of XXXXIIb the product from

step 1 (0.3 g) was added 1.0N NaOH (1.38 ml) followed by (Boc),O. The reaction
mixture was stirred at room temperature for ~20 hrs after which it was distributed
between ethyl acetate (50 mt) and water (10 ml). The ethyl acetate phase was
separated, washed with brine and dried over anhydrous NazSOs4. Evaporation

20 under vacuum to dryness provided the desired NBoc derivative XXXXIllc (0.660
g), which was used without further purification in the following step.

Step 3
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CF, oF,

Me () PA(OH),H; we
N .
Me T Ph (i) HClin ether Me NH,.HCI
Boc
XXX XIld
XXXXlic

A solution of the XXXXllc product from step 2 in methanol (10 ml) was
hydrogenated in the presence of Pd(OH), until thin layer chromatography showed
the absence of the starting material. Pd(OH), was removed by filtration and
washed with methanol. The combined filtrate and washings were concentrated to
dryness under vacuum to provide a solid which was dissolved in methanol and
treated with 1.0N HCl in diethyl ether. After ~2 hr the reaction mixture was
evaporated to dryness under vacuum to provide XXXXIId the desired amine
hydrochloride as a white solid (0.2 g).

Step 4
CF; CF,
Me CH,Cl,/aq. NaHCO3 M6>L
Me NH,.HCI Phosgene - Me N=C=0
XXXXIId XXXXlle

To a stirred and cooled (ice bath) solution of XXXXlId the product from step C (0.1
g) in CHxCl, (6 ml) was added saturated NaHCOj3 solution (4 ml) followed by
phosgene (0.64 mi). The reaction mixture was stirred at 0°C for 30 min and at
room temperature for 1 hr. The organic phase was separated, dried over
anhydrous MgSO, and concentrated to dryness in vacuum to provide the desired
isocyanate XXXXlle (0.0611 g).

Step 5
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NH,
0

S
N N
CH,Cl,, DIPEA
e

XXXXb

Ox NH

QrNH

CF, XXXXN

XXXXlle, product of step 5 was reacted with XXXXb of preparative
example XXXX in the manner previously in example XXXIIl described to afford
XXXXII. Mass spectrum (LCMS) 574 (M+H").

Example XXXXIil Preparation of Compound of Formula XXXXIii

10 Step1
(o) 0O (o}

PhCOC/Pyridine/CH,Cl,/0°C
Me)l\/\oﬂ Pyridine/CH,Cl, . Me*/\O/U\Ph

XXXXilla XXXXI1lb

To a cooled solution (ice bath) of 4-hydroxy-2-butanone (8.81 g) XXXXllia

in CH2Clz (100 ml) was added with stirring, benzoyl chloride (14.76 g) followed by

15 pyridine (16.15 ml) and DMAP (0.01 g). The reaction mixture was stirred at room
temperature overnight then diluted with ethyl acetate (~200 ml). The solution was
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washéd with aqueous CuSQy,, aqueous NH4Cl and brine. The organic phase was
then dried over anhydrous MgSQO, and evaporated to dryness. The product was
purified by column chromatography over silica gel (5%-15% ethyl acetate in n-
hexane) to provide XXXXilib (16.3 g; 84.9%).

Step 2
o 0 FF (o}
DAST/CH,CI
Me)j\/\O)J\Ph 212 . Me></\o/U\Ph
XXXXHib ' XXXXille
10 To a solution of XXXXIlib, the product from step 1 (16.3 g) in CHxCl, (150

ml), was added DAST (26.1 ml) and the reaction mixture stirred at room
temperature for ~72 hrs. The mixture was then added dropwise to a cold
saturated solution of Na,CO3 (150 ml). The mixture was diluted with ethyl acetate
(~200 ml) and after stirring for ~30 min the organic phase was separated; washed

15 with brine and dried over anhydrous MgSO,4. Concentration in-vacuo and
purification by chromatography over silica’'gel (4% ethyl acetate in n-hexane)
provided XXXXIllc (14.6 g; 80.4%).

Step3
20
(i) EtMgCl FF

F_F 0 . : '
(i) Dess-Martin reagent t
Me></\o)]\ Ph Mex/\/coo Bu

— t o
XXXXIlle (i) PhyP=CHCOO Bu XXXXIid

To a solution of XXXXlllc the product from step 2 (4 g) in dry diethyl ether

(150 ml) was added with cooling (ice bath) EtMgC! (28 ml). The reaction mixture

25  was stirred in the cooling bath for ~6 hrs after which it was poured into saturated
aqueous NH4C! with ice cooling. The organic layer was separated, washed with
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brine, dried over anhydrous MgSO4 and concentrated to drynéss in vacuum. The
residue was dissolved in CH,Cl> (100 ml) and treated with Dess-Martin reagent
(15.8 g). After stirring at room temperature for 1 hr PhyP=CHCOO'Bu (10.54 g)
was added. Stirring was continued for ~20 hrs. Ethyl acetate (~200 ml) was
added followed by a mixture of saturated Na,S,03 and saturated NaHCO3 (200
ml; 1/1) and stirred for ~ 10 min. The organic layer was separated and washed
successively with saturated NaHCO3 and brine. The washed organic phase was
dried over anhydrous MgSO,4 and evaporated to dryness under vacuum to provide
the desired crude product.

The above reaction was repeated using the product from step 2 (10.6 g). The
final crude products from the two reactions were combined and subjected to
purification by chromatography on silica gel (10% CH,Cl, in n-hexane) to provide

XXXXHid (7.93 g; 57%).

Step 4
OH NH.Cbz
F F Sharp|ess Chbhz.HN ¢ HO t
Me></\/ COO'BY . :::00 Bu + :.:‘,00 Bu
aminohydroxylation F F
XXXXid » Me Me
XXXXlle XXXXIItf

Benzyl carbamate (8.92 g) was dissolved in n-propyl alcohol (79 ml). To
the resulting solution was added with stirring a freshly prepared solution of NaOH
(2.33 g) in water (145 ml), followed by tert-butylhypochlorite (6.57 ml). To the
resulting mixture (DHQ):PHAL (0.742 g) dissolved in n-propyl alcohol (66 mi) was
added followed by XXXXIilld (19.05 mmol). The osmium catalyst, K,OsO,(OH),
was then added and the reaction mixture stirred at room temperature for 1 hr.

The above reaction was repeated using XXXXIilld (19. 36 mmol). The two
reactions were combined followed by dilution with ethyl acetate (500 ml). The
mixture was shaken with water (100 ml), the organic phase separated and
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washed with water, brine and finally dried over anhydrous MgSQO,. Evaporation
under vacuum provided the crude product which was chromatographed over silica
gel (10%-20% ethyl acetate in n-hexane) to provide pure desired product (3 g) as
a mixture of XXXXIlile and XXXXIIIf

Step 5
NH.Cbz NH.Cbz
Cbz.HN Cbz.HN
\E;cootau \(icootau TFAICH,Cly \E;°°°“ \li;coon

XXXXllle XOKXXIN XXXXlilg XXXXHlh

A stirred solution of XXXXIIlf and XXXXlile the product from step 4 in
CH2Cly (50 mi) was treated wi ' tic acid (50 ml). After 4 hrs the
reaction mixture was concentrated to dryness under vacuum. The residue was
dissolved in 10% aqueous Na,COs the solution washed with diethy! ether and the
aqueous phase acidified with 2M H;804 to pH ~1.5. Extraction of the acidic
solution with ethyl acetate followed by drying over anhydrous MgSO4 and
evaporation under vacuum provided the desired product as a mixture of XXXXIilg

and XXXXIllh (2.6 g).

Step 6
NH.Cbz OH

CozHN coou COOH nHooHatu  CPEHNS S conk,
CH,Cl, F
F

Me

XXXXiilg XXXXith XXX Wi
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To a solution of the product from step 5 (1 g) in CH.Cl, (50 mi) was added
HATU (1.43 g), NH.CI (0.842 g) and DMSO (5.59 ml). The reaction mixture was
stirred at room temperature for ~20 hrs, diluted with ethyl acetate and washed
with saturated NaHCO; and brine. The organic phase was then dried over
anhydrous MgSO,4 and concentrated to dryness under vacuum to provide the
crude product. Chromatography on silica gel (10% n-hexane in ethyl acetate)
provided in one of the fractions the pure desired product XXXXIIli (0.205 Q).

Step 7
OH OH
Cbz.HN CONH, (i) 10% Pd/C, EtOH HCLHN CONH,
F (i) HCUEt, O F
MeF MeF
XXX XXXXIilj

To a solution of XXXXIIii the product from step 6 (0.205 g) in ethanol (15
ml) was added 10% Pd/C catalyst. The resulting suspension was hydrogenated
until thin layer chromatography indicated complete consumption of the starting
material (~3 hrs). The catalyst was removed by filtration and washed with
ethanol. The combined filtrate and washings were evaporated under vacuum to
dryness to provide the desired product XXXXIllj (0.164 g).
Step 8

y 0
YOOKXIj —
0 © o
NH FIF
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XXXXIilj was converted to XXXl following the procedure similar to exmple
XXVHI and XXXI1II

s Example XXXXIV Preparation of Compound of Formula XXXXIV

. g}( .
N (@] () Ph
oty % PP
o) N~ CONMe,
o) o) H
4 O

XXXXIV
Step 1
/U\/U\ - HO OH
Br
EtO OEt BnO” "
XXXXIVa XXXXIVb

10

Ethyl malonate XXXXIVa (5.4ml; 36mmol) was added to a suspension of

NaH (1.44g of a 60% dispersion in mineral oil; 0.9eq.) in anhydrous

15 tetrahydrofuran (THF; 60ml) at OC, under an atmosphere of nitrogen and the
mixture was stirred at room temperature for 30 min. Benzyl 2-bromoethylether
(8.5ml; 40mmol) was added before refluxing the reaction for a period of 24h. After
cooling, the reaction was partitioned between EtOAc and dilute HCI (approx. 1M).

The organic layer was separated, dried (MgSO.) and concentrated to yield a

20 residue.
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The aforementioned residue was dissolved in anhydrous THF (100ml) and a
solution of lithium aluminum hydride (LAH; 66ml of a 1.0M solution) was added
under an atmosphere of nitrogen and the resulting mixture was stirred at room
temp. for a period of 4h. and EtOAc followed by dilute HCl was added. The
organic layer was separated, washed with brine, dried (MgSO4) and
concentrated. The crude reaction product was purified by silica gel column
chromatography using EtOAc:Hexane (70:30) as eluent to provide the desired diol
XXXXIVb (3.59g) as a colourless oil.

Step 2

HO OTs
HO OH
TsCl, pyr.
PSR

OBn OBn

XXXXIVb XXXXIVe

p-Toluene sulfonylchioride (1.12g; 5.9mmol) was added to the diol
XXXXIVb (1.00g; 4.9mmol) in a mixture of dichloromethane (15ml) and pyridine
(1.18mi; 14.6mmol) and the restlting mixture was stirred at room temperature
overnight (approx 1 6h.). The reaction mixture was partitioned between EtOAc and
dilute aqueous HCI. The organic phase was separated, washed with sat. aq.
Sodium bicarbonate, dried (MgS04) and concentrated under reduced preesure.
The residue was purified by silica gel column chromatography using EtOAc:
hexane (30:70) as eluent to provide |) the ditosylate (0.291g), followed by ii) the
desired mono-tosylate XXXXIV¢ (1.02g) and iii) recovered diol (0.279).

Step 3
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0]
HO OTs NaH
OBn
0OBn
XXXXIV
© XXXXIVd

The mono-tosylate XXXXIVe (1.0g; 2.8mmol) in anhydrous dimethylformamide
(DMF; 3ml) was added to a suspension of NaH (0.333g of a 60 % dispersion in
mineral oil; 8.3mmol) in DMF (13ml) and the resulting mixture was stirred at room
temperature for a period of 3h. The reaction mixture was partitioned between
EtOAc and water. The organic phase was separated, washed with brine, dried
(MgS04) and concentrated to provide a residue which was purified by silica gel
column chromatography using EtOAc: hexane (1:5) as eluent to provide the
desired oxetane XXXXIVd (0.379g) as a colourless oil.

Step 4
(o) o
H,, Pd-C
OBn OH
XXXXivd XXXXIVe

A suspension of 10% Pd-C (0.10g) and the benzylether XXXXIVd (0.33g)
in methanol (10ml) was placed under an atmosphere of hydrogen (balloon) for a
period of 1h. The reaction mixture was filtered through a pad of celite and the solid
was washed thoroughly with methanol. The combined filtrate was concentrated
under reduced pressure to provide the alcohol XXXXIVe (0.17g) as a colourless
oil used in subsequent procedures without purification.
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Step 5
O o)
1. Dess- Martin
2.PhsPCHCO,BN
—
OH
BnO,C
XXXXIVe XXXXIVE

The Dess-Martin periodinane (0.658g; 0.16mmol) was added to a solution of the
s alcohol XXXXiVe (0.144g; 1.4mmol) in dichloromethane (5ml) and stirred at room
temperature for a period of 1h., before adding the phosphorane (0.637g;
0.16mmol). The resulting reaction mixture was stirred for a period of approx. 16h.,
then partitioned between EtOAc and water. The organic phase was separated,

dried (MgSOs) and concentrated under reduced pressure. The residue was

(V)

i purified by sitica gel column chromatography using EtOAc:hexane; 1:5 to provide
the ester XXXXXIVF (0.131g) as a colourless oil.

Step 6
o o
__ M cezeN
BnO,C Bno,c”~ “OH
y XXXXIVE XXXXIVg

Benzyl carbamate (0.6579; 4.3mmol) was dissolved in n-propanbl (6ml).
Aqueous sodium hydroxide (0.171g; 4.3mmol, in 11mi of water) was added
followed by tert-butyl hypochlorite (0.49ml; approx 4.3mmol) and a solution of
(DHQ).PHAL (0.056g) in n-propanol (5ml). The resulting mixture was placed in a
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water bath and and stirred for 5 min. before adding the olefin XXXXIVf (0.326g;
1.4mmol) followed by potassium osmate dihydrate (0.021g). The resulting reaction
mixture was sirred for 3h., and added to EtOAc. The aqueous layer was separated
and washed with EtOAc. The combined organic phases were wahed with brine,
dried (MgSO4) and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using EtOAc; hexane (7:3) as eluent
to give the alpha-hydroxy ester XXXXIVg (0.367g), containing approx. 20% of the
undesired beta-hydroxy ester.

Step 7
0 (®)
CBZHN K,COa, CBZHN
—_——
) MeOH
BnOQC OH Ilv‘IeOzC MU
XXXXIVg XXXXIVh

Potassium carbonate (0.100g) was added to a methanol (30ml) solution of
approx. 2g of the benzyl ester XXXXIVg (contaminated with a small quantity of
benzyl carbamate). The resulting mixture was stirred at room temperature for 2h.,
then partitioned between EtOAc and water. The organic phase was separated,
washed with brine, dried and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography using EtOAc:hexanes (7:3) to
provide the ester XXXXIVh (1.02g).

Step 8
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2. BOP reagent

MeO,C~ “OH o i ~
Ao n QOH XXXXIVj o
H o
o

XXXXIVh

1. Hy, 10% Pd-C o] '
H
CBZHN > >§ /U\ N H 1
o u N
o]

XXXXIVi

A suspension of 10% Pd-C (0.030g) and the benzyl carbamate XXXXIVh (0.090g)
in methanol (5ml) was placed under an atmosphere of hydrogen (balloon) for a
period of 1h. The reaction was filtered through a pad of celite and the solid was
washed thoroughly with methanol. The combined filtrate was concentrated under
reduced pressure to yield the intermediate amine (0.050g) which was used
immediately.

BOP reagent (0.131g; 0.31mmol) followed by triethylamine (0.130mi;0.93mmot}
were added to amixture of the amine (0.050g; 0.28mmol) and the carboxylic acid
XXXXIVi (0.121g; 0.31mmol) in dichloromethane (3ml) and the resulting mixture
was stirred for a period of 4h. and partitioned between dil. aq. HCI (approx. 1M)
and EtOAc. The organic phase was separated, washed with sat. aq. Sodium
bicarbonate, dried (MgSO.) and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography using EtOAc as eluent
to provide the methyl ester XXXXIVj (0.107g) as a white solid.

Step 9
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o] 'L
OH
>TO/U\NE 3"/'\' H KyCO3. >\\ )L i N
H o COMe  MeOH-H20 COzH
o)
o}

XOXXXIVK
XXXXIVj

Potassium carbonate (0.054g; 0.39mmol) was added to the ester XXXXIVj
5 (0.107g; 0.19mmol) in a mixture of methanol (3ml) and water (1mi) and the
resulting reaction was stirred for a period of 16h. and partitioned between EtOAc
and water. The organic phase was separated, washed with brine, dried and
concentrated to yield the acid XXXXIVk (0.0999g).

10
Step 10

| O Ph
CO.H :
’/\i/ 2" 1. BOP reagent HCI'HzN\)Lu*CONMeZ

XXXX1IVk

X *%% {j S

XXXXIV

2. Dess-Martin Periodinane
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Triethylamine (0.035ml; 0.25mmol) was added to a mixture of the
carboxylic acid XXXXIVk (0.041g; 0.08mmol), the hydrochloride salt (0.023g;
0.08mmol) and BOP reagent (0.037g; 0.08mmol) in dichloromethane (3ml) and
the resulting mixture was stirred at room temperature for a period of 4h. The

5 reaction was partitioned between EtOAc and dilute aq. HCI (1M). The organic
phase was separated, washed with sat. aq. sodium bicarbonate, water, dried and
concentrated under reduced pressure.

The residue from the aforegoing procedure was dissloved in dichloromethane
(3ml) and Dess-Martin periodinane (0.065g; 0.15mmol) was added and the

10 mixture stirred at room temperature for 2h. The reaction was partioned between
5% aq. sodium sulfite, sat. ag. sodium bicarbonate, water, dried and concentrated
under reduced pressure. The residue was purified by silica gel column
chromatography using CH>Cl2;MeOH; 20:1 as eluent to provide the alpha-keto
amide XXXXIV (0.021g). FABMS: MH*, 767 .4.

15
Example XXXXVI Preparation of Compound of Formula XXXXVi

g2 o
H H NP
(—)\WN N\O/‘S’O
) T
>rN\n/N o (e} (0]
o /T\
XXXXVI

20

Step 1
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OAc
BocHN.__CHO H Os .0
TOSMIC © 7 CH,
XXlile XXXXVlia
5 A solution of aldehyde XXllle (0.626 g, 2.75 mmol), TOSMIC (1.63 g, 8.27

mmol) and CH;COOH (0.48 mL, 8.27 mmol) in dry CHCl, (15 mL) was stirred at
rt. for 36 h. The reaction mixture was concentrated in vacuo and purified by
chromatography (SiOz, EtOAc{Hex 2:3) to yield 0.90 g (68%) of XXXXVla as a
colorless solid : :

10 MS (ES) m/z, relative intensity 965 [(2M+1)*, 30], 483 [(M+1)", 53], 427 (60), 383
(100), 365 (71), 272 (64).

Step 2
OAc
H 0,20 _ o+ OH H
BochN st\@\ CIHgN N0
; L
CHg © CH,4
15 XXXXVia XXXXVIb

A solution of XXXXVla (0.9 g, 1.86 mmol) in HCI (30 mL, 6 M in CH30H,
prepared by addition of acetyl chloride to CH;OH at 0 °C) was stirred at rt.
overnight. The reaction mixture was concentrated in vacuo and used as it is in the

20 following step
MS (ES) m/z, relative intensity 681 [(2M+1)*, 26], 341 [(M+1)*, 100], 180 (40)
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Step 3
N\ N

Sy A H OH H 0. O
N H\/L o) NN > O
n >y o
0]

0 A AT~
XXIVe

XXXXVie

The synthesis of XXXXVIc was accomplished using XXIVc (134 mg, 0.36
5 mmol), and amine XXXXVIib (120 mg, 0.32 mmol) following the procedure
reported for example XXIV from step 3 to yield product XXXXVic which was used
for further oxidation without purification
MS (ES) m/z, relative intensity 690 [(M+1)*, 100}, 591 (27), 537 (18), 513 (27),
478 (63), 438 (18), 414 (60), 268 (27)
10

Step 4

\"a, o
H H O« .
N N 20
H v N
e g
P

XXXXVI
15 The synthesis of XXXXVI was accomplished by the oxidation of using alcohol
XXXXVic (219 mg, 0.32 mmol), EDCI (609 mg, 3.2 mmol), and ClL,CHCOOH (131
oL, 1.59 mmol) following the procedure reported in example XXIV, step 4 which
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purified by chromatography (SiO», Acetone/Hexanes 3:7) to yield product XXXXVI
(117 mg, 53% over 2 steps) as a colorless solid.
MS (ES) m/z, relative intensity 688 [(M+1)*, 32], 589 (81), 476 (100)
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Synthesis of Intermediates

Example XXXXVII Preparation of intermediate of Formula X)XXXXVIi

Step 1

Pf

b\cone N CO.Me
|
Pf

XXXXVila XXXXViib
10
To the solution of ketone XXXXVila (4.93 g, 12.8 mmol) in anhydrous THF (100
mL) at -78°C was added a solution of lithium hexamethyldisilylazide (LIHMDS)
(17.0 mL, 17.0 mmol). The resuiting solution was stirred at that temperature for 1
h before a solution of acetone (1.51 mL, 20.5 mmoi) and BF3sEt,0 (2.60 mL, 20.5
15 mmol) in THF (15 mL) was added. After stirred for another 4 h, 5% H3PO4 (20 mL)
was added followed by saturated ammonium chioride solution (200 mL) and
diethyl ether (200 mL). The layers were separated and aqueous layer was
extracted with diethyl ether (2 X 200 mL). The combined organic solution was
dried (MgSO0s.), filtered and concentrated in vacuo. The crude product was purified
20 by flash chromatography with 20-50% EtOAc/hexane to give 1.84 g of XXXXViib
(33%) and 3.26 g starting material XXXXVlla
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Step 2

o "N o HO\\< o HO\\<

Dl O D
N COMe N~ ~COMe CO,Me

! N ’
Pf Pf Pf
XXXXVIib XXXXVIic XXXXVild

5 To the solution of the ketone XXXXVIib (0.94 g, 2.13 mmol) in anhydrous THF (20
mL) at -78°C was added a solution of LiAlH, in THF (2.6 mL, 2.6 mmol) and the
reaction mixture was stirred for 40 min before KHSO, solution (1.0 M, 16 mL) was
added. The mixture was allowed to warm to rt and to it was added EtOAc (100
mL) and water (50 mL). After the layers were separated and aqueous layer was

10 extracted with EtOAc (2 X 50 mL). The combined organic solution was dried
(MgSO.), filtered and concentrated in vacuo. The crude product was purified by
flash chromatography with 30-100% EtOAc/hexane to give 0.49 g of XXXXViic
(52%) and 0.18 g (19%) XXXXVIid.

15 Step3

HO [
O——.—

TING H_z_ Ny

&COZMG N;COZMe

N \

1

Pf Pf
XXXXViic XXXXVlle

The solution of XXXXVllc (103 mg,-0.232 mmol), triphenylphosphine (120 mg,
20 0.456 mmol) and diethyl azodicarboxylate (0.055 mL, 0.349 mmol) in anhydrous
CH,Cl (5 mL) was stirred at rt for 18 h. After concentrated in vacuo, the mixture
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was purified by flash column chromatography using 10-30% EtOAc/hexane to give
24 mg (24 %) of XXXXVlle.

Step 4

— o7
o H H
T, — L
N COzMe N COzMe
‘ f
Pf
XXXXVlle XXXXVII

The solution of XXXXVile in EtOH was hydrogenated at rt in the 10% Pd-C
10 catalyst to XXXXVII.

A number of inhibitors described in table-6 using the intermediates XXXXVHI were
synthesized following the procedures outlined for preparative examples XXII,
XXIV, XXVIII, XXIX, and XXXX

15

Example XXXXVIil Preparation of intermediate of Formula XXXXVIil

R F

Q‘COzMe
|
Boc

20 XXV

Step 1
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= "

& 1. FSO,CF,CO,SiMe;, NaF, 115 C I

N7 ~COMe &

Boc 2. 050, / H,0, NMO, Aceotne N~ TC0:Me
Boc

XXXXvilia XXXXVHI

To 5g (22 mmol) of N-Boc-dehydroprolinemethylester XXXXVllla was
added 25 mg of NaF and 2g of Toluene. At 110C, was added via syringe —pump
1.6equiv (35 mmol, 8.75g) of TMSfluorosulfonyldifluoroacetate (T FDA)in 1h. After
2h, reaction is cooled down to RT. To the mixture is added NMO(6.8g, 50 mmol),
Acetone (50 mL), H20 (25 mL) and OsO4 (0.015 M in H20, 1 mol%, 0.44 mmol,
28 mL). Reaction is stirred overnight at RT then diluted with EtOAc and washed
with H20 and Brine. Organic iayer was dried over MgSOa4, fiitered and
concentrated to dryness. Purification by flash column chromatography (10 EtOAc,
Hexane, silica) furnished Product XXXXVHI (0.76g).

A number of inhibitors described in table-6 using the intermediate XXXXVIll were
synthesized following the procedures outlined for preparative examples XXlil,

XXIV, XXV, XXIX, and XXXX

Example IL Preparation of intermediate of Formula IL
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Step 1.(1R,3S)- 2,2-DIMETHYL-3-(2-OXOPROPYL)CYCLOPROPANEACETIC

ACID .
Q —_— QCOOH
0

3-carene
ILa iLb

A mixture of 0.55 L tert-butanol, 1.1 L water, 100 mL 3-carene ILa (Aldrich
Chemical Co.), and 490 g NalO4, was treated with 2.2 g ruthenium chloride

hydrate. The vigorously stirred mixture was alternately heated and cooled for 2
hr. to maintain a temperature of 35-40°C. The vigorously stirred mixture was
alternately heated and cooled for another 1 hr. to maintain a temperature of 40-
50°C. The vigorously stired mixture was then heated for another 1/2 hr. to
maintain a temperature of 50-55°C. The mixture was then cooled to 30°C, filtered
on a Buchner funnel, and the precipitates were washed with 700 mL of iso-propyl
ether. The aqueous portion of the filtrate was extracted with 900 mt of EtOAc-
hexane (2:1), and the extract was combined with the ethereal portion of the
filtrate. The corhbined organics were washed with 300 mL of 20% aqueous NaCl,
then extracted with a solution of 36 g NaOH in 2.2 L water. The cooled aqueous
extract was acidified with 100 mL of 12 N HCl and extracted with Et;O (3 x 800
mL). The extract was washed with brine, dried over anhydrous MgSO4, and

evaporated in vacuo to leave the title compound ILb 98 g (88%) as a gum.
H'NMR (CDCI3) § 2.39 (m, 2), 2.28 (m,2), 2.19 (s, 3), 1.1.12 (s, 3), 0.90 (m, 2),
0.63 (s, 3).
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Step 2. (1R,3S)-METHYL 2,2-DIMETHYL-3-(2-
OXOPROPYL)CYCLOPROPANEACETATE.

@OOH - > COOMe
o) o
iLb iLc
5 A solution of 98 g of ILb, the product of the preceding step and 0.55 L DMF

was treated with 98 g Cs,COs. The mixture was stirred for 10 minutes, 41.5 mL
Mel was added, and the mixture was stirred at 40°C for 1 hr. The mixture was
cooled and filtered on a Buchner funnel. The filtrate was quenched with 25 L
of 18% aqueous NaCl, the organic layer was separated, and the aqueous

10 solution was extracted with Et,0-hexane (1:1; 2 x 1 L). The combined organic
layer and extracts were washed with water, dried over anhydrous MgSOsa,
filtered, and evaporated in vacuo to leave the title compound ILc as 91 g (86%)
thick oil. H'NMR (CDCl3) & 3.67 (s, 3), 2.3 (m, 4), 2.17 (s, 3), 1.12 (s, 3), 0.97
(m, 2), 0.91 (s, 3).

15

Step 3. (1R,3S)-METHYL 3-(ACETOXYMETHYL)-2,2-
DIMETHYLCYCLOPROPANEACETATE_.

T ! ome —_ 0 COOMe
0 Ao
20 ILc iLd

A solution of ILc 91 g of the product of the preceding step and 0.7 L1,1,2-
trichloroethane was treated with 165 g of 70% m-chloroperbenzoic acid. The
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mixture was stirred at ambient temperature for 1 hr, then heated with an oil bath
to maintain a reaction temperature of 65-70°C for 1 hr., and then heated at
75°C for 1 hr. more. The mixture was cooled, filtered on a Buchner funnel, and
the filter cake was washed with fresh trichloroethane. The combined filtrate
and washings were concentrated in vacuo to 0.5 L, and the residue was diluted
with 2.5 L of hexane-Et,O (3:1). The organic solution was washed repeatedly
with a solution of 3.5% aqueous KoCOs-brine (3:1; 8 x 0.9 L), then with brine,
then dried over anhydrous MgSO;, filtered, and evaporated in vacuo to leave
the title compound ILd as 98 g (100%) thick oil. H'NMR (CDCl3) & 4.1-3.9 (m,
2), 3.68 (s, 3), 2.34 (d, 2), 2.04 (s, 3), 1.12 (s, 3), 1.04 (m, 2), 1.00 (s, 3).

Step 4. (1R,3S)-METHYL 3-(HYDROXYMETHYL)-2,2-
DIMETHYLCYCLOPROPANEACETATE

A solution of 98 g ILd of the product of the preceding step and 1 L
methanol was treated with 19 g K2CO3, and the mixture was stirred at 30°C for
1 hr. The mixture was concentrated in vacuo to remove 0.6 L methanol, the
residue was quenched with cold 10 % aqueous KH,PO4, and the mixture was
extracted with EtOAc. The extract was washed with brine, dried over
anhydrous MgSO0,, filtered, and evaporated in vacuo to leave 70 g (89%) of the
titte compound ILe as a gum. H'NMR (CDCls) & 3.80 (g, 1), 3.73 (s, 3), 3.52 (m,
1), 2.68 (d of d, 1), 2.23 (d of d, 1), 1.09 (s, 3), 1.1-0.9 (m, 2), 0.98 (s.3).
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Step 5. (1S,6R)-7,7-DIMETHYL-3-OXABICYCLO[4.1 .O]JHEPTAN-4-ONE.

~, ~/,
— (1
Hom o 0~ o
OMe
iLe ILf

A solution of ILe 70 g of the product of the preceding step and 1.1 L
xylenes was treated with 30.8 g DBU. The solution was heated to a gentle
reflux for 18 hr. as methanol was removed from the distillate. The solution was
cooled, washed with cold 1 N HCI, then with brine; dried over anhydrous
MgSOs., filtered, and evaporated in vacuo. The residue was chromatographed
on 600 g silica gel using a gradient of CH;Cl; to 1:10 EtOAc-CHCl; to obtain
the title compound ILf as 54 g (94%) oil. H'NMR (CDCI3) 8 4.71 (d of d, 1),

1

(1]
), 2.75 (d of d, 1), 2.16 (d of d, 1), 1.16 (s, 3), 1.25 (m, 1), 1.12 (s,

Step 6. (1S,6R,5E)-7,7-DIMETHYL-3-OXABICYCLO[4.1.0]HEPTANE-4,5-DIONE,
5-OXIME,

s

\J/,, -/
EP ) NOH
[l (I
o]

O (o] 0]
ILf ILg
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A solution of 42 g of the product of the preceding step ILf and 300 mL
anhydrous toluene was treated with 102 mL of 90% tert-butylnitrite. The stirred
mixture was alternately heated and cooled as needed as 45 g potassium tert-
butoxide was added in 6 portions over 20 minutes at 30-35°C. Then 180 mL of
anhydrous methanol was added, the temperature raised to 40°C, and stirring
continued at 40°C for 2.5 hr. The mixture was cooled, quenched with a cold
solution of 1.1 L of 10% aqueous and 20 mL 12N HCI, then extracted with
EtOAc-toluene (3:1). The extracts were washed with 5% aqueous NaHCO;,
then brine; dried over anhydrous MgSOQs, filtered, and evaporated in vacuo.
The residue (25 g) was chromatographed on 150 g silica gel using a gradient of
CH.Cl, to 35:65 EtOAc-CH,Cl, to obtain 15 g (29%)of the title compound ILg
as an oil. H'NMR (CDCl3) & 4.82 (d of d, 1), 4.55 (d of d. 1), 2.40 (d, 1), 1.49
(m, 1), 1.27 (s, 3), 1.18 (s, 3).

Step 7.

'

EII, NOH \://l,, NHB

o Yo o
ILg iLh

A solution of 18 g of the product of the preceding step ILg and 400 mL
EtOAc was treated with 32 g di-tert-butyldicarbonate (Boc;0), and 2.0gof 10%
Pd on carbon. The mixture was hydrogenated at 2.5 atm for 18 hr, filtered, and
the filtrate evaporated to leave 36 g of the title compound mixed with Boc,0,
which was taken directly to the next step. A portion was chromatographed to
obtain ILh as pure title compound: H'NMR (DMSO-de) & 7.28 (d. NH), 4.76-
4.64 (m, 2),4.44 (d, 1), 1.40 (s, 9), 1.24 (m, 1), 1.11 (m, 2), 1.07 (s, 3), 0.99 (s,
3).
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Step 8. (1R,3S)-METHYL ALPHA(S)-[[(1.,1-

DIMETHYLETHOXY)CARBONYLJAMINO]-3-(HYDROXYMETHYL)-2,2-
DIMETHYLCYCLOPROPANEACETATE

2 NHBoC ~/

O 0 NH-Boc

HO

ILh ILi

A solution of 35 g of ILh the product mixture of the preceding step and 350
mL anhydrous methanol was treated with 12 g of finely ground anhydrous
K,CO;5. The mixture was vigorously stired for 2 hr., concentrated in vacuo with
a 25°C bath, and then quenched with 0.6 L of 10% aqueous KH2PO4. The
solution was extracted with EtOAc-hexane (95:5; 2 x 200 mL), the extracts
were washed with brine, dried over anhydrous MgSOs,, filtered, and the filtrate
was evaporated in vacuo to leave ILi 22 g (70%) of the title compound as a
gum mixture of the two epimers in an o-S/o-R ratio of 8:2, which did not have to
be separated for the present purpose. A portion was chromatographed with
Et,O-hexane (60:40) to obtain pure a-S -epimer of the title compound: H'NMR
(CDCl3) § 5.2 (br s, 1), 4.05 (br s, 1), 3.81 (m, 1), 3.76 (s, 3), 3.65 (m, 1), 1.43
(s, 9), 1.14 (s, 3), 1.06 (s, 3), 1.05 (m, 1), 0.86 (m, 1). Optical rotation: [a]p®° -
62.9° (c=1, MeOH). Elemental analysis: theory C 58.52, H 8.77, N 4.87, found
C 58.48, H 8.75,N 5.10...

Further elution provided the a-R-epimer of the titte compound: H'NMR
(CDCl3) & 4.95 (br d, 1), 4.03 (m, 1), 3.82 (m, 1), 3.78 (s, 3), 3.71 (m, 1), 1.44
(s, 9), 1.13 (m, 1), 1.10 (s, 3), 1.08 (s, 3), 0.86 (m, 1). Optical rotation: [alp® -
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32.8° (c=1, MeOH). Elemental analysis: theory C 58.52, H 8.77, N 4.87; found
C 58.46, H 8.69, N 4.74.

Step 9. (1R,5S)-6,6-DIMETHYL-,3-AZABICYCLOI[3.1.0JHEXANE-2(S),3-

DICARBOXYLIC ACID 3-(1,1-DIMETHYLETHYL) 2-METHYL

ESTER

-/
) COOMe -/
NH-Boc O/
N-Boc

iLi ILj

HO

A solution of 21.6 g triphenylnhosphine and 250 ml anhydrous THF was
cooled to —10 °C and treated dropwise with 16.2 g diisopropylazodicarboxylate
as the temperature of the reaction rose to +5 °C. After 5 minutes additional
stirring, the mixture was treated a solution of 19.7 g of ILi the product mixture of
the preceding stép in 35 mL THF. After 10 minutes additional stirring, the
mixture was heated at reflux for 3 hr., cooled, and evaporated in vacuo. The
residue was transferred to a separatory funnel with a total of 450 mL of
methanol-water (1:1), and he 2 phase mixture was extracted with hexane (7 x
225 mL). The combined extracts were washed with 20 mL of methanol-water
(1:1), then brine; dried over anhydrous NaySO,, filtered, and the filtrate
evaporated in vacuo. The residue was taken up in 400 mL hexane, suction-
filtered through a pad of 30 g silica gel, and the silica pad was eluted with an
additional 210 mL of EtOAc-hexane (1:9). The combined filtrates were
evaporated in vacuo to leave 12.8 g (69%) of the title compound ILj as a gum
mixture of 2 epimers, contaminated with a small amount of
diisopropythydrazinedicarboxylate, but suitable for the subsequent reactions,
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The pure S-epimer of the preceding step was treated in the same fashion
to afford the pure S-epimer of the title compound: H'NMR (CDCl3) & 4.21 and
4.09 (s+*s, 1), 3.75 (s, 3), 3.65 (m, 1), 3.41 (m, 1), 1.44 and 1.39 (s+s, 9), 1.38
(m, 2), 1.03 (s, 3), 0.98 and 0.97 (s+s, 3). Elemental analysis: theory C 62.43,
H .8.61, N5.20; found C 61.82, H 8.67, N 5.15.

The R-epimer of the preceding step was treated in the same fashion to
afford the R-epimer of the title compound: H'NMR (CDCl;)'8 4.49 and 4.30
(d+d, 1), 3.62 (s, 3), 3.59 (m, 1), 3.42 (m, 1), 1.65 (m, 1), 1.45 and 1.39 (s+s, 9),
1.36 (m, 1), 1.10 (s, 3), 0.99 (s, 3).

Step 10.
-/ o ~ o
O/ OOCH;S : O/uuun
N-Boc N-Boc
ILj IL

A solution of 14.5 g of the product mixture ILj of the preceding step and 270 mL
1,4-dioxane was treated with 135 mL of 1M aqueous LiOH, and the mixture was
heated at 80°C for 4 hr. The mixture was cooled, concentrated in vacuo to half
volume, diluted with 200 mL water, and extracted with hexane. The aqueous
layer was chilled and treated with a solution of 9 ml of 12N HCl in 50 mL of 10%
aqueous KH,PO,, and then extracted with EtOAc. The extract was washed with
briné, dried over anhydrous Na,SOy,, filtered, and the filtrate evaporated in vacuo
to leave the title compound IL as 10.8 g (78%) gum, > 90% chemically and
diasteriomerically pure by PMR, and suitable for subsequent synthesis: H'NMR
(CDCl3) 5 4.20 and 4.11 (s*s, 1), 3.62 (m, 1), 3.44 (m, 1), 1.68 and 1.45 (d+unk,
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1), 1.46 and 1.40 (s+s, 9), 1.45 (m buried under 1.46, 1), 1.07 (s+s, 00= 2 Hz, 3),
0.99 and 0.95 (s+s, 3).

A number of inhibitors described in table-6 using the intermediates IL were

5 synthesized following the procedures outlined for preparative examples XXili,
XXIV, XXV, XXIX, and XXXX

Example L __Preparation of intermediate of Formula L

10
M\ .Ha
N
Hho
L
Step 1
T ACO\/U\/TMS ";/u\s\
O N .
o Pd(P(OIP!')3)4 OIN&
—_—
toluene reflux O
13 hrs
75%
15 La Lb

To a mixture of La (10.0 g, 50.0 mmole), 2-[(trimethylsilyl) methyi]-2-
propanen-1-yl acetate (22.0 g, 118 mmole) and triisopropyl phosphite (18.6 g,
89.2 mmole) in toluene (50 ml) was added palladium (ll) acetate (2.5 g, 11 mmole)
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with stirring at room temperature under an Ar atmosphere. It was heated to 120
°C (oil bath) for thirteen hours. Cooling down to room temperature followed by
flash chromatography (CH.Cl;: Hexane = 4:1) provided 9.55 gram of Lb (75%).

[D]25 = +132 ° (CHCl;). HRMS (FAB) Calcd for CigHgNO2 (MH+): 256.1338;
5 found: 256.1340.

Step 2
LAH z §
SN —_——
0 86% N
ash

To a solution of Lb (2 g, 7.8 mmol) in anhydrous THF (50 ml) was added

LAH (1.13g, 28.9 mmol) in small portions at O °C. The mixture then refluxed for

six hours before cooled to O °C. To the reaction were carefully added 2ml of H,0,

15 2ml of 15% NaOH and 6 ml of H,0. The solid was removed by filtration and the
concentrated filtrate was chromatographed (2% MeOH in CHxCl,) to give 1.33

gram of Lc (70%). HRMS (FAB) Calcd for C1sH22NO (MH+): 244.1701; found:
244 .1697.

20 Step3
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W
I/II

N
sk

Lc

A mixture of compound Lc (1.33 g, 5.46 mmol) and 10% Pd on carbon (1.3

gram) in acetic acid (20 ml) was hydrogenated under 60 psi for three days. The

5 catalyst was filtered off and the filtrate was concentrated in vacuum. The residue
was dissolved in 20 m! of 4N HCI in dioxane and the solution was evaporated to
dryness. Compound L was obtained in 1.04 gram (100%) as a 1: 1 mixture of two

PCT/US03/01430

307

1)Pd/C/H,/AcOH z §
2) HC1

y
%
e
aQ

100% HO

epimers. HRMS (FAB) Calcd for C9H18NO (MH+): 156.1388; found: 156.1390.

10

A number of inhibitors described in table-6 using the intermediates L were
synthesized following the procedures outlined for preparative examples XXIli,
XXIV, XXVH], XXIX, and XXXX

. Example LI Preparation of intermediate of Formula L1

15

Step 1
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Compound Lb (2.6 g, 10.2 mmol) in a mixture of CH2Cl, (30 ml) and 'PrOH
5 (10 ml) was ozonized at -78 °C until a bluish color persisted (Ca. 40 minutes).
Dimethyl sulfide (10 ml) was added and the solution was stirred at room
temperature over night. The solvent was removed in vacuum and the residue was
partitioned between water and EtOAc. The organic phase was washed with brine,
dried over Na;SO4 and concentrated. Flash chromatography (2% MeOH in

10 CH2Cl) provided 2.32 gram of Lla (77%). MS (MH+, FAB) = 257.

Step 2

R F

P

& vepsst oL N
» O N

0 CH(CL, 0
88%

\\\‘
I//I
w
1y

Lla LIb
15 _
To a solution of Lla (0.86 g, 3.35 mmol) in dry CH.Cl, (30 ml) was added
dimethylaminosulfur trifluoride (methyl DAST, 2.23 g, 16.8 mmol) at room
temperature. The solution was stirred at room temperature for two days. It was
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carefully added to a mixture of ice and saturated NaHCO3 and extracted with

EtOAc. The EtOAc solution was washed with brine, dried over Na,SO4 and

concentrated. The residue was chromatographed (0.8 % of MeOH in CHxCl2) to

give LIb (0.82 g, 88%). HRMS (FAB) Calcd for C1sH1gNO2F2 (MH+): 280.1149;
5 found: 280.1152.

Step 3

2

m
:
¥
e
e
@)
&

8
M

—— N —_— Z 5

()==d<:;;j)si.’
d 85% HO 100%
N
‘ H o
LIb

10

By following the same procedures as described for the preparation of L
from Lb through L 0.44 gram of Lib provided 0.31 gram of LI (92% in two steps). .
HRMS (FAB) Calcd for CgH14NOF, (MH+): 178.1043; found: 178.1042.
15
A number of inhibitors described in table-6 using the intermediates LI were
synthesized following the procedures outlined for preparative examples XXIi,
XXIV, XXVIl, XXIX, and XXXX

20 Example LIl Preparation of intermediate of Formula Lli
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HO
L
Step 1
OH
)J\ 1) O3 PN
=3 2) NaBH, z_ 3
o) 58% ' 0
\ /
5 Lb LIla

Compound Lb (3.74 g, 14.7 mmol) in CH2Cl; (30 ml) was ozonized at —78
°C until a bluish color persisted (Ca. 60 minutes). It was purged with N2 for 5 min,
and was added to a cold solution of NaBH4 (4.44g, 117 mmol) in 50 ml of

10 EtOH/H20 (1: 1). It was stirred for 12 hrs at RT then extracted twice with EtOAc.
The combined organic layer was washed with brine, dried over Na;SO, and
concentrated. The residue was chromatographed (2% MeOH in CH2Cl2) to give

Llla (2.19 g, 58%). HRMS (FAB) Calcd for C1sH1sNO3 (MH+): 260.1287; found:
260.1283.

15

Step 2
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TsCl 2 S
Ig LI SN
—ee—
73%

To a solution of Lila (2.18 g, 8.40 mmol) in dry pyridine (50 ml) were added
toluenesulfonyl chloride (3.2 g, 16.8 mmol) and N, N-dimethylaminopyridine (1.03
g, 8.40 mmol). It was stirred at RT for 3 days and concentrated in vacuum. The
residue was partitioned between 3% citric acid and EtOAc. The organic layer was
washed with 3% citric acid again, followed by brine.  After removing the solvent

the residue was chromatographed to provide Lllb (2.54 g, 73%). HRMS (FAB)

r ZZHMSN (v .4.\ A44 1375, found: 414 1378,

7N

DPUCH, A~
Q 2) HCI £
— N — JHCI

95% for 2 steps

\\\‘

/I[/
ww
um

I[//

H 1o

LIIb Lile - Ln

By following the same procedures as described for the preparation of L from Lb
through L, 2.53 gram of Lllb provided 1.03 gram of LIl (95% in two steps). HRMS
(FAB) Calcd for CgH1gNO (MH+): 142.1232; found: 142.1233.
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A number of inhibitors described in table-6 using the intermediates LIl were

synthesized following the procedures outlined for preparative examples XX,
XXIV, XXVIII, XXIX, and XXXX

5 Example LIl Preparation of intermediate of Formula LIl

)k CH,CI,

Jal

Z § (Et),Zn Z 3
CF,COOH 7

o 73% )|

Lb Lilla

To 7.84 mmol of diethyl zinc (I N in hexane) in dry CHxCl> (30 ml) was

added trifluoroacetic acid (0.893 g, 7.84 mmol) dropwise at 0 °C. Upon stirring for

15 an additional 20 min diiodomethane (2.10 g, 7.84 mmol) was added, followed by
Lb (1 g, 3.92 mmol) in 5 ml of CH2Cl; in 20 min. The ice bath was removed and

the mixture was stirred at RT for 14 hours. The reaction was quenched by
saturated NH4Cl and extracted with EtOAc. The EtOAc solution was washed with
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saturated Na,SQ,, followed by brine and concentrated in vacuum. The residue
was chromatographed to provide Llila (4.61 g, 73%). HRMS (FAB) Calcd for
C17H20NO2 (MH+): 270.1494; found: 270.1497.

5 Step2

\\\‘
////

\\\‘
II/,

100%

’(**—’f&

LIIXa LIIIb

Trifluoroacetic acid (TFA, 10 ml) was added to a solution of Lllla (4.6 g,
10 17.1 mmol) in THF (20 mi) and H.O (20 ml) at RT. After stirring overnight the
solvents were removed in vacuum. The residue was partitioned between
saturated NaHCOs and EtOAc. The aqueous phase was back extracted with
EtOAc five times. The combined organic phase was dried over Na;SO4 and
concentrated. The residue was chromatographed to give Llllb (3.1 g, 100%).

15 HRMS (FAB) Calcd for C1oH1gNO2 (MH+): 182.1181; found: 180.1182.

Step 3

LIIIb LIIIe
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LAH (1.76 g, 46.3 mmol) was added to LHllb in dry THF (50 ml) in small
portions at 0 °C. The mixture then refluxed for six hours before cooled to 0 °C. To
the reaction were carefully added 2ml of H>O, 2ml of 15% NaOH and 6 ml of H;0.
The solid was removed by filtration and the concentrated filtrate was
chromatographed (30% MeOH in CHxCl, with 1% NH4;OH) to give 0.39 gram of
Llllc (71%). HRMS (FAB) Calcd for C4oH1gNO (MH+): 168.1388,; found: 168.1389.

Step 4

BOCNH._ COOH

/‘\

LIIld

X
X

Wi
I[/I

"Z—i HATU/(iPr),NEt (_)\,OH
» O N
N
H HC.I‘ DMF BOCNHMO
86% /T\
Lilc LIle

To a mixture of Lllic (0.5 g, 2.99 mmol), Llild (0.69 g, 2.99 mmol) and
HATU (1.14 g, 3 mmol) in dry DMF (20 ml) was added N, N-diisopropylethylamine
(1 ml, 5.89 mmol)) at 0 °C. It was stirred at RT for 3 hrs. The reaction mixture
was partitioned between H.O and EtOAc. The organic layer was successively
washed with 3% citric aéid, saturated NaHSO, and brine, dried over Na;S04 and
concentrated. The product Lille (0.978g, 86%) thus obtained was sufficiently pure

for the next step. HRMS (FAB) Calcd for Cz1HazN204 (MH+): 381.2910; found:
381.2749.

Step 5

-3
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(@)
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Z
?//II
O
I
\\“: ]
Z
;j“ll

Jone's
COOH

@
Q
e}
z
I
O
Y
;O

= acetone BOCNH N

0,
LIIle 4%

S

-

I11

To a solution of Lille (0.49 g, 1.29 mmol) in acetone (20 ml) was added Jone's
reagent (2 mi of 2.5 M solution, 5 mmol) at 0 °C. It was stirred at 0 °C for 20 min,
then at RT for 30 hrs. To this mixture were successively added EtOAc (50 ml),
anhydrous N22SO4 (3 g), celite (2g) and 'PrOH (1 mi). It was stirred vigorously for
20 min. The solid was filtered off. The ﬂ‘|trate was washed with 3% citric acid,
dried over Na,SO, and concentrated in vacuum. The residue was
chromatographed (3% MeOH in CHzClz, 0.5% acetic acid) to provide LI (0.48 g,
94%). HRMS (FAB) Calcd for C21HasN2Os (MH+): 395.2546; found: 395.2543.

A number of inhibitors described in table-6 using the intermediates LIll were

synthesized following the procedures outlined for preparative examples XXIll,
XXIV, XXVIiI, XXIX, and XXXX

Example LIV Preparation of intermediate of Formula LIV
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O\,OH
0 "N
BOCNHMO

A

LIV
Step 1
[)V PtO,/H OH
M L o N
BOCNH M
/I\ AcOH/EIOAC ~ BOCNH™ ™o
100% TN
Lille

LIV

Compound Lllle (0.41 g, 1.08 mmol) in a mixture of solvent of AcOH (10 ml) and
EtOAc (20 ml) containing PtO, (1 g) was hydrogenated under 1 atm of H, for 3

hrs. The catalyst was removed by filtration and the filtrate was concentrated in
vacuum to provide LIV (0.41g, 100%). HRMS (FAB) Calcd for C21H3gN2Os (MH+):

10 383.2910, found: 383.2906.

A number of inhibitors described in table-6 using the intermediates LIV were

synthesized following the procedures outlined for preparative examples XXIIl,

XXIV, XXVHI, XXIX, and XXXX
15

Example LV Preparation of intermediate of Formula LV
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N
BoctHN
o] COzH
LV
Step 1
tBoc tBoc

><T e x:ﬁ?‘

Potassium bis(trimethylsilyl)amide (158mi of a 0.5M solution in toluene; 79mmol)
was added to a stirred suspension of cyclopropyltriphenylphosphonium bromide
(33.12g; 86.4mmol) in anhydrous tetrahydrofuran (130ml) and the resuiting
orange mixture was stirred under an atmosphere of nitrogen at room temperature
for a period of 1h., before the addition of the aldehyde LVa (9.68g; 42.2mmol) in
THF (8ml). The reaction was then refluxed under an atmosphere of nitrogen for a
period of 2h. After cooling, methanol, diethyl ether and Rochelles sait were added.
The organic phase was separated, washed with brine, dried and concentrated
under reduced pressure. The crude reaction product was purified by silica gel
column chromatography using EtOAc-hexane (1:99) to EtOAc-hexane (5:95) to
provide the alkene LVb (8.47g) as a yellow oil.

Step 2
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NHtBoc
tBoc O==<<j—_
N
N — HN —==
>< 1.HCl(aq)
2. tBoc-Gly-OSu, E3BN 1y

o
LVb LVe

A solution of 1M HCI in MeOH/MeOAc was prepared by adding14.2ml of
acetylchloride dropwise into cold methanol and dil'uting the resulting solution to
200ml at room temperature.

The carbamate LVb (9.49¢; 37.5mmol) was dissolved in methanol (12ml) and
added to 1M HCI in MeOH/MeOAc (150ml) while cooled in an ice bath. The
resulting mixture was maintained at this temperature for 1h., then the ice bath was
removed and stirring continued overnight at room temperature. The volatiles were
removed under reduced preesure to yield a yellow oil which was used in the next

step without purification.

The yellow oil is dissolved in a mixture of THF (30ml) and MeOH (20ml) and
treated with triethyl'a'miné (15m|;' 108mmol) until the solution was pH=9-10. After
placing in an ice bath, the mixture was treated with N-Boc-Gly-OSu (11.22g;
41mmol). The icebath was withdrawn and the reaction stirred at room temp. for
1h. The volatiles were removed under reduced pressure and the residue was
purified by silica gel column chromatography using methanol (1-3%) in
dichloromethane providing the desired amide LV¢ (9.09g).

Step 3
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NHtBoc NHtBoc
e e
HN B 2,2-dimethoxypropane N S5
s, X TW
HO O

LVe LVd

The alcohol LVe (9.09g; 33.6mmol) was dissolved in acetone (118.5ml) and
treated with 2,2-dimethoxypropane (37.4ml;304mmol) and BF3:Et20 (0.32ml;
2.6mmol) and the resulting mixture was stirred at room temperature for a period of
5.5h The reaction solution was treated with a few drops of triethylamine and the
volatiles were removed under reduced pressure.The residue was purified by silica

gel column chromatography using 5-25% EtOAc in hexanes to provide the N,O-
acetal LVd (8.85q).

Step 4

TV

—
Lvd

NHtBoc 1. NOBF4
2. Pymrolidine
0] 3. Pd(OAc)2
N
peS

The carbamate LVd (8.81g; 28.4mmol) was dissloved in acetonitrile (45ml) and
the solution was cooled to -40C under an atmosphere of nitrogen. Pyridine
(6.9ml; 85.3mmol) followed by nitrosium tetrafluoroborate (6.63g; 56.8mmol) were
added and the resulting reaction mixture maintained below OC until TLC indicated
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that no starting material remained (approx. 2.25h.). Pyrrolidine (20ml; 240mmot)
was added and the cooling bath was withdrawn and stirring was continued at
room temperature for 1h. and then the volatiles were removed under reduced

pressure. The residue was quickly passed through a pad of silica gel to provide a
yellow oil.

.The yellow oil was dissolved in anhydrous benzene (220ml) and palladium
acetate (0.317g; 1.41mmol) was added before heating the resulting mixture to
reflux, under an atmosphere of nitrogen for a period of 1.5h. After cooling, the
volatiles were removed under reduced pressure and the dark residue was purified
by silica gel column chromatography using EtOAc-hexane (1:4) to provide the 1)
the trans- pyrrblidinone LVe (1.949) followed by ii) thg cis-pyrolidinone LVf
(1.979).

Step 5

o VAN

HO
LVg

Freshly prepared 1M HC! in MeOAc/MeOH (10ml; as described above) was
added to the N,O-acetal LVe and stirred at room temperature for 1h. The solvent
was removed under reduced pressure and the residue was purified by silica gel
column chromatography using 0-4%MeOH in dichloromethane as eiuent to
provide the desired alcohol LVg (1.42g), a yellow oil.

Step 6



-
(=]

15

20

WO 03/062265 PCT/US03/01430

321

1.LAH
—
N 2. N-Boc-L-tert-Leu-OH, HATU N
" H BoctHN .
H
HO © HO
LVg LVh

To a solution of the lactam LVg (1.29g; 8.44mmol) in anhydrous tetrahydrofuran
(55ml) was added lithium aluminum hydride (2.40g; 63.2mmol) and the resulting
mixture was refluxed for 8h. After cooling, water, followed by 15% aq. NaOH were
added and the resulting mixture was filtered through celite and the solid was
washed thoroughly with THF and MeOH. The solvent was removed under
reduced pressure and the residue redisolved in dichioromethane, dried and
concentrated under reduced pressure to provide the pyrrolidine, used without
purification.

Hunigs base (4.5mi; 25.8mmol) was added to a mixture of N-Boc-L-tert-Leu-OH
(1.76g; 7.6mmol), The crude pyrrolidine and HATU (2.89g; 7.6mmol) in anhydrous
dichloromethane (50ml) at -60C, under an atmosphere of nitrogen. The resulting
reaction was allowed to come to room temperature slowly, overnight. EtOAc was
added and the yellow solution was washed with dil.aq. HCI, sat. aq. sodium
bicarbonate, water, brine. The organic layer was dried and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
using EtOAc:hexanes (1:3) to give the desired amide LVh (2.00g).

Step 7
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Jones !

B ! N
octHN TH BoctHN
© HO o] CO,H
LVh LV

The alcohol LVh (2.00g; 5.67mmol) was dissolved in acetone (116ml) and cooled
in an ice bath for 10min. This solution was then added to a cooled Jones reagent
(14.2ml; approx 2mmol/mi) and the resulting mixture was stirred at 5C for 0.5h
and the cooling bath was removed. The reaction was stirred for a further 2h. at
room temp., before adding to sodium sulfate (28.54g), celite (15g) in EtOAC
(100ml). Isopropanal (15mi) was added after 1min and then stirred for a further
10min. and filtered. The filtrate was concentrated under reduced pressure,
sroviding a brown oil which was dissolved in EtOAc. This solution was washed
with water, 3% aq. citric acid, brine, dried and concentrated to provide the desired
carboxylic acid LV (1.64g) as a white solid.

NOTE: Alternatively XXIVc- acid, XXVlg-acid, XXVlic, could be synthesized
following the procedure mentioned above in good yields. A number of inhibitors
described in table-6 using the intermediates LV were synthesized following the
procedures outlined for preparative examples XXill, XXIV, XXVIill, XXIX, and
XXXX

Example LVI Preparation of intermediate of Formula LVI
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LVia Lvi

The synthesis of LVla was accomplished following the procedure reported
in Bailey, J, H.; Cherry, D, T.; Crapnell, K, M.; Moloney, M. G.; Shim, S. B,;
s Bamford, M. J.; Lamont, R. B. Tetrahedron (1997), 63, 11731. This was
converted to LVI similar to the procedure for LIl (Step2 to Step 5)

A number of inhibitors described in table-6 using the intermediates LVI were

wm

ynthesized following the procedures outlined for preparative examples XXIil,
10 XXIV, XXV, XXIX, and XXXX

Example LVIl Preparation of intermediate of Formula LVHI

OH
HCI'HoN NH;

FO
F

Lvil
15
Step 1

LViia LVilb
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To the stirred solution of TFA (22.6 mL, 305 mmol), water (120 mL) and
[bis(trifluoroacetoxy)iodo]benzene (131 g, 305 mmol) in acetonitrile (600 mL) was
added cyclobutyl methyl ketone LVila (15.0 g, 153 mmol). The resulting solution
was heated to reflux and stirred for 4 h. Acetonitrile was removed in vacuo. Water
(120 mL) was added and the mixture was extracted with diethy! ether (2 X 500
mL). The combined organic solution was dried (MgSQa), filtered and concentrated
in vacuo. The crude product was purified by flash chromatography with 30%
Et,O/hexane to give 8.82 g of LVIIb (51%).

Step 2
o) , 0
D/“\/OH o D)‘\/OAC

LViib LVile

To the solution of LVIIb (1.4 g, 12.3 mmol), acetic anhydride (1.3 mL, 13.5 mmol)
and triethyl amine (3.4 mL, 24.5 mmol) in CHCl; (50 mL) was added DMAP (0.67
g, 5.5 mmol). The reaction mixture was stirred at rt for 4 h before 5% H3PO4 (50
mL) was added. After layers were separated, the aqueous layer was extracted
with CH,Cl» (2 X 50 mL). Combined organic solution was dried (MgSO0,), filtered
and concentrated in vacuo to 2.0 g crude product LViic.

Step 3

o)

R F

LVilc Lvid
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The mixture of LVilc (1.9 g, 12.2 mmol) and DAST (Diethyl amino sulfur trifluoride,
3.0 mL, 22.3 mmol) was heated to 50°C and stirred for 2 h. The mixturte was then
slowly poured into ice water (50 mL), and extracted with diethyl ether (3 X 50 mL).
The combined organic solution was dried (MgSOs), filtered and concentrated in
vacuo. The crude product was purified by flash chromatography with 10-40%
Et,O/hexane to give 0.62 g of LVIId (29%) and 0.68 g starting material LVlic.

Step 4

R F RS
D></0AC —_—_— D>Q/OH

Lvid LVile

The mixture of LVild (3.10 g, 17.4 mmol) and lithium hydroxide (0.84 g, 348
mmol) in water (10 mL) was vigorously stirred at it for 6 h before it was diluted
with water (50 L) and extracted with disthy! ether (3 X 80 mL). The combined

organic solution was dried (MgSQa), filtered and carefully concentrated in vacuo to
give LVlie 2.68 g crude product.

Step 5
R F . R F
D)Q/OH o e Mom
: o}
LVile LVIif

The solution of compound LVile and Dess-Martin reagent in CH,Cl; was stirred at
rt for 1 h before Ph;P=CHCO;Bn was added and stirring was continued for
another 20 h. Diethyl ether was added followed by saturated NaS203 and
saturated NaHCO3 solutions. After stirred for 15 min, the layers were separated.
The organic solution was washed with saturated NaHCO3 and brine, dried
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(MgSO0,), fitered and concentrated in vacuo. The crude product was purified by
flash chromatography to give the desired product LVIIf.

Step 6
OH
Va Y OBn
E|>§/\‘/OBH —_—
O
O NHCbz
5 LVIIf LViig

Compound LVIlg was prepared as described above (Step 4, Example XXX
with appropriate amounts of reagents.

10 Step7

CbzHN OBn BocHN\EH’/OH
et :

LVlig LVilh

Catalytic hydrogenation of LVilg over 10%Pd/C in MeOH followed by treatment
with Boc,O in NaHCO3/THF/water will afford LVilh.
15

Step 8
OH OH
BocHN OH BocHN NH»
——-
FO FO
F F
LVHh LVl

Conversion of LVIIh to compound LVIIi will follow previously described
20 procedures (Step 5, Example XXVII).
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Step 9
OH OH
BocHN NH, HCI'HN NH,
FO 0 Fo
F F
LVHi RY

5 Conversion of LVIli to compound LVII follows previously described procedures
(Step 9, Example XXill).

A number of inhibitors described in table-6 using the intermediates LVIl were

synthesized following the procedures outlined for preparative examples XXIli,
10 XXIV, XXVIIi, XXIX, and XXXX

Exampie LVill Preparation of intermediate of Formula LVl
OH
HCI. HN NH,
O
F
F v
15
Step 1
OTPh O\"/Ph
0] 0]
r———
F
° LVilla F LViilb

To a solution of compound LVilla [for preparation of LVllla see J. Ramnauth and
20 E. Lee-Ruff, Can. J. Chem., 2001, 79, 114-120] (3g) in dichloromethane (75 mL)
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was added DAST (Diethyl amino sulfur trifluoride, 9.1 mL) slowly and the reaction
was stirred at room temperature overnight. The mixturte was slowly poured into
ice/saturated sodium bicarbonate solution (100/200 mL) with stirring. Added 200
mL of dichloromethane and the organic layer was separated and washed with cold
saturated sodium bicarbonate solution, brine, dried (Na;SO4) and concentrated.
Purification by column chromatography (5/95 EtOAc/hexanes) afforded 2.59 g of
LViiib.

Step 2
O O
—_—
F F
F
LViiib LVilic

Compound LVIiib (3.42 g) was dissolved in THF/MeOH (1/1, 50 mL). To this was
added a solution of potassium carbonate (1.97 g) in water (25 mL). The reaction
mixture was stirred at room temperature for 4 hrs and then stored in the freezer (-
10°C) overnight. The reaction” mixture was warmed to room temperature over 3
hrs when TLC indicated complete consumption of LVIiib. Brine (100 mL) was
added to the reaction mixture and was extracted with ethyl ether (3 x 100 mL).
The ether layers were combined, dried (NaxSO.) and concentrated to afford a
residue (2.77g) which was processed further without purification.

The residue thus obtained was dissolved in CH,Cl/DMSO (6/1, 140 mL). To this
solution was added benzy! (triphenylphosphoranylidene)acetate (11.7 g) and then
Dess-Martin's Periodinane (12.09 g, in three equal portions) carefully. The
reaction mixture was stirred at room temperature for 4 hrs and quenched with cold
sodium bicarbonate solution (200 mL) and diluted with CHCl> (100 mL). The
CH.Cl, layer was separated and washed with 10% Na,S,03 solution (125 mL),
NaHCO; solution (125 mL), water (125 mL), dried (Na:SO4) and concentrated.
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The residue was purified by column chromatography using 50/50 CHJCly/hexanes
to afford the requirgd compound, LVIllc (2.25 g).

Step 3

OH
7 OBn CbzHN. OBn

F LVliilc F LViid

Compound LVIlld was prepared as described above (Step 4, Example XXXXIII)
with appropriate amounts of reagents.

10
Siep 4

OH OH
CbzHN OBn BocHN OH

0o O

F Lvilld F LViite

15
Catalytic hydrogenation of LVIlld over 10%Pd/C in MeOH followed by treatment

with Boc,O in NaHCO3/THF /water will afford LVIille.

Step 5
20
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OH OH
BocHN OH BocHN NH,

o) _— O

£ LViile F Lviif

Conversion of LVille to compound LVIlif will follow previously described
procedures (Step 5, Example XXVIII).

Step 6

OH
BocHN NH,

LVuig Lvii

10 Conversion of LVIIF to compound LVII will follow previously described
procedures (Step 9, Example XXIiil).
A number of inhibitors described in table-6 using the intermediates LVIll were
synthesized following the procedures outlined for preparative examples XX,
XXIV, XXVIH, XXIX, and XXXX

15 '
Example LIX Preparation of intermediate of Formula LIX

OH , O Ph |
HCI. HoN N\)LN)\‘(N\
0 Ho 5

LIX
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Step 1
0 O Ph |
BOCHN\/U\OH —— HCL HZN\)I\ N/k'rN\
H O
LiXa
LIXb

Commercially available N-Boc protected glycine LiXa was reacted with the amine
XV from Example XV in the manner previously described in Example XXI, Step 4.
The resulting ihtermediate was then treated with HCI in the manner previously
described in Exampie XXIII, Step 9 to afford product LIXb.

Step 2

OH |, ,
HCI. HN N\)LNJ\”/N\

0 Ph |
HC, HZN\)LN/HrN\ N
H

o

LiXb LIX

Acid LVllle (from above) can be reacted with LIXb in the manner previously
described in Example XXI, Step 4. The resulting intermediate can then be treated
with HCI in the manner previously described in Example XXIil, Step 9 to afford
product LIX.

A number of inhibitors described in table-6 using the intermediates LIX were
synthesized following the procedures outlined for preparative examples XXIX,
and XXXX
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Example LX Preparation of intermediate of Formula LX
OH H O Ph |
© HCI. HpN N\)LN)\'(N\
Fo H 0
F
LX
Step 1
S
OH
BocHN OH O <
+ HC!. HoN N N
FO H
F o)
LVIlh LiXb

Acid LVIIh (from above) was reacted with LIXb in the manner previously
described in Example XXI, Step 4. The resulting intermediate was then treated
10 with HCI in the manner previously described in Example XXIil, Step 9 to afford
product LX.

A number of inhibitors described in table-6 using the intermediates LIX were
synthesized following the procedures outlined for preparative examples XXIX,
15 and XXXX
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Example LXI Preparation of intermediate of Formula LXI

SOy ow
o)
OMe
LX!
Step 1
OMe
O2N\)LOMe >|/ Wor/\i\
LXia OMe
LXIb

o a solution of methy! nitroacetate LXla (3 g) in benzene (15 mL) was added
dimethoxy propane (6.2 mL) and acetic anhydride (4.87 mL). The mixture was
refluxed overnight. The reaction mixture was concentrated. It was resubjected to
the above conditions. The residue after concentration was taken in EtOAc (100
mL) and washed with cold saturated sodium bicarbonate solution (3 x 75 mL),
brine (100 mL), dried (Na2S0O4) and concentrated.

The residue from above was taken in MeOH (150 mL). BoczO (6 g) and 10% Pd/C
(150 mg) were added and the mixture was hydrogenated using a balloon filled
with hydrogen gas. After 24 hours, added some more 10% Pd/C and repeated the
procedure. The reaction mixture was then filtered through celite, concentrated,
and purified by column chromatography using 5/95 to 10/90 EtOAc/hexanes to
afford 2.2 g of LXIb.

Step 2
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>r N OMe >I/ e OH
o) o)
OMe OMe
LXIb LXI

Compound LXIb was prepared from LXI in quantitative yield using procedures
described above for the conversion of XXVIg to XXVIh (see Example XXVI).

- A number of inhibitors described in table-6 using the intermediates LVIII were
synthesized following the procedures outlined for preparative examples XXill,
XXV, XXVIil, XXIX, and XXXX

10
Exémgle LXIl Preparation of intermediate of Formula LXli
OH
HCILH,N CONH,
F
F
LXII

15

Step1:

/\J PhCOCI i /\J
HO , ©)Lo

Butenol

LXila LXIb
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Butenol LXlla was reacted in the manner previously described in preparative
example XXXXIll step 1 to afford product LXIlb

Step2:

o] | F
©/‘K /\) FSO,CF,CO,SiMe 0 /\/sz
(o) 2va2VWV2 3
> 0
NaF, 105 C ©)k
LXilb LXile

1¢c  To 5.3g (30 mmol) of LXIIb product of step 1 was added 25 mg of NaF. At 110 °C,
was added via syringe-pump 1.6equiv (48 mmol, 12g) of
TMSfluorosulfonyldifluoroacetate (TFDA) in 2h. After 2h, reacticn is cooled down
to RT. Purification by flash column chromatography (3% EtOAc, Hexane, silica)
furnished LXlIc, Product of step 2 (4.93g).

15
Step3:

Y

2. Dess-Martin E

o A E l
/\/d/ ’ e /P/\/\COZLBU
0 F

3. Ph3P=C02t-Bu
LXlic LXitd

20 Product of step 2, LXlic (1g) was treated in the manner previously described in
step3 of preparative XXXXIII to afford LXIld, Product of step 3 (0.89g)

Step4:
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OH

&
COt-Bu Sharpl inohydroxylati CbzHN
E arpless aminohydroxylation _ COLt-Bu

F

LX!d

LXile

Product of step 3, LXlld (3.2g) was treated in the manner previously described in
step4 of preparative XXXXII to afford Product LXlle (1.4g).

StepS5:
OH
OH
CbzHN _ H,
CO,t-Bu > N CONH,
E 2. HATU/NH,CI F
F 3. Hy, Pd/C, HCI F
LXile LXIIE

10 Product of step 4, LXlle (0.54g) was treated in the manner previously described in
step5 then step6 and finally step7 of preparative example XXXXIII to afford
Product LXIIf (0.24Q).

A number of inhibitors described in table-6 using the intermediate LXII were
synthesized following the procedures outlined for preparative examples XXIll,
15 XXIV, XXVIIL, XXIX, and XXXX

Example LXIII Preparation of intermediate of Formuia LXIll
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OH
HCLH,N CONH,
F
Xl
Step1:
5
o /\/MQC| OH —
of —
THF,0C

LXilta LXtib

To a —78 °C solution of cyclobutanone (15g, 214 mmol) in THF (100 mL) is added
dropwise Allylmagnesiumchioride (2.0 M in THF, 1.1 equiv, 118 mL). After 1 hour,
10  reaction is stopped by the addition of ice and HC! 1.0 N (100 mL). The mixture
was diluted with ethyl acetate (~200 ml) and the organic phase was separated,;
washed with brine and dried over anhydrous MgS0Os4. Concentration in-vacuo and

purification by chromatography over silica gel (10% ethyl acetate in n-hexane)
provided product LXHib (21g).
15

Step2:

CO,t-Bu

OH — OH —
I / 1. 03, CH,CI trans/cis : 78/22

2. PhyP=CO,t-Bu

LXHlb LXllic
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To a —78 °C solution of product of step 1, LXIllb (“'29) in CH2Cl, (200 mL) is
bubbled Ozone until a persistent blue color was observed (after 1 hour). Ozone
was stopped and N, was flushed into the reaction mixture for 10 minutes. Me2S
(10 equiv., 7.3 mL) was added and reation was gradually warmed-up to room
temperature overnight.

After 18 hours, PhaP=CHCOO'Bu (40 g) was added. Stirring was continued for
~24 hrs Evaporation under vacuum provided the crude product which was
chromatographed over silica gel (10% ethyl acetate in n-hexane) to provide
product LXlllc as a mixture of isomers (6.65g of trans isomer) and (1.9g of cis
olefin).

Step3:
CO,t-Bu CO,t-Bu
r_Ti/J DAST, CHZCIZ P/
LXllic LXild

To a 0 °C solution of product of step2, LXlilc (0.21g) in CH,Cl2 (3 mL) is added
DAST (1.1 equiv.,.0.135 mL). After 15 minutes, reaction was stopped by the
addition a cold saturated solution of Na;CO3 (150 ml). The mixture was diluted
with ethyl acetate (~10 ml) and after stirring for ~30 min the organic phase was
separated; washed with brine and dried over anhydrous MgSQ,4. Concentration
in-vacuum and purification by chromatography over silica gel (5% to 10% CH,Cl,
in n-hexane) provided LXIlid (0.1 g; 47%).

Step4:
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OH _Chz
CO,t-Bu HN

| —— Cbz” .Cozt-Bu HO
d__/_J Sharpless aminohydroxylation + CO,t-Bu

LXIllid LXlile LXIlf

ZX

Product of step 3, LXllld (3.5g) was treated in the manner previously described in
step4 of preparative XXXXIIi to afford Products LXllle and LXIIIf as a mixture
(3.25q). ‘

Step5:

e OH v nl/CDZ

ﬁ s oH
Chz” CO.t-B HO 1. 50% TFA/CH,CI

o CO,t-Bu o HCILHN CONH,
2. HATU / NH,CI
F
F 3. H, PdIC E
LXtlle LXillg LXil

Products of step 4 (LXHle+LXIllf) (2.3g) was treated in the manner previously
described in step5 then step6 and finally step7 of preparative example XXXXill to
afford Product LXIlI (0.479).

A number of inhibitors described in table-6 using the intermediate LXIl were
synthesized following the procedures outlined for preparative examples XXIil,
XXIV, XXVII, XXIX, and XXXX '

Example LXIV Preparation of intermediate of Formula LXIV
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Step1:

COzt-Bu
OH —

LXllle
“trans isomer’

340

OH

HCLH,N
CONH,

OH
H

N
Cbz CO,t-Bu

Sharpless aminohydroxylation

—

o

HO

LXiva

PCT/US03/01430

Cbz

HO
+ C°2t-Bu

HO

LXIVb

Product LXIllc (1.36g) was treated in the manner previously described in step4 of
10 preparative example XXXXIII to afford Products LXIVa and LXIVb as a mixture

(1.39).

15

Step2:
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OH Cbz

HN
N 50% TFAICH,CI \)Y \/kf
cb : HO oCla
z COzt-Bu  + COt-Bu
HO HO 25 25

LXiva LXIVb LXive LXivd

- o

A stirred solution of Products of step 1 (LXIVa+LXiVb) (1.2g) in CH,Cl, (40 ml)

5 was treated with trifluoroacetic acid (40 ml). After 45 minutes the reaction mixture
was concentrated to dryness under vacuum. The residue was chromatographed
over silica gel (2% MeOH in CH,Cl,) to provide products LXIVe and LXIVd as a
mixture (0.97g).

10 Step3:

,Cbz H OH

_N
Cbz CONH,
NH3IMe0H
25 25 HO'

LXiVe LXivd LXiVe

To products of step 2 (LXIVc+LXIVd) (0.4g) was added 30 mL of NH3 (2.0 M in

15 MeOH). After 4 hours, the reaction mixture was concentrated to dryness under
vacuum. The residue was preparative chromatography over silica gel (100%
CH3CN) to provide desired product LXIVe (0.3g).

Step4.
20
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oH OH
N HCLHN CONH
Cbz” CONH, 1. Hy, Pd/C 2
HO 2. HCVEt20 HO
LXIVe LXIV

Product of step 3 LXIVe (0.054g) was treated in the manner previously described
in step7 of preparative example XXXXII to afford Product LXIV (0.032g)

A number of inhibitors described in table-6 using the intermediate LXIlI were

synthesized following the procedures outlined for preparative examples XXIil,
XXV, XXVIll, XXIX, and XXXX

Example LXV Preparation of intermediate of Formula LXV

OH

HCLH,N
2 CONH,

Step1:

LXVb F
(CHOh — — »  HO
In, Lil, DMF ™

LXVa . LXVe
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To a room temperature solution of paraformaldehyde LXVa (12g, 400 mmol) and
1-bromo-1,1-difluorop2-ene LXVb (6.3g, 40 mmol) in DMF (100 mL) was added
In(0) (6.5g, 57 mmol) and Lil (0.4g, 3 mmol). The resulting slurry was stirred at
RTfor 48 h . After 48 h, reaction was filtered trough a pad of celite. The filtrate was
s diluted with EtOAc (250 mL) and washed with HO (3 times) then brine.
The organic phase separated and finally dried over anhydrous MgSO,.
Evaporation under vacuum provided product LXVe, which was used as it is
directly in the next step.

10 Step2:
F o
F PhCOCI I
HO 3 o/\
X FF
LXVc . Lxvd

Product of step 1, LXVc (4g, 37 mmol) was reacted in the manner previously

15 described in preparative example XXXXIII step 1 to afford after purification by
chromatography over silica gel (10% to 50% CHCl.in n-hexane) product LXVd
(4.3g).

Step3:
20

(o] | 0
0/><l 10% Pd/C, EtOH 0/%
F F : F F
LXVe

LXVd ‘

To a solution of the product from step 2, LXVd (3.8 g) in ethanol (30 mi) was
added 10% Pd/C catalyst (0.76g). The resulting suspension was hydrogenated
until NMR experiment indicated compléte consumption of the starting material (~4



WO 03/062265 PCT/US03/01430

10

15

20

344

hrs). The catalyst was removed by filtration trough a pad of celite and washed
with ethanol. The combined filtrate and washings were evaporated under vacuum

to dryness to provide the desired product, LXVe (3.8g).

Step4:

1.EtMgCl

> F
- Va
©/“\ /Y\ 2. Dess-Martin \></\C02t-8u

3. Ph3P—CH 002t-Bu

Product of step 3, LXVe (3.4g) was treated in the manner previously described in

step3 of XXXXIlI to afford Product LXVf (2.5g).

Step5:
CO,t-Bu Cbz” CO,t-Bu . H
Sharpless aminchydroxylation F. F CO,t-Bu
> F
LXVE ’ LXvg LXVh

Product of step 4, LXVf (2g) was treated in the manner previously described in
step4 of preparative example XXXXII to afford after purification by
chromatography over silica gel (30% EtOAc in n-hexane) to give LXVg (0.279)
and LXVh (0.269).

Step6:
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, OH OH
N 1. 50% TFA/ICH,C
Cbz” CO,t-Bu ) - HCLHN CONH,
2. HATU / NH,CI F
F F
3. Hy PdIC
LXVg LXV

Product of step 5 LXVg (0.17g) was treated in the manner previously described in
step5 then step6 and finally step7 of preparative example XXXXIIl to afford
Product LXV (0.025g).

A number of inhibitors described in table-6 using the intermediate LXV were
synthesized following the procedures outlined for preparative examples XXH,
XXIV, XXV, XXIX, and XXXX

Seperation of diastereomers: The diastereomers arising from the a-center of
ketoamide were seperated using either chromatography (SiO;) or HPLC (YMC
diol column) with Hexane/CH.Cly/Isopropanol/CHsCN = 85/7.5/6.5/1 as the
solvent, as is known to those skilled in the art.
Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assay for the HCV serine

protease was performed on the inventive compounds by foilowing the procedure
described by R. Zhang et al, Analytical Biochemistry, 270 (1999) 268-275, the
disclosure of which is incorporated herein by reference. The assay based on the
proteolysis of chromogenic ester substrates is suitable for the continuous
monitoring of HCV NS3 protease activity. The substrates were derived from the P
side of the NS5A-NS5B junction sequence (Ac-DTEDVVX(Nva), where X = A or



10

15

20

25

WO 03/062265 PCT/US03/01430

346

P) whose C-terminal carboxyl groups were esterified with one of four different
chromophoric alcohols (3- or 4-nitrophenol, 7-hydroxy-4-methyl-coumarin, or 4-
phenylazophenol). Presented below are the synthesis, characterization and
application of these novel spectrophotometric ester substrates to high throughput
screening and detailed kinetic evaluation of HCV NS3 protease inhibitors.

Materials and Methods:

Materials: Chemical reagents for assay related buffers were obtained from Sigma

Chemical Company (St. Louis, Missouri). Reagents for peptide synthesis were
from Aldrich Chemicals, Novabiochem (San Diego, California), Applied
Biosystems (Foster City, California) and Perseptive Biosystems (Framingham,
Massachusetts). Peptides were synthesized manually or on an automated ABI
model 431A synthesizer (from Applied Biosystems). UV/VIS Spectrometer model
LAMBDA 12 was from Perkin Elmer (Norwalk, Connecticut) and 96-well UV plates
were obtained from Corning (Corning, New York). The prewarming block was from
USA Scientific (Ocala, Florida) and the 96-well plate vortexer was from Labline
Instruments (Melrose Park, lllinois). A Spectramax Plus microtiter plate reader
with monochrometer was obtained from Molecular Devices (Sunnyvale,
California).

Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease

(strain 1a) was prepared by using the procedures published previously (D. L. Sali
et al, Biochemistry, 37 (1998) 3392-3401). Protein concentrations were
determined by the Biorad dye method using recombinant HCV protease standards
previously quantified by amino acid analysis. Prior to assay initiation, the enzyme
storage buffer (50 mM sodium phosphate pH 8.0, 300 mM NaCl, 10% glycerol,
0.05% lauryl maltoside and 10 mM DTT) was exchanged for the assay buffer (25
mM MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 yM
EDTA and 5 uM DTT) utilizing a Biorad Bio-Spin P-6 prepacked column.
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Substrate Synthesis and Purification: The synthesis of the substrates was done as
reported by R. Zhang et al, (ibid.) and was initiated by anchoring Fmoc-Nva-OH to
2-chlorotrityl chloride resin using a standard protocol (K. Barlos et al, Int. J. Pept.
Protein Res., 37 (1991), 513-520). The peptides were subsequently assembled,
using Fmoc chemistry, either manually or on an automatic ABl model 431 peptide

synthesizer. The N-acetylated and fully protected peptide fragments were cleaved
from the resin either by 10% acetic acid (HOAc) and 10% trifluoroethanol (TFE) in
dichloromethane (DCM) for 30 min, or by 2% trifluoroacetic acid (TFA) in DCM for
10 min. The combined filtrate and DCM wash was evaporated azeotropically (or
repeatedly extracted by aqueous Na,COs solution) to remove the acid used in
cleavage. The DCM phase was dried over Na;SO4 and evaporated.

The ester substrates were assembled using standard acid-alcohol coupling
procedures (K. Holmber et al, Acta Chem. Scand., B33 (1979) 410-412). Peptide
fragments were dissolved in anhydrous pyridine (30-60 mg/ml) to which 10 molar
equivalents of chromophore and a catalytic amount (0.1 eq.) of para-
toluenesulfonic acid (pTSA) were added. Dicyclohexylcarbodiimide (DCC, 3 eq.)
was added to initiate the coupling reactions. Product formation was monitored by
HPLC and found to be complete following 12-72 hour reaction at room
temperature. Pyridine solvent was evaporated under vacuum and further removed
by azeotropic evaporation with toluene. The peptide ester was deprotected with
95% TFA in DCM for two hours and extracted three times with anhydrous ethyl
ether to remove excess chromophore. The deprotected substrate was purified by
reversed phase HPLC on a C3 or C8 column with a 30% to 60% acetonitrile
gradient (using six column volumes). The overall yield following HPLC purification
was approximately 20-30%. The molecular mass was confirmed by electrospray
ionization mass spectroscopy. The substrates were stored in dry powder form
under desiccation.

Spectra of Substrates and Products: Spectra of substrates and the corresponding

chromophore products were obtained in the pH 6.5 assay buffer. Extinction
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coefficients were determined at the optimal off-peak wavelength in 1-cm cuvettes
(340 nm for 3-Np and HMC, 370 nm for PAP and 400 nm for 4-Np) using multiple
dilutions. The optimal off-peak wavelength was defined as that wavelength
yielding the maximum fractional difference in absorbance between substrate and
product (product OD - substrate OD)/substrate OD).

Protease Assay: HCV protease assays were performed at 30°C using a 200 ul
reaction mix in a 96-well microtiter plate. Assay buffer conditions (25 mM MOPS
pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maitoside, 5 yM EDTA and 5
UM DTT) were optimized for the NS3/NS4A heterodimer (D. L. Sali et al, ibid.)).
Typically, 150 pl mixtures of buffer, substrate and inhibitor were placed in wells
(final concentration of DMSO =4 % v/v) and allowed to preincubate at 30 °C for
approximately 3 minutes. Fifty uls of prewarmed protease (12 nM, 30°C) in assay
buffer, was then used to initiate the reaction (final volume 200 p!).The plates were

monitored over the length of the assay (60 minutes) for change in absorbance at

the appropriate waveiength (340 nm for 3-Np and HMC, 370 nm for PAP, and 400

nm for 4-Np) using a Spectromax Plus microtiter plate reader equipped with a
monochrometer (acceptable results can be obtained with plate readers that utilize
cutoff filters). Proteolytic cleavage of the ester linkage between the Nva and the
chromophore was monitored at the appropriate wavelength against a no enzyme
blank as a control for non-enzymatic hydrolysis. The evaluation of substrate
kinetic parameters was performed over a 30-fold substrate concentration range
(~6-200 pM). Initial velocities were determined using linear regression and kinetic
constants were obtained by fitting the data to the Michaelis-Menten equation using
non-linear regression analysis (Mac Curve Fit 1.1, K. Raner). Turnover numbers

(keat) Were calculated assuming the enzyme was fully active.

Evaluation of Inhibitors and Inactivators: The inhibition constants (Ki*) for the
competitive inhibitors Ac-D-(D-Gla)-L-I-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-OH
and Ac-DTEDVVP(Nva)-OH were determined experimentally at fixed
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concentrations of enzyme and substrate by plotting vo/v; vs. inhibitor concentration
(1] o) according to the rearranged Michaelis-Menten equation for competitive
inhibition kinetics: vo/vi = 1 + [I] o /(Ki* (1 + [S] 0 /Km)), where v, is the uninhibited
initial velocity, v; is the initial velocity in the presence of inhibitor at any given
inhibitor concentration ([IJo) and [S]o is the substrate concentration used. The
resulting data were fitted using linear regression and the resuiting slope,
1/(Ki*(1+[S] o/Km), was used to calculate the Ki* value.

The obtained Ki* values for the various compounds of the present invention
are given in the afore-mentioned Tables wherein the compounds have been
arranged in the order of ranges of Ki* values. From these test results, it would be
apparent to the skilled artisan that the compounds of the invention have excellent
utility as NS3-serine protease inhibitors.

White the present invention has been described with in conjunction with the
specific embodiments set forth above, many alternatives, modifications and other
variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, modifications and variations are intended to fall within the spirit and

scope of the present invention.
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