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ASPARTYL PROTEASE | NHI Bl TORS # TECHNI CAL FI ELD OF THE

| NVENTI ON The present invention relates to a novel 5

cl ass of cospwemmdsmeowhi ch are aspartyl protease i nhi kdTWSS70I688 ONE
enbodi nent, this invention rel ates to a novel class of HV aspartyl
protease inhibitors characterized by specific structural and

physi cochem cal features. This invention also relates 10 to

phar maceutical conpositions conprising these

ASPARTYL PROTEASE INHIRITORS

TIECHNICAL FIELD OF THE INVENTION
The present invention relates to a novel
5 class of cocmpounds which are aspartyl protease
inhibitors. 1In one embocdiment, this invention relates
to a novel class of HIV aspartyl protease inhibitors
characterized by specific structural and
physicochemical features. This invention also relates
10 to pharmaceutical compositions comprising these
compounds. The compounds and pharmaceutical
compositions of this invention are particularly well
suited for inhibiting HIV-1 and HIV-2 protease activity
and conseguently, may be advantageously used as anti-
15 viral agents against the HIV-1 and HIV-2 viruses. This
invention also relates to methods for inhibiting
aspartyl protease activity, methods for treating viral
infections using the compounds and compositions of this
invention, and methods for making intermediates and

20 compounds of this invention.



conpounds. The conpounds and pharnmaceuti cal conpositions of this

I nvention are particularly well suited for inhibiting HHV-1 and H V-2
protease activity and consequently, nmay be advantageously used as
anti- 15 wo bAm@dent s against the H V-1 and HI V-2 Vi r usgsruselBisio

I nvention al so reﬂates to methods for inhibiting asparty? pr ot ease
activity, nmethods for treating viral I nfections using the conpounds
and conpositions of this i nvention, and nethods for making

i nt ermedi ates and 20 conpounds of th 2 Fnvention. WO

97/ 27180 PCT/ US97/ 01610

- 2- BACKGRORND OF THE | NVENTI ON The
human i mmunodeficiency virus ("H V') is t he causative agent for

acqui red i nmunodefi ci ency 2 YO B (Tikl PEUENTIONR di sease
characterized by the 5 destruction of the imune system particularly of
D1 Tocells, with SRFORKBAR SHCCBRETDFIPISY (G 0ndy ENN ot 1

infections -- amd icaespticer sgentAlfids- kekhatedd compiresdeficiencyARC') -- a
S oA ACLAHsERE DYaTHE O SUledSe charaBAAALPRY gROCT Al I zed
5 destruction of the immune system, particularly of CD4
T-cells, with attendant susceptibility to opportunistic
infections -- and its precursor AIDS-related complex
{("ARC") -- a syndrome characterized by symptoms such as
persistent generalized lymphadenopathy, fever and
10 weight loss.
As in the case of several other retroviruses,
HIV encodes the production of a protease which carries
out post-~translational cleavage of precursor
polypeptides in a process necessary for the formation
15 of infectious virions (S. Crawford et al., "A Deletion
Mutation in the 5' Part of the pol Gene of Moloney
Murine Leukemia Virus Blocks Proteeclytic Processing of
the gag and pol Polyproteins®™, J. Virol., 53, p. B99
{1985)). These gene products include pgl, which
20 encodes the virion RNA-dependent DNA polymerase
[reverse transcriptase}, an endonuclease, HIV protease,
and gag, which encodes the core-proteins of the wvirion
(H. Toh et al., "Close Structural Resemblance Between
Putative Polymerase of a Drosophila Transposable
25 Genetic Element 17.6 and pol gene product of Moloney
Murine Leukemia Virus", EMBO J., 4, p. 1267 (1%85);
L.H. Pearl et al., "A Structural Model for the
Retroviral Proteases", Nature, pp. 329-351 (1987); M.D.
Power et al., "Nucleotide Sequence of SRV-1, a Type D
30 Simian Acquired Immune Deficiency Syndrome Retrovirus”,
Science, 231, p. 1567 (1986)).
) A number of synthetic anti-viral agents have

been designed to target various stages in the



10 wei ght | oss. As in the case of several other
retroviruses, H V encodes the production of a protease which carries
out post-transl ational cleavage of precursor pol ypeptides in a
process necewgaryne®r the formation 15 of infectious vi PCwWsIAEB610
Crawford et al., "A Deletion Mutation in the 5 Part of the pol GCene
of Mbl oney Muri ne Leukem a Virus Bl ocks Proteol ytic Processing of '
the gag and pol Polyproteins”, J. Virol., 53, p. 899 (1985)). These
gene products include pol, which 20 zndodes the virion RNA- dependent DNA
pol ymer ase (reverse transcriptase), an endonucl ease, H'V protease,
and gag, which encodes the corg Broteins f the virion (H Toh et

n

al., "Cose StrGePLIGATIRISEHHENRE BLY nectPese 39enB: 3PV %%ol ynerase of a
Drosophl | a Trangpsedds 2Mhich Gaoeki vifdkreindibg 6ocafiB4pol- gene product of

Mol oney rine L . EQ@{% ; 25dmb hIRR)
L.H Pearl et zl\# h%\c rugf%rrale&kigaé? f )?}Ile CDﬁ)' i?{e%rgvrlné al Proteases"
Nat ure, pp. 329wB5¢h(iwgmfend Bith virabovenligatden byNiRRERFIRI Sequence

of SRV-1, & Typ@lEE§0reve£§é“5¥3né%9§bfggeImﬁﬁn%ﬂ@ﬁbﬂ§|eaﬁaaﬁyﬂﬁﬁﬂnE
Retr ovi rus Sci ence, 1567

(1986))
nunber of synthéﬂ#czhﬁﬁYQQAQ%ﬂ‘Aéaéht§nﬂaﬁﬁplblt intggratiesi ghett iy target
various stages pRathgto cellular YOA9(M2318@irsh and R.T. D'Rqulia,"

PCT/US97/ 01610 »Therapy for Human Immunodeficiency Vf%hs Infection”,

N.Eng.J.Med., 328, p. 1686 (1993)). However, such

10 agents, which are directed pfimarily to early stages of
viral replication, do not prevent the production of
‘infectious virions in chronically infected cells.
Furthermore, administration of some of these agents in
effective amounts has led to cell-toxicity and unwanted

15 side effects, such as anemia and bone marrow
suppression.

More recently, drug design efforts have been
directed toward creating compounds which inhibit the
formation of infectious virions by interfering with the

20 processing of viral polyprotein precursors. Processing
of these precursor proteins requires the action of
virus-encoded proteases which are essential for
replication (Kohl, N.E. et al. "Active HIV Protease is
Required for Viral Infectivity" Proc, Natl, Acad, Sci.

25 Usa, 85, p. 4686 (1988)). The anti-viral potential of
HIV protease inhibition has been demonstrated using
peptidal inhibitors. Such peptidal compounds, however,
are typically large and complex molecules that tend to
exhibit poor bicavailability and are not generally

30 consistent with oral administration. Accordingly, the
need still exists for compounds that can effectively
inhibit the action of viral proteases, for use as
aéents for preventing and treating chronic and acute
viral infections. Such agents would be expected to act



replication cycle of HV. These agents include conpounds whi ch bl ock

viral binding to CD4 T- | ynphocytes (for exanple, soluble C), and
conmpounds which interfere with viral replication by inhibiting 5
viral reverse transcriptase (for exanple, didanosine and zi dovudi ne
(AZT)) and | MY ¥Pnt egration of viral DNA i nto cel RSTASITRAIY M S.
Hrsh and R T. D Aqulia, "Therapy for Human | munodefi ci ency Virus

I nfection", N. Eng. J. Med., 328, p. 1686 (1993)). However, such 10
agents, which are directed primarily to early stages of vi ral
replication, do not prevent the production of I nfectious virions in
chronically infected cells. Furthernore, adm nistration of sone of

t hese ageﬂ-5 s in asdeff}g?i:ieéttl‘{@ra%mﬁtﬂtsabéﬁtéeﬂh thes@ lownOXighty ane
unwant e side effects as anem a and_baone

suppr essi on. addition, “sinc Ll“ri'leeyr &Cntly2 PR RS 5{%9&‘ #8r £8%have been

di rected toward vwirest Lhdecoypba ntiomivprekionhlpi deddmeibed formati on of
infectious viriQs; l%tgrg(,ggeri‘i&t\g t Qh’éhgd%Qmﬁ st 1QGesSisng of viral

pol yprotein precursors roce ese precursor proteins
requires tRe actqoswipption Oqumw@ﬁédbﬁr%%@d W9 @®sHié &Bsenti al

for repli q_q,tdr@@sggo%erg\bét&t eFricabgtive H'V Protease is
Required for Viral Infectivity" Proc. Natl. Acad. Sci. 25 USA, 85, p.
4686 (1988)). The anti-viral potential of H V protease inhibition
has been denonstrated using Wmmm Such pepti dal
conpounds, however, are t |Qall e and ¢ ex nol.ec Ies t hat
tend to exhi bi t poo %l% r? aB‘nI)(’FPg gﬁdpr?vel e(r)%:) ge SeAl Fye

consi st entlOwi t h off @lompdunds st ard mi’mrmaAeu&mdath)@cctém:able need st| |1
exists for COanﬂﬂq%ak@%EsC@Hefgéfﬂnﬂﬂg%lXre usefﬁf”ﬂé”ﬂhﬁﬁ%ﬁt@?&' p of viral

proteases, for use as preventing and treatin roni ¢ and
acute vi r aAsHagt¥dt Péﬂ‘éea&ﬁ:h ad’@eﬂﬂspﬁéﬁ{tﬁu et rsgar Yéct

protease. The compounds of this invention can be used
alone or in combination with other therapeutic or
15 prophylactic agents, such as anti-virals, antibiotics,
immunomodulators or vaccines, for the treatment or
prophylaxis of viral infection.
According to a preferred embodiment, the
compounds of this invention are capable of inhibiting
20 HIV wviral replication in human CD4+ cellis including T-
cells, monocytic lines including macrophages and
dendrocytes and other permissive cells. These
compounds are useful as therapeutic and prophylactic
agents to treat or prevent infection by HIV-1 and
25 related viruses which may result in asymptomatic
infection, AIDS~related complex ("ARC"), acquired
immunodeficiency syndrome ("AIDS"), or similar disease
of the immune system.
It is a principal object of this invention tc
30 provide a novel class of compounds that are aspartyl
proteése inhibitors, and particularly, HIV aspartyl
protease inhibitors. This novel class of compounds is
répresented by formula I:
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-4- as effective therapeutic agents in their own right. 1In
addition, since they act at a separate stage in the virus life cycle
from previ ousosrdesor i bed antiretroviral agents, theP&dMSAT®#0ati on
of a 5 conbi nati on of agents would be expected to result in
i ncreased therapeutic efficacy. I nternational Publication
WO 94/19329 di scl oses cyclic carbonyls and derivatives thereof as
protease inhibitors. International Publication WO 10 95/ 24385 di scl oses
sul f onam de protease inhibitors. SUMVARY OF THE
| NVENTI ON The present invention provides a novel class
of conpounds, and pharmaceuti cal | y Riccept abipe derivatives thereof,
that are useful as inhibitors of K8 (g yl Rﬁroteases, and in
particular, HV aspartyl pr ot eake. c ounds of this invention
can be used al one or in conbi na¥ipaNw r therapeutic or
prophyl actic agents, such as anti-viral’s, antk? ics,
i mmunonodul ators or vaccines, for the trea ye 20 prophyl axi s of
viral infection. Accormrmi b a preferred enbodi nent, the
conpounds of this invention are capable of inhibiting HV vira
replication in human CD4 cells including T- cells, nonocytic lines
i ncl udi ng macr ophages and

wherein

each Z is

R?
R’ : ( G
| R R N )
q
JONE o 0
N Y ]
r S X
X 4’,
R
. 6
5 wherein any 2 may be optionally fused with R7;
each X and X' is independently selected from the
group consisting of -C({0)-, -C(O)C(0)-, -S(O)- and
-5{0)p;
each Y and Y’ is independently selected from the
2
10 group consisting of —(C(Rz)z)p-, —NRZ—, ~(C(R7) 2) p~M-,
>C=C(R%),, and -N(R?)-CH,-;
1

each R™ is independently selected from the group
consisting of hydrogen; Rs; Cy-C¢ alkyl: Cy-Cg alkenyl;
C,-Cg alkynyl; C3-Cg cycloalkyl optionally fused with

15 R6; Cs-Cg cycloalkenyl optionally fused with Rs; and
where Rl's are attached to adjacent atoms, the Rl's
together with their attached adjacent atoms form a
carbocyclic or heterocyclic ring system which may be
optiocnally fused with RG; where any member of R may be

20 optionally substituted by one or more Rz;
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25 dendrocytes and other perm ssive cells. These conpounds are

useful as therapeutic and prophylactic agents to treat or prevent

i nfection by H V-1 and rel ated viruses which nay result in

asynpt omat i cwo972780 i nfection, AIDS-rel ated conpl ex ("ARC' pcrasasisied 30

I mmunodefici ency syndrone ("AIDS"), or simlar disease of the i mmne
system It is a principal object of this invention to
provi de a novel class of conpounds that %re aspartyl

- b- protease inhibitors, and particularly, HV aspartyl

protease inhibitors. This novel class of conpounds is represented by
formula I: Lerr] each R2 is inWQSESEQnEEy selectede§%gmzﬁ§§rogen;

R} C,-Cg alkyl; Cy-Cg alkenyl; Cp-Cg alkynyl; C3-Cg

cycloalkyl optionally fused with RG: C5-Cg cycloalkenyl
optionally fused with RG; and where two R“'s are

w

attached to the same geminal atom, the Rz‘s together

with their attached geminal atom may form a

spirocarbocyclic or spirocheterocyclic ring system:;

where any-member of Rz‘may be optionally substituted by
one Or more R3;

16 each R3 is independently selected from oxo, ORg,
N(R%),, N(R%)-x-R%, N(R%)-x-0R®, N(R®)-x-N(R%),, s&®, x-
R?, o-x-N(rR%),, c(o)N®%,, halogen, No,, cN, coor® and
R®;

each R4 is independently selected from from the

15 group consisting of ORS; N(Rg)g: X-Rg; C(O)N(Rg)z: RG;
C1-Cg alkyl; Cy-C4 aikenyl; C3~Cg cycloalkyl optionally
fused with Rs: C5-Cg cycloalkenyl optionally fused with
RB; where any member of R4 may be optionally
substituted by one or more groups independently

20 selected from the group consisting of R9 and R3;

each R5 is independently selected from the group
censisting of H, OH, O and Rl:

each R6 is independently selected from the group
consisting cf aryl, carbocyclyl and heterocyclyl,

25 wherein said aryl, carbocyclyl or heterccyclyl may be
optiorally substituted with one or more groups selected
from the group consisting of oxo, -ORg, —R9, —N(Rg)(Rg),
-N(r%)-x-R®, srR®, -x-R®, -0-x-N(rR%),, -R%-0R®, -cx,
-C02R9, -X-N(Rg)(Rg), halogen, -NO,, and -CFj3;

30 each R7 is independently selected from the group

consisting of hydrogen, OH and O;

each RB is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
carbocyclyl, and heterccyclyl;



[err] wherein any Z may be optionally fused with R err];

each X and X' is independently selected fromthe group consi sting of
-¢(O-, -C(OCO-, -S(O- and -S(Oferr]; 10 each Y and Y
i s i ndependewd 97288bect ed fromthe group consi st i ng F§I/US97/01610
-(C(Rerr])[err])p-, -NRerr]-, (C(Rerr])[err])[err]-M, _
>C=C(R[err])[err], and -N(R[err])-CH err]-; each Rlerr] is

i ndependent|ly selected fromthe group - consi sting of hydrogen;
Rlerr]; err]-Clerr] alkyl; Cerr]-derr] alkenyl 15 Cerr]-Cerr]
al kynyI Cerr]-Cerr] cycIoaI kyl optionally fused with R err]

Cerr]: Grerr] oyl oglkeni? ool oRgehuehs§Csuidde sioh capdroue  her e

Rlerr]'s are attached to adj acent "at ons err] g ether with
their attached msaéehﬂga?én%yq‘dﬂﬁna alkl’lf 2 %B’c]ycﬁl&‘yﬁ‘y he?’é veyclic

ring system whicGhodRycl9120heterdtiidigngl byalkged cdribodycayipl kwher e any

b f R1L be
UE)9$;23180 rTayd heterocycl&iéfﬂgyld%ergggt££§u§¥§fp/é¥¥%0c¥tﬁpigggi8;%%0
5 heterocyclyl may be optionally fused with R and

wherein any member of Ra may be optionally substituted
by one or more groups independently selected from the
group consisting of -OR®, -N(R%),, -CN, -NO,, -x-R®, -X-
N(R®), -cto)or®, -N(R%)-xNR®, and halogen;
10 each Q is independently selected from CH and N;
each M is independently selected from the group
consisting of NH, -NR’-, -0-, -5-, -5(0)- and -S{0)-;
each n is 1 or 2;
each r is 0,1 or 2;
15 each p is independently 1 or 2;
each g is independently 1, 2 or 3; and
each G is independently selected from the group
consisting of -NH-, -NR®-, -0-, -S-, -S(0)-, S(O),,
-C(0)-, and -C(R%),-.
20 An alternate object of this invention is a

novel class of compounds represented by formula IV:

wherein:
X and X' are independently -C(0)- or =-S(0O),-;
25 Y is ~(C(R%) ) -M-, =(C(R)) -, -N(R®)- or -N(RY)-
CHp=; and



- 6- each R err] is independently sel ected from hydrogen;
Rlerr]; CJerr]-Cerr] alkyl; err]-Cerr] alkenyl; Jerr]-Cerr] alkynyl;

Cerr]-Cerr] cycIoaIkyI optionally fused with R; Cerr]-Cerr]
cycl oal kenylwo s7271s0 optionally fused with R ; and where tvwciR®tbjsis are 5
attached to the sanme gemnal atom the Rerr]'s together with their
attached gemnal atommay forma spi rocar bocyclic or

spi roheterocyclic ring system where any nenber of R may be
optional Iy substituted by one ot &ore Rerr]; 10 each
Rlerr] is independently selected fromoxo, OR err] N(Rerr])[err],
N(Rerr])- XR[err] N( grr - X4 rr] rrl.,
SRierr],” X o %é‘?&]‘?[ﬁr’]“‘;el")é(‘éfﬁ%%’eﬁﬁ%‘@rﬁ“,

hal ogen, NJ erfidr, fwmuo:m err] and R err] each

L ind q ] st ¢
CREer 1. (R orr]) FapEReE SORTEL df Bssl B\]r““ﬁ‘?’f e Fcpmaet 9 ©
Clerr]-derr] of kpmpogpdsr ferfesearites Ibefnﬁprmqy‘f] Clerr] cycI oal kyl

optionally fused with Rlerr]; Cerr]-Cerr] cycloal kenyl optionally
fused with Rlerr]; where any nenber of R nmay be optionally
substituted by one or nore groupg?independently 20 selected fromthe
group consisting of Rlerr] and ; R each Rerr] is

C lnlsisting of H OH O and
selzect ed fromthe group

i ndependent |y selected fromt hk
Rerr]; each R is in
consisting of aryl, carbocyclyl , wherein said aryl,

carbocyclyl or heterocyclyl may be ‘gal I y substituted with one
or nore groups selected fromthe group nsisting of oxo, -ORerr],

-Rerr], -N(Rerr])(Rerr]), - N( e)rr]) X-R, SR, -X-Rerr],
-O-X-N(Rgerr])[err], -Rlerr]-ORlerr], -CN, -CCIerr]R[err],
-X-N(Rerr])(R.err]), halogen, -NJerr], and -CF[err]; 30 each
Rerr] is ind Feftly selected fromthe group consi sting of
hydrogen, OH and Ox is -C(0)- or -s@mh-Rerr] is independently sel ected
fromthe group Y is - (C(R%) ) -M-, —(C(R%)p)p-s -N(RE)~ or -N(R)-
CHo~;
10 R!1% is 0 or Hy:

each Rll is independently H, OH or O, wherein both
Rll are not simultaneously hydrogen;

Z is a structure of formula VI:

( IL—)q——ﬁ g®
- \QKS
x

/

R4
(V1)

15 wherein any structure of formula VI is optionally fused
with an aryl, carbocyclic or heterocyclic ring and is
optionally substituted with 1-3 substituents
independently selected from Rz; and
each R}, R?, R’, R, ®®, p., g, G, M, Q and X' is

20 independently as defined for formula 1I.



consi sting of hydrogen, alkyl, alkenyl, alkynyl, aryl, car bocycl yl ,

and heterocyclyl; WO 97/ 27180

PCT/ US97/ 01610 each RO is independently sel e1§$9gﬁ16f16 omt he
group WQPHEIA ng of hydrogen, alkyl, alkenyl, al kynyPSP5yt)
carbocycl yl, heterocyclyl, aral kyl, carbocyclyl al kyl and

het erocycl yl al kyl wherein any aryl, carbocyclyl or 5 het erocycl yl may be
optionally fused with R and wher ei g any nenber of R may be
optionally substituted by one or nore groups independently sel ected
fromthe group consisting of -OR[err], -N(Rerr])[err], -CN,

-NJerr], -X-Rerr], -Xit is alNoRhgréhjéet rdf thi€( Oh@Bhtion to

-N(Rerr])-XNR[err], and hal ogen; 1 ... each iLs_Lphdependently

sel ected from Cﬂraﬁﬂd?\l;phamacgeutlcage%ﬁﬂpﬁﬁ%qu?dgﬁgﬁﬁéﬁéﬁg %‘eﬁnect ed from
the group cofipBanss i o) folrmiilas- NR[ BVrdnd v @nd mBthod§(r whedr
-S(Oferr]-; . ach nis 1 or_ 2. - achr is 0,1 or 2;
15 eachsp £3 f?ﬁéﬁé%ﬂf?nfﬁyafpgfg§% protease, an8each qis

i ndependently 1paZtéocuBarind HIV aspartyl peeteaS€-s i ndependently sel ected
fromthe group congy Sﬁdé R0 Rk thBH oby MR &1 lthis- ©hvenSion - O -,
S(Oferr], -C(O-, and -C(Rerr])[err]-. 20 An

al ternate obj ecPreviffi RethRaAm oS, tfgaging viral diseases, and in
particular HIV-related diseases, using the compounds

and compositions of this invention.



novel class of conmpounds represented by formula IV:

[err]

-S(Oferr]-; 25
-(A(Rerr]) [eodpimer] -,

WD 97/ 27180

each Rlerr], Rerr], Rerr],

for formula I.

X and X' are independently -C(O) -
Yis -(C(Rerr])[err])-M,
-N(Rerr])- or -N(Rerr])-

Rerr],

PCT/ US97/ 01610

of conpounds represented by fornula V: - 10 -

10

15

20

25

30

DETAILED DESCRIPTION QF THE INVENTJION
In order that the invention herein described

may be more fully understood, the following detailsd

description is set forth. In the description, the

following abbreviations are used:
Designation Reagent or Fragment

Ac
Me
Et
Bn
Trityl
Asn
Ile
Phe
val
Bec
Cbz

DCC
DIC
EDC

HOBt
HOSu
TFA
DIEA
DBU
EtOAc
t-Bu
iBu
DMF
THP
THF
DMSO

acetyl

methyl

ethyl

benzyl

triphenylmethyl

D- or L-asparagine

D- or L-isoleucine

D- or L-phenylalanine

D- or L-valine
tert-butoxycarbonyl
benzyloxycarbonyl (carbcbenzyloxy)
9-fluorenylmethoxycarbonyl
dicyclohexylcarbodiimide
diisopropylcarbodiimide
1-(3-dimethylaminopropyl) -3-
ethylcarbodiimide hydrochloride
l-hydroxybenzotriazole
l-hydroxysuccinimide
trifluorcacetic acid
diisopropylethylamine
l,8-diazabicyclo(5.4.0)undec-7~ene
ethyl acetate

tert-butyl

iso~butyl

dimethyl formamide
tertrahydropyran
tetrahydrofuran

dimethylsulfoxide

or

peiihu’bFdisio and

p and Mis independently as defined
Anot her object of this invention is a novel

cl ass



[err] wher ei n: Xis -C(O- or -S(Oferr]-;
Yis -(C(Rerr])[err])-M, -(CRerr])[err])[err]-, -N(Rerr])- or
-N(R[err])- CHerr]-; 10 Rlerr] is 0 or Her

o1
each Rlerr] W@97#d¥pendently H, OH or 0, wherein both PC?&'@F’P}“%re not

si mul t aneousl y hydr ogen; Zis a structure of fornula VI:
15 wherein any structure of forrmula VI is optionally fused

an aryl, carbocyclic or heterocyclic ring;and is optionally
substituted with 1-3 substituents

The following terms are employed herein:

Unless expressly stated to the contrary, the
terms "~S0,-" and "~S(0),-" as used herein refer to a
sulfone or sulfone derivative (i.e., both appended

5 groups linked to the 5), and not a sulfinate ester.

The term "alkoxy" refers to an alkyl ether
radical, wherein the term "alkyl" is as defined above.
Examples of suitable alkyl ether radicals include, but
are not limited to, methoxy,_ethoxy, n-pPropoxy,

10 isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-
butoxy and the like.

The term "alkyl”, alone or in combination
with any other term, refers to a straight-chain cor
branch-chain saturated aliphatic hydrocarbon radical

15 containing the specified number of carbon atoms, or
where no number is specified, preferably from 1-10 and
more preferably from 1-5 carbon atoms. Examples of
alkyl radicals include, but are not limited to, methyl,
ethyl, n-propyl, isopropyl, n-butyl, iscbutyl, sec-

20 butyl, tert-butyl, pentyl, iscamyl, n-hexyl and the
like.

The term "alkenyl", alone or in combination
with any other term, refers to a straight-chain or
branched-chain mono- or poly-unsaturated aliphatic

25 hydrocarbon radical containing the specified number of
carbon atoms, or where no number is specified,
preferably from 2-10 carbon atoms and more preferably,
from 2~6 carbon atoms. Examples of alkenyl radicals
include, but are not limited to, ethenyl, E- and

30 Z-propenyl, isopropenyl, E~ and 2Z-butenyl, E- and
Z-iscbutenyl, E- and Z-pentenyl, E- and 2-hexenyl,
E,E-, E,Z2-, Z,E- and Z,Z-hexadienyl and the like.

The term "anti-viral agent® or "anti-

retroviral agent” refers to a compound or drug which

[err]
with



I ndependently selected fromRerr]; and each Rerr], Rerr], Rerr],

Rerr], Rerr], p, q0 G M Qand X is 20 I ndependently as defined for
formula I. WD 97/ 27180

PCT/ US97/ 0140727180 -0- PCT/US97/01610 | t
is also an object of this invention to provi de pharmaceuti cal
conpositions conprising the conpounds of formulas I, IV and V and

met hods for their use as inhibitors_of aspartyl protease, and 5
particularly, HV aspartyl protease. ~ 12 - It is a further object
of this |nvte_nti|on talv Ipro;i de nethods for treating viral diseases, and
I n particul ar -re ed di.seases ' t

conposi tions ACSSRSSEPnVRRET offtRibItoTY S and

include reverse transcriptase inhibitors (including
nucleoside and non-nucleoside analogs) and protease
inhibitors. Preferably the protease inhibitor 1is an

5 HIV protease inhibitor. Examples of nucleoside analiog
reverse transcriptase inhibitors include, but are not
limited to, zidovudine (AZT), dideoxycytidine (dd{),
didanosine (ddl), stavudine (d4T), 3TC, 935U83, 1592U89
and 524W91. Examples of non-nucleoside analog reverse

10 transcriptase inhibitor include, but are not limited to
TIBO, delavirdine (U90)-and nevirapine. Examples of
HIV protease inhibitors include, but are not limited to
VX-478 {(Vertex, also known as 141W94 (Glaxo-Wellcome)
and KVX-478 (Kissei)), saquinavir (Ro 31-8959, Roche},

15 indinavir (L-735,524, Merck)), ritonavir (ABT 538,
Abbott), nelfinavir (AG 1343, Agourcon), palinavir (Bila
2011 BS), U-103017 (Upjohn), XM 412 (DuPont Merck), XM
450 (DuPont Merck), BMS 186318 (Bristol-Meyers Squibb),
CPG 53,437 (Ciba Geigy), CPG 61,755 (Ciba Geigy), CPG

20 70,726 (Ciba Geigy), ABT 378 (Abbctt), GS 3333 (Gilead
Sciences), GS 3403 (Gilead Sciences), GS 4023 (Gilead
Sciences), GS 4035 (Gilead Sciences), GS 4145 (Gilead
Sciences), GS 4234 (Gilead Sciences), and GS 4263
{Gilead Sciences).

25 The term "aryl"™, alone or in combination with
any other term, refers to a carbocyclic aromatic
radical {such as phenyl or naphthyl) containing the
specified number of carbon atoms, preferably from 6-14
carbon atoms, and mcre preferably from 6-10 carbonr

30 atoms. Examples of aryl radicals include, but are not
limited to phenyl, raphthyl, indenyl, indanyl,
azulenyl, fluorenyl, anthracenyl and the like.

The term "carbocycle" and “carbocyclyl”

radical, refers tc a non-aromatic stable 3- to 8-
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- 10 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON

In order that the invention herein described may be nore fully

under st ood, WQP'RHEP owi ng detail ed description is sePCIEEYLI60 n { he
description, the 5 foll ow ng abbreviations are used:

Desi gnati on Reagent or Fragnent Ac acetyl

Me met hyl Et - 13 - et hyl 10 Bn

benzyl Trityl tri phenyl et hyl Asn

D- or L-asparagine Ile D- or L-isoleucine

Phe Ebmﬁéréd[Hﬁﬁhdna&aﬂbnﬁhiéh may be sH@hrated, mono- D- or

L-val i ne

t b .Cb
benzyloxycarbonVFs?E%f%%ﬁ%ﬁ?yFﬁ%yyunsaturékégygﬂ% OnxrbocyC1e may o€

9-fl uorenyl net hexysalsédatl any endocyclIKIbarbon atom which resuits in

gogkéméjesfrﬂxcihure %Sreds carbocycqbgsgg@p'yl’car bodi i m de

di cycl ohexyl car

EDC

an1noprop

et hyl car bo®i i i garkg»i® ochl ori de HOBt

1- hydr oxybenzotri azol e

TFA

di i sopr opyl et hyFaft

trifluoroacetic acid
?ﬁ}' unless o*hefﬂ&pe defined herein, refers to a

1, 8- di azabi cycl e¢bble Othdetnbéretiemonocyclic hetrO&§clic ring &t eyl

t - Bu

10

15

20

25

30

E?rﬁeﬁﬁgﬁgd:§%cycl*c heté;%kycllc ring wh?grbUtyélther

saturated or unsaturated, and which may be optionally
benzofused if monocyclic. Each heterocycle consists of
one or more carbon atoms and from one to four
heteroatoms selected from the group consisting of
nitrogen, oxygen and sulfur. As used herein, the terms
"nitrogen and sulfur heterocatoms” include any oxidized
form of nitrogen and sulfur, and the quaternized form
of any basic nitrogen. In addition, any ring nitrogen
may be optionally substituted with a substituent Rz, as
defined herein for compounds of formula I. A
heterocyclyl radical may be attached at any endocyclic
carbon or heteroatom which results in the creation of a
stable structure. Preferred heterocycles include 5-7
membered monocyclic heterocycles and 8-10 memebered
bicyclic heterocycles. Preferred heterocycles defined
above include, for example, benzimidazolyl, imidazolyl,
imidazolinoyl, imidazolidinyl, quinolyl, isoquinolyl,
indolyl, indazeclyl, indazolinolyl, perhvydropyridazyl,
pyridazyl, pyridyl, pyrrolyl, pyrrolinyl, pyrrclidinyl,
pyrazolyl, pyrazinyl, quinoxolyl, piperidinyl, pyvranyl,
pyrazolinyl, piperazinyl, pyrimidinyl, pyridazinyl,
morpholinyl, thiamorpholinyl, furyl, thienyl,
triazolyl, thiazolyl, B-carbolinyl, tetrazolyl, thiazo-
lidinyl, benzofuranoyl, thiamorpholinyl sulfone,

oxazolyl, benzoxazolyl, oxopiperidinyl, oxopyrroldinyl,

The term "hEBFocycle” anglﬁhg¥gf95yéﬂfﬁ*n'n1de 25

acetate



DIVF di et hyl f or mam de THP

t ertrahydropyran THF t et rahydr of uran

DVBO di et hyl sul f oxi de WO 97/ 27180

PCT/ US97/ 016%b 9727180 - 11 - PCTUS97/01610

The followng terns are enpl oyed herein: Unl ess expressly
stated to the contrary, the terms "-S(err]-" and "-S(O[err]-" as
used herein refer to a sul fone or sul fone derivative (i.e., both
appended 5 groups linked to the S),” &fdnot a sulfinate ester.

The term "al koxy" refers to an al kyl ether radical, wherein the term
"al kyl" is as defined .abqgve. X Exanpl es .of suitabl e yl et her

radi cal s includ%foﬁﬁﬁplnﬁi’ aéFElHS%'|+%§%iﬁfl€3: ﬁé?ﬁgkﬁfggkhoxy, n- pr opoxy,
10 | Sopr opoxyurazdnptiox\tetrsbpdropyrarsec- mettarpydteftranyl,  but oxy and

the |ike. : . [he . "akky] . .al gn i n %gﬂQL ati.on
wi th any ot her f%%%%°%%ﬁ%nﬁ§[?§fégé?}h?%ﬁ%&% érn93§XQ£yi' rdth? Rain
saturated al i phaehzodiadddrbéathidivhd tiEopheayat ai ni ng the specified

nunber of <ar bof‘e@:’%&(ﬂﬁirot(?ﬁo]phen 1Vl esorluie!, bisoseepi fied, preferably
from1-10 and nore prefera I¥ from1-5 carbon atons. Exanples of

al kyl radical s $HeFURRY yuttetrahygtofrrrddydroiurapkit
tetrahydropyranodihydrofuranyl, dihydropyranyl,

tetrahydrofurofuranyl and tetrahydropyranofuranyl.
The term "halogen” refers to a radical of
10 fluorine, chlorine, bromine or iodine.

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

15 invention, these terms refer to the human
immunodeficiency virus type 1 aspartyl protease.

The term "inert solvent" refers to a solvent
reaction medium which allows the reagents to react
together at a substantially increased rate relative to

20 any reagent reacting with the designated solvent.

The term "leaving group" or "LG" refers to
groups readily displaceable by a nucleophile, such as
an amine, alcohol, phosphorous or thiol nucleophile or
their respective anions. Such leaving groups are well

25 known and include carboxylates, N-hydroxysuccinimide,
N-hydroxybenzotriazole, halogen (halides), triflates,
tosylates, mesylates, alkoxy, thioalkoxy, phosphinates,
phosphonates and the like. Other potential
nucleophiles include organometallic reagents known to

30 those skilled in the art.

The term "protecting group" refers to a
suitable chemical group which may be attached to a
functional group and removed at a later stage to reveal
the intact functional group. Examples of suitable

35 protecting groups for various functional groups are



ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec- 20 butyl,
tert-butyl, pentyl, isoanyl, n-hexyl and the Iike.

The term "al kenyl ", alone or in conbination with any other term
refers to a WO93i2¢#80 - chai n or branched- chai n nono- oPCT/US97/01610

pol y-unsaturated aliphatic 25 hydr ocar bon radi cal containing the
speci fi ed nunber of carbon atons, or where no nunber is specified,
preferably from 2-10 carbon atons and nor.e preferably, from2-6

carbon atons. Exanpl es of al kenyl radi cal’s i ncl ude,
limted to, ethenyl, E- and 30 Z- propenyl, isopropenyl,

but are not

E-

and

Z-butenyl, E- ag@scribed i iB90ULeAMhe na aNG . f- PRAEENYBrodcand Z- hexenyl

E,E-, E, Z-, Z,E- and Z hexadi en nd, th

"anti-viral ageﬁF9uB?—“%ﬁPFﬁuuﬁLsanﬁ%ﬁ+ﬁﬂ;24%PE§geng°h?eW%ﬁ%ytﬁ? c
or drug which Sons (1991)0\0DI07F2#$86 and M. Fieser, Eieser and

PCT/ US97/ 01610
viral inhibitory acti v

i nhi bi t or s° (i ncPERF n§t9° &’,

ents

Lhﬁ&’F‘EggFH% a‘?ﬂu‘

pr ot ease ~ LohiGrgamicc SyRthkeiabl Johmelidegt eaéesonssn biaaﬁr) | an
HI'V protease inhibitor. 15%@%%'%5"?&58§€|#45¥H%% BPateded by tHLYRLRE

transcriptase inhibitors include, but_ are not

optionally" or not, refers to a structure wherein two

distinct ring systems are joined together such that

i0 both rings share at least two common atoms

This can

be envisioned as the replacement of a carbon-hydrogen

or nitrogen-hydrogen bond on a ring atom with a carbon-

carbon (from a second ring) or nitrogen-carbon

(from a

second ring) bond. For example, a cyclochexyl ring

15 fused to a second cyclohexyl ring results in a

decahydronaphthalene, a cyclohexyl ring fused to a

piperidine ring results in a decahydroquinocline or

decahydroisoquinoline, or a phenyl ring fused to a

thiazole ring results in a benzcthiazole.

20 The term "substituted”, whether preceded by

the term "optionally” or nct, and substitutions

contained in formulas of this invention,

replacement of one or more hydrogen radicals in a given

refer to the

structure with the radical of a specified substituent.

25 When more than one position in a given structure may be

substituted with more than one substituent selected

from a specified group, the substituents may be either

the same or different at every position (for example,
. 2 2 .
the moiety -N(R“) (R°)). Typically, when a structure
30 may be optionally substituted, 0-3 substitutions are

preferred, and 0-1 substitutions is more preferred.
Most preferred substituents are those which enhance

protease inhibitory activity or intracellular antiviral

activity in permissive mammalian cells or immortalized

35 mammalian cell lines, or which enhance deliverability

The term
onpound

32 John wiley RA&Sesses



limted to, zidovudine (AZT), dideoxycytidine (ddC), di danosi ne

(ddl'), stavudine (d4T), 3TC, 935U83, 1592U89 and 524W91. Exanpl es of
non- nucl eosi de anal og reverse 10 transcri ptase inhibitor include, but
are not |im t@927180 TI BO, del avirdine (U90) and nevirapi anmpl es
of H V protease inhibitors include, but are not lim ?'2%%7&10
VX-478 (Vertex, also known as 141W4 (d axo-Wel | cone) and KVX-478
(Kissei)), saquinavir (Ro 31-8959, Roc_hfgk, _15 i ndi navir (L-735,524,
Merck)), ritonavir (ABT 538, Abboft), nelfinavir (AG 1343, Agouron),
palinavir (Bila 2011 BS), U 103017 (Upjohn), XM 412 (DuPont Merck),
XM 450 (D3RONanMehekdo) BV 18H 313 raBEESS OF £ MRYSY SrarichRY, CPG

53,437 (Ciba Giigy), CPG 61,755 (C'ba Geigy), CPG 20 70, 726 (Ci ba

; gy). ! .
Gei gy), ABT 3MryHARGokifpetEss agyhar@acedynanic prafi i &) comga3993 (G | ead
Sci ences), CS dhZhe( Gnlsabdtituted comipennes), oGtedGdr{ @rlefadrS6i ences), GS
4145 (G | ead .Sciences 234 (G l.ead Sciences)., and, GS 4263
(G lead Sci encse"g}s.t gen%s mg:lu(g;es tL}"f:\nsee tdgF% a‘f’;‘lry é,céri%oar‘l‘end%r slhﬁ"réonbi nation
with 5 anyn dididest érf refers to a carbocyclic aromatic radi cal

(such as phenyl or “aphtrhglie n'tlﬁﬂa&irt&gzetulﬂgca%ly e £ BAAGId %%DHHW of
carbon atons, preferably from 6-14: _ carpbon atons, and nore preferably
from 6-10 car btAfe3T o apoaBouUnpE@ifRctd ver iar Yreetane LY ilmdlegaéonbut are

not l'i i ed Ja@ ieReNgL thd2 Y hnothRdapy! or i NgaBHbination azul enyl,

fluorenyl, anthracenyl and the |ike. » i The term "carbocycl e"
and "car bocycl¥tth sther apalrEal ,ﬁ}eefteerré“ t §¥§2hbRY ardhati s S‘Féﬁr"% 3- to 8-
WO 97/ 271180 refers to the alleviation of symptoms REH/AJFRHtOTGlAr

disorder in a patient or the improvement of an
ascertainable measurement associated with a particular
disorder. Specifically, with respect to HIV, effective
freatment using the compounds and compositions of this

15 inventicn would result in an improvement in an HIV
associated ascertainable measurement. The term
"prophylactically effective amount"” refers to an amount
effective in preventing HIV infection in a patient. As
used herein, the term "patient” refers to a mammal,

20 including a human.

The term "pharmaceutically acceptable carrier
or adjuﬁant" refers to a carrier or adjuvant that may
be administered to a patient, together with a compound
cf this invention, and which does not destroy the

25 pharmacological activity thereof and is nontoxic when
administered in doses sufficient to deliver a
therapeutic amount of the antiretroviral agent.

As used herein, the compounds of this
invention, including the compounds of formula I are

30 defined to include pharmaceutically acceptable
derivatives or prodrugs thereof. A "pharmaceutically
acceptable derivative or prodrug" means any

_pharmaceutically acceptable salt, ester, salt of ar
ester, or other derivative of a compound of this



- 13 - menbered carbon ring which may be saturated, nono-

unsaturated or poly-unsaturated. The carbocycle may be attached at
any endocyclic carbon atom which results in a stable structure.
Preferred c¥®8¥3/d80es have 5-6 5 car bons. PCT/USPRRI64®r m
"het erocycl e" and "heterocyclyl™ radi cal , unless otherw se defined
herein, refers to a stabl e 3-7 membered nmonocyclic heterocyclic ring
or 6- 11 nmenbered bicyclic heteroc%pllc ring which is either 10
saturated or unsaturated, and which nay be optionally benzof used if
nmonocyclic. Each heterocycle consists of one or nore carbon atons and
fromone to fouUnventionghEfatpsh %ah%t?@'réfﬁﬁ tdde a0 reURpEeRs) Sid ng of

ni trogen, oxygen and sul fur. As used herei g& ? "nitrogen and
sul fur het er oatGREPLPnRF RO HRE Gk (@i F8ATLY or %#ﬁﬁ 147t Pogen and sul fur,

and the quat er ompduhar 61 this m‘veamyohasrcarmlirrmgmtormyaddtiv@n any ring

nitrogen tionally, su ed t g .Rlerr], as
def i ned hereln“Fbr Q?lQQ uRts™ T lqpe QE%%EE% %%#élC%hé#g ogégﬁ r adi cal may
be attachéd at myvehdueycamd: prodrug@aabgntmsméﬂ@rtoammeaﬁecbm esults in

the creation oeregvanabﬂmt & S UHC Ll ouﬁ‘i?f@fr*@ﬁsh%h%%%h%évﬂc' ude

5-7 nmonocycl i'c heterocycles and 8-10 nenebered
bi cyclic heteréﬁV@I€§m°°uF¢%f%W%éﬁmﬂéﬂéFBE?ﬁlEﬁ;%ﬂﬁqmmgé 45.G./ dpvve

i ncl ude, for EéaﬁﬁhﬁngbﬁﬂzéfﬁlkyﬂﬂdﬂlnlkHEQ@@Oédﬁpound to b@l flagel i noyl,
| ndazol i nol y1  Sagdr BBSPTRRSyRES the blgody GURich o ?Zg‘si'ﬁm i,
pyrrolingb, pyredlivdrgybf the paqumazompbun@ytquarnMo;oqucamxolyl
DPELS Y PRl 1o B30 BYben RO il LR o
relative to the parent species.
Pharmaceutically acceptable salts of the
compounds ¢f this invention include those derived from

15 pharmaceutically acceptable inorganic and organic acids
and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric,
perchloric, fumaric, maleic, phosphoric, glycollic,
lactic, salicylic, succinic, toluene-p-sulfonic,

20 tartaric, acetic, citric, methanesulfonic,
ethanesulfonic, formic, benzoic, malonic, naphthalene-
2-sulfonic and benzenesulfcnic acids. Other acids,
such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the

25 preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.

Salts derived from appropriate bases include
alkali metal (e.g., sodium}, alkaline earth metal

30 {e.g., magnesium), ammonium and N-(Cy_4 alkyl)4+ salts.

The term "thiocarbamates" refers to compounds
containing the functional group N-S0,-0
The compounds of this invention contain one

Or more asymmetric carbon atoms and thus occur as



triazolyl, thiazolyl, [err]-carbolinyl, tetrazolyl, thiazo- l'idinyl,

benzof uranoyl, thianorpholinyl sulfone, oxazol yl, benzoxazol yl,
oxopi peri di nyl, oxopyrroldinyl, WO 97/ 27180

PCT/ US97/ 016 W0 97127180 - 14 - PCT/US97/01610
oxoazepi nyl, azepinyl, isoxazolyl, isothiazolyl, furazanyl,

t et rahydr opyranyl, tetrahydrofuranyl, t hi azol yl , thladlazoyl

di oxol yl', di oxinyl, oxathiolyl, benzod|oxolyl di t hi ol yl, thlophenyl
5 t et rahydr ot hi ophenyl and sul f ol anyl, 8 oxanyi , dioxolanyl
tetrahydrofurodihydrofuranyl tetrahydropyranodihydrofuranyl

di hydr opyr anyl , tra ydrofurofur and tetrah rop anofuranyl

The tern1"ha|ogeﬂPC§Qﬁ§§FsaP At e 4t €§ﬁ4f5 %%r? 8%F0ane br oni ne

or iodine. diastereomerThemierumes Hnd pndteaéuélamMBSﬁdfdomspartyl
Dy oo SR Ul GRBRAERD! Jo Al d R BleckOcbiifounas ad@epartyl protease
encoded by the human 1 nmuno I Ci en . Ina
preferred enmbodisessln Anslaged lnrﬁhﬁﬂnﬂﬁﬁenthégﬁﬁﬁ%M%% réﬁéf to the

hunman 5 mﬂ%@@d&n@@cxaywysmsy% bragpar tzybrps AAPFSYuration
The term "inert solvent" refers to. a sol vent E ctian nedlun1mh|ch
all ows the reagé%&%?qq9qw§§8tsPeCl*lﬁcﬁﬁﬂﬂﬂﬁndéteéegﬁbk 161 i1 M ifncr eased

rate relative tapplication may be depicted in a particular
stereochemical configﬁration, compounds having either
the opposite stereochemistry at any given chiral center

10 or mixtures thereof are also envisioned.

-Combinations of substituents and variables
-envisioned by this invention are only those that result
in the formation of stable compounds. The term
"stable", as used herein, refers to compounds which

15 possess stability sufficient to allow manufacture and
which maintains the integrity of the compound for a
sufficient period of time to be useful for the purposes
detailed herein {e.g., therapeutic or prophylactic
administration to a mammal or for use in affinity

20 chromatography applications). Typically, such
compounds are stable at a temperature of 40°C or less,
in the absence of moisture or other chemically reactive
conditions, for at least a week.

The compounds of the present invention may be

25 used in the form of salts derived from inorganic or
organic acids. Included among such acid salts, for
example, are the following: acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, citrate, camphorate, camph-

30 orsulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, gluconepta-
noate, glycerophosphate, hemisulfate, heptancate, hexa-
noate, hydrochloride, hydrobromide, hydroiodide, 2-

hydroxyethanesulfonate, lactate, maleate,



20 any reagent reacting with the designated sol vent. The
term"l eaving group” or "LG' refers to groups readily displaceable by
a nucl eophil e, such as an am ne, al cohol, phosphorous or thio

nucl eophi | e WP 9727180 their respective anions. Such | eaving ST’Hﬁ%?@‘%fPe vel |
25 known and i ncl ude carboxyl ates, N hydroxysucci ni m de,

N- hydr oxybenzotri azol e, hal ogen (halides), triflates, t osyl at es,
nmesyl at es, al koxy, thioal koxy, phosphinates,. phosphonat es and t he

| i ke. Other potenti al nucl eophi | es ‘i ncl ude organonetal lic reagents
known to 30 those skilled in the art. The term

"protecting oroygt,LeLalsrdfi, 2-napSthdnhlevulitenseal grewpinduh my be
attached to a functi onal rouggand reane a 5ater stage to reveal

the intact funcPrdhaFegrRARP2Exakff n%‘?e's@etrac‘mé %5 protecting groups
for various fungheepﬁﬁr@mmear picrate, pivaldDeg7p2Ppgonate,

PCT/ US97/ 01610 b M Wits,
. ua:bﬁﬁge SC” eg};/%?%galygtE;zg%ggégeg El'l(@' . ts

Protective anlé SIS John VVIey and
Sons (1991%; L. uEdesenoam I\/l Fi eser, Fieser and Fi eger's Reagents
for Organic Synthesis, JoﬂﬁéNm%n%EQn Rlso e0ASi6hE94he L. Paquette, ed.
Encycl opedi a of Reagents Organic Synthesis, John Wl ey and Sons
(1995) cuaternization of any basic nitrogen- containing groups

of the compounds disclosed herein. The basic nitrogen
can be guaternized with any agents known to those of

10 ordinary skill in the art including, for example, lower
alkyl halides, such as methyl, ethyl, propyl and butyl
chloride, bromides and iodides; dialkyl sulfates
including dimethyl, diethyl, dibutyl and diamyl
sulfates; long chain halides such as decyl, lauryl,

15 myristyl and stearyl chlorides, bromides and iodides;
and aralkyl halides including benzyl and phenethyl
bremides. Water or oil-soluble or dispersible products
may be obtained by such guaternization.

The compounds of this invention are those of

20 formula I1:
R} R!
R’ 5 R

R

Y. N Z

N>

R RS
(1)

wherein

each 2 1is



The term "fused" whet her preceded by the term "optional ly" or not,

refers to a structure wherein two distinct ring systens are joined

t oget her such that 10 both rings share at |east two common atons. This
can beoenyiig oned as the replacenent of a carbon- hyseRg®misio or

ni trogen- hydrogen bond on a ring atomw th a carbon- carbon (froma
second ring) or nitrogen-carbon (froma second ring) bond. For
exanpl e, a cycl ohexyl ring 15 fused to a second cycl ohexyl ring results
in a decahydr onapht hal ene, a cytl®hexyl ring fused to a

piperidine ring results in a decahydroqui noline or

decahydr oi soqui noline, or a phenyl ring fused to a t hi azole ring
results in a benzothiazole. 20 The term "substituted", whether
preceded by t g tern1"opt|onally" or na&x, and substi¢gtiogs

contained in formulgs of this |nvenR n, ref
one or nore hydrogga radgtals jn a give

rgfo the qeg!acenent of
of a specified su ént. 257  Wen

structure ) e radi cal
han ofE positionjin a given

structure nmay be T substituted wi4h Ygre than one substitXent selected
froma specified group, the substituents nmay be either 4/'the sanme or
different at every position (for exanple, t he nnietﬁ‘-N(R[err])
(R[err])). Typically, when a structure 30 may be optionally
substituted, 0-3 substitutions are preferred, and 0-1 substitutions
is nore preferred. Most preferred substituents are those which
enhance protease inhibitory activity or intracellular antiviral

activity in peqah-sshvenyeamplJ 32 ek 1 "FNdALI38dR85 manmal i an cel
| i nes, or whi%ﬁ en Eanc%yge |1 erab|?lt Sndl1y it
each X and X’ is lndependently selected from the

group consisting of -C{0)-, -C{O)C(0)-, -S(0O)- and

5 -S(0)y;
each Y and Y’ is independently selected from the
group con51st1ng of -(C(R )2) -NRZ—, -(C(RZ)Z)p-M-

>L—C(R IEY and —N(R ) =CHp=;
each R is independently selected from the group
10 consisting of hydrogen; Re; C1-Cg alkyl; Cy-Cg4 alkenyl:
Co=-Cg alkynyl; C3-Cg cycloalkyl cptionally fused with
R6: Cg-Cg cycloalkenyl optionally fused with Re: and
where Rl’s are attached to adjacent atoms, the Rl‘s
together with their attached adjacent atoms form a
15 carbocyclic or heterocyclic ring system which may be
optionally fused with R6; where any member of R? may be
optionally substituted by one or more Rz:
each R2 is independently selected from hydrogen;
R%; C,-Cg alkyl; Cp-Cq alkenyl; C,-C¢ alkynyl; C3-Cg
20 cycloalkyl optionally fused with RG; Cg~Cg cycloalkenyl
optionally fused with R6; and where two Rz's are
attached to the same geminal atom, the Rz's together
with their attached geminal atom may form a
spirocarbocyclic or spiroheterocyclic ring system;
25 where any member of R2 may be optionally substituted by

one or more R3;



WD 97/ 27180
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enhancing solubility characteristics or enhancing phar macoki neti c or
phar macodynamo®73780i | es as conpar ed to the unsubst | PETEFTEBMound.

O her nore preferred substituents include those used in the conpounds
showmn 5 I n Tabl es 1-5. The term "pharnaceutical ly

ef fective anmount™ refers to an ampun{ effective in treating H'V

i nfection in a patient either as nonotherapy or in conbination

wi th other agents. The term"treating" as used herein 10 refers to the

al I eviation of synptagpyof3 & PaideHendbntly seﬁéc&.@rdj@irotnnoﬁopamfk ent or the
mprovemant of an asgert aighabl eq neasurgenentggs)?orf &ted
C

particul ar & 2or R ’Sﬁ‘e'& fi NAR[ Y XKB m PdBp bRy, fT ect i ve
treatment using ﬁ%eocgnp@u?\ﬁzs m@)aqnﬁpy tHalngeal, Nbps A5 COORAvendi on
woul d result in an inprovenent in an HYV associ ated ascertai nabl e
nmeasur ement . Th& term "prophylactically effective anmount” refers to
an anount s ef f eeticier? nl@rmcmnemdgnbmy sefectddrfriom frpat Fedit. As

used herein, the term" f t r?,2 l.udiriig a
group co$%& ? Pcﬁf"s R(B igzgﬂﬁl € (o) N (Y udirfig

hunman. phar rraceutl accept abl e c‘ar rier
or adjuvant" ref@r€et el&Yéarq?z'é?m @rlkaﬂ}'hvaﬁﬁ Ctm&tycllrﬁ9‘ yl oPHOnadd¥ni st er ed

to a patient, togeldieiitht R® ;’:1 @gmgoté%loalxenpi ddﬂmnlau\xgntu@éu wainth whi ch
does not dest roy ¢ he 25 g ar macol otlgg«a acti vi tt?' reof and i s nontoxic
when adnmi r# gt &P&Te; APY RIS & eRpY i Be dB TR t her apeuti c

anount of itche andiyiint@tiedabyagedtor more groups 1nde#Endﬁnﬂiyherein, t he
compounds of this . &g Y& rdfjs|disq4:1hg SPROUNIS ST formuila | are
each R5 is independently selected from the group
consisting of H, OH, O and Rl;
each R6 is independently selected from the group
15 consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl may be
optionally substituted with one or more groups selected
from the group consisting of oxo, —ORg, —Rg, ~N(R9)(R9}.
-n(rR%)-x-r%, sr®, -x-r®, -0-x-N(&%),, -R’-0R®, -cN,
20 -co,R°, -x-N(®®) (R®), halogen, -NO,, and ~CFs;
each R7 is independently selected from the group
consisting of hydrogen, OH and O;
each R8 is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
25 carbocyclyl, and heterocyclyl;
each R9 is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
carbocyclyl, heterocyclyl, aralkyl, carbocyclylalkyl
and heterocyclylalkyl wherein any aryl, carbocyclyl or
30 heterocyclyl may be optionally fused with R8 and
wherein any member of R8 may be optionally substituted
by one or more groups independently selected from the

group consisting of -ORS, -N(RS)Z, -CN, =-NO,, —X—Re, -X-

NR%, ~c(o)or?, -N(R%)-xnR®, and halogen;



30 defined to include pharnmaceutically acceptable derivatives or

prodrugs thereof. A "pharnmaceutically accept abl e derivative or
prodrug" neans any pharmaceutically acceptable salt, ester, salt of
an esas 97191800t her derivative of a conmpound of this perwssoisie VWO
97/ 27180 PCT/ US97/ 01610

- 17 - i nvention which, upon admnistration to a recipient, is
capabl e of providing (directly or indirectly) a conmpound of this
invention or an inhibitorily active - 22metabolite or residue thereof.
Particularly favored 5 derivatives and prodrugs are those that increase
t he bi oavail ability of the conpounds of this invention when

such conpounds are §6ﬁFnés{%w%ﬂfqgﬁngeﬁﬁﬁﬁafek%ﬁifq fgem CH ang|Npwi ng an

oral |y adm ni st eredegeApRuié irtic@endehely seled®adiflrymabaer esup nto the
bl ood) or which _enhance 10 deljvery of the par, _canmpoupnd. to a
bi ol ogi cal congsfipale nght e, éJ.R, the8b‘r aih ‘or Sﬁ;(}hphggﬁc gg%)t?erﬁ

relative to the paresthspets es.or 2; Phar maceutically acceptable -
salts of the F?gpoyngg @f; thig.invention include those derived from
15 pharmaceutically acceptdgle'inor ani ¢ and organi c acids and

bases. Exanpl es of §&FPabl s adidependentd¥ 1 or 2iydrochl oric, hydrobronic,
sulfuric, nitric, each q is independently 1, 2 or 3; and

each G is indepeﬁdently selected from the group
consisting of -NH-, -NR®-, -0-, -5-, -5(0)-, S(0),,
10 -C{0)-, and -C(R%),-.

Except where expressly noted to the contrary,
the term "[variable] as defined for formula I" refers
to the definitions shown directly above. 1In addition,
where no reference is made to a particular definition

15 for a given variable, the definition is to be taken as
that defined for formula I shown directly above.

Preferred compounds of formula I are those
wherein

each Y and Y’ is independently selected from the
20 group consisting of —(C(Rz)z)p-, -NRZ—, —(C(Rz)z)p—M-,
and -N(R%)-CHy-; and
each R’ is independently selected from oxo, ORg,
NR®),, N(R%)-x-R%, N(R%) -x-0R?, sR®, x-R%, o-x-n(r%),,
c(0)N(R%),, halogen, NO,, CN, COOR’ and R®.
25 Alternate preferred compounds of formula I
are those having the structure of formula IA:

R. R'2
L
Y. N 4
X n

N

(1A)

wherein

12

each R is independently selected from the group

consisting of R®; C.-Cg alkyl optionally substituted



perchloric, fumaric, maleic, phosphoric, glycollic, | acti c,

salicylic, succinic, toluene-p-sulfonic, 20 tartaric, acetic, citric,
met hanesul f oni c, et hanesul fonic, formc, benzoic, malonic,

napht hal ene- WO972718_ 5| f oni ¢ and benzenesul fonic aci ds. OREVUSITIISH),

such as oxalic, while not in thenselves phar maceuti cal | y accept abl e,
may be enployed in the 25 preparation of salts useful as internediates
in obt ai ni ng the conpounds of the bRvention and their
pharmaceutically acceptable acid addition salts. Salts
derived from appropri ate bases incl ude al kali metal (e.g., sodiunm,

al kal i ne earth ma@}algs?,ocz C6(£l]gany1r]‘&g:laesb Ul k ynaIn0 O tly axbd:ma(i@[verr]

al kyl)[err] salts m."t IS, to
conpounds P?:to’rﬂ%%yngutsﬁg ‘f’hﬁ&tl dnal gr6 %}ﬁgd?&g?]& I&f‘f} 5y
The conpounds ofusgdd sviitiy @Rt | ene Do rAral mepwer of R omaypbe 8@9%{&% car bon

atoms and thus W 9R227180
PCT/ US97/ 01610 Q&5 itdted by one or r acemat es

and raceni® nixtures, si FFedeEraftsYmRIuUnds ot fOB‘F“é%"L‘ eF EFRePOSRi xt ures and
i ndi vi dual dlas&ﬁSEEEHH531s equal At BURhdseORBEiAG T BfidEs tfudtheseo€onpounds

are expressm){ul ncI uded in the present invention. Each
7
R Rl
7 7 7
R?_X(__( R' R
Y\X,N 7
7
(ry R

and those having the structure of formula III:

10 .

Also preferred are compounds according to
formula I wherein X is =-C(0)- or -S{0)>- and
Y is -(C(Rz)z)p-M-; those wherein X is -C(0O)- or -S(C)jy-
15 and Y is (-C(R%)5-)p; those
wherein X is -C(0)-, -C(0O)C(0O)- or -5(0),-; and
Y-is -N(R%)- or -N(R®)-CH,-.



5 stereogeni c carbon may be of the R or S configuration. Al t hough
the specific conpounds exenplified in this application may be
depicted in a particul ar st ereochem cal configuration, conpounds

havi ng eit heyogramge t he Opposite stereochem stry at any g'¥E@nﬁ%%ﬁ@% center
10 or m xtures thereof are al so envisioned. nati ons
of substituents and vari abl es envi sioned by this invention are only
those that result in the formati on of stable conpounds. The term
"stable", as used herein, refers to compozmds which 15 possess stability
sufficient to all ow manufacture and whi ch maintains the integrity of
the conmpound for a sufficient period of tinme to be useful for the

pur poses detai | ed haR @lfeqaage, obheehpelititd solnyeophonatsiz

adm ni stration t,gy3)BIRS Of d&%boﬁﬁ@s'?eﬁféééﬂééﬁiﬁ% forfli @My ogr aphy
applications). Typically, suc conpounds are stable at a tenperature
of 40[err]C or |ess, Ne absence, of noisture or other chemcally
reactive condi ti ons, for7 K. The
conpounds of the present |nveﬁ gised in the formof salts
derived frominorganic or cquEd anong such acid

salts, for exanpl e, are the : tager adi pat e,
al gi nate, aspartate, benzoate, benzenesulfonate bi sul fate, butyrate,
citrate, canmphorate, canph- 30 orsul f onat e, a%plopentaneproplonate
di gl uconat e, dodecyl sul fate, ethgridsul fon fumarate, gl ucohept a-
noat e, gl ycerophosphate, hem sul fate, heptanoate, hexa- noat e,
hydr ochl ori de, hydrobrom de, hydroi odi de, 2- hydr oxyet hanesul f onat e,
| act ate, nual eate,

wherein:

5 - X and X’ are independently -C(0)~ or -S5{0}),-;
¥ is -(C(R%)p) M-, —(C(R¥),)p-, -N(R?)- or -N(R%)-
CHp-; and

each Rl, R2, R7, Rq, p and M is independently as defined
for formula I.
10 Another object of this invention is a novel

class of compounds represented by formula V:

wherein:
X is =C(0)=- or -S(0),-;
15 Y is =(C(R%) ) -M-, ~(CIR%)2)g~, -N(R®)- or -N(R?)-
CHy-;
R1? is 0 or Hy:
each Rll is independently H, OH or O, wherein both
R are not simultaneously hydrogen;

20 Z is a structure of formula VI:



WO 97/ 27180 PCT/ US97/ 01610

-19- nmet hanesul f onat e, 2-napht hal enesul fonate, nicotinate,

oxal at e, panoate, pectinate, persulfate, 3- phenyl propi onate, picrate,
pi val ate, pr QR on2ise, succinate, tartrate, thiocyanatecrussydtatoe and 5
undecanoat e. This invention al so envisions the
quat erni zati on of any basic nitrogen-containing groups of the
conpounds di scl osed herein. The basic nitrogen can be quaternized
with any agents known to those of 10 ~ofelihary skill in the art

i ncluding, for exanple, |ower al kyl halides, such as nethyl, ethyl,
propyl and butyl chloride, brom des and iodides; dialkyl sulfates

i ncludi ng di methyl, diethyl, dibutyl & Gy Is sul fates; |ong chain
hal i des such as decyl, lauryl, 15 q st nlg%nd stearyl chlorides,

brom des and i odi des; and ar al kyt 1\dgs including benzyl and

phenet hyl brom des. Water or oil-so|ublke or dispersible products

may be obtai ned by such quaternization. X The conpounds of
this invention are those of 20 forgyVé l: [err]

(V1)

wherein any structure of formula VI is optiocnally fused
with an aryl, carbocyclic or heterocyclic ring and 1is
optionally substituted with 1-3 substituents

5 independently selected frcm R2 {where in formula Vv, if

Rlo is H,, a methylene is implied); and

gach Rl, R2, R7, Rq, RB, p, 9, G, M, Q and X' is
independently as defined for formula I.
Also preferred are those compounds having the
10 structure of formula V, wherein
Rlo and Rll are O;
compounds having the structure of formula V, wherein
R10 and R11 are 0O;
q is 1;
15 G is S; and
X' is =-C(0)=;

compounds having the structure of formula V, wherein

Rlo and R11 are 0O;
q is 1;

20 G is S;
X' is -C(0)-:; and

Rq is t-butylamino;

compounds having the structure of formula V, wherein
Rlo and Rll are 0Q;
25 X is -C(0)~;
Y is -(C(Rz)z)p-: and
R’ is H;

compounds having the structure of formula V wherein



wherein each Z is WO 97/ 27180
PCT/ US97/ 01610 - 20 - [err]
wherein any Z may be optionally fused with R err]; each X and

X is i ndepe\gggg&_}i% sel ected fromthe PCT/USY7/01610

_26_
X and X’ is ~C(0)~;
Y is -(C(R%),)-;
R7 is H;
Rlo is Hy: and
5 one R'! is H and one R is oH;

Also preferred are those compounds of formulia V
.wherein
X and X’ is -C(0O)-;

Y is - (C(R?%),)=;
10 R is H;

R is Hp;
11 . 11 .
one R is H and one R is OH; and
R® within the definition of Y is selected from

hydrogen, R3 or C,-Cg alkyl optionally substituted wit
15 R3;
those compounds of formula V wherein
X ang X' is -C{O)-;

Y is -(C(R%) ) -;
R' is H;

20 R*® is Hy;
11 . . 11 .
one R is HE and one R is OH; and
R2 within the definition of Y is selected from
hydrogen, -N(Rg)z' or heterocyclyl, which may be
optionally benzcfused, anc wherein said heterocyclyl

25 may be optionally substituted with one or more groups

selected from the group consisting of oxo, —ORQ, -R9,

-NR%) R%), -nR%) -x-R%, sr?, x-R%, -o-x-n(r%),, -R’-
ORQ, -CN, -C02R9, —X—N(RQ)(RQ), halogen, -NO,, and -CFj;

those compounds of formula V wherein

30 X and X' is -C(O)-;
Y is -(C(R®),)~;
R7 is H;
10

R is Hjp:



group consi sting of
each Y and Y

-(ARerr])[err])[err]-,

- O -,

-0 O -,

i's independently selected fromthe

-NR[err]-, -(C(Rerr])[err])[err]-M,

>C=C(R[err]) [worspz7iemd - N(R[err])-CHerr]-;

i ndependently selected fromthe group 10

Cerr]-Cerr] alkyl;
Cerr]-Cerr] cycloal kyl

their attached adjacen
system whi ch may be
of Rlerr] may be

Gerr]oqert {‘ﬁf’?}??%é??f%‘?%f A
al Ky

cysl o0
cycl oal kenyl omal ly f
are attached t NSane

with their attached gem nal} atom :
tem 25

Cerr]-Cerr] 20

spi roheterocyclic ring sys
optionally substituted by
PCT/ US97/ 01610
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Cerr]-Cerr] alkenyl;

optionally fused with
Clerr]-Cerr] cycloal kenyl optionaily fuset’ith Rlerr]; and
Rlerr]'s are attached to adjacent atons,
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-S(O- and 5
consi sting of hydrogen;

the Rerr]'s
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each R3 is independently selected fromoxo, ORerr], N(Rerr])[err],

N(Rerr])-X-Rerr], N(Rerr])-X-ORlerr], N(Rerr])-X-N(Rerr])
SRferr], X- Rlerr], OX-N(Rerr])[err], C(ONRerr])[e

[err],
r

r], hal ogen,

NJ err], CN, err] and Rerr]; 5 ea‘c;é)r % IS
i ndependent I‘Yp% ed fromfromthe group consi sting "?fg% 0err];

N(Rerr])[err]; X-Rerr]; C(ONWRerr])[err]; Rerr]; Cerr]-Cerr]
al kyl; Cerr]-Cerr] alkenyl; Cerr]-Clerr] cycloal kyl optionally

fused with Rlerr]; Cerr]-Cerr] cycloal kgnyl optionally fused

with

Rlerr]; where any nenber of R err] may be optionally 10 substituted by

one or nore groups independently sel ected fromthe group consisting
of Rerr] and Rerr]; each R5 ig independently selected from
the group consiﬁilg of O ano rel; Z N each R is’
i ndependently sel ect edy{ the [grdup 15 si sti nglof laryl, carbocyclyl
and heterocyclyl, rein 1 ryl, garbcycl yl Yor M%t erocyclyl may
be optionally sultituted withl one or cnpr.h gr oupsHsehect ed )
fromthe group consisting of oxo, - err], -Rerr], -N(Rerr])(Rerr]),

-N(Rlerr])-X-Rerr], SR err], -X-Rerr], -OX-NRerr])[err],
-Rlerr]-OR[err], -CN, 2 e, C err]

Rlerr])(Rerr]), hal ogen,

-NJerr], and -CF[err]¥ S in ntly sel ected
from the group SQOMsi stin roggn, [|OH Jand 1o ﬂ each
Rlerr] is independently sel ¢cted Xxeonsi sting of

hydr ogen, al kyl, al kenyl, aMkynyl, aryl, 25 car bocycl yl, and

het er ocycl yl ; each R err] is independently selected fromthe
group consi sting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
carbocycl yl, heterocyclyl, aral kyl, carbaocyclyl al kyl and

het erocycl yl al kyl wherein any aryl, carbocyclyl or 30 het erocycl yl may
be optionally fused with R  ,and | wherein any menber bf Rerr] may be
optionally substituted | by i ently sel ected
fromthe group in | ], -oN,
-NJerr], -X-Rerr], -X | - err|,
N(Rlerr])-XNR[err], an al ogen;

o -g

OH Nrh OH
S oM Ut A
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- 22 - each Qis independently selected fromCH and N,

each Mis independently selected fromthe group consi sting of NH,
-NRlerr]-, - Qoomise -S(O- and -S(O[err]-; eaRtrnisohbrsio 07 2;
5 eac% ris 0,1 or 2 each p is independently 1 or 2;
each q is independently 1, 2 or 3; and each G is independently
sel ected fromthe group consisting of -NH, -NRerr]-, -0, -S,
-S(O-, S(Oferr], 10 -C(O-, and -CFRRe&rr])[err]-.

Except where expressly noted to the contrary, the term"[vari abl e]
as defined for fornmula |" refers to the definitions shown directly
above. In addition, where no reference is nade to a particul ar
definition 15 for a given variable,g4the definition is to be taken as
that defined for fornula hown direttly above.

Preferred conpounds of f a | hose wher ei each
Y and Y' is independentl | ect ed bm t he gro pnsi sting of
-(C(Rerr])[err])[err]-, \N err]-, M, and

-N(R[err])-CHerr]-; and

NONF NN SN

those compounds according to formula V wherein:
X and X' is -C(0)-;
Y is ~(C(R?),)-;
R’ is H;

R!® is m,;

wn

one R11 is H and one R11 is OH; and

at least one R? within the definition of Y is aryl
opticnally substituted with one or more groups selected
from the group consisting of oxo,_—ORg, -Rg, -N(Rg)(Rg).

10 -N(Rg)-X-—Rg, SRg, —X—Rg, -O-X—N(Rg)z, -RQ—ORg, -CN,

—C02R9, —X—N(Rg)(Rg), halogen, -NO,, and -CFj3;
those compounds according to formula V wherein:

X and X' is -C{0)-:

Y is -(C(R%),)-;

15 R’ is H;

Rlo iS H2,‘

one R is H and one RM? is OH; and
at least one R® within the definition of Y is C,-Cg
alkyl optionally substituted with R3; |
20 those compounds according to formula V wherein:
X and X’ is -C(0)-;
Y is - (C(R%),)-;



each R e I's independently selected fromoxo, OR err],

rr
N(R[err])[!arr], N(Rlerr])-X-Rerr], N(Rerr])-X-ORerr], SRerr], X-Rerr],
err

O X- N(R[ 1)[err], CCON(Rerr])[err], halogen, NJerr], CN, COOR
and R 25 WO 97/27180 Alternate preferred conpounds of fop@trugeThisie

are those having the structure of fornmula IA:

[err] wher ei n each Rerr] is independently

sel ected fromthe group consisting of Rerr]; Cerr]-Cerr] alkyl
optional |y substituted WO 97/27AB0O

PCT/ US97/ 01610 - 23 - with
Rlerr] (err]-derr] theny.; Cerr]-Cerr] alkynyl; Cerr]-Cerr]

cycl oal kyl opti o 1Yy fused with Rlerr]; derr]-Cerr] cycloal kenyl
optionally fuseR " wish Hg;err]; where any nenber of Rlerr] may be
optionally substy. | kd .hy .0 o) ¥ RLerr]. 5

Pref erred conpounds O%A%génuﬁg F gg% %%%gg B£ 6h]

at least one R” within the definition of Y 1s C.-Cg
5 alkyl optionally substituted with R3; and
at least one R’ within the definition of Y is
pyridyl, triazolyl, oxazolyl, isoxazolyl, pyrimidyl,
pyrazolyl, pyridazinyi, thiazolyl, imidazolyl, thienyl
thiadiazolyl, oxadiazolyl, triazinyl or pyrazinyl
10 wherein said R3 may be optionally substituted with 1-3

substituents selected from —ORQ, -Rg, —N(Rg)(Rg),

-N(rR%) -x-R®%, sr?, -x-r%, -o-x-n(r%),, -R°-oR®, -cn,
-co,R?, -x-N(R%) (R%), halogen, -NO,, and -CFj.

those compounds according to formula V wherein:

15 X and X' is -C(0O)-;
Y is -(C(R%),)-;
R7 is H:
Rlo is Hp;
11 11 . .
one R is H and one R 1s CH;
2C at least one R® withir the definition of Y is Cy-Cg

aikyl optionally substituted with R3; and
R® within the definition of Y is aryl optionally
substituted with 1-3 substituents selected from —ORg,

&%, -nr%) (R%), -n(rR%) -x-R%, sR®, -x-R%, -0-x-N(R%),,
25 -r%-0r%, -cn, -co,r®, -x-n(R%) (R%), halogen, -NO,, and
"CF3.

Also preferred are those compounds according to
any of the aforementioned preferred compounds of
formula V wherein:

30 Rl is benzyl; and Z is



wherein n is equal to 1; those having the structure of formula I1:

[err] and those having the structure of fornmula II1l: 10
[err] Al so preferred are conpounds accordi ng
to f owodrarisowherein X is -C(O - or -S(OJ[err]- andPCTUSITO§Y S

-(C(Rerr])[err])[err]-M; those wherein Xis -C(O- or -S(Oferr]- 15
and Y is (-C(Rerr])[err]-)[err]; those

_31_

those compounds according to any of the aforementioned
preferred compounds of formula V wherein:

R* is benzyl optionally substituted with 1-3

5 substituents selected from —ORg, -N(Rg)(Rg), SRS, —X—Rg,

-r%-0r”, -CN, halogen, -NO,, and -CFj;
those compounds according to any of the aforementioned
preferred compounds of formula V wherein:

R1 is benzyl optionally substituted with 1-3

9 9 9 . .9
10 substituents selected from ~OR9. -N(R") (R"), SR™, =-X-R7,
-R°-0R®, -CN, halogen, -NO,, and -CF3; and
Z is
P

P

H

those compounds according to any of the aforementioned

X . . 1. .
preferred compounds of formula V wherein R™ is benzyl

‘—l
wn

optionally substituted with 1-3 substituents selected

from the group consisting of OCH3, OH and NH;;



wherein Xis -C(O-, -C(OCO- or -S(Oferr]-; and Yis -N(Rerr])-

or -N(R[err])-CH err]-. WO 97/ 27180

PCT/ US97/ 01610 - 24 - An
alternate objagh7aiset his invention is a novel class ofcleusRRiNFS
represented by fornmula IV: [err] wherein: 5 X and
X are independently -C(O- or -S(OfJerr]-; Yis -
-(CA(Rerr])[err])-M, -(C(Rlerr])[err])[err]-, -NCRerr])- or -N(Rerr])-
CHerr]-; and each Rerr], Rerr]; BRerr], Rerr], pand Mis

I ndependent |y as defi ned

those compounds according to any of the aforementioned
preferred compounds of formula V wherein R is benzyl
optionally substituted with 1-3 substituents selected
from the group consisting of OCHj3, OH and NH; and

5 wherein Z 1is

4

(o]
X

An alternate embodiment of this invention is
compounds according to formula V, wherein:

R R
? 1

(V)

each r® is independently selected from the group
10 censisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterccyclyl is

optionally substituted with one or more groups selected

from the gfoup consisting of oxo, -OR9, —Rg, —N(Rg)(Rg),
-N(rR%) -x-Rr?, sRr?, -x-r?, -o-x-n(r%,, -rR%-0R%, -cn,
15 -COjR”, -X-N(R’) (R”), halogen, -NO,, -CF3, -O-(CHp)-R®,

-O-(CHzlq-OR9 + 2,3-methylenedioxy and 3,4-
methylenedioxy; and

1
each X, X', Y, ¥', z, rY, R%, R3, ®Y, R®, R, RE, RS o,

’

M, n, r, p, 9 and G is independently as defined for
20 fcrmula I; and



for formula I. 10 Anot her object of this invention is a novel
cl ass of conpounds represented by fornmula V. [err]

wher ei n: Xis -C(O- or -S(Oferr]-; 15 Yis
-(CA(Rlerr])[ oo d)2rido, -(C(Rerr])[err])[err]-,  -N(Rlerr])rCroissuN6R err]) -
CHerr]-; Rlerr] is Oor Herr]; each Rerr] is

I ndependently H, OH or O wherein both Rl err] are not simultaneously
hydr ogen; 20 Zis a structure of fornula VI: WO 97/ 27180
PCT/ US97/ 01610 - 33 - - 25 -

those compounds according to formula V, wherein:
each R6 is independently selected from the group
consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is
5 optionally substituted with one or more groups selected
from the group consisting of oxo, -ORQ, —Rg, -N(Rg)(Rg),
_n(r% -x-r%, sr?, -x-r®, -0-x-N(R%),, -R°-OR’, -CN,
-co,r®, -x-N(k®) (®%), halogen, -NO;, -CF3, -O-(CHy) 4-R®,
-0 (CHz) q-OR® , 2,3-methylenedioxy and 3,4~
10 methylenedioxy;
R? within the definition of Y is selected from

hydrogen, R3 or C1-C¢ alkyl optionally substituted with

R3; and

each X, x', ¥, ¥', z, ’RY, R, &% &%, R7, R%, R%, Q. M,
15 n, r, p, g and G is independently as defined for

formula I.

those compounds of formula V wherein
X and X’ is -C(0}-;
Y is -N(R®)-;
20 R'7 is H;-
rR'® is Hy; and
one Rll is H and one R is OH:; and
those compounds of formula V wherein

X and X' is -C{(0})-;

25 Y is -(C(R%),)-M-;
M is O;
7 .
R 1s H;
10

R™" is Hy; and
one Rll is H and one Rll is OH.
30 Also preferred is the compound of formula I
having the structure of formula IX:



[err] wherein any structure of fornmula VI is optionally
fused with an aryl, carbocyclic or heterocyclic ring and is
optionally substituted with 1-3 substituents 5 i ndependently sel ected
fromRerr] (W% sng formula Vv, if Rlerr] is Herr], ,Fg!;,jayélgne i's
inplied); and each Rerr], Rerr], Rerr], Rerr], R[err

M Qand X is i ndependently as defined for forrrul al.

Al so preferred are those conmpounds having the 10 structure of fornula V,
wherein Rlerr] and Rerr] are § - conmpounds havi ng the
structure of fornmula V, wherein Rlerr] and Rerr] are O

qgis 1; 15 Gis S; and X is -C(O-; conpounds
havi ng the structure of for a V, wherein Rlerr] and Rl err] are

O qis 1; 20 "E GiB S : X is -C(O-; and
R H
4

/
>
\
Z—x
\ /
7\

o
/)
o

wherein
X 1s.-C(0)- or -S(0),-; and the compounds of
formula IX wherein
5 X is -C({0O)~-;
Y is - (C(R?),)-M-; and
R7 is H; and those compounds of formula IX wherein
X is -C(0)-
Y is —N(RZ)-; and
10 R’ is H; and those compounds of formula IX wherein
X is -C(0)-; Y is ~(C(R%),)-; and R’ is H.
Alsc preferred are those compounds of formula

T naving the structure cf formula XII:

R R
RL:%____T/ H R
4
Y\X’N X'/R
(XI1)

15 wherein

X and X' are independently -C(O)- or -5(0),-;
those compounds of formula I having the structure of
formula XII, wherein

X and X’ are independently -C(O)- or -S(0),~; and



Rlerr] is t-butylam no; conpounds having the structure of formula V,

wherei n Rlerr] and R err] are G 25 Xis -C(O-;

Yis -(C(Rerr])[err])[err]-; and Rlerr] is H conmpounds
havi ng the swaa/2@8e of fornula V wherein WO 9O RCIUBZ01610

PCT/ US97/ 01610 - 26 -

Xand X is -C(O-; Yis -(CRerr])[err])-;

Rlerr] is H Rlerr] is H[er_r]s' and 5 one Rlerr] is
H and one Rlerr] is OH; Al SO preferred are those conpounds
of formula V wher ei n Xand X is -C(O-; Y

is -(C(Rerr])[err])g* is i-amino-2-hydroxyindanyl; and
compounds of formula I having the structure of formuia
XII, wherein R4 is 1(S)-amino-2 (R)~hydroxyindanyl.

Also preferred are the compounds accoxrding to

n

formula I, having the structure of formula XIII:

R R

7 1

Y\X/N ‘ X./N\ 9
(XIII)

wherein
X and X’ are independently -C(O)~- or ~S5(0}),-;
compounds according formula I having the structure of
10 formula XIII, wherein
X is -C(0)- or -S(0),-;
X' is -C{0O)~-;
Y is - (C(R%)5) - or -N(R%)-; and
R’ is H; '
15 compounds of formula I having the structure of formula
XI1I, wherein
X is -C(QC)-;
X' is -C(0)-;
Y is -(C(Rz)z)-; and
20 R” is H;
those compounds of formula XIII wherein
X is -C(0O)~-;
X' is -C(0)~;
Y is -(C(R%),)-;

25 R is H; and



10 : Rlerr] is H Rlerr] is Herr]; one

Rlerr] is Hand one Rerr] is OH and Rlerr] within the
definition of Y is selected from hydrogen, R err] or (Jerr]-Clerr]
al kyl optionsdéderswastituted with 15 Rerr]; t hqseueaseunds of
formula V wherein Xand X is -C(O-; Yis
-(C(Rerr])[err])-; Rlerr] is H 20 Rerr] is
Herr]; one Rlerr] is Hand one Rerr] is OH and

Rlerr] within the definition of Y is seledfd from hydr ogen,
-N(R[err])[err], or heterocyclyl, which may be optionally

benzof used, and whereimn said heterogcycl tional ly
substituted with one for "0 FE § ST &8 gcteds?f%‘%eﬁg&@froup
consi sting of oxhydrd&djrer m]3,, oR[ e{-rcle alkyl optieh{ Rl ergydstRtaced)yith
-N(Rlerr])-X-RetB], SR err], -X-Rerr], -OX-NRerr])[err], -Rerr]-

ORlerr], -CN, - err]Rlerr], -X-N(Rlerr])(Rerr]), halogen, -NJerr], and
-CFlerr]; th@@wmmd@ndscgfdimmﬂafdrmmiérélfﬁiwerein: X and
X is -C(Os; X is _C<\6>Ls-(C(R[err])[err]) Rl err]
is H - R)[err] C|(SC,J)H[err] V\097/27180

PCT/U897/01610

Y is -(C(R )o)—i

R7 is H; and

R? within the definition of Y is selected from

10 hydrogen, -N(Rg)z, or heterocyclyl, which may be

optionally benzofused, and wherein said heterocyclyl
.may be optionally substituted with 1-3 groups selected
from the group consisting of oxo, —ORQ, —Rg, -N(R9)(R9).

-n(r%) -x-r?, sr%, -x-8%, -0-x-N(R%),, -R%-0R’, -cN,

15  -co,R?, -x-N(R”) (%), halogen, -NO,, and -CFj:
those compounds according to formula XIII wherein:
X is -C(0)-

X' is -C{O)-;
Y is - (C(R?) ,)~;
20 R’ is H; and
at least one R2 within the definition of Y :s

selected from the group consisting of:

O\/ Q”’ @\N/

/ z CHy

™ ~
\lO : ™ N/ A N/
H M e



- 27 -

one Rlerr]

within the definition of Y is

[err]
PCT/ US97/ 016 MO 97127180

WD 97/ 27180

]
N
g
\N/
M
|
\|N/
e
=
\lN/
H
CH,
AN
e

A
D

is Hand one Rerr]

selected fromthe

-28-  [err]

- 37 -

CHy /l
N
< Y
Ve Cy Mo
| I
7
|
X

is OH and
group consisting of:

R err]

PCT/US97/01610



WO 97/ 27180 PCT/ US97/ 01610

- 29 - [err] t hose conpounds according to
formul a V wherein: Xand X is -C(O-; Yis
-(C(R err]) [wéblziso Rlerr] is H 5 R[] ec1ysoriossivd err] ;
- 38 -
hiH,
l |
&
galgn
S s\/N\ s\/N\
OoH N, OoH
S g\/k o oM
m.
OoH
N N
OH
&
CH,
7 z 2
Y N ‘ >

il
bl
m
-

those compounds according to fermula XIII wherein:
X is -C(0)-;
X' is -C(DO)~:
Y is -(C(R%) ) -s

5 - R’ is H; and



one Rlerr] is Hand one Rerr] is OH and at | east one Rerr]

within the definition of Y is aryl optionally substituted with one
or nore groups sel ected fromthe group consisting of oxo OR[err],
-Rerr], -NWO&F10(Rerr]), 10 -N(R[err])-X-Rerr], 4 jmusxo
-X—R[err] -OX-N(Rerr])[err], -Rerr]-ORerr], -CN,

CC{err]R[err] -X-N(R[err])(R[err]) hal ogen, -NJ err], and -CF[err];
t hose conpounds accordlng to formul a V-m@grein X and X is

- O -; is -(C(Rerr])[err])-; 15 Rlerr] is H
Rierr] is Herr]; one Rl err] is H and one Rlerr] is O4 and

at | east one R[err] 2w L BEBtt bge def Waithiantiné e finiEienr pfCleis]ary:
oY or ot wV SRR LSt LY ks oRQ, or ad{IP YraieIPOURE BCOT I N0

to fornmula V -
(CXFﬂ:err])[errﬂQow the group con$m3ﬁ1h©26I8Cxo, -OR”, =R”, =N(R7' (R},
PCT/ US97/ 01610 230y

. . -N(R —X-R S - -R (R Yoo -R -0R
Rlerr] is H N(; %H%r i § %ewﬂ 2 ’
5 -CO,R”, -X-N{R”) (R”), halogen, -Noz, and -CFj3;

those compounds according to formula XIII wherein:
X is -C(0)-;
X' is -C(0)~;
Y is - (C(R%),)-;
10 R7 is H; and

at least one R® within the definition of Y is C

:~Cs
alkyl optionally substituted with R3;
those compounds according to formula XIII wherein:
X is -C(0)-
15 X' is -C(0O)-;
Y is -(C(R%),)-;
R7 is H; and
at least one R> within the definition of Y 1is
pyridyl, triazolyl, oxazelyl, isoxazolyl, pyrimidyl,
20 pvrazolyl, pyridazinyl, thiazolyl, imidazolyl, thienyl

thiadiazolyl, oxadiazolyl, triazinyl or pyraziny.
wherein said R3 may be optionally substituted with 1-3
substituents selected from —ORg, —Rg, —N(Rg)(Rg).

-N (&% -x-r®, srR®, -x-r®, -0-x-n(rR%),, -R%-0R®, -cN,

25 -co,R”, -Xx-N(R®) (R%), halogen, -NO,, or -CFj;
those compounds according to formula XIII wherein:
X is -C(0)-
X' is -C(0O}-
Y is ~(C(RY)5)~;
30 R7 is H; and

R® within the definition of Y is aryl optionally
substituted with 1-3 substituents selected from —ORg,
-&%, -N(&RY) RY), -N(R%)-x-R%, sr®, -x-r%, -o-x-w(z%),,



one Rlerr] is Hand one Rerr] is OH at least one Rlerr]
within the definition of Yis (Jerr]-CJerr] 5 al kyl optionally
substituted with Rlerr]; and at |east one Rerr] within the
definiti on oWwo¥72wse pyridyl, triazolyl, oxazolyl, i se&at84¥bhsro
pyrim dyl, pyrazolyl, pyridazinyl, thiazolyl, imdazolyl, thienyl

t hi adi azol yl, oxadi azolyl, triazinyl or pyrazinyl 10 wherein said R err]
may be optionally substituted with 1-3 substituents selected from
-OR[err], -Rerr], -N(Rlerr])(Rerr]), ~ 40 - _N(Rerr])-XRerr],
SRlerr], -X-Rerr], -OX—N(R[err]) rr -Rerr]- CR[err] - CN,

)

r]
[err],
oL e AR e ) TR s, <, Bl

t hose conpounds according

- O -; ~CF3; Yis -(C(Rerr])[err])-; R[err] |s H;
Rlerr] is Herrlnose compounds a ?dRBGrEL %ﬁxl O@% ?%f Ehdsdge Ot 20
at least one Rerr] within the finitiron o ]o r
al kyl optionall P@GS&?FUF@EP%Q@? R[fe|f-F>]f1“11151=i*|cl><1IT Where n: Rwthin the

definitionsof Y is aéyl;hopflma,lelr& 1; and substl tut ed with 1-3
substituents selectedf ogw b -N(R ])(R[err])
-N(R[err])-XRerr], ¢ ot X’l &Py phe @%&thP@rP]f)Fe%%]
-Rlerr]-ORlerr] hydeblxyaﬁm}myx] Rerr], -X- N(R[err])(R[err]) OIhaI ogen

- err], and referred ar ose
cygpounzjs accor drng s coboids accordtmghtoa?% éqi &8* ﬁ?‘%’f’e’r‘?’b%&
conpounds of  Pre erFB@nﬂ‘P‘BP%ﬂn‘M#’elOél Aorgpela XIII whereRperr] is benzyl; and

Zis 10 each R is independently selected from benzyl
optionally substituted with 1-3 substituents selected
from -or®, -N(R%) (%), sr®, -x-r®, -rR%-oR%, -cn,
halogen, =-NO;, and -CFj3;
those compounds according to any of the aforementioned

15 preferred compounds of formula XII1 wherein:
each Rl is independently selected from benzyl
optionally substituted with 1-3 substituents selected
from -0R%, -N(R%) (%), sR®, -x-R®, -R°-0R®, -cw,
halogen, -NO,, and -CFj3; and
20 each R’ not within the definition of Y is 2-
hydroxyindanyl;
those compounds according to any of the aforementioned
preferred compounds wherein:
each Rl is independently selected from benzyl
25 optionally substituted with 1-3 substituents selected
from the group consisting of OCH3, OH and NH,; and
those compounds according to any of the aforementioned
preferred compounds wherein:
each Rl is independently selected from benzyl
30 optionally substituted with 1-3 substituents selected
from the group consisting of OCHj3, OH and NH,;
each R’ not within the definition of Y is 2-
hydroxyindanyl.



WO 97/ 27180 PCT/ US97/ 01610

- 31 - [Jerr] t hose conpounds according to any of the
af orenent i oned preferred conpounds of formula V wherein:

Rlerr] is beWAA288% i onal |y substituted with 1-3 5 subs PCTHENMU6Me| ect ed
from-ORlerr], -N(Rerr])(Rerr]), SRerr], -X-Rerr],

-Rlerr]-OR[err], -CN, halogen, -NJerr], and -CF[err]; t hose
conpounds according to any of the aforengnti_oned preferred conpounds
of formula V wherein: Rlerr] is benzyl optionally substituted

with 1-3 10 substituents selected from-ORerr], -N(Rerr])(Rerr]),
SRlerr], -X-Rerr] anothexRefbbhitBherid corgdunhial agesraiJerr], and

-Crlerr]; and formula XIf%,I%herein:

(XHI)

each R6 is independently selected from the group
consisting of aryl, carbocyclyl and heterocyclyl,

5 wherein said aryl, carbocyclyl or heterocyclyl is
optionally substituted with one or more groups selected
from the group consisting of oxo, -ORQ, —Rg, -N(Rg)(Rg),
-N(R%) -x-R%, sr®, -x-R®, -0-x-N(rR%),, -R’-0R®, -c¥,
-co,R°, -x-N(R%) (R?), halogen, -NO,, ~CF3, -O-(CHy).-R’,

10 -O-tCHz)q-OR9 . 2,3-methylenedioxy and 3,4-
methylenedioxy; and
each X, X', v, ¥', 2z, rY, r?, R%, r%, R%, R’, ®®, R%, o,
M, n, r, p, g and G is independently as defined for

formuia XIII.

15 Another embodiment is compounds according to
formula X113, wherein:

7R R 1
Y N N
\x/ X,/ \R9

( XII)

wherein R? within the definition of Y is selected from

hydrogen, R3 or C1-Cg alkyl optionally substituted with
3 :

R™;



[err]

t hose conpounds according to any of the

af orenenti oned 15 preferred conpounds of forrmula V wherein Rerr] is
benzyl optionally substituted with 1-3 substituents sel ected
fromthe growpoentrssosti ng of OCH err], OH and NH err]; PCT/US97/0)66»
97/ 27180 PCT/ US97/ 01610

- 32 - t hose conpounds according to any of the aforenentioned

optionally

preferred conmpounds of formula V wherein ggerr] i s benzyl

substituted with 1-3 substituents sel ecfe

10

15

20

25

30

each R6 is independently selected from the grour
consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is

optionally substituted with one or more groups selected

from the group consisting of oxo, —ORg, —Rg, -N(Rg)(Rg).
—N(Rg)-X-Rg, SR9, -Xng, —O—X—N(Rg)z, -Rg—ORg, -CN,
-co,R%, -x-N(R%) (R?), halogen, -NO,, -CF3, -O-(CHy) RS,
-0~ (CH) g-OR® , 2, 3-methylenedioxy and 3,4-
methylenedioxy; and

, . 1 .3 5 _7 _8 9
each X, X', ¥, ¥Y', 2, R", R°, R°, R°, R, R, R7, Q, N,

n, r, p,'q and G is independently as defined for

4

formula XIII,

Another embodiment is compounds of formula I
having the structure of formula XIII, wherein

X is -C(0)-;

X' is ~C{O)-:

¥ 1is -N(Rz)-; and

R7 is H;
compounds of formula I having the structure of formula
XIII, wherein

X is -S05~;

X' is -C{0O)-;

Y is -(C(R%)5)-; and

R7 is H; and
compounds of formula I having the structure of formula
XIII, wherein

X 1is -SOp-;

X' is -C(0)~;

Y is -N(R®)-; and

R‘7 is H.

In an alternate embodiment, preferred

compounds are those of formula V wherein

R is Hy; and

one R‘l is H and one Rll is OH: and



fromthe group consisting of OCH err], OH and NH err] and 5 wherein Z is

[err] An alternate enbodi nent of this invention is
conpounds according to formula V, wherein:

[err] WO 97/27180 each Rlerr] is independently sd@&SEYWH%m t he
group 10 consisting of aryl, carbocyclyl and heterocyclyl,

wherein said aryl, carbocyclyl or heterocyclyl is optionally
substituted with one or nore groups seLe e fromthe group
consisting of oxo, -OR[err], -Rerr], ?%{err])(R[err])

-N(Rlerr])-X-Rerr], SR[err], -X—R[err] -OX-N(Rerr])[err],
-Rlerr]-ORerr], -Ch, is selected £r%m the gr&up <bnsisting of:

6 15 -CJerr]Rerr], -XNRerr])(Rerr]), halogen, -NdJerr], -CFlerr],
-O-(CHerr])[err]-Rerr], g2 -O(CHerr])[grr]-Rerr],
2, 3-met hyl enedi oxy and N7

_N g AN

O4J\WQHEM O4J\ﬁQHﬂhi

and R2 is as defined in formula I; and those of formula

V wherein Z is selected from the group consisting of

5
H 1{2\95
H H
AN and N
CYﬁJk‘N}hBu O NHtBu
Rlo is Hp; and
one R is H and one R! is OH.
Also preferred are those compounds of formula
V wherein X and X’ is -C(0)-;
10 - Y is - (C(R%),)~;
R7 is H;
r® is H,; and
one rt? is H and one Rll is OH; and
those compounds of formula V wherein
15 X and X’ is ~C(Q)~-;
Y is -N(R%)-;
R’ is H;
10

R™" is Hy; and



met hyl enedi oxy; and each X, X, Y, Y, Z Rerr], Rerr], Rerr],
Rlerr], Rerr], Rerr], Rerr], Rerr], Q M n, r, p, gand Gis

i ndependently as defined for 20 formula I; and WO 97/ 27180
PCT/ US97/ 01640 97127180 - 3PCTUS97/01610

t hose conpounds according to formula V, wherein: each R err]

i s independently selected fromthe group consi sting of aryl,

car bocyclyl and heterocyclyl, wherein said aryl, carbocyclyl or

het erocyclyl is 5 optlonally substitufeédwith one or nore groups

sel ected fromthe group consisting of oxo, -ORerr], -Rerr],

- N N X- S - X- :
(Rerr ) (Rerrl), oo g NR e, O@{gr;bHRLerr]e”]R[E[rf]rr]

er
-OX-N(Rerr])[

-X-N(Rerr]) (R obh cbﬁbﬁgﬁﬁs cﬂ«Idﬁmuna vCHieerdin O- (CH err])[err]-Rerr],
-O-(CHerr])[err] CR&e L x |_enedi oxy and 3,4- 10

nmet hyl enedi oxy; kierr wi'thin the definition of Y is selected
from hydr ogeny RFerK¢(brhﬂ?@hﬁ]-C[err] al kyl optionally substituted
W th 5 Rlerr] each X, X, Y, Y, Z Rerr], Rerr], )
Rerr], R[err] R[er?b Rferr] Rerr], Q M 15 n, r, p, qand Gis

|ndependently as defﬁneﬂsf f formula I. t hose conpounds of

formula V wherein  r® is H,; and

one R11 is H and one Rl1 is OH, and the
aforementioned compounds of formula V wherein Z is

10 selected from the group consisting of:

and R is as defined in claim 1.
Also preferred are those compounds of formula

V wherein X and X’ is -C(O)-

15 Y is - (C{R?) ) -;
R’ is H;
R!® is Hy; and

.
one R‘1 is H and one Rll is OH:; and

those compounds of formula V wherein
20 X and X' 1is -C(0O)-;
Y is -N(R%)-;

R7 is H;

R'C is Hy; and
one R11 is H and one R* is OH, and
25 those compounds of formula V, wherein
X and X' is -C(0)-;
Y is - (C(R?),)-M-;



Xand X is -C(O-; Yis -N(Rlerr])-; 20 Rlerr] is
H; Rlerr] is Herr]; and one R err] is Hand
one Rlerr] is OH and t hose conpounds of forrmula V wherein
X and X s W2718025 Yis -(C(Rerr])[err])-M ;PCTruse701610 M
is O; Rlerr] is H Rlerr] is Herr]; and
one R err] is Hand one Rerr] is OH 30 Al so preferred is
t he conpound of fornula I havi ng %he_structure of formula I X
WO 97/ 27180 PCT/ US97/ 01610
- 34 - [err]

M is O;

R7 is H;

Rlc is Hy; and

11, . 11 .

one R 1s H and one R is OH, and the

5 aforementioned compounds of formulz V wherein 2 is

selected from the group consisting of:

Also preferred are compounds of formula

-

I wherein:

(hH

10 Z is selected from the group consisting of -X'Rq,
TRl v opd '
-N(R'}-x'-R*, -N(RY)-N(RY)-X"-R?, and formula VI;



wherein Xis -C(O- or -S(Of[err]-; and the conpounds of

formula | X wherein 5 Xis -C(O-; Yis
-(C(R[err])[err])-M; and Rlerr] is H and those conpounds of
formul a | X whwoerriso Xis -C(O-; Y i speNoSImidb) - ;
and 10 Rlerr] is H and those conpounds of formula I X wherein

Xis -C(O-; Yis -(C(Rerr])[err])-; and Rerr] is H

Al so preferred are those conmpounds of fornula havi ng the structure
of formula XI: Fefp]- 15 wher ei n

wherein any structure of formula VI is optionally Zfused
with an aryl, carbocyclic or heterocyclic ring and 3
optionally substituted with 1-3 members independentiy
selected from Rz; and

5 each X, X', Y, ¥' &Y, rR%, &3, &% R% RS R’, R%, R%, Q,
M, n, r, p, g and G is independently as defined in for
formula I.

Another embodiment of this invention relates to

the process for preparing a compound of formula XIV:

R1
RS NH
0
XV
10 wherein Rl and R6 are .defined as in formula 1,

comprising the steps of:

(1) reacting a compound of formula XV:

r1

NBoc

O

XV

wherein Rl is defined as in formula I,

in an inert sclvent, preferably an ethereal solvent _
15 such as diethyl ether or THF, with a base, preferably

an alkali metal amide such as lithiumdiisopropylamide

at a temperature between about -78 °C to about 25 °C;

- {2) reacting the product of step (1) with ean

aldehyde R5CHO followed by an optional treatment with a

20 dehyrating agent, preferably Martin's sulfurane



X and X' are independently -C(O- or -S(Oferr]-; t hose conpounds of

formula | having the structure of formula X1, wherein X
and X' are independently -C(O- or -S(Oferr]-; and WO 97/ 27180
PCT/ US97/ 016 MO0 97727180 - 35 - PCT/US97/01610 R er r ]
I s 1-am no-2-hydroxyi ndanyl; and conmpounds of formula | having the
structure of formula Xil, wherein Rerr] is

| (S)-am no-2(R)-hydroxyi ndanyl . Al so preferred are the
conpounds according to 5 formula I, haVi ng the structure of fornula
Xl [err]

dehydrating agent, wherein R is defined as in formule

I to give a compound of formula XVI:

R1

RS, NBoc

XVl

wherein Rl and R6 are defined as in formula I;
{3} reacting the product of step (2) in an inert
5 sclvent, preferably methanol, with hydrogen gas in the
presence of an hydrogenation catalyst, preferably 10%
palladium on carbon, followed by treatment with an
anhydrous acid, preferably trifluoroacetic acid or 4N

HCl in dioxane to give a product of formula XIV.

10 Another embodiment of this invention relates to

the process for preparing a compound of formula XVII:

- °
N\N/JL\“/N
R2

xvil

) . 1 2 . .
wherein R™ and R” are defined as in formula I,

comprising the steps of:

(1) reacting a compound of formula XVIII:



wher ei n X and X' are independently -C(O- or -S(OQferr]-;

conmpounds according fornula | having the structure of 10 formula X111
ymeQH L Xis -C(O- or -S(Oferr]-; X is -C(O-;
is - avbbitfd1)- or -N(Rerr])-; and Rl e ' t 015
conmpounds of {)orrrufa | having the structure of formula li,&}I)[%Iksf‘.fllofﬂn\'/)\,herei n
Xis -(O-; X is -(O-; Yis -(CRerr])ferr])-;
and 20 Rlerr] is H t hose conpounds of forrmula Xl wherein
Xis -C(O-; _ X is -(O-; - 48 - Yis -(C(Rerr])[err])-;
25 Rlerr] is H and WO 97/ 27180
PCT/ US97/ 01610 - 36 -
R1
R2
NH
R2
O
Xvili

wherein R and R? are as defined in formula I,

in an inert solvent, preferably DMF or THF, with a base
preferably sodium hydride, then bromomethylacrylic acid
at a temperature between about -78 °C to about 25 °C;

5 (2) reacting the product of step (1) with an
oxidizing agent, preferably ozone and if necessary a
reductive work-up with a reducing agent such as
dimethylsulfide;

{3) reacting the product of step (2) in an inert
10 solvent, such as DMF, with thioproline t-butylamide and
suitable amide—bond coupling reagents, preferably EDC,
HOBT and N-methylmorpholine, to give a product of
formula XVII.

Another embodiment of this invention relates to

15 the process for preparing a compound of formula XIX:

r1
O/’\\T//

NH

\

O
XiX

wherein Rl and r are defined as in formula I,

comprising the steps of:



Rlerr] within the definition of Y is selected from hydr ogen,
Rlerr], or Jerr]-Cerr] alkyl optionally substituted with Rerr];

t hose conpounds according to fornmula Xl Il wherein: 5 Xis -C(O-
X is -C(O -wo09727180 Yis -(C(Rerr])[err])-; PCT/USSTRI6R¥ | i S
H, and Rlerr] within the definition of Y is selected from 10
hydrogen, -N(R[err])[err], or heterocyclyl, which may be optionally
benzof used, and wherein said heterocyclyl may be optionally

substituted with 1-3 groups selected 4% “fromthe group consisting of
oxo, -ORlerr], -Rerr], -N(Rerr])(Rerr]), -N(Rerr])-X-Rerr],
SRlerr], -X-R[err] e ], -CN,

9 9 ( qcﬁeg(rch][LﬁFer r'%oelﬁ};%?r}\clf %ﬁe Eh‘% :’F’E] ), hal ogen,

-NJ err], and CF[err] those conpoun?a accordi ng to formula Xl

wher ei n: Xm-qq is -C(O)- Y
is -C(Rerr])[err])-; 20 R[e r] H; and at | east one
Rlerr] within the definition of Yis NPGseIected fromthe group

consisting of: [err]

XX

wherein Rl is defined as in formula I and PG is a N-
protecting group, such as those described in Greene and
Wuts {infra), preferably p-methoxybenzyl, an inert

[§)]

‘solvent, preferably THF, with a base, preferably
lithiundiisopropylamide at between about -78 °C to
about 25 °C, then a bis-leaving group alkane of formula
XXI:

LG
& NS

XXi

wherein LG is selected from halo, preferably chloro or
10 iode, arylsulfonate esters, preferably tosyl, and
alkylsulfonate esters, preferably mesyl, and r is

defined as in formula I, to give a product of formula

®XIT:
RrR1
Cr/\\T//

NPG

O
XX
wherein R1 and PG are defined as in formula XX and LG
15 and r are defined as in formula XXI;
{2) reacting the product of step (1) in an inert

solvent, preferably THF, with a base, preferably



WO 97/ 27180

PCT/ US97/ 01610
PCT/ US97/ 01610

WO 97/27180 PCT/US97/01610

10

15

- 37 - Jerr] WO 97/ 27180
- 38 - [Jerr]

- 50 -

lithiumdiisopropylamide, at between about -78&
about 25 °C to give a product cf formula XXIII:

R1
O

NPG
(M

wherein r! is defined as in formula I and PG is & N-
protecting group;

(3) reacting the product of step (2) in an inert
solvent with a reagent suitable for removal of the N-
protecting group PG, such as those described in Greene
and Wuts (infra), to give a compound of formula XIX.

In another embodiment, compounds of formula I
with structures VII, VIII, IX, and X are preferred:

7 1 7

R%;__ﬁs| mﬁ‘ R;lr_-ﬁijils' 4

Y N g
' .r'll -th‘ Y.X-N N;S;R
R? R [« X v
{vi) {(IX)
]’ R’ R’ R ]’ PR
v ¥ ‘
Yoy N N R Yo N Ny

(Vi) x)

where all definitions of variables for formula I apply.
Preferred R? groups for formula I include:
C,-Cg alkyl and alkenyl optionally substituted with RG;
where two R2 taken together form a spriocyclic ring and
C3-Cg cycloalkyl or cycloalkenyl optionally fused with

RrS.
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Preferred compounds of this invention cIf
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Tables 1-5.
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t hose conpounds according to fornula Xl |

X is -(O-;

WO 97/ 27180

- 39 - WO 9727180
aryl

i's -(C(w

at least o
optionally substitute

fromthe group consisting of oxo, -OR[e

-N(Rlerr])-X-Rerr],
-OR[err],

-Rerr]
-NJ err],

wher ei n:

Yis -(CRerr]

and

rr],

wh
r§g9

Eﬁ$ﬁew&3¥

ne or

Xis -C(O-
Rerr] is H,

PCT/ US97/ 01610

n the defipetiveyrosdioY i S
nore groups sel ected

-N(Rlerr])(Rerr]),

SR[err], -X-Rerr], -C)X—N(R[err])[err]
-CN, 5 CIIerr]R[errF -X—N(R[err])(R[er DR
-CFlerr]; those conpounds accordlng to ornula Xl
Xis -ClQ- GO
)[e5r])‘ 10 MN “pn R[err
3. 0
o 0P NHtBu
7 —Pn p
OMe
N\
~Ay O
o o
8 —Pn "
A/Q"\ H
. /N
o
OJ\NHIBU
9 —Ph
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at least one Rerr] within the definition of Yis (Jerr]-Clerr]
al kyl optionally substituted with R err].; ose conpounds accordi ng
to formula Xl wherein: 15 X is
-C(O) - WO09727180 Y js - (C(R] PCTRJS97/01614 s H;
and at | east one R epr efinition of Yis
pyridyl, triazolyl, oxazolyl, isoxazolyl, pyrimdyl, 20 pyrazol yl,
pyridazinyl, thiazolyl, imdazolyl, thi engg t hi adi azol yl ,
oxadi azolyl, triazinyl or pyrazinyl wherein said Rlerr] may be
optionally substituted with 1-3 : substituents selected from
-ORlerr], -Rerr—NMRerm(R = e T =NRferrP=—%Rferri—
SRerr], -X—R[err],*50 (—N(R[err])[qﬂhr], -Rlerf]-ORerr -CN, 25
-Cgerr]Rerr], {-XNRierr])(R er]), halogenj -NJerr romeCF[ err]
t hose conpounds{accordijng to forsgN-a Xl I 1 whefein: ,(j Xik
-0 -; X is -UOpg; Y 78 o(C(Rlerr])[efr])-
30 Rj-e++] He—k—and Rlerr]l within.the definition
of Y'is aryl optiord |y subsén tuted Wth 1-3 sukstituents sef ected
from-OR err] -Rlerr], -N[Rlerr])(Rerr], - efdd ) - X-REerr],
SRerr], -X-Relr], -ox-N(R[engJJLL_,hu], 27180
PCT/ US97/ 01610 o “ %%
17 Ph
| p
HaC OMe
H:C’q\‘ ,N.SQ
o oo
18 Ph
! p
OMe
a A= LT
o o™
5 19 Ph
o | p
OMe
G- LI
° oo
20 —ph p
OMe
Ph—/q;\u‘ ,N.SO
o} o o
21 Ph
| p
OMe
HzNQN‘ ,N:SQ/
o oo
22 Ph
. (Q
o] OMe
“3CJLN'§\N‘ N, /©/
H o o"s"o
23 Ph
: p
OH OM e
HOWN“' ,N:SD/
° o o
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40 -
hal ogen, -NJ e
any of the afo
wher ei n:

in: 5 woemnse €ach Rlerr]
not within the definition of Y is 2}THIS

rr], or
rementi oned
i

-CN, -CJerr]Rerr],
-CFlerr];
preferred conpounds of formula XlI

SHEETHY!

S

t hose co

$5§§$ da

conpounds according to any of the aforeneggPLA

of fornmula Xl I
from benzyl

from-OR err]
- h

a
according to a
XI'11l wherein:
benzyl
from-ORlerr],
- CN, ha
not within the
conpounds acco
wher ei n:
optionally sub
consi sting of
according to a
each R1L is ind
with 1-3 subst

| wherein: 10

err| is ind

X-N(Rlerr])(Rerr]),

npounds according to

err]

pCTARSidl61dl
nyl . t hose

preferred conpounds
ependent |y sel ected

optionally substituteddwith 1-3 substituents sel ected

-N(R[err])(Rerr]), SRerr], -X-Rerr], -Rerr]-ORerr],
Qgen, - [err] and -CElerr].; those caonpound
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eggg ert] is irdependent selgct ed frjom
pptionally substituted_w th 1-|3 substifu S sel ected
-N(R{efr])(Rlerr]) TSR err], -X-R[er‘rl.‘.ﬁo- err]-OR[drr],
ogen, {NQerr], and -CF[err]:l and 20 each Hlerr]
defignifion of Yis 2- hydr oxyi ndanyl ; t hose
rding tp any of the afqgrenmentijoned preferred donpounds
pach R;dﬂgiéﬂggpendently sel ect qlftpﬁ?benzyl 25
stituted with 1- UhStT tuent § sel ectels from tlhe group
OCH err], OH and NH &r]; and tAo8e conpounds _
y*%T Theatorementroned prefrerred conpourds Wher ei n:
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fromthe group consisting of OCH err], OH and NH err]; each R
not within the definition of Y is 2- hydraxyi danyl. WO
97/ 27180 THIS SHEET HAS BEEN |  PCT/ US97/ 01610

- 41 - W0 972718  Anot her enbodi nent RlEmegpound‘ accor ¥FEeso/81610
formula Xl 11, wherein:

each R err]

aryl, carbocyclyl
het erocyclyl is

sel ected

-N(R[err]) (R er

I s i ndependently selected fromthe group
and heterocyclyl,

5 _ gyherein said aryl
optionally substituted with one or nore groups

lCIl

consi sting of
car bocycl yl or

fromthe group consisting of oxo, -ORerr], -Rerr],
HN’\ g@/me
HyCOC ~ LN
3C02 )\‘or 0.5.0
> g 2
- OMe
"3c°2°"N’\ N /@
H3C ~ ,O:S"O
35 7"
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-N(Rlerr])-X-Rerr], SR err], -X-Rerr], -OX-NRerr])[err],
-Rerr]-OR[err], -CN CCIerr]R[err] -X-N(R[err])(R err]), halogen,
-NJerr], -CF[err], -O(CHerr])[err] R[err] 10
-O-(CHerr]) [wonjatkerr], 2, 3-net ng@%%WEE'MHASHHEm - PCT/US97/61610
met hyl enedi oxy; and each X, R@PLACED R er ], Rerr], Rerr],
R[err], Rerr], R[err], Rerr], R n, r, p, qand Gis
i ndependent|ly as defined for for mila Xil. 15 Anot her
enbodi ment i s conpounds according to Tormula X1, wherein:
[err] wherein Rlerr] within the definition of Yis
sel ected from hye-ogeh—Rl-eff]—ok—-arfl—G ot —opttonah | y
substituted withf 42 3 Rle#n ] ; p
O OMe
N\
()\AE /N:s.,g
o o
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WO 97/ 27180

- 42 - each Rerr] is independent

PCT/ US97/ 01610

y selected fromthe group

consi sting of aryl, carbocyclyl

3'1'ﬁ|ShSHEE‘IUHﬂS| BBEN

wherein said aryl,

carbocycl yl oWoRéRdpdbcyclyl is i\pps! |y sjubsti t ut eBCTUSYTOREIE OF
nore groups selected 5 from the grolp—eenststtng of oxo, -ORerr],
-Rerr], -N(R[err])(Rerr]), -N(R[err]) X-Rerr], SRerr],
-X-Rerr], -OX-NRerr])[err], -Rerr]-Oggerr], -CN,
CIIerr]R[err] -X-N(Rerr])(Rerr]), halogen -NJerr], -CF[err],
-C)(C}{err])[err] R[err] -C)(C}{err])[err] CR[err]
2, 3- met hyl enedi Xy 3, 4- merhytenedioxy,  and 10 Edbh A X,
Y, Y, Z Rerr], rr], Rlerr], Repi], Refr], R[emﬂu QM
n, r, p, q and G is indgependently defined for Ia Xl |
Anot her embodi mint i s donpound§ ermul a | h ng the strucfure of
formula X Il, wherein 15 oXis -(O¢; X is -L(O)-
Yis -NRerr])—and Rlerr] is H : conpaounds. of
formula | having tkﬁQstructure of fonnyla 20 XI'1l, whekein
Xis -SOerr]-; qq H s
-(C(Rerr])[err}})-; and MaN qurr] ip H and 25 |» conpounds of
formula | having the stjructure of f@rmula X1, erein
Xis -Sgerr]- X is -C(O)- %MQ-MHeHDn
and 30 REETI TS
NN ]
O “ “NHtBu
54
O :
5 55 Q
4lx/<i}
) Q
WN\ OJ\NHIBU
37 :
J\/Q\ J‘Nm:;n
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In an al ternate enbodi nent,

formula V wherein

Rl err]

is Hand one R err]

PCT/ US97/ 016 3o 97127180

selected fromthe group consistin
Is as defined in fornu

and R err]

preferred

R err]
is OH and

conpounds are those of

is Herr];

THis, SHEET HAS BEEN-

EaiL;JﬂEﬁégﬂ%se—of

Zis selected fromthe group consisting of

- 58 -

and

97/ 27180
43 -

[err]
fornmul a

one

pcTruso7inele Z 1S

and [err]
V wherein
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5 [err] and [err] Rlerr] is Herr]; and
one R err] is Hand one R err] #s—&H Al so preferred are
t hose conpounds of formula TWSM%A%(BE% X is -C(O-; 10
Y is - (C(R[ erWpppzmsy ) - REGLAGED s 1y PEYIEFITOIGIE
Herr]; and one R e 's Hand one Rerr] is OH and
t hose conpounds of formula V wherein 15 Xand X is -C(O-;
Yis -N(Rerr])- Rlerr] is B ¢4 Rlerr] is Herr]; and
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WO 97/ 27180 PCT/ US97/ 01610
- 44 - one R err] is Hand one Rlerr] is OH and
t hose conpounds of forrmula V, whe HAS&EEN Xand X is -C(O -

Y is -(C(R wogrkfieer])-M: 5 RIS SHE pCTrBb D | S H

Rlerr] is Herr]; and oneRH P is and one Rerr] is OH,
and the af orenenti oned conpounds of fornula V wherein Z is 10

sel ected fromthe group consisting of:

[err] and [err] ~&Rerr] is as defined in claiml1.
Al so preferred are those conpounds of formula V wherein X and X is
-0O-; 15 —+s—eRererr

70
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73
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Rlerr] is H Rlerr] is Herr]; and one Rlerr] is
H and one Rlerr] is OH and those corrpounds of fornmula V wherein 20

X and X' is -C(O R B
i TS oS (s 1 drs st IS BT er pprsoTend one

Rlerr] is OH, and 25 t hose compe@uABEDDf fonnula V, wherein

Xand X is -C(O-; -(C(Rerr])[err])-M; WO
97/ 27180 - 61 - PCT/ US97/ 01610
Mis Q Rerr] is H B Rlerr] is Herr]; and

one Rlerr] is Hand one Rerr] is OH and the 5 af orement i oned
conpounds of forrmLI% VIWhererm Z 1s SErecred from e group

consi sting of: Q , ,@
]

G\/J\E\;\ ,:J\NHQB v
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[err]

[err]
-XRerr],

formula VI;

and

[err]
are conpounds of fornula

| wherein:

Al so preferred

10 Zis selected fromthe group consisting of
wosmmsN(RLer 1) - X - REqlIdSHEET Wag BgeN | KL er romwssmitare ],
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WO 97/ 27180
- 46 -

wherein any str cﬁmsesmrfmrﬂlia\l |

PCT/ US97/ 01610
Is optionally fused

with an aryl, carbocyclic or h teroc Léﬁ@ﬁ'ng amd is optionally
substitut ed WOH2188 nenbers i P,nnn sel ect ed PEBVSFYU6IO] : and
5 each X, X, Y, Y, Rerr], R[err] R[err] Rlerr], Rerr], R[err],
Rlerr], Rerr], Rerr], Q M n, r, p, q and Gis independently as
defined in for formula I. _Anot her enbodi ment of this

i nvention relates to

XIV:

wherein R err]
the steps of:
[err]

t he process for preparing a conpound of formula

[err] 10
'ﬁﬂ?;fﬁ T are defrmed—=as i formura 1, Conpr} si ng
(1) r ng a cofpound of § la XV
¥ N "
~ | OJ\NHIBU
Me
134
g\ 5
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wherein R err] is defined as in formula I, in an inert solvent,

preferably an ethereal solvent 15 such as diethyl ether or THF, with a
base, preferably an al ﬁi‘? il HRgripgeNquch as

l'ithiundiisomwoppbse de E at urd between abegtusdfokRrr]C to
about 25 [err]C (2) r Re-lpr oduct of step (1) with an
al dehyde R[err] CHO fol | owed by an opti onal treat ment wwth a 20

dehyrating agent, preferably Martin's sulfurane WO 97/ 27180

PCT/ US97/ 01610 - 648 - 47 - dehydrati ng
agent, wherein Rerr] is defined as in formula | to give a conmpound

of fornmula XVI: —+-e++4
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wherein R err] and R err] are defined as in formula I|; 3)
reacting the product of step (2)_in an inert 5 sol vent, preferably

met hanol, with hydrogen gas in qhs EET Hﬂgqﬁgﬂ Je of an hydrogenation
cat al yst, prPeanss 10% Qon, fol | oWREE/BS70 At nent

with an anhydr ous aci d, |f| ydroacetic acid or 4N
HCO in dioxane to give a product of forrrul a Xl V. 10 Anot her
enbodi ment of this invention relates to ¢ _ the process for preparing a
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wherein R err] is defined as in fornula | and PGis a N protecting
group; 5 (3) reacting the product of step (2) in an inert

solvent with a reagent suitable for rennval—ef the N protecting
group PG sugiy93sristhiose desc 2 Shg:_TGagsﬁEN and Wit $cfrivsénoagio t 0
gi ve a conmpound of formula X} X €D I n anot her enbodi nent,

conpounds of formula 10 REPLA : VIO  and X are
preferred:
- 70 -
175 )_
Q JUeW
B
I y
N
176 )‘-
SVl e
177 )_
S\ L0
N
! .
178 )_
' > @\NHZ
i ™™
N i
5 179 )—_
: SN 4L
180 )_
’ ’N/‘ <©‘an
\~|
Sheet Has Been Replaced

HII\Ill TG
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The preferred compounds of This invention are
compound numbers (as in Tables 1-3): 1, 2, 3, 4, 7, §,
9, 13, 14, 16, 17, 18, 20, 23, 24, 25, 26, 32, 3%, 38,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 62, 63, 72,
75, 76, 78, 80, 82, 83, 91, 92, 94, 95, 96, 101, 102,
109, 121, 122, 123, 124, 126, 127, 128, 129, 131, 132,
133, 134, 135, 137, 138, 140, 141, 145, 146, 147, 149,
150, 155, 156, 160, 161, 162, 164, 165, 170, 171, 175,
176, 177, 179, 180, 185, 186, 180, 191, 152, 1%4, 195,
200, 201, 208, 219, 220, 228:and 264. More preferred
are compound numbers: 2, 7, 8, 9, 14, 18, 20, 25, 26,
32, 38, 45, 47, 48, 49, 50, 51, 53, 54, 62, €3, 72, 82,
83, 91, 92, 94, 95, 96, 123, 126, 140, 141, 219, 220,
228 and 264. Even more preferred are compound numbers:
7, 8, 9, 20, 45, 50, 51, 53, 54, 82, 83, 92, 94, 96,
219, 220, 228 and 264.

In an alternate embodiment, this invention
also relates to novel methods for preparing compounds
and intermediates of the following structures.

One embodiment relates to a process

The compounds of this invention may be
synthesized using conventional techniques.
Advantageously, these compounds are conveniently
synthesized from readily available starting materials.

Although the syntheses of the compounds of
this invention are known to those of skill in the art,
the following general schemes are set forth to
illustrate these methods. These schemes should not be
viewed as limiting the scope of this invention in any
way.

Using standard techniques, compounds of the
present invention having the general formula I may be
obtained as described in the following schemes:
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Methods for producing the compounds of this
invention are well known in the art of organic
5 synthesis. Several intermediates are commercially
available, e.g. from Aldrich Chemical Company, Inc.,
Milwaukee, WI. The synthesis of heterocycles El1-E6
(Schemes 1 and 2) begins with any protected amino
aldehyde, the preparations for which are well known in
10 the art from suitably protected amino acids, esters or
alcohols. In the case of the this intermediate,
transient protection of the amino group may be
accomplished by means known in the art (see, e.g. T.W.
Greene and P.G.M. Wuts “Protective Groups in Organic
15 SQnthesis", Second Edition, pp. 309-405 ©®1981 John
Wiley and Scons, Inc. New York, NY and E. Gross and J.
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Meinhofer “The Peptides, Vol. 3: Protection of
Functional Groups in Peptide Synthesis” pp. 3-88;
©1981 Academic Press, Inc. New York, NY). Carbamates
such as Boc, Fmoc, Alloc and Cbz are particularly
convenient protecting groups, the introduction and
removal of are described in the above references.

The synthesis of El is illustrated in Scheme
1. The protected amiﬁo aldehyde is treated with an
alpha substituted or alpha, alpha disubstituted amino
ester under typical reductive amination conditions well

known in'the art, such as sodium cyanoborohydride in a

solvent mixture of DMF/Acetic acid. The resulting

compound EI is then deprotected and free based with
either a tertiary amine base or potasium carbonate in
methanol to effect cyclization to form EII The
resulting secondary amine may the be protected with
groups (detailed in the references above) such as
benzyl or t-butyloxycarbonyl (Boc) utilizing conditions
well known in the art to form analogs of El.

Prebaration of B2 is achieved by reaction of
a starting aldehyde with ethyl
diethylphosphoranylmethanesulfonate and subsequent
reduction of the double bond (see: Gennari et al.,
Angew. Chem. Int. Ed. Engl., 33, pp. 2067-69 (19%4)) to
yield compound EIIIa. Cyclization may then be achieved
by deesterification and activation ¢of the sulfonate
meoiety as described in Gennari, followed by
deprotection of the nitrogen protection group to yield
the cyc¢lized product EIV. Alternatively, an amino acid
may be converted to compound EIIIb using standard
synthetic methods illustrated in Scheme 1. Compound
EIIIb can be cyclized to afford compound EIV. Compound
EIV may then be N-protected, for example, in the

presence of Boc anhydride and DMAP (see: Flynn et al.,
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<. Org. Chem. 48, pp. 2424-26 (1983)), and treated with
a non-nucleophilic base such as LDA or
hexamethyldisilazane to generate the anion at the
center alpha to the SO, moiety. This anion may then be
5 quenched with a variety of electrophiles and

subsequently deprotected to form the desired analogs of
B2. Alternatively, this anion may be gquenched with an
aldehyde to form (after subseguent dehydration, i.e.,
an aldol-type condensation) an exo-methylene compound

10 which may then be reduced {i.e., hydrogenation) to form
the desired analogs of E2. Analogously, preparation of
E3 results from a Wittig reaction using
methyl (triphenylposphoranylidene) acetate followed by
simultaneous reduction of the double bond and

15 cyclization using magnesium metal in methanol (Wei et
al., Tetrahedron Lett., 34(28), pp. 4439-42 (19983)). A
similar N-protection, deprotonation, quench and N-
deprotection scheme, or condensation-reduction scheme,
as described in the preparation of E2, results in

20 desired analogs of E3. Alternatively, E3 may be
prepared from commercially available EVI. The hydroxyl
group may be activated using commonly available
reagents such as methanesulfonyl chloride or para-
toluenesulfonyl chloride in the presence of a tertiary

25 amine base. The addition of a nucleophile to displace
the mesylate or tosylate yields EVII (Ackermann et al.,
Helv. Chim. Acta, 73, pp. 122-32 (1990)) which may be
treated as described above to obtain E3.

Methods for the preparation of compounds E4-

30 E6 are also well known in the art and stem from readily
available protected amino aldehydes. Treatment of
these aldehydes with a variety of amines under
reductive amination conditions well known in the art,
such as sodium cyanoborohydride using DMF/Acetic acid
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as a solvent mixture, followed by deprotection of the

primary amine yields diamine EVIII. Intramolecular
cyclization with a variety of activated carbonyl,
dicarbonyl or sulfuryl equivalents in the presence of a
tertiary amine base yields compounds E4-E6. Examples
of activating reagents include but are not limited to
carbonyidiimidazole,

phosgene, sulfuryldichloride,

sulfuryldiimidazole, sulfonyl diimide, and oxalyl
chloride.

Methods leading to the production of analogs
of compound E7 are also known in the art

J. Med. Chemn.,

(McManus et
8, pp. 766-76 (1965)).

exemplifies several potential routes to the synthesis

-al., Scheme 3

of compound E7. Any protected amino alcohol may be

deprotonated to form the alkoxide which may be reacted
with a substituted alpha bromo ester to form ether EIX
{(route A).

Alternatively (route B), EIX may be formed

from activation of a protected amino alcohol with, for
example, methanesulfonyl chloride or para-
toluenesulfonyl chloride in the presence on a tertiary
amine base and subseqguent addition of a nucleophile
such as an alkoxide from an alpha hydroxy acid to
displace mesylate or tosylate to yield EIX. Compound
EIX can then be deprotected, free based with a tertiary
amine base or potassium carbonate in methanol, and

heated to effect cyclization to form E7. Alternatively

{route C), E7 may be prepared from a protected amino
alcohol by protection of the hydroxyl group with, for
example, t-butyldimethyl silyl chloride/imidazole to

afford the silyl ether. Subsequent nitrogen

deprotection
the presence
(for example

carbodiimide

and acylation with a alpha bromo acid in
of any number of available coupling agents
dicylcohexylcarbodiimide, other related

reagents or isobutyl chloroformate) or
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acylation with an alpha bromc acid chloride provides
compound EX. Desilylation using, for example,
tetrabutylammonium formate in THF followed by formation
of the alkoxide with base affords cyclization to E7.
5 Alternatively, E7 may be prepared from the

corresponding a-methylene compound (i.e., both R% are H
in E7, the nitrogen may be protected if necessary) by a
multiple deprotonation-alkylation sequence to give an
E7 wherein each R2 is inserted in an independent

10 alkylation step and each R2 may be attached to form a
spirocyclic product (i.e., alkylation with a
dihaloalkane) .

Schemes 4-6 describe methods for converting

the cyclic compounds E1-E7 into compounds of this

i5 invention. For example, compounds of the type Z,
exemplified by compounds E1-E7, may.be deprotonated
and reacted with a functionalized epoxide to generate
the desired compounds as described in Scheme 4.
Several of the described epoxides are readily

20 synthesized via methods well known in the art (Maligres
et al,, Tetrahedron Lett., 36, pp. 2195-98 (1995)).
Optionally, further modification of the compounds may
be performed subsequent to epoxide opening using
reactions and materials well known in the art. For

25 example, subsequent to epoxide opening utilizing
example EXIb deprotection of the carbamate allows
further modification of the unmasked amine.

Alternatively, as shown in Scheme 5,

compounds EZ may be converted to the desired products

30 in a more stepwise fashion. Compounds EZ may be
deprotonated using, for example, sodium hydride in DMF
and treated with a three carbon based epoxide to
generate epoxide EXII. Examples of such reagents

include, but are not limited to, epibromohydrin,
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epichlorohydrin and glycidyl tosylate. Several other
potential methods for preparing compounds of the type
EXII are well known in the art, for example, the anion
of 2 may be reacted with allyl bromide or allyl iodide
to form an allyl intermediate, which may subsequently
be oxidized to form the desired epoxide. Several
epoxidation conditions for the generation of either
racemic or chiral epoxides are well known in the art.
Epoxide EXII may then treated with an amine and
susequently carbonylated or sulfonated using activated

species well known in the art to generate final

‘compounds of the type ES. Alternatively EXII may be

reacted with a functionalized secondary amine followed
by optional manipulation of R2 to produce compounds of
the type E10. One example of such manipulation is
reaction of EXII with the known Boc piperazine EXIII
(Dorsey et al., J. Med. Chem.,37, pp. 3443-51 (199%94)).
Subsequent to epoxide opening, the Boc group may be
removed and the unmasked secondary amine may be further
manipulated by reaction with various electrophilss to
form the desired product.

Scheme 6 describes a method for introduction
of electrophiles into comounds of the type EXIV. Said
compounds may be protected with a variety of protecting
groups, for example t-butyldimethylsilyl triflate, to
mask the secondary hydroxyl group followed by treatment
with a non-nucleophilic base such as lithium
diisopropylamide or hexamethyldisilyzane to generate
the anion alpha to the carbonyl. Various electrophiles
may then be added to substitute the position alpha to
the carbonyl, or alternatively an aldol-type
condensation-reduction scheme may be employed.
Deprotection of the secondary hydroxyl then vields the
desired product.
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As can be appreciated by the skilled artisan,
the above synthetic schemes.are not intended to
comprise a comprehensive list of all means by which the

. compounds described and claimed in this application may
5 be synthesized. Further methods will be evident to
those of ordinary skill in the art.

Moreover, the determination of the optimum
overall scheme, as well as the choice of reagents and
reactions used to carry out ;he various steps in a

10 given scheme will be based ubon factors that are
readily apparent to those of skill in the art. These
factors include the identity of the compound to be
produced, the efficiency of the individual steps and
schemes in producing that compound in terms of overall

15 yield, time, and cost and availability of reagents. It
will therefore be apparent that some routine
experimentation may be required in determining the
optimum scheme to produce certain compounds of this
invention.

20 It should be understood that the compounds of
this invention may be modified by appending appropriate
functionalities to enhance selective biological
properties. Such modifications are known in the art
and include those which increase biological penetration

25 into a given biological compartment (e.g., blood,
lymphatic system, central nervous system), increase
oral availability, increase solubility to allow
administration by injection, alter metabolism and alter
rate of excretion.

30 The compounds of this invention are
characterized by a superior ability to inhibit protease
activity and viral replication, particularly aspartyl
protease activity. These compounds are especially well
suited for inhibiting HIV aspartyl protease. We |
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believe that this activity is due to specific steric
and electronic interactions between the prctease and
compounds of this invention. This belief stems Zrom
our analysis of the structural basis for the activity
of compounds of this invention, in view of the known
crystal structures of .HIV protease and bound
inhibitors, such as the structure reported in Miller et
al. "Structure of Compiex of Synthetic HIV-1 Protease
with a Substrate-Based Inhibitor at 2.3 A Resolution”,
Science, vol. 246, pp. 1149-1152 (198%), which is
incorporated herein by reference, as well as structures
.determined in our laboratories.

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

The compounds of this invention may be

employed in a conventional manner for the treatment of
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viruses, such as HIV and HTLV, which depend on aspartyl
proteases for obligatory events in their life cycle.
Such methods of treatment, their dosage levels and
requirements may be selected by those of ordinary skill
in thé art from available methods and techniques. For
example, a compound of this invention may be combined
with a pharmaceutically acceptable adjuvant for
administration to a virally-infected patient in a
pharmaceutically acceptable manner and in an amount
effective to lessen the severity of the viral infection
or to alleviate pathological effects associated with
HIV infection or immunosuppression such as
cpportunistic infections or various cancers, tumors,
CMV retinitis, candida infections, maternal fetal
transmission, and AIDS related dementia,.

' Alternatively, the compounds of this
invention may be used in prophylactics and methods for
protecting individuals against viral infection during a
specific event, such as childbirth, or over an extended
period of time. The compounds may be employed in such
prophylactics either alone or together with other
antiretroviral agents to enhance the efficacy of each
agent. As such, the novel protease inhibitors of this
invention can be administered as agents for treating or
preventing HIV infection in a mammal.

The compounds of formula I, especially those
having a molecular weight of less than about 700
g/mole, may be readily absorbed into the bloodstream of
mammals upon oral administration. Compounds of formula
I having a molecular weight of less than about 600
g/mole and aqueous solubility of greater than or equal
to 0.1 mg/mL are most likely to demonstrate high and
consistent oral availability. This surprisingly
impressive oral availability makes such compounds

[err]
[err]
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excellent agents for orally-administered treatment and
prevention regimens against HIV infection.

The compounds of this invention may be
administered to a healthy or HIV-infected patient
either as a single agent or in combination with other
anti-viral agents which interfere with the replication
cycle of HIV. By administering the compounds of this
invention with other anti-viral agents which target
different events in the viral life cycle and which
target different viral substrains with varying
susceptability to specific agents, the therapeutic
effect of these compounds is potentiated. For
instance, the co-administered anti-viral agent can be
one which targets early events in the life cycle of the
virus, such as cell entry, reverse transcription and
viral DNA integration into cellular DNA. Anti-HIV
agents targeting such early life cycle events irnclude,
didanosine (ddI), dideoxycytidine {ddC}, d4T,
zidovudine {(AZT), 3TC, 935U83, 1592U89%, 524W9l,
polysulfated polysaccharides, sT4 (soluble CD4),
ganiclovir, trisodium phosphonoformate, eflornithine,
ribavirin, acyclovir, alpha interferon and tri-
methotrexate. Additionally, non-nucleoside inhibitors
of reverse transcriptase, delavirdine (U90) or
nevirapine, may be used to potentiate the effect of the
compounds of this invention, as may viral uncoating
inhibitors, inhibitors of trans-activating proteins
such as tat or rev, or inhibitors of the viral
integrase.

Combination therapies according to this
invention exert an additive or synergistic effect in
inhibiting HIV replication because each component agent
of the combination acts on a different site of HIV

replication or on different strains of virus present in
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an infectious population. The use of such combination
therapies may also advantageously reduce the dosage of
a given conventional anti-retroviral agent which would
be required for a desired therapeutic or prophylactic
effect, as compared to when that agent is administered
as a monotherapy. Such combinations may reduce or
eliminate the sidé effects of conventional single anti-
retroviral agent therapies, while not interfering with
the anti-retroviral activity of those agents. These
combinations reduce potential of resistance to single
agent therapies, while minimizing any associated
toxicity.

Advantages of combining HIV protease
inhibitors may include viral population effects,
whereby certain members of a virus population which
show reduced sensitivity to one protease inhibitor may
be fully sensitive to another inhibitor or may in fact
have enhanced sensitivity to the second inhibitor.
Alternatively or in addition, administration of two or
more different inhibitors may be used to reduce
specific toxicities associated with a single agent.
This advantage of combination therapy also applies to
co-administration of the protease inhibitor of this
inventicon with other antiviral agents. Alternatively
or in addition, co-administration of more than one
protease inhibitor may lower the rate of metabolic
inactivation of the compounds of this invention, for
instance, by inhibiting enzymatic systems such as
cytochrome P4gp, or esterases or the like. 1In
particular, co-administration of compounds of this
invention with protease inhibitors such as ritonavir or
other agents such as ketoconazole, grapefruit juice and
antiulcer medications such as Hy-blockers, which
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inhibits cytochrome Pg45q 3A4, may advantageously enhance
their biological half-life.
These combinations may alsc increase the
efficacy of the conventional agent without increasing
5 the associated toxicity. Compounds of this invention in
combination with other anti-HIV agents may act in an
additive or synergistical manner in preventing the
replication of HIV in human T cells. Preferred
combination therapies include the administration of a
10 compound of this invention with AZT, ddI, ddC, d4T,
3TC, 935083, 1592089, 524W91 or a combination therecf.
Alternatively, the compounds of this
invention may also be co-administered with other HIV
protease inhibitors such as VX-478 (Vertex, also known
15 as 141W94 (Glaxo-Wellcome) and KVX-478 (Kissel)],
sagquinavir (Ro 31-8959, Roche), indinavir {L-735, 524,
Merck)), ritonavir (ABT 538, Abbott), nelfinavir (AG
1343, Agouron), palinavir (Bila 2011 BS), U-103017
(Upjohn), XM 412 (DuPont Merck), XM 450 (DuPont Merck),
20 BMS 186318 (Bristol-Meyers Squibb), CPG 53,437 (Cibe
Geigy), CPG 61,755 (Ciba Geigy), CPG 70,726 (Ciba
Geigy), ABT 378 (Abbott), GS 3333 (Gilead Sciences), GS
3403 (Gilead Sciences), GS 4023 (Gilead Sciences), GS
4035 (Gilead Sciences), GS 4145 (Gilead Sciences), GS
25 4234 (Gilead Sciences), and GS 4263 (Gilead Sciences)
or prodrugs of these or related compounds to increase
the effect of therapy or prophylaxis against various
viral mutants or members of HIV quasi species.
We prefer administering the compounds of this
30 invention as single agents or in combination with
retroviral reverse transcriptase inhibitors, such as
nucleoside derivatives, or other HIV aspartyl protease
inhibitors, including multiple combinations comprising

from 3-5 agents. We believe that the co-administration
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of the compounds of this invention with retroviral
reverse transcriptase inhibitors or EBIV aspartyl
protease inhibitors may exert a substantial additive or
substantially

synergistic effect, thereby preventing,

5 reducing, or completely eliminating viral replication
or infection or both, and symptoms associated
therewith., Particularly preferred is administration of

a combination of a compound of formula I, 3TC and

zidovudine (AZT). Also preferred are administrations
10 of combinations of a compouné of formula I and 1532U88,

or of compounds of formula I with VX-478, optionally
with one or more reverse transcriptase inhibitors,
3TC and 1592U883.

The compounds of this invention can also be

paarticularly, AZT,

15 administered in combination with immunomodulators and
immunostimulators (e.g., bropirimine,
IL.-2, GM-CSF,

diethyldithiocarbamate, tumor necrosis factor,

anti-human alpha
interfercon antibody, interferon alpha,
naltrexone, tuscarasol, and rEPO)}; and antibiotics

20 {e.g., pentamidine isethiorate) to prevent or combat
infection and disease associated with HIV infections,
such as AIDS, ARC and HIV-associated cancers.

When the compounds of this invention are
administered in combination therapies with other

25 agents, they may be administered sequentially or

30

concurrently to the patient.

be administered separately,
regimen, from the compounds
Alternatively, those agents

dosage form, mixed together

invention in a single composition.

The additional agents may
as part of a multiple dose
of this invention.
may be part of a single
with the compounds of this

The pharmaceutical

compositions according to this invention may comprise a

combination of an aspartyl protease inhibitor of this
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invention and one or more therapeutic or prophylactic
agents.

Although this invention focuses on the use of
the compounds disclosed herein for preventing and
treating HIV infection, the compounds of this invention
can also be used as iphibitory agents for other wviruses
which depend on similar aspartyl proteases for
obligatory events in their life cycle. These viruses
include other AIDS-like diseases caused by
retroviruses, such as simian immunodeficiency viruses,
HTLV-1 and HTLV-II. In-addition, the compounds of this
invention may also be used to inhibit other aspartyl
proteases, such as renin, pepsin, cymosin, RSV
protease, AMV protease, SIV protease and FIV protease,
and in particular, other human aspartyl proteases,
including renin, and aspartyl proteases that process
endothelin precursors.

Pharmaceutical compositions of this invention
comprise any of the compounds of the present invention,
and pharmaceutically acceptable salts thereof, with any
pharmaceutically acceptable carrier, adjuvant or
vehicle. Pharmaceutically acceptable carriers,
adjuvants and vehicles that may be used in the
pharmaceutical compositions of this invention include,
but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, self-emulsifying drug
delivery systems (SEDDS) such as d-a-tocopherol
polyethyleneglycol 1000 succinate, surfactants used in
pharmaceutical dosage forms such as Tweens or other
similar polymeric delivery matrices, serum proteins,
such as human serum albumin, polyethyleneglycol
polymers such as PEG-400, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate,

partial glyceride mixtures of saturated vegetable fatty
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acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates,
waxes, polyethylene-~polyoxypropylene-block polymers,
polyethylene glycol and wool fat. Cyclodextrins such
as «~, B-, and y-cyclodextrin, or chemically modified
derivatives such as hydroxyalkylcyclodextrins,
including 2- and 3~hydroxypropyl-B8-cyclodextrins, or

" other solublized derivatives may also be advantageously

used to enhance delivery of compounds of formula I.

The pharmaceutical compositions of this
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. We
prefer oral administration or administration by
injection. The pharmaceutical compositions of this
invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or
vehicles. 1In some cases, the pH of the formulation may
be adjusted with pharmaceutically acceptable acids,
bases or buffers to enhance the stability of the
formulated compound or its delivery form. The term
parenteral as used herein includes subcutaneous,
intracutaneous, intravenous, intramuscular, intra-
articular, intrasynovial, intrasternal, intrathecal,
intralesional, and intracranial injection or infusion
techniqgues.

The pharmaceutical compositions may be in the
form of a sterile injectable preparation, for example,
as a sterile injectable agueous or oleaginous

suspension. This suspension may be formulated
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according to techniques known in the art using suitable
dispersing or wetting agents (such as, for example,
Tween B80) and suspending agents. The sterile
injectable preparation may also be a sterile injectable
5 solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example, as a
solution in 1, 3-butanediol. Among the acceptable
vehicles and solvents that may be emploved are
manniteol, water, Ringer's solution and isotonic sodium

10 chloride solution.  -In addition, sterile, fixed oils.
are conventionally employed as a solvent or suspending
nedium. For this purpose, any bland fixed 0il may be
employed including synthetic mono- or diglycerides.
Fatty acids, such as oleic acid and its glyceride

15 derivatives are useful in the preparation of
injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oll, especially in
their polyoxyethylated versions. These oil solutions
or suspensions may also contain a long-chain alcchol

20 diluent or dispersant such as carboxymethyl cellulose
or similar dispersing agents which are commonly used in
the formulation of pharmaceutically acceptable dosage
forms such as emulsions and or suspensions. Other
commonly used surfactants such as Tweens and Spans

25 and/or other similar emulsifying agents or
bioavailability enhancers which are commeonly used in
the manufacture of pharmaceutically acceptable solid,
liquid, or other dosage forms may also be used for the
purposes of formulation.

30 The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
hard or soft gelatin capsules, tablets, emulsions and

agueous suspensions, dispersions and solutions. 1In the
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case of tablets for oral use, carriers which are
commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are
also typically added. For oral administration in a
5 capsule form, useful diluents include lactose and dried

corn starch. When aqueous suspensions and/or emulsions
are administered'orally, the active ingredient may be
suspended or dissolved in an oily phase combined with
emulsifying and/or suspending agents. 1If desired,

10 certain sweetening and/or flavoring and/or coloring
agents may be added.

The pharmaceutical compositions of this
invention may also be administered in the form of
suppositories for rectal administration. These

15 compositions can be prepared by mixing a compound of
this invention with a suitable non-irritating excipient
which is solid at room temperature but liquid at the
rectal temperature and therefore will melt in the
rectum to release the active components. Such

20 materials include, but are not limited to, cocoa
butter, beeswax and polyethylene glycols.

Topical administration of the pharmaceutical
compositions of this invention is especially useful
when the desired treatment involves areas cr organs

25 readily accessible by topical application. For
application topically to the skin, the pharmaceutical
composition should be formulated with a suitable
ointment containing the active components suspended or
dissolved in a carrier with suitable emulsifying

30 agents. Carriers for topical administration of the
compounds of this invention include, but are not
limited to, mineral oil, liquid petroleum, white
petroleum, propylene glycol, polyoxyethylene

polyoxypropylene compound, emulsifying wax and water.
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Alternatively, the pharmaceutical composition can be
formulated with a suitable lotion or cream containing
the active compound suspended or dissolved in a
carrier. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol,
2-octyldodecanol, benzyl alcohol and water. The

.pharmaceutical compositions of this invention may also

be topically applied to the lower intestinal tract by
rectal suppository formulation or in a suitable enema
formulation. Topically-transdermal patches are also

- included in this invention.

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

Dosage levels of between about 0.0l and about
100 mg/kg body weight per day, preferably between about
0.5 and about 75 mg/kg body weight per day of the
active ingredient compound are useful in the prevention
and treatment of viral infection, including HIV
infection. Typically, the pharmaceutical compositions
of this invention will be administered from about 1 to
about 5 times per day or alternatively, as a continuous
infusion. Such administration can be used as a chronic
or acute therapy. The amount of active ingredisnt that
may be combined with the carrier materials to produce a
single dosage form will vary depending upon the host

treated and the particular mode of administration. A
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typical preparation will contain from about 5% te about
95% active compound (w/w). .Preferably, such
preparations contain from about 20% to about 80% active
compound. _

Upon improvement of a patient’'s condition, a
maintenance dose of a compound, composition or
combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of
administration, or both, may.be reduced, as a function
of the symptoms, to a level at which the improved
condition is retained when the symptoms'have been

‘alleviated to the desired level, treatment should

cease. Patients may, however, regquire intermittent
treatment on a long~term basis upon any recurrence of
disease symptoms.

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

The compounds of this invention are alsoc
useful as commercial reagents which effectively bind to
aspartyl proteases, particularly HIV aspartyl protease.
As commercial reagents, the compounds of this
invention, and their derivatives, may be used to block
proteolysis of a target peptide or may be derivatized
to bind to a stable resin as a tethered substrate for

5
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affinity chromatography applications. For example, a
compound of formula I may be tethered to an affinity
column to purify recombinantly preoduced HIV protease.
Derivatization of the compounds of this invention to
produce affinity chromatography resins and the methods
used to purify proteases using such resins are well
known and within the skill of the art. These and other
uses which characterize commercial aspartyl protease
inhibitors will be evident to those of ordinary skill
in the art. (See: Rittenhouse, J. et al. Biochem,
Biophys. Res. Commun. 171, p. 60 (1990) and Heimbach,
- J.C. et al. lhid 164, p. 955 (1989)).

In order that this invention be more fully
understood, the following examples are set forth.
These examples are for the purpose of illustration only
and are not to be construed as limiting the scope of
the invention in any way.

General Materials and Methods

All temperatures are recorded in degrees
Celsius. Thin layer chromatography (TLC) was carried
out using 0.25 mm thick E. Merck silica gel 60 Fagy
plates and elution with the indicated solvent system.
Detection ¢of the compounds was carried out by treating
the plate with an appropriate visualizing agent, such
as 10% solution of phosphomolybdic acid in ethanol or a
0.1% solution of ninhydrin in ethanol, followed by
heating, and/or by exposure to UV light or iodine
vapors when appropriate. Thick layer silica gel
chromatography was also carried out using E. Merck 60
Fyg54 pPlates (“prep plates”) of 0.5, 1.0, or 2.0 mm
thickness. Following development of the plate, the
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band of silica containing the desired compound was
isolated and eluted with an appropriate solvent.
Analytical HPLC was carried out using a Water's Delta
Pak, 5 uM silica, C18 reversed-phase column, 3.2 mm ip
5 %x 15 cm L with a flow rate of 1.5 mL/min using the
following table: :
Mobile phase: A = 0.1% CF3COzH in Hj0
B = 0.1% CF3CO,H in CH3CN
Gradient: T =0 min., A {95%), B (5%)
10 T = 20 min., A (0%}, B (100%)
T = 22.5 min., A (0%), B (100%)

Preparative HPLC was also carried out using C;g

reversed-phase media. HPLC retention times were

recorded in minutes. NMR spectral data was recorded
i5 using a Bruker AMX500, equipped with either a reverse

or ONP probe, at 500 MHz, and was taken in the

indicated solvent.

We have measured the inhibition constants of

each compound against HIV-1 protease using the method

20 described essentially by M.W. Pennington et al.,
Peptides 1990, Giralt, E. and D. Andreu, Eds., Escom,
Leiden, Netherlands (1991); and the method described
essentially by Partaledis et al., J. Virol,, 69, pp.
5228-35 (19%8%5).

25 Compounds of invention were tested for their
antiviral potency in several viroclogical assays. In
the first assay, the compounds were added as a solution
in dimethylsulfoxide (DMSO) to a test cell culture of
CCRM-CEM cells, a strain of CD4® human T-cell lymphoma

30 cells, previously acutely infected with HIViy7p using
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standard protoccls (see Meek, T. D. et al., "Inhibition
of HIV-1 protease in infected T-lymphocytes by
synthetic peptide analogues”, Nature, 343, p. %0
(1990) .

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

Antiviral ractivity may also be measured in .a
separate assay in MT4 cells. Antiviral HIV activity
and compound-induced cytotoxicity were measured in
parallel by means of a propidium iodide based procedure
in the human T-cell lymphotropicvirus transformed cell
line MT4. BRAliquots of the test compounds were serially
diluted in medium (RPMI 1640, 10% fetal calf serum
(FCS), and gentamycin) in 96-well plates (Costar 3598)
using a Cetus Pro/Pette. Expconentially growing MT4
cells were harvested and centrifuged at 1000 rpm for 10
minutes in a Jouan centrifuge (model CR 4 12). Cell
pellets were resuspended in fresh medium (RPMI 1640,
20% FCS, 20% IL-2, and gentamycin) to a density of 5 x
105 cells/ml. Cell aliquots were infected by the
addition of HIV-1 (strain IIIB) diluted to give a viral
multiplicity of infection of 100 x TCIDS0. A similar
cell aliquot was diluted with medium to provide a
mockinfected control. Cell infection was allowed to
proceed for 1 hour at 37 °C in a tissue culture
incubator with humidified 5% CO, atmosphere. After the
1 hour incubation the virus/cell suspensions were
diluted 6-fold with fresh medium, and 125 ul of the
cell suspension was added to each well of the plate
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containing prediluted compound. Plates were then
placed in a tissue culture incubator with humidified 5%
CO, for 5 days. At the end of the incubation period,
27 ul of 5% Nonidet-40 was added to each well of the
incubation plate. After thorough mixing with a Costar
multitip pipetter, 60 ul of the mixture was transferred
to filter-bottomed 96~-wellplates. The plates were
analyzed in an automated assay instrument (Pandex
Screen Machine, Baxter Biotechnology Systems). The
assay makes use of a propidium iocdide dye to estimate
the DNA content of each well. The antiviral effect of
a test compound is réported.as an ICgp, i.e. the
inhibitory concentration that would produce a 50%
decrease in the HIV induced cytopathic effect. This
effect is measured by the amount of test compound
required to restore 50% of the cell growth of HIV-
infected MT-4 cells compared to uninfected MT-4 cell

controls.
References:

1. Averett, D.R. 1989. Anti-HIV compound assessment

by two novel high capacity assays. . Virol. Methods
23: 263-276.

2. Schwartz, O., et al. 1988. A rapid and simple
colorimetric test for the study of anti-HIV agents.
AIDS Res. and Human Retroviruses, 4 (6): 441-447.

3. Daluge, S.M., et al. 1994. 5~chloro-2',3'-
dedeoxy-3'fluorouridine (935U83), a selective anti-

human immunodeficiency virus agent with an improved



234

[err]
[err]
[err]

10

15

20

[err] Bn [err] 235
Bn [err] 5 236
Bn [err] 237
wo 97271880 [err] PCT/US97/01610
- 132 -~

metabolic and toxicological profile. Antimicro.
Agents and Chemothexr., 38B(7):1590-1603.

4. Dornsife, R.E., et al. 1991. Anti-human
immunodeficiency virus synergism by zidovudine (3'-
azidothymidine) and didanosine {dideoxyinosine)
contrasts with their additive inhibition of normal
human marrow progenitor cells. Antimicro. Agents and
Chemother., 35(2): 322-328B.

Depending on the cell type and the desired
readout, syncytia formation, reverse-transcriptase (RT)
activity, or cytopathic effect as assayed by a dye
uptake method may also be used as readouts of antiviral
activity. See H. Mitsuya and S. Broder, "Inhibition of
the jin ¥itro infectivity and cytopathic effect of human
T-lymphotropic virus type I1I/lymphoadenopathy-
associated virus (HTLV-II1/LAV) by 2',3'~
dideoxynucleosides", Proc. Natl. Acad. Sci. USA,
vol. 83, pp. 1911-1915 (1986).

Insofar as the compounds of this invention
are able to inhibit the replication of the HIV virus in
CD4+ cells of human lineage, they are of evident
clinical utility for the treatment of HIV infection.
These tests are predictive of the compounds ability to
inhibit HIV protease in vivo.
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Synthetic Examples
Example 1
"~ A.

@\_ oxalyl chioride @\

: DMSO

o H
NHBoc HBoc
Q 78% T\N

1 2

N- (t-butoxycarbonyl) -L-phenylalaninocl;

5 251.3 g/Mol 10.0g 39.8 mmol
DMSO 78 g/Mol 3.B0mL 49.0 mmol
oxalyl chloride 126.9 g/Mol 3.82mL 43.8mmol
triethylamine 101 g/Mol 23.0mL 160mmol
methylene chloride 200 mL

10 The oxalyl chloride was added dropwise to a

solution of DMSO in methylene chloride at -78 °C.
After stirring for 10 minutes, the alcohol was added as
a solution in methylene chloride. The reaction was
then stirred at -78 °C for 45 minutes. At this time

15 the triethylamine was added and a white precipitate
formed. The reaction was then stirred 45 minutes at
-78 °C and 45 minutes at 0 °C. The reaction was then
quenched by the addition of a solution of 90g of citric
acid in 300 mlL of water. The organic portion of the

20 reaction was then washed by (2 x 80 mL) of both

saturated sodium bicarbonate and brine. The combined
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organic layers were then dried over sodium sulfate,
filtered and concentrated in vacuo to leave a white
solid. The aldehyde was then used without further

purificaticn in the reductive amination.

B.
\-= 4\/““2 Q
O A HoF
*r"m&mc NaCNBHy AN A NHBo
H HOACIDMF
1 2
allyl amine 57 g/Mol 6.0 mL 160 mmol
aldehyde est. 39.8 mmol
sodium cyancborohydride 62.8g/Mol 4.0g 6.4 mmol
DMF 180 mL
acetic acid (glacial) 1.8 mL

The aldehyde of Example 1A was dissolved in 180 mL
of DMF at 25 °C. This was followed by addition of the
aldehyde and 1.8 mlL of acetic acid respectively. After
2 hours sodium cyanoborohydride was added, as a solid.
The reaction was then stirred at 25 °C for 12 hours.
The reaction was then quenched by the addition of 50 mL
of saturated sodium bicarbonate, and after 10 min.
diluted by 100 mL of diethyl ether. The organic
portion was then washed by (2 x 50 mL) of both
saturated sodium bicarbonate and brine. The combined
organic layers were then dried over magnesium sulfate,

filtered and concentrated in vacuo. The crude oil was

Bn
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purified by silica gel chromatography eluting with 30 %
ethyl acetate: hexane to provide 8.8 g of product (29.8
mmol, 75%).

c.
o
L,mﬂaoc 1) HCI k,NTNH
2) TEA co!
1
Boc amine 281 g/Mol 6.8g 23.4 mmol
HCl/dioxane 4 N HC1 15 mL
deprotected diamine-2HCl 3.83¢g 14.7 mmol
carbonyl diimidazole 162.15g/Mol 2.77g 17.1 mmol
triethylamine 12.7mL 179 mmol
methylene chloride S550mL 0.03 M

The Boc amine of Example 1B was stirred in 15 nmL
of 4N HCl at 25 °C for 1.5 hours. The reaction mixture
was then concentrated in vacuo to provide a white
foaming solid. 3.83 mg of the deprotected diamine was
dissolved in 500 mL of methylene chloride. To this,
triethyl amine was added. After stirring for 20
minutes, CDI was added (solid). The reaction was then
stirred for 24 hours. This was followed by
concentration in wvacuo. The crude material was
purified by silica gel chromatography, eluting with
ethyl acetate, to provide 2.15 g (67 %) of the desired
allyl urea.

[err]
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Example 2

toluane:CHaCly

O Fh o O 'Ph
H o}
1 2

aldehyde
methyl
{triphenylphosphoranyli
dene)acetate
toluene

methylene chloride

1.0 equiv.,
1.05 eq.

80mL
120mL

Combine 7.9g of (S)-N-Boc-amino-3-phenyl-l-propanal,

40mL of anhydrous toluene and 60mL of anhydrous

methylene chloride.

Add 9.8g of the ylide followed by

10 20mL of toluene and 60mL of methylene chloride. Stir
overnight at room temperature. After approximatly 18

hours the solvent was removed in vacuo and the residue

was purified by flash chromatography {(EtOAc/Hexane) to

give 7.1g(77%) of the desired ester.

O PFh
Ph’\O)LNJ\qOMe
H
1

Mg (turnings) HC!
MeOH




261 [err] Bn [err] 262

[err] Bn [err] 263 [err]
Bn [err] 264 [err] Bn
[err] WO 97/27180 PCT/US97/01610
- 137 -
1 ester 4.5g, 1.0 equiv.
2 magnesium turnings (Aldrich) 3.2g 10.0 eq..
3 2N HC1 @ 10 eq.

To a solution of ester 1 in anhydrous methanol at 0 °C

5 was added Mg turnings with stirring under N,. Bubbling
became evident within 1 hour. The reaction was then
stirred at 0 °C for ~2.5 hours then allowed to warm to
RT overnight (TLC (95:5, CHpCl,:MeOH) showed reaction
complete. st. mat. Rf = .84, prod. Rf = .25). The

10 reaction was cooled to 0 °C, neutralized with 2 N HC1,
diluted with water, and the voclume reduced in vacuo.
The remaining agueous layer was extracted with 3
portions ¢f methylene chloride and the combined organic
layers were washed with brine, dried (Mg504), filtered,

15 and concentrated in vacuo.. The residue was then
purified by silica get flash chromatography (CH,Cl, -~
>3% MeOH/CH,Cl,) to yield desired lactam product
{(1.74g,75% yield).

Literature reference: Tetrahedron. Lett., 1993, 34

20 (28), pp. 4439-4442,
C.
z Boc anhydride 2
- TEA, DMAP
q’\"‘ CHaChICH3CN { e
o o}

1 2
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lactam from 2B
BOC anhydride

triethylamine

DMAP

equiv., 1.7g
equiv., 5.2g
equiv, 2.7mL
equiv, 1.4g

oW e
= NN R
N O O

Lactam 1 was dissolved in methylene chloride (2CmL} and
to this solution was added a solution of Boc anhydride
2 in CH,Cl, (10 ml)followed by triethylamine (2 eq) and
DMAP (1.2 eq). After stirring for 4 hours at room
temperature the reaction was refluxed for 4 hours and
after this time, an additicnal 1.0g of Boc anhycride in
acetonitrile (20mL) and 700ul. of triethylamine were
added. The reaction was stirred for 15 hours at room
temperature. (TLC (95:5, CHyCl; : MeOH) Rf (st mat.) =
.31. Rf(prod) = .66.) The solvent was then removed
in vacuo and the residue was partitioned between
methylene chloride and water. The organic layer was
washed with water and brine, dried (MgS504) and
filtered. The dried organic layer was then
concentrated in vacuo and the residue was purified by
silica gel chromatagraphy (CH,Cl,) to yield desired boc
lactam 2 (2.3g, B6%).

g LDA :
Allyl bromide \
NBoc NBoc
THF 4
o]
2

o
1
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1 BOC-lactam from 2C : 1.0 equiv.,85 mg
2 Allyl Bromide, {(Aldrich) 1.8 equiv. , 51lul
3 LDA, 1.29M (Aldrich) 2.0 equiv , 420 ul

Boc-lactam 1 was dissclved in dry THF and cooled to

5 -78 °C and to this solution was added LDA via syringe.
After stirring for 40 min. at -78 °C, allyl bromide
was added via syringe and the reaction was stirred for
3 hours after which time an additional amount of allyl
bromide (17 ul) was added. The reaction was then

10 stirred at -78 °C for 4 hours (TLC (5:95, MeOH:CH,Cly)
Rf (st mat.) = .34. Rf(2 diast.) = .55 and.él). The
reaction was then quenched with imL saturated NaCl
solution, and partitioned between safurated sodium
bicarbonate and ethyl acetate. The organic layer was

15 then washed with water and brine, dried (MgS04),
filtered and concentrated in vacuo. The residue was
purified by silica get chromatography to yield
allylated product 2 {(47mg, 48% yield).

E.
FPh Ph
& &
1) LDA, benzyl bromide @\(Q’]ﬁ
2)TFA
O
1 2
20 A mixture of diisopropylamine (4.6 mL, 3 eq) and THF

(10 mL) was cooled to -78 °C, and to this solution was
added n-butyl lithium (1.4 eq) via syringe. This
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mixture was warmed to -10 °C and stirred for 40 min,
after which time the mixture was cooled back to -76 °C.
A solution of Boc lactam 1 (3.0 g, 1 eq) in THF (15 mL
total) was added. The reaction mixture was then
stirred at -78 °C for 40 min followed by the addition
of benzyl bromide (1.45 mL, 1.1 eq) via syringe . After
stirring for 2.5 hours at ~78 °C, the reaction was
warmed to -45 °C and stirred an additional 1 hour. The
reaction was then quenched at -78 °C, with 0.5 mL
saturated NaCl solution. The reaction was warmed to
room temﬁerature, diluted with ethyl acetate and the
organic layer was washed with water and satuated NaCl,
dried (MgSO4) and concentrated in vacuo. The residue
was then dissolved in methylene chloride (5C mL}) and to
this solution was added triflouroacetic acid (8 mL,
excess). After 4 hours the reaction was concentrated
in vacuo, and partitioned between a saturated sslution
of sodium bicarbonate and ethyl acetate. The corganic
layer was washed with water and brine and then dried
(MgSO4) and concentrated in vacuo. The resulting
residue was purified by flash silica get chromatography
to give 726 mg (30%) of the desired benzyl lactam
product 2 as a mixture of diastereomers.

Example 3

C)\ 2-bromo-propiony! bromide NaH i

DIEA o

Y > o™
HO A, THF "°~/'\NJ‘\("' /H(“‘
H o)
3

[err]
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Dissolve S-(-)~-2-Amino-3-phenyl-l-propancl (1.51 g, 10
mmol) in THF (10 ml). To 0 °C solution add (rac)-2--
bromopropionyl bromide (1.04 ml, 10 mmol), followed by
a dropwise addition of diisopropylethylamine (1.73 ml,
10 mmol). Warm up to rt and continue stirring for 90
nin. Remove solvents in vacuo and remove salts by
ethyl acetate/water extraction (3X). Following
magnesium sulfate drying, the ethyl acetate layer is
evaporated and residue redissolved in anhydrous THF.
To 0 °C solution of intermediate 2 add 13 mM of NaH
(from 60% mineral oil dispersion, removed by washing,
with hexane). Solution was warmed up to rt and
reaction terminated (MeOH) after 1 hr. Residue left
after solvents removal was again partitioned between
ethyl acetate/water (2X), organic phases combined,
dried with magnesium sulfate, filtered and evaporated,
resulting in 1.20 g crude product. Silica gel
chromatography (ethyl acetate) yielded 0.70 g of

pure product, 34% yield. lH NMR (CDC13): 7.25 (m, 5H),
6.75 (broad s, 1H), 4.19 (g, 1H, J=7.0 Hz), 3.76 (2H,
d, J=7.5 Hz), 3.57 (1lH, m), 2.90 (2H, m), 1.49+1.46
{(both s, total integration 3H). CHN: 70.0 (calc:
70.2), 7.3 (7.4), 6.8 (6.8). Mass Spec. (ARPI-)=204 (M-
1). Silica gel plates: Rf=0.19 (1/1 ethyl
acetate/hexane). HPLC at 220 nm (YMC 0.46 cm X 25 cm
Cig reverse phase) t=11.47 min (single peak), gradient:
0-100%B/30 min, 1.5 ml/min, A=0.I% TFA in water, B=0.1%
TFA in acetonitrile.
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B.
N,
2-bromo-i bromide
E::Lg oA « o NaH oY
HO_ A\, THE HQV;\N%H/& >*“,u1
“ 0
1
2 3
Dissolve 3.02g (20-mM) of S-(-)-2-Amino-3-phenyl-1-

propanol in 10 ml THF. To 0 °C solution add 2-
Bromecisobutyryl bromide (2.47 ml, 20 mmol), followed by
dropwise addition of diisopropylethylamine (3.47 ml,

20 mmol). Warm up to rt and continue stirring for

90 min. Remove solvents in vacuo and remove sal:is by
ethyl acetate/water extraction (3X). Following
magnesium sulfate drying, the ethyl acetate layer is
evaporated and residue redissoclved in anhydrous THF.
Following silica gel chromatography (1/1 ethyl
acetate/hexane), 1.20 g of intermediate 2 is isolated

from mixture containing overacylation product.

To 0 °C solution of 2 in 4 ml of anhydrous DMF add 4 mM
of NaH (from 60% mineral oil dispersion, removed by
washing with hexane).

After 14 hrs at rt, the solvent was removed and solid
residue partitioned between ethyl acetate/water (2X),
rganic phases combined, filtered, evaporated and
(silica gel) chromatographed with ethyl acetate,

[err]
[err]
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resulting in 0.20 g of product homegenous by TLC, but
heterogeneous by HPLC.

cC.
Ph

m\ m\ } Ph ”\

v — T _‘ﬂu“““‘q — O
Ljrumns x A§7Lm/ “wos ‘
Y o é
© =g, |
1 2 34 5 6

Synthesis of 2- - ~Spi -

phenylmethylmorpholine via multiple deprotonation-

alkylation route.

A solution of 1 (5.73 g) was dissolved in 5 ml of
anhydrous DMF, cooled down to 0° ¢ and 0.72 g of NaH
was added portionwise. After stirring fér 15 min at
room temperatufe, the solution was cooled to 0° C and
4.70 g of p-methoxy-benzyl chloride was added. The
reaction was then stirred at room temperature for two
hours, followed by silica gel purification, yielding
4.72 g (51%) of 2.

M (AP+) =312.1 (M+1). 1H NMR (CDC13)}=7.26-6.87 (9H,m),
5.42 (1H,d), 3.85 (1H,d}, 4.34 (1H,d), 4.20 (d,1H),
3.79 (s,3H), 3.68 (1H,d), 3.42 (1lH,d), 3.26 (1H,m),
2.95 (2H, m).

4.70 g of 2 was dissolved in 10 ml of anhydrous THF,
cocled to -78 °C and 9.8 ml of 2M LDA in

heptane/THF/ethylbenzene was added. After 15 min, 4.56g

of l1-chloro-5-iodopentane was added dropwise and the
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reaction carried out at -78 °C for 1 hr and then
quenched. The solvents were removed and the material
was purified by silica gel (2.6g, 41.4%). The resulting
compound {3) was ca 1:1 mixture of two diastereomers.
MS (API+)=416.2 (M+l). 1H NMR (CDC13)= 7.4-6.9 (9H, m),
5.40 (1H), 4.23 (1H), 3.83 {(1H), 3.80 (s,3H), 3.75
(1H), 3.55 (3H), 3.36 (1H), 3.12 (iH), 2.%6 (1H), 1.88
{m,4H), 1.58 (m,4H).

2.6 g of 3 was dissclved in 5 ml of acetone. 1.87 g of
sodium iodide was added and refluxed overnight. Acetone
‘was then removed in vacuo and the crude material
purified by ethyl acetate/aqueous extraction, resulting
in 2.8g of 4 (88.3%).

MS (API+)=508.1 (M+1}), 530.1 (M+Na).

2.8g of 4 was dissolved in 40 ml of anhydrous THF,
cooled down to -78 °C, and 3.6 ml of 2M LDA was added.
The reaction was allowed to progress for 2 hrs, with
gradual temperature increase to room temperature. The
residue was quenched with water, THF was evaporated and
the crude material desalted between ethyl
acetate/water, resulting in 1.90 g of 5.

1H NMR (CDC13)=7.35-6.83 (m,9H), 5.35 {(d,1H), 3.79
(s,3H), 3.76 (d,1H), 3.55 (m,2H), 3.23 (m,1H), 3.0
(m,2H), 2.0-1.05 (m,10H}.

1.90g of 5 was deprotected by 9.61 g of CAN in 3/1
{v/v) acetonitrile/water overnight at room temperature.
The product 6 (C.50g) was purified on silica using
EtOAc/hexane/methanol gradient.
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M (AP+) =259 (M+1). 1H NMR (CDCl3)=7.22 (m,5H), 6.96
(s,1H4), 3.B2 {(m,1H), 3.67 (m,1H), 3.60 (m,1lH), 2.33
(m, ZH) ’ 2-0—1 -20 (m’ 10H) .

Example 4
5 A.
Q 1) Trimethylsilyl methylmagnesium
bromide, THF -
H 2) borontrifiucride etherate %
O ke P
H
1 2

7.0g of the aldehyde 1 was dissolved in 40 mL of THF
and added dropwise to a cooled (-78°) solution of 128
mlL (128mMol) of 1M trimethylsilyl methylmagnesium
bromide in ether. The resulting mixture was allowed to

10 warm to rt and poured into water. After diluting with

ethyl acetate and 1N HCl, the layers were separated and
the organic layer was washed with 10% agqueous sodium
bicarbonate. Drying over magnesium sulfate and removal

of the solvent in vacuo gave a viscous oil, which was

15 re~dissclved in 150 mlL of dichloromethane and treated

dropwise with 15.6 mL of borontrifluoride etherate.
The resulting mixture was stirred for 5 days at rt and
then quenched with 10% NaOH. The organic layer was
dried and evaporated and the residue was

20 chromatographed on silica gel (20% ethyl

acetate/hexanes) to give 5.2g of a yellow solid.
Recrystallization from hexane yielded 4.6g of the
desired alkene as a white solid in three crops.
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B.
Q Thioacetic acid Q
H AIBN o H
XN NHCE2 /u\s’\/\NHcm
1 2

2.0g (7.1lmMol) of the alkene from the previcus step
were mixed with 10 mL of carbon tetrachloride and 1.4
mlL {(20mMol) of thiocacetic acid. A spatula tip cf AIBN
was added and the mixture was irradiated in a quartz
vessel at 254nm for 2h. - The resulting mixture was
diluted with dichloromethane and extracted with satd.
aqueous sodium bicarbonate. Drying and removal of the
solvent, followed by chromatography on silica gel (15%
ethyl acetate/hexane) gave the desired thioacetate
(2.0g) as a pale yellow liquid which solidified on
standing.

Q

HBI/HOAC

—_— i

acetic acid
(o} H

/lk 5 HCl aq.
~ nacssl.
H S
2

s

3

A solution of 0.85g of the thicacetate from the
previous step in 30 mL of acetic acid and 15 mlL of 1IN
HCl was cooled on ice and exposed to a stream of
chlorine gas for 2h. Ethyl acetate was added and the
organic layer was separated, dried and co-evaporated
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with toluene to give the desired sulfonyl chloride as a
white solid (1.05g).

0.7g of the sulfonyl chloride 2 obtained in the
previous step were dissolved in 30 mL of 30% HBr in

5 acetic acid. After 2h, the veclatiles were removed In
vacuo, the gummy residue was redissolved in 100mL of
chloroform and the solution was treated with lmL of
triethylamine. The mixture was stirred for lh and then
extracted with 1IN HCl and 10% agueous sodium

10 bicarbonate. Drying over magnesium sulfate and removal
of the solvent gave a brown oil which was
chromatographed on silica gel (2% MeOH/dichloromethane)
to give the desired sulfonamide as an off-white solid
(0.305g). 1H~-NMR (CDC13): 2.20 (l1H,m}, 2.48 (1lH,m),

15 2.89 (2H,m), 3.10 (1H,m), 3.23 1B,m), 3.84 (1H, m),
4.18 (1H, bs), 7.30 (5H,m). 13C-NMR (CDC13): 28.8,
42.0, 47.8, 56.2, 127.8, 129.1, 129.3, 136.6.

Example 2

Synthesis of Sulfamate

Q 1) methylamine, EDCI, DMF Q

20 A.

o. I 2) Hyf §%Pd-C/methanol ° g
ﬁg:\nwmu o *T"mmz
NHCHg
1 2

A solution of 30g of Cbz-(L)-phenylalanine, 6.8g of
methylamine hydrochloride, 14.8g of
hydroxybenzotriazole and 22 mlL of N-methylmorpholine in
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300 mL of dimethylformamide was cooled on an ice-bath
and treated with 19.2g of EDCI. The mixture was
allowed to reach rt overnight and then poured into 2000
mL of water. The product was collected by filtration,.
dried and redissolved in 500mL of methanol and 300 mL
of THF. lg of 5% palladium on carbon was added and the
mixture was stirred under hydrogen for 36h. Filtration
and removal of the solvent, fecllowed by short plug
filtration through silica gel (5% MeOH{2M NH3)/
dichloromethane) gave the desire amine as a pale vellow
solid (17gqg).

Q 1) LiBHg. TMS-CI, THF ¥

2) sulfonyldiimide, pyridine T\
H A ANH
O A HaC™ g
N2 &
NHCH,
1 2

A solution of 1.22g (56 mMol) of lithiumborohydride in
28 mL of THF was treated with 14.2 mL {(ll12mMel) of
chiorotrimethyl silane. The resulting mixture was
treated scoopwise with 5g (28mMol) of the amide from
the previous step. After stirring at rt for 24h, 40 mL
of methanol were added carefully, followed by 10 mL of
acetic acid. Repeated evaporation from methanol gave a
colorless glass, which was dissolved in 100mL of 20%
NaOH. Extraction with 4x50mL of chloroform, followed
by drying and removal of the solvent gave a vellow oil
which was chromatographed on silica gel (20%
methanol (2M ammonia) /dichloromethane to give 1.5g of



100
[err]
[err]
TABLE 4

[err] [err] 101
[err] 102 [err]
103 [err] [err]
WO 97/27180 PCT/US97/01610
- 149 -

10

15

20

the desired diamine as a colorless oil, and 2.0g of

recovered starting material.

0.15g of the diamine from the previous step were
dissolved in 0.5 mL of pyridine and added dropwise to a
refluxing solution of 0.1lg of sulfonyldiimide in 1.5mL
of pyridine. Reflux was continued for 24h and the
volatiles were removed in vacuo. The resulting brown
0il was chromatographed on silica gel (20% methanol (2M
ammonia)/dichloromethane) to give the desired
sulfonylurea as a yellow oil {(0.04qg). lH—NMR (CD30D) :
2.60 (3H,s), 2.86 (1H,dd), 2.96 (lH,dd), 3.15 (1lH,dd),
3.47 (1H,dd), 4.18 (1H, m), 7.22 (5H,m),

7.38 (1H,d). “3C-NMR (CD30D): 31.8, 39.9, 50.0, 57.8,
126.5, 128.2, 129.0, 136.6

Example 6
Ph LDA Ph
s o (5) i
qN‘Boc Bo CHCh EM
© THF T 2

Boc lactam 1 (1.27 g, leq) was dissolved in THF (27 mL)
and cooled to =78 °C. To this soclution was added LDA
(Aldrich, 1.5 M in hexane, 3.7 mlL, 1.2 eq) via syringe
over 3 minutes. After stirring for 85 minutes at -

78 °C, a solution of ethyl iodoacetate (600 ulL, 1.1
eq) in THF (13 mlL) was added via syringe over 6
ninutes. The reaction was then stirred at -78 °C for
4.5 hours, then at 1.5 hours at -40 °C. The reaction
was then cooled back to -78 °C and gquenched with 2.5 mL



[err] Cnmpd No. A Z 104
[err] [err] - 100
- 105 [err] [err]

WO 97/27180 PCT/US97/01610

- 150 -

saturated NaCl solution, and partitioned between
saturated sodium bicarbonate and ethyl acetate. The
organic layer was then washed with brine, dried
(MgSO4), filtered and concentrated in vacuo. The
5 residue was purified by flash silicé get chromatcgraphy

eluting with 5% EtOAc/ CHyCl, to give 1.67g of
substituted lactam product 2 contaminated with a2 minor
amount of lactam starﬁing material 1. HPLC showed 52%
product and 28% starting material. This mixture was

10 then dissolved in methylene chloride (45 mL) and cooled
to 0 °C. 'To this solution was added trifluoroacetic
acid {2 mL) and the reaction was stirred at room
temperature for 1.5 hr. TLC showed no BOC material
and the reaction was concentrate in vacuvo and

15 partitioned between saturated bicarbonate soluticn and
ethyl acetate. The organic was washed with water,
brine and dried (MgSO4). The organic layer was
evaporated in vacuo, and the residue was purified by
flash chromatography eluting with 3:1 EtOAc/ hexane to

20 give 770mg of pure lactam product 2.
Exanmple 7
[::L\ 1) TMSI E::L\
4 TMEDA )
( \M_' -150C, 15 min NH
2) b, -150C 1000 C, 30min" -
O e}

! 2

A solution of 5-benzyl-pyrrolidinone 1 (1.5 gr, 8.86

mmol) was dissolved at ambient temperature under
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nitrogen in anhydrous dichloromethane (40 mL). TMEDA
(6.5 mL, 42.8 mmol) was added via pipette and the
solution was cooled and maintained at -20 °C. TMSI
(2.33 mL, 17.12 mmol) was added via pipette and the
5 mixture was stirred for 15 min. Solid iodine (4.345 g,

17.12 mmol) was added and the mixture was stirred
vigorously for 15 minutes and then guenched by rapid
addition of the reaction mixture into aqueous 10%
sodium sulfife solution (loo_mL). The mixture was

1¢C transferred to a separatory funnel and the layers were
separated. The organic layer was washed with 1IN
NaHSO,, water, and then dried over MgSO,. The solution
was then diluted in half with methanol and stirred
overnight under a nitrogen atmosphere. The solvent was

15 removed in vacuo and the residue was purified by flash
chromatography, eluting with ethyl acetate : hexane
(7:3). Pure lodo lactam preoduct 2 was recovered as a
solid (2.11 q).

Example 8

20 A.

Bn Bn
U
Br""NOH 1) Ms.cl, TEA, CHCY, BrN~~oms

> eg

1

To a solution of dibenzylphenylalincl 1 (100 mmol) in
methylene chloride (100ml), was added triethylamine
(150 mmol). The mixture was cooled to 0 °C and
methanesulfonyl chloride (110 mmol) was slowly added.
25 The mixture was stirred at 0 °C for one hour and then

110
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poured into a beaker containing diethyl ether (400mL).
The mixture was filtered and washed with more diethyl
ether and the filtrate was washed with water, saturated
NaHCO3; and saturated brine. The organic layer was then
dried {MgSO,), filtered and concentrated to yield 41 g
of crude mesylate preduct 2 as a light yellow-brown

thick o0il, which was used as is in subsequent steps.

B.

K00, H
o =
80°C

1 2

o B
g > COgt

Diethyl malonate {300 mmol) was dissolved in
acetonitrile (250 mL) and to this solution was added
potassium carbecnate (300 mmeol); the suspension was
stirred overnight at room temperature. Mesylate 1 (100
mmol) in acetonitrile (60mL) was then added to the
reaction mixture which was then heated to B0 °C and
stirred overnight. The reaction mixture was then
filtered and concentrated in vacuo. Addition of hexane
to the residue formed a precipitate, which was filtered
as pure malonate product 2 (19.5 g). Material was used
as is.
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1)NaH, THF,0°C-RT o
8”“\/\I;B E:>‘°“ LN COEL
: m

3

Malonate 1 (10.6 mmol)} was dissolved in dry TEF (40 mL)
and cooled to 0 °C. To this solution, sodium hydride
(17 mmol) was added in portions and the suspension was

5 stirred for 1.5 hr at 0 °C. The triflate 2 (12 mmol)
in dry THF (10mL) was then slowly added to the reaction
mixture and after complete addition the reaction was
allowed to warm to room temperature and was stirred
overnight. The reaction was then diluted with water

10 (100mL) and extracted with diethyl ether (3x50 mL).
The combined organic layers were then washed with
saturated brine, dried over MgSQ4, filtered and
concentrated in vacuo. The crude product was purified
by mplc (eluted with a gradient of 9:1 hexane:ethyl

15 acetate up to 4:1 hexane:ethyl acetate to yield product
3 (4.2 g, 73 %).

COEt 1) HCVH,, PdiIC
2) CHCly, sat. NaHCO,

©/ 0 90% yiekd

The subsituted malonate 1 (1.62 mmol) was suspended in
ethanol and te this was added conc. HC1l (0.24 mL, 2.4
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mmol) and 10% palladium on Carbon (0.162 mmol). This

mixture was then stirred under a balloon of hydrcgen
gas at room temperature overnight. The reaction was
then filtered through Celite and to the filtrate was
5 added triethylamine (10 mL, excess) followed by solid

sodium bicarbonate (excess). The mixture was stirred
for 0.5 hr, filtered and concentrated to yield a yellow
solid. This residue was then dissolved in ethyl
acetate and washed with water, 0.5N HCl, saturated

10 sodium bicarbonate,  -and brine. The organic layer was
dried (MgSO4), filtered, and dried to yield crude
Jdactam product 2, which was used as is.

: Y 1) KOH. ethano! iy

2) TsOH, DMSO, 80°C

B0’ N\

Lactam 1 (1.18 mmol) was dissolved in ethanol (5mL} and

15 to this solution was added KOH (10 mmol}. The mixture
was stirred for 3 hr at room temperature and then
concentrated to dryness. The residue was dissolved in
water and washed with diethyl ether. The agqueous layer
was then acidified with HCl and extracted with ethyl

20 acetate. The organic layer was dried (MgS04), filtered
and concentrated in vacuo to yield 341 mg of a light
yellow solid. The residue was dissolved in DMSO (3mL)
and to this sclution was added p-toluenesulfonic acid
mono- hydrate, and the mixture was heated to 80 °C
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preferred and extracted w1th ethyl acetate The organic layer

was washed with saturated sodium carbonate and brine
followed by drying with MgS804. The organic layer was

5 then filtered and concentrated in vacuo to vield the
THF substituted lactam product (245 mg, 77% from ester)
which was used as.is in the next step without further

purification.
Example 9
10 A.
—Ph NaH, Ph OCry
p-methoxybenzyl chioride P
Z }H DMF
o 0°C —>RT
Lo}
1 2

Sodium hydride (60% dispersion in mineral oil, 4.0 g,
1.17 eq) was washed with 4 x 25 mL portions of hexanes
to remove the mineral oil, then suspended in 25 mL of
DMF and cooled to 0 °C. A solution of lactam 1 (15g, 1

15 eq) in dry DMF (25 mL) was then added dropwise via
canula into the cold NaH suspension over 40 min. An
additional 65 mL of DMF was then added to aid stirring.
After stirring the anion for 1 hour, p-methoxybenzyl
chloride (14.5 mL, 1.26 eq) was added over 5 min at

20 0 °C. The reaction was then allowed to warm to room
temp. An additional amcunt of p-methoxybenzyl chloride
was added to drive the reaction to completion. TLC
(ELOAC) Rf lactam 1 = 0.21. Rf product 2 = 0.43.
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enbodi nent, this invention al so relates to novel nethods for
prepari ng conpounds and intermedi ates of the follow ng structures. 20
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I nvention may be synt hesi zed usi ng conventional techniques.
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PCT/ US97/ 01610 p,rotected lactam product 2 (19g, 75%).

Y = ¢

- OMe E?EDA - OMe
Se g™

?j“ A510°C.05h W

. 1

2

To protected lactam 1 (328 mg, 1.11 mmol} and

io N,N,Nl,Nl-tetramethylethylenediamine (Aldrich, 5.0
equiv., 5.55 mmol, 645 mg, 838 ml} in 15 ml
dichloromethane at -15 °C, was added
iodotrimethylsilane (Aldrich, 1.0 equiv., 1.1l mmol,
222 mg, 158 ml). After 15 min, iodine (Aldrich, 1.2

15 equiv., 1.33 mmol, 338 mg) was added in one portion and
the reaction warmed to 0 °C. After 30 min the reaction
was quenched with 5 ml each of 10% aqueous sodium
sulfite and saturated agqueous sodium chloride. The
orgnic layer was separated, dried over magnesium

20 sulfate, filtered and concentrated in vacuo.
Purification by flash column chromatography (silica
gel, 2.5 x 10 cm, 2.5% diethylether in dichloromethane}
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vielded 322 mg of diastereomeric iodolactam 2 as a

white solid.

o_ 0
NG
s\

1

BuaSnH,
- OMe \ . OMe
LI B O
110°C, 16h

1 2

To iodolactam 1 (1.18g, 2.9]1 mmol) and methyl vinyl
sulfone (Aldrich, 6.0 equiv., 17 mmol, 1.82 g, 1.5 ml)
in 25 ml refluxing toluene was added tributyltin
hydride (Aldrich, 1.3 equiv., 3.79 mmol, 1.10 g, 1.0
ml) and AIBN (Pfaltz & Bauver, 0.12 equiv., 0.35 mmol,
57 mg) as a solution in 5 ml toluene over 1.2 h. After
16 h the solvent was removed in vacuo, and the residue
taken up in 200 ml diethyl ether and stirred with 20 ml
10% aqueous potassium fluoride (wt/v) at ambient
temperature. After 3 h the orgnic layer was separated,
dried over magnesium sulfate, filtered and concentrated
in vacuo . Purification by flash column chromatography
{silica gel, 5 x 20 cm, 2:1 ethyl acetate/hexanes)
vielded 0.31g of diastereomeric sulfone 2 as a white
solid.

[err]



SCHEME 1 (cont'd) [err] WO 97/ 27180

PCT/ US97/ 01610
[err]

WO 97/27180 PCT/US97/01610

SCHEME 2

10

15

- 106 -

- 158 -

Example 10

£

NaCNBHy .
. Hel %o\ 1%aceticacDME o/ N
/\\com;

2

"To a solution of solution of Cbz-L-phenylalinal (13 g,

45.9 mmol) in 1%AcOH/DMF (200 mL) mL was added
aminoisobutyic acid methyl ester hydrochloride 1 (8.5
g, 55.1 mmol) with stirring at room temperature. Once
homogeneous, solid sodium cyanoborohydride (B.6 q,
137.6 mmol) was added in one portion. Some bubbling
was evident and the reaction was stirred overnight at
TOOm temperatuie. The reaction was quenched with water
{20 mL) and concentrated in wvacuo to about 100 mL. The
concentrate was diluted with ethyl acetate and washed
with water and brine followed by drying (MgSO4). The
organic layer was evaporated in vacuo to yield a yellow
residue which was purified by MPLC (elutant 1:2 ethyl
acetate : hexane) to afford amine product 2 (11.6 g,
66%) .
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15

Q

{ 1) 30% HBIHOAC -
{ e - A
)\\oocha

1

2) DiEA/methanol

0
2

To a solution of amine 1 (1.41 gr, 3.7 mmol) in
methylene chloride (25 mlL) was added 30% HBr in acetic

‘acid (6 mL) via pipet. Vigorous gas evolution occurred

and the reaction was allowed to stir overnight at room
temperature. The mixture was then evaporated in vacuo
and dried under high wvacuum. The residue was then
dissoclved in methanol (25 mL) and to this solutiocn was
added diisopropylethylamine (5eq) and the reaction was
stirred at room temperature overnight. The solvent was
removed in vacuo and the residue was taken up in ethyl
acetate and washed with water, saturated NaHCO; and
brine. The organic layer was dried {MgSO,) filtered
and concentrated in vacuo to yield crude product .
Flash silica gel chromatography (8% methanol /
methylene chloride) afforded pure piperazinone product
2 (556 mg, 70 %).
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[err]
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Benzyl bromide

Acetonitrile

2

To a solution of piperazinone 1 (556 mg, 2.55 mmol) and
potassium carbonate (1.06 g, 7.6 mmol) in acetonitrile
was added benzyl bromide (364 ulL, 3 mmol) and the
reaction was stirred at room temperature overnight.

The reaction was then filtered and concentrated in
vacuo. The residue was dissolved in ethyl acetate,
washed with water and brine and dried (MgSO4). The
organic layer was then removed in vacuo and the residue
was flash chromatographed (3% methanol in methylene
chloride) to yield pure benzyl protected piperazinone
product 2 (589 mg, 75%).

Example 11
A.
1) Benzylamine
o Ph EDC, HOBT, Ph
| NMM, DMF J
‘] 2) 30% HBIHOAC ﬁ
NHChz 3) Borane-THF N

A solution of Cbz-(l)-Phenylalanine (15 gr, 50 mmol),
HOBT (7.4g, 50mmol), N-methyl morpholine (5.5 mL, 50
mmol) and benzylamine (6 mL, 55 mmol) in 250 mL of DMF



SCHEME 6 [err] Met hods for producing the conpounds
of this I nvention are well known in the art of organic 5

synthesis. Several internediates are conmercially avai l abl e, e.g.
from Al dri cwadvemiseal Conpany, Inc., M | waukee, W . POT&SSY96Hesi s of
het erocycl es E1-E6 (Schemes 1 and 2) begins with any protected am no
al dehyde, the preparations for which are well known in 10 the art from
suitably protected am no acids, esters O{ al cohols. In the case of
the this internedi ate, transient p &t éction of the anmino group may be
acconpl i shed by nmeans known in the art (see, e.g. T.W G eene and

op. 300- 405 [ or TS GE 58 85" " EPhabed sien YENYE o, BENY and £
G oss and J. mmol). The resulting mixture was stirred at 25 °C for

12h and the volatiles were removed in vacuo.

Partitioning between ethyl acetate and 1N hydrochleric

5 acid, followed by extraction with 10% sodium

bicarbonate, drying over magnesium sulfate and

evaporation of thé solvent afforded the desired amide

as a white solid (19.5g).

19g of the above material were dissolved in 280mL of

10 30% hydrogen bromide in acetic acid and stirred at
25 °C for 3h. The volatiles were removed and the
‘residue was partitioned between water and ether. The
aqueous layer was treated with excess 6N sodium
hydroxide and extracted twice with ethyl acetate.

15 Drying over magnesium sulfate and evaporation of the
solvent afforded the desired amine as a pale yellow oil
{14.0qg), which was redissloved in 200 mL of
tetrahydrofuran and treated with 200 mL of 1M borane-
THF in tetrahydrofuran. The mixture was stirred at

20 25 °C for 72h and then heated to reflux for 4h. The
solution was coocled and treated with 100 mL of methanol
under vigorous gas evolution. The volatiles were
removed and the resulting residue was dissolved in 150
mL of concentrated hydrochleoric acid. After refluxing

25 for 1h, the volatiles were removed and the residue was
dissolved in 300 mL of 3N sodium hydroxide. Extraction
with 3 times 250 mL of dichloromethane, drying over
magnesium sulfate and chromatography on 2 inches of
silica gel (2% methanol-dichloromethane) gave the

30 desired diamine as a pale vellow honey (9.2g).



WO 97/ 27180 — PCT/ US97/ 01610

- 110 - Mei nhof er "The Peptides, Vol. 3: Protection of

Functional G oups in Peptide Synthesis" pp. 3-88; [err]1981 Acadenic
Press, Inc. New7¥est, NY). Carbamates such as Boc, FrpequsMdige and
Cbz are particularly 5 conveni ent protecting groups, the introduction
and renoval of are described in the above references.

The synthesis of El is illustrated in Schene 1. The protected am no
al dehyde is treated with an al pha géBstituted or al pha, al pha

di substituted am no 10 ester under typical reductive am nation

condi tions well known in the art, such as sodi um cyanoborohydride in
a sol vent Bmi xture of DVF/ Acetic acid. The resul ting conpound E
is then deprotected and free based with either a terjjary am ne base
or potasium carbonate in 15 met hanol to effect cycliz. to formEll
The resulting secondary am rraysmhwldimdanot ected gr oups
(detailed in the refergqce such DNéP begzyl or )

t - but yl oxycar bonyl (Bp [ |2|ng condigligmes—" |1 k n in the art
to form anal ogs of E1l Preparatlo |s)@ph|eved by
reaction of a starting ﬁldehyde w th ethyl P

di et hyl phosphor anyl net hanesul f onat e and subsequent d&ctlon of the
doubl e bond (see: Gennari et al.,

A solution of sulfonyldiimide (3.6 g, 36 mmol) in 100
mL of pyridine was heated to reflux and treated
dropwise with a solution of the diamine 1 (7.2 g, 30
5 mmol) from the previous step in 20 mL of pyridine.

After 2h of reflux, 15 mL of triethylamine and 0.4g of
J-dimethylaminopyridine were added and heating was
continued for 12h. The volatiles were evaporated and
the residue was partitioned between 1N hydrochloric

10 acid and ethyl acetate. Extraction of the organic
layer with saturated sodium bicarbonate, drying cver
magnesium sulfate and chromatography on silica gel (1:1
ethylacetate - hexanes) afforded the desired cyclic
sulfamate 2 as a white solid (6.0qg).

15 1H-HMR (CDC13): 2.80(1H,dd), 2.96(1H,dd), 2.98(1E,dd),
3.32(1H,dd}, 3.95(1R,m), 4.04(1H,d}, 4.24(1H,d)},
4,40(1H,d), 7.18(2H,d), 7.2-7.4(8H)
13C-NMR(CDC13): 41.5, 50.0, 52.7, 53.8, 127.5, 128.0,
128.2, 128.3, 28.4, 128.5, 135.5, 136.0



Angew. Chem Int. Ed. Engl., 33, pp. 2067-69 (1994)) to 25 yield
conpound Ellla. Cyclization may then be achi eved by deesterification
and activation of the sulfonate noi ety as described in Gennari,

fol | owed by wo9727idepr ot ecti on of the nitrogen protection FCHEHFOYU6W| el d
the cyclized product EIV. Alternatively, an anmno acid 30 may be
converted to conpound EllIb using standard synt heti c net hods
illustrated in Scheme 1. Conmpound Elllb can be cyclized to afford
conpound EI'V. Conpound El V may fhé@%xab+protected for exanple, in
t he presence of Boc anhydride and DVAP (see: Flynn et al.,

WD 97/ 27180

PCT/ US97/ 01610
- 111 - [err] org. Chem 48, Eﬁ?mgﬁﬁﬂ%56 (1983)), and treated with
a non- nucl eophi I#c base such as LDA or hexanet hyl di si | azane to

generate the anion at the enter al pha to the SC{err] nmoi ety. This
anion may then be 5 quenche with a variety of eIect phlles and

subsequent |y deprotected t n1the |reo apnal ogs of
Alternatively, this anion gpy guenc e an l | aldehyde to form
(after subsequent dehydration, 1.e., na glo -t E§?ondensat|on) an

exo- net hyl ene conpound 10 whi ch may then be reduce
hydr ogenation) to form

The Cbz-phenylalaninol mesylate 1 (280 mg, 0.77 mmol)
was stirred in acetonitrile (5 mL) containing benzyl

5 amine (413 mg, 3.85 mmol) and sodium iodide (115 mg,
0.77 mmol). The reaction was then refluxed for 24
hours. The reaction was then cooled to 25 °C and
concentrated in vacuo. The crude oil was then purified
by silica gel chromatography, eluting with CH,Cl, with

10 a gradient up to 1:1 CHyCl,:EtOAc to provide 120 mg of
the desired diamine 2.

O 2
hH HOAc N” N

1

The Cbz protected diamine 1 (120 mg, 0.32 mmol)
was stirred in 2.0 mL of 30 % HBr in acetic acid for
i5 one hour. This was followed by concentration in vacuo.
The crude 0il was then dissolved into toluene and
concentrated in vacuo two times followed by evacuation
at approx. 1 mm Hg. The crude diamine was then
purified by silica gel chromatography, eluting with



t he desired anal ogs of E2. Anal ogously, preparation of E3 results
froma Wttig reaction using nmet hyl (tri phenyl posphoranyl i dene)
acetate foll owed by si mul t aneous reduction of the double bond and 15
cyclization wygdggggnesi um netal in nethanol (Wi et

Tetrahedron Lett. . 34(28), pp. 4439-42 (1993)). A i EGHusmtsio
N-protection, deprotonation, quench and N deprotecti on schene, or
condensati on-reducti on schene, as described in the preparation of E2,
results in 20 desired anal ogs of E3- lBHternatively, E3 may be

prepared fromcomercially available EVI. The hydroxyl group may be
activated using com"mnl&/ avai |l abl e reagents such as net hanesul f onyl
chloride or par8®:5:1, CRzfflpsMeQHFNBeRH thirgovdee Atthe pr¥sdnc@iof a
tertiary 25 aRkNgebdséd aiba@naddi.ti on of a nucl eophile to displace

the nesylate or tosylate yields EVII (Ackermann et al., Helv. Chim
Acta, 73, pp. 122-32 (1990)) which nmay be treated as descri bed above
to obtain E3. C. Met hods for the preparation of conpounds E4-
30 E6 are also well known in the art and stemfromreadily

avai labl e protected am no al dehydes. PhTr eat ment of t gse al dehydes
wth a variety of am nes_umgder ~,..-lreducti ve am nation cqndi tions well

known in the art, @ asj sodi um cyanob dri si'ng DVF/ Aceti c

aci d WO 97/ 2718 N N

PCT/ US97/ 01610 1 "\E/
2

The diamine 1 (56 mg, 0.23 mmol) was dissolved in
5 3.0 mL of CH,Cl,. This was followed by the addition of
TEA (66 ulL, 0.25 mmol) and then CDI (32 mg, 0.25 mmol).
A new spot was observed by tlc after 2-3 hours (REf =
0.29 in EtOAc on SiOy). The reaction mixture was then
concentrated'and the residue was purified by silica gel
10 chromatography, eluting with EtOAc, to provide 37 mg
{52%) of the desired benzyl urea 2.



- 112 - as a solvent mxture, followed by deprotection of the

primary am ne yields diamne EVIII. Intranol ecul ar cyclization with a
vari ety of activated carbonyl, di carbonyl or sulfuryl equivalents in
t he presenceV@P7/37189 tertiary anine base yields corrpoundgc'@is-%l.mo

Exanpl es of activating reagents include but are not limted to

car bonyl di i m dazol'e, phosgene, sul furyl dichloride,

sul furyl diimdazole, sulfonyl diimde,_ agg oxalyl chloride. 10

Met hods | eading to the production of anal ogs of conmpound E7 are al so
known in the art (MMnus et al., J. Med. Chem, 8, pp. 766-76
(1965)). Schene 3 exenplifies several potential routes to the

synt hesi s of conmpound E7. Any £r0t§§t§§ am no al cohol nmay be 15
deprotonated to formthe al koxi de react ed with a
substituted al pha brono ester to formether EIX (route A).
Alternatively (ro or med fromactivation of a

protected am no ; exanpl e, met hanesul fonyl chloride
or para- 20 t ol uenesul fonyl chloride in the presencqn atertiary

am ne base and subsnt addition of a nucleophile such as,an

al koxi de from an al ph& hydr oxy aci o] di spl ace negyl ate osyl ate
to yield EI X. Conpound? El X t hen be deprotect gek fgeerga;ed with a
tertiary 25 am ng Dase QrprLasgaezbg%rbongﬂﬂilgp<aﬂ1r§ﬂgﬁpzaggz

heated to effecufbyﬁqrzation to fgr : ﬁIternatively iy oute O, E7
may be prepared froma protected am no abxchet by protec of the
hydr oxyl group with, for exanpl e, t-butyldinmethyl silyl

chl oride/i m dazole to130 afford2athe silyl ether. Subseguent owetrogen
deprotection and acylation with a al pha bronpo acid in t he presence of
any nunber of a}a¥laBFeacoupling ag@gﬁsg/M°1 (FAOMS anpl e0-46 mmol

di cyl cohexyl canaggli ijgdbgein adimer rel abadg/Mol 140.0 mg 9.7 mmol
5 epoxide 325.4 g/Mol 150.0 mg 0.46 mmol
DMF 2.0 nL

The urea of Example 1C was dissolved in 1.0 mL of
anhydrous DMF and cooled to 0 °C. This was followed by
the addition of 140 mg NaH. The reaction turned darker

10 over the next hour at 0 °C. This was followed by the
droowise addition of the epoxide as a solution in DMF
(0.6 mL), washing with 300 uL of DMF. The reaction was
then stirred one hour at 0 °C, followed by warming to
25 °C. Tlc indicated nearly complete conversion to two

15 new products (Rf = 0.4 and 0.45 on Si0; with 2:1
hexane: ethyl acetate, between that of the epoxide and
the urea). The reaction was then cooled to 25 °C and
quenched by the addition of 3 mL of saturated sodium
bicarbonate. The reaction mixture was then diluted by

20 15 mL of methylene chloride and washed by both
saturated sodium bicarbonate and brine, (2 x 15 mL

each). The organic portions were then dried over



carbodii m de reagents or isobutyl chloroformte) or WD 97/ 27180
PCT/ US97/ 01610 - 113 - acyl ation
wi th an al pha brono acid chloride provides conmpound EX. Desilyl ation
usi-ng, for ewwgr2e:s80 tetrabutyl amoni um format e i n THRedmisonyeid by
formation of the al koxide with base affords cyclization to E7. 5
Alternatively, E7 may be prepared fromthe correspondi ng a-net hyl ene
conmpound (i.e., both R err] are H in E7, the nitrogen nay be
protected if necessary) by a mul t7 M%G deprot onati on-al kyl ati on
sequence to give an E7 wherein each Rlerr] is inserted in an

i ndependent 10 | kyl ati_on st and eac err e attached to forma
spirocyclic pro&ﬁ%ﬁl?Y§ afangyfiﬁﬁ%ﬁ$4zaP% ggncektp%%ﬁgﬁﬁhﬁﬁgﬁgf.

Schenes 4-6 desciichemeiehpdedbot wamtdren pyrified bhesichicla gedonpounds '
El-E7 into conmpqu{ids,-4f WRvl5 j 1.0 X foe . C ds of
the type Z, exgﬁﬁﬁﬁgkgé'bihgéégﬁﬁﬁ ? Eg%Eg?ﬁﬁgy beiﬁgbrggggg?ed

and reacted witHa FOaYéteoRal P A89 ehdheddesdrgenat aeleol - t he desired
conpounds as described in Schene 4. Several of the described epoxides
are readlly5 20 synt hesi zed via net ?ods &gll known in the art (Mligres

A.

S P

NH AN NaH N AN
|| & M goc>RT $C2
o] o Z
2 3 & !
OMe

1 lactam 1.0 equiv., 295mgg
2 sulfonamide epoxide 1.1 equiv., 520mg
3 NaH, 60% in oil (Aldrich) 1.5 equiv, 102mg
10 4 DMF g nL
Lactam 1 was dissolved in 3mL of DMF and cooled to
0° C. To this solution was then added sodium hydride
as a so0lid and the reaction was stirred for 40 min. at
0 °C. The anion solution was canulated into a solution
15 of epoxide 2 in 3 nL of DMF. The reaction was stirred
at 0 °C for 5 minutes, then warm to room temperature
and stirred overnight (TLC (95:5, CHCl, : MeOH) Rf (st
mat.) = .26. Rf(prod) = .46). After 22 hours, the
reaction was cooled to 0 °C, and quenched with
20 H,0/EtOARc. The organic layer was washed with water (5X)

and brine, dried (MgSO,), filtered, and concentrated in



et al,, Tetrahedron Lett., 36, pp. 2195-98 (1995)). Optional |y,
further nodification of the conpounds nmay be performed subsequent to

epOX|de openln
For

usi ng reactions and materials well known in the art.
fzéls"subsequent to epoxi de opening utilizi ngCTUSITOIEP, 1| o

EXI b deprotectlon of the carbanmate all ows further nodification of the

unnmasked am ne.

Al ternatively, as shown in Schene 5,

conpounds EZ may be converted to the desigred products 30 in a nore
stepwi se fashion. Conpounds EZ may be deprot onat ed using, for
exanpl e, sodi um hydride in DW and treated wwth a three carbon based

epoxi de to

vacaener ahe eooxduie wa¥l kheXgiPl Bedbyssihiceagent s

I|:>2;-(|:-} ld(ég?/ 8l{glgrc?1rgggtl)|gxmaé€€ t?do%eglt%regypg%éjéizr}’ to ¥i31c_i pré/g?icgt7/327l8o

epi chl or ohydri ni;anaggByg) dyl tosylate. Several other potenti al
nmet hods for preparing conpounds of the type EXIl are well known in
the art, for exanple, the anion of Z may be reacted with allyl

brom de or allyl iodide 5 to fornEzampléylsinternedi ate, which may

subsequen%ly

be oxidized to formthe desired epoxi de. Several

epoxi dati on conditions for the generation of either racem c or chiral
epoxi des are well known in the art.

10

15

" OH ( : TMS-triflate 3 —Si- p
N N imidazole ©
S SOp — N\’/\”/N\SOQ
o DMF
o .
2
Ovie OMe
1 lactam 1.15g, 1.0 equiv.
t-butyldimethylsilyl 1.5 equiv. + .5 eq.,
triflucromethanesulfonate (1.06mL)
imidazcle 2.5 equiv + .5 eq, (470mg)

Lactam 1 was dissolved in SmL of DMF and cooled to
0 °C. To this solution was then added imidazole
followed by TBDMS-triflate. The reaction was then
allowed to warm to room temperature. After
approximatly 2 hours, an additional .5 eq. (BOmg) of
TBDMS~triflate and .5 eq.(265ul) of imidazole was added
and the reaction was stirred overnight. The reaction
was quenched with saturated NaHCO; solution and
partitioned between H,0/EtOAc. The organic layer was
washed with water (5X) and brine, dried (MgSOy),



Epoxide EXIl may then treated with an am ne and 10 susequently

carbonyl ated or sul fonated using activated species well known in the
art to generate final conpounds of the type E9. Alternatively EXII
may be wogaetissl With a functionalized secondary am nepkg 4o

by optional manipulation of R to produce conpounds of 15 the type EI10.
One exanple of such manipulation is reaction of EXI| with the known
Boc pi perazine EX I (Dorsey et al., J. Med. Chem, 37, pp. 3443-51
(1994)). Subsequent to epoxi de opedffgr the Boc group may be

removed and the unmasked secondary am ne may be further 20 mani pul at ed
by reaction with various electrophiles to formthe_ desired product.

Schene 6 descri bastareids RRA fANCeREFaEeRt B vacue  tgf vaptdtPERfHIeL into
conounds of the(typegE)X3M) S3idh was usedpesinds. nmay be protected with a
variety of protecting 25 groups, for exanple t-butyldi methylsilyl
triflate, to mask the secondary hydroxyl group followed by treatnent
with a non-nucl eophilic base such as Exdrdwplenlé di i sopropyl am de. or

hexanet hyl di si | p 5 the anion al pha to the carbonyl .
Vari ous electroﬁgﬁ be added to substitute the position

alpha to the carbonyl, or alternatively an al dol -type
condensati on-reduction hene may be enpl oyed. Deprotection of the
secondary hydr oxyl tthfé

[ s the desired pct. WO
97/ 27180 —8i— (£:> 1) LDA PCT/ BSY /016;2:>
Py Allyl bromide \
oH

9 { 2) TBAF
i N0y 49\/£;k\/~vikmb

) o ~
1 2 s\l

OMe OMe

5 1 silyl-lactam 1.0 equiv.,23mg
Allyl Bromide, (Aldrich) 2.1 equiv. , 7 uL
LDA, 1.29M (Aldrich) 1.25 equiv , 36ul
TBAF, 1.0M, (Aldrich) 2.5 equiv., 9%5ul:

Silyl protected lactam 1 was dissolved in THF and
cooled to -78 °C. To this solution, was added LDA
(1.25 eq) via syringe. After stirring for 30 minutes
at -78 °C, allyl bromide was added via syringe. After
10 2 hours an additional 2ul of allyl bromide was added
and the reaction was stirred at -78 °C for 2.5 hours,
then warmed to room temp for 17 hours (TLC (2:8,

ether:CH5Cly) Rf (st mat.} = .56. Rf(silyl-prod) =
.72) . After this time, TBAF (1M in THF) was added
15 and the reaction was stirred at room temperature for 7

hours (TLC (1:9, ether:CH,Cl, ) Rf(prod) = .20). The
reaction mixture was then partitioned between Hy0/EtOAc



- 115 - As can be appreciated by the skilled artisan,

t he above synthetic schenes are not intended to conprise a
conprehensive |ist of all means by which the conpounds descri bed and
clainmed i n Wei9%92288p| i cation may 5 be synthesized. FuPCRABSYHESWods wi | |
be evident to those of ordinary skill in the art.

Mor eover, the determ nation of the optinmm overall schene, as well as
t he choi ce of reagents and reacgiggé used to carry out the various
steps in a 10 gi ven schene will be baséd upon factors that are

readily apparent to those of skill in the art. These factors include
the identity ofylergOBPOUARLL IS was wadk@flunad: waherehhichensy, of the

i ndi vi dual steps scherres in producing that conpound in terns of
overal | 15 yire.led (MpER4) aant dddtesnd eonFeniatiedy i5f VREHGent e |t

Wil therefOrerQELQBQaQQQttﬁéﬁﬂpd¥1@3e50H§'§Eﬁlca gele&nebmaeagaéwmm may be
required in determni ene t.o g ertain

conpounds of t Hild®? ether(ﬂ%%ﬂﬁ%%ﬂ? §g°rlgé) to yleld be under st ood
that the gonpoumsg,3D% yieldithis invention may be nndlfled by appendi ng
appropriate functionalities to enhance sel ective bi ol ogi cal
properties. Such nodifications are known in the art and i nclude those
whi ch increase biol ogical penetratioBxamele 1hto a given biol ogica

conpar t ment (e:%au*ﬁ%ﬁ&g#uaézpm§nﬁﬁﬂﬁbatiC system central nervous systen),
i ncrease ral avai Increase solubility to all ow

adnlnlstratlon by i ny&ation, aIter netabollsn1and r rate of
excretion. conpo ds of this i tion ar
characterlzed by a sup ?E:) .gghbit rot ease trjzsactivity and

D
viral replication, \ i CBI a I y as [zareAy| @ ot gase Hciivity. These
conpounds are espeC| NoA A s0,
o o
1 2
OMe OMe

equiv., 122mg
equiv. 42ul

equiv , 275ul
equiv., 625ulL

1 silyl-lactam
benzyl bromide, (Aldrich)
LDA, 1.29M (Aldrich)
TBAF, 1.0M, (Aldrich)

N - e
R
BT )

Silyl lactam 1 was dissolved in dry THF (émL) and
10 cocled to -78 °C. To this solution was then added LDA
and the reaction was stirred for 30 minutes at -78 °C
after which time benzyl bromide was added via syringe.
The reaction was stirred at -78°C until reaction was
complete (1.5 hours, TLC (1:9, ether:CH,Cl, ) RI (st
15 mat.) = .29. Rf(silyl-prod) = .62. Rf(BzBr) = .79).
The reaction was then gquenched at -78 °C with 6ul water
and then TBAF (1M in THF was added and the reaction was
warmed to room temperature and stirred for 3 hours (TLC



suited for inhibiting H'V aspartyl protease. W WD 97/ 27180

PCT/ US97/ 01610 - 116 - bel i eve
that this activity is due to specific steric and el ectronic

i nteracti onwdeiemen t he protease and conpounds of tHgTRUSIMSIE | ON.
This belief stens from our analysis of the structural basis for the
activity 5 of conpounds of this invention, in view of the known '
crystal structures of H 'V protease and bound i nhibitors, such as the
structure reported in Mller et al 170structure of Conpl ex of
Synthetic H V-1 Protease Wi th a Substrate-Based Inhibitor at 2.3 A

Resol ution", 10 _ _Science, . 24 . 4114951152 ( 9 I

i ncor por at ed her‘éi’ﬂ'b?tl?%]f cr:l'é%‘é ?agf\séﬁp?d)as s'tzrjeljﬁét uré@_g Qeaé’%ﬂg&t erar§n' ned in._
our | aboratoriepartition betweem H,UiBtOBoeind dipoPYgensdt La¥eprvasent

i nvention X [ M nRSRAr tah i MS8BEH ., and
particularly H V—g%ﬁgﬁd&ﬁ{‘ﬁg&pﬂr 3%2%325#18 .Rgcordi nglléai,rq 9 _E tahese conpounds
are capabl e of tfalgeredgamtidcondsmiireited in vacyag e %teagésweﬁt%a? n HV . '
replication, i.e, i¥08q by siPHOACRRI RUrBhatHSrapHRl (106! ¥RREERI NS by HIV
encoded 5 p%‘dltrégsgg. %u?:lh corrp%c?&ndsri nﬁi b?xt: ih% pr égol ytic 20

processi ng of vicHaFlppl§reEdcnPeParlrBEerWHy 2 (TImgy nAPhi ki ng aspartyl

pr ot ease. Because aspartyl

. Example 18

U 5 g @

o 2) TBAF S oM
A LS,
C o)
1 2
OMe e

1 silyl~lactam 1.0 equiv., 66mg
Methyl icdide, (Aldrich) 1.6 equiv,, 1l6ul
LDA, 1.2%M (Aldrich) 1.3 equiv , 110ulL
TBAF, 1.0M, (Aldrich) 3.0 equiv., 325ulL:
io The reaction for the above methylated compound was

carried out as per the procedure described for compound
20 (Example 17) substituting methyl iodide for benzyl
bromide on the scale described in the above table. The
final compound was purified by silica gel

15 chromatography using 10% ether/ CH,Cl; to yield
methylated product 2 (33mg, 60% yield).



protease is essential for the production of mature virions,

inhibition of that processing effectively bl ocks the spread of virus
by inhibiting the production 25 of infectious virions, artlcularly from
chroni cal | y WO9T2T180; ntoct ed cel|'s. Conpounds according to f 9708t i on
advant ageously inhibit the ability of the H V-1 virus to infect
immortalized human T cells over a period of days, as determ ned by
an assay of extracellular p24 30 anti;ggn_-- a specific marker of viral
replication. O her anti-viral assays have confirnmed the potency of
t hese conpounds. The conpounds of this invention may be
enpl oyed in a conventional manner fogximeld reatment of WO
97/ 27180 PCT/ US97/ 01610
- 117 - viruses, such as H'V and HTLV, which depend on aspartyl
proteases for @hligatory events in their life cycle. Such net hods of
treatnent, their dosage |evels and requi rements may be sel ected by
t hose of ordinary skill in thsmart from avai | e met hods and
t echni ques. For erpeteidnpf  t hi vention may be
conbi ned with a phar eutlca accept abl e adj vant for
admnistration to a viral -|nfectegggaﬁ5pﬁ%*rn a garnaceutlcally
accept abl e manner and in @nNanount [;FN\/AQ
(o]
1 2
1 lactam 1.0 equiv., 400mg
epibromochydrin 1.5 equiv., 280ul
sodium hydride, 80% oil disp. 2.0 equiv, 126mg
DMF 15mL

Lactam 1 was dissolved in dry DMF (15 mL) and

5 cooled to 0 °C under a nitrogen atmosphere. To this
solution was added sodium hydride (2 eq) in one portion .
and the reaction was stirred at 0 °C for 1 hour after
which, epibromchydrin was added via syringe. After
stirring for 5 min. at 0 °C the reaction was warmed to

10 room temperature (TLC (EtOAc) Rf (st mat.) = .1l6.
Rf(prod) = .23). After 1.5 hours at room temperature
the reaction was quenched with saturated NH4Cl and
extracted with CHyCl,. The organic layer was then
washed with water (4X) and brine, dried (MgS504) and

15 filtered, and concentrate in vacuo. The residue was
then purified by silica gel chromatagraphy (3:1
EtOAC:hexane) to vield 315mg(60%) of epoxide product 2
which was used as is in the next step.



10 effective to |l essen the severity of the viral infection or to
al l eviate pathol ogical effects associated with H V infection or

i mrunosuppr essi on such as opportuni stic infections or various
cancers, tunowesmmge CW retinitis, candida infections, np¢teis3ldigt al 15
transm ssion, and AIDS rel ated denenti a, . Al ternatively,

t he conpounds of this i nvention may be used in prophylactics and
met hods for protecting individuals against viral infection during a
specific event, such as childbirth, or ovér'2an extended 20 period of
time. The conpounds may be enpl oyed in such prophyl actics either

al one or togethe% w th ot her antiretroviral agents to enhance the
ef fi cacy of each agent. As such, the novel protease inhibitors of
this i nvention can be adm nistered as agents r treating or 25
preventing H V infecti 'n a mammal . The conpounds of

formula I, especially g ug% uIa i ght ess than
about 700 g/ nol e, y be reag%ﬁbg bso edinto the bIo ream of
mammal s upon oral admi trati 'zzﬁEﬁTTﬂT”‘6T“T 3 having a

nol ecul ar wei ght of Iez;? about 600 g/ nol us solubility
of greater than or equal to 0.1 ng/nL are nnstolikely to denonstrate
hi gh and consistef oral availability. This sufprisingly

i npressive oral avallablulty makes such conpounds 2 WO 97/ 27180
PCT/ US97/ 01610

1 lactam ’ 1.0 equiv., 315mg
cyclopentylmethylanmine 5.75 equiv., 775mg
anhy. EtOH 3mL

Epoxide 1 was dissolved in 3 mL of EtOH and to
this solution was added cylcopentylmethylamine. The
5 reaction was heated to 80 °C for 2.5 hours (TLC
(9:1,CH,C1,:MeOH) Rf (st mat.) = .36. Rf(prod) = .13).
The solvent was removed in vacuo and the residue was
purified by silica gel chromatagraphy (3%¥MeOH/ CH,Cl,
to 10%MeCH/ CHClyy to yield 224mg (50%} of amine product
10 2.

$54 :

2) p-mathoxybenzenesulfonyl chionde

3) TBAF
1
2
OMe



- 118 - excel l ent agents for orally-adm nistered treatnent and

prevention regi nens against HV infection. The conpounds of
this invention may be adm nistered to a healthy or H V-infected '
patient 5 WQPYITE as a single agent or in conbination w PEIBINRAI6L0
anti-viral agents which interfere with the replication cycle of H V.
By adm ni stering the conpounds of this i nvention with other
anti-viral agents which target di f ent events in the viral life
cycle and which 10 target different viral substrains with varying
susceptability to specific agents, the therapeutic effect of these
conpounds is potentiated. For i nstance, the co- 1.nisSt er

anti-viral agentfc;ﬁqsﬁgm . one ]gg ch targets eargyggﬁﬁﬁ' ‘i nﬁ,t(,gmg,l ife
cycle of the 15 C\‘}‘ilPﬁgFrélﬁ%W&ss "€ entry, rever§estTaEHsCri ptis6n~and

viral DNA integratitshethybamine ul ar DNA. Anti-H V -0 €&ydhs 488 et i ng
such early |ife cydrmethnenysenzeriegid fonylchlgridgostne ¢@HY-, 124 mg

di deoxycyti di ne (ddBpr,daToM zi dovudi ne (AZT), 433CGa@B6US3,- 78892U89,
524\W1, 20 pol ysul f at ed pol ysacchari des, sT4 (soluble CM),

gani clovir, trisodi um phosphonofornmate, eflornithine, ribavirin,
acyclovir, alpha interferon and tri- nmet hotrexate. Additionally,

non- nucl eosi de i nhi biAmime 1 fromoExampks OB wagseippPa%®d ¥l avirdi ne (U90)

or 25  nevirapipgyldRY dio438E hRGPESEIEd ale of he . ef tectnnd the
conpounds of this_ i‘nvention,

as may viral_ uncoatin hi bj tors,
i nhi bitors of tFaHILIRN WSk iBdgepr Ogg}ﬁgyla}mmesdghgagqg afojoijc‘feéz{/fbyor
i nhi bi torssof tBglatdtdtimethylsifihngl asthe Hkaction was therCovdyimeat iton
t her api es accordin thi Ly i et g1 oPr
synergi stic eff’é%?’gitlhe%pera ure, arg; %?%]gpﬁ %%I%égpggggfe%%\ge each
conponent agenthours. Asf adddtéondinamdwnt £t $régthydpprire ofgs fddedof H Vv

replication or op diferfpi sSheRhBRyPéndridsnlFoeyenNEnifride was
added. The reaction was stirred at room temperature
10 for 3 hours. After this time, TBAF (1M in THF) was
" added and the reaction stirred at room temperature for
1 hour. The solvent was removed in vacuo. and the
residue partitioned between ethyl acetate and aqueous
saturated bicarbonate solution. The organic layer was
15 washed with water, brine, dried MgSO, , filtered and
the solvent removed in vacuo. (TLC (8:2, CHyCl,:
ether), Rf(upper diast.) = .21 Rf(lower diast.) = .12).
The residue was purified by silica gel chromatagraphy
{25% ether/CH,;Cl,) to yield 52 mg(263%) of {upper
20 diastereomer). The lower diastereomer was further
purified by preperative TLC (1:1, ether:CH»Cl,} to give
23mg (12%) of the lower diastereomer.



WO 97/ 27180 PCT/ US97/ 01610

- 119 - an i nfectious popul ation. The use of such conbi nation

t herapi es nmay al so advantageously reduce the dosage of a given
convent i onal warstiz7iset r ovi ral agent whi ch woul d be reqeiriRshidiglo 2
desired therapeutic or prophylactic 5 effect, as conpared to when that
agent is adm nistered as a nonot herapy. Such conbi nati ons may reduce:
or elimnate the side effects of conventional single anti-

retroviral agent therapies, while not imtldédfering with t he
anti-retroviral activity of those agents. These 10 conbi nati ons reduce
potential of resistance to single gﬁn therapies, while mnimzing
any associ at ed toxicity. Advant ages of combining HV

pr ot ease 1 popul ation effects, 15
whereby certain nenbers of a virus population whi ch show reduced
sensitivity to one pr se inhibitor be full nsitive to
anot her inhibitor or in fact have enhanced se tivit o the
second i nhi bitor. ternatl or in gelg tion, 5mmpn5§tfg;20n of "two
or 20 nmore differ@ftNT nh bi used—?o r?gjﬁgik’i\/&ﬁ ecific
toxicities associ g h a S|nglg : ow;»Jﬁ vant agef
conbi nati on t herapydlgo applies to ° E:)
1 2 3
OMe

Morpholinbne 1 was disselved in 1 ml of anhydrous DMF,
coocled to 0 C and to this solution was added 4.4 mg of

5 NaH. The solution was brought to room temperature for
30 min and then cooled down to 0C before adding 0.20 g
of epoxide 2. After heating for 5 hrs at 45 °C, <he
solvent was removed in vacuo and purified on silica gel
yielding 111 mg of final product 2 (compound 47). M

10 (ES+) =585 (M+1l), 607.1 (M+Na). 1H NMR (CDC13)= 7.52
(d, 2H), 7.30 (m, 5H), 6.95 (d, 2H), 4.05 (m, 1H), 3.87
(34, s), 3.60 (m, 2H), 3.16 (m, 4H), 3.0 (m, 4H), 2.18
(1H, m), 1.97 (m, 2H), 1.60 {(m, 14H), 1.23 (m, 4H).



co-adm ni stration of the protease inhibitor of this i nvention with
other antiviral agents. Alternatively 25 or in addition,
co-adm ni stration of nore than one protease inhibitor may | ower the
rate of net aWws 9727180 i nactivation of the conmpounds of t RCIUSHIA on,
for I nstance, by inhibiting enzymatic systens such as

cytochrone P450, or esterases or the like. In 30 particul ar,
co-adm ni stration of conpounds of this 5 invention with protease

i nhibitors such as ritonavir or ofhé? agents such as ketoconazol e, .

grapefruit juice and antiul cer nedications such as H2-bl ockers, which
WD 97/ 27180

PCT/ US97/ 01610
- 120 - i nhibits cytochrone Pigﬁugﬂﬁ%z%hy advant ageousl y enhance
t hei r bi ol ogi cal i These conbi nations may al so
I ncrease the efficacy t he conventi onal agggi%mdthout I ncreasing 5

t he associated toxicity. Cof nds of this inventi n conbi nati on
with other anti-HV agents apnﬂQﬂmgum; addi t1ye or synergistical

manner in preventing t O T e phmopetiyiacafic sk V imhugan T cells.
Preferred combi n rFBlRs Tcl ttle Fation of a 10
conmpound of this invention whth AZTtmagie  ddC, d4T, o

O

thioptoline-t-butyl amide, S0 S
EDC. HOBT, NMM, DMF r
2 H
3
o

To a cooled solution (-78 °C) of benzyl lactam 1

(0.150g, 0.57 mmol) and bromomethyl acrylic acid

5 (0.094g, 0.57mmol) in anhydrous THF (4.0mlL) was added
NaH {60%, 0.046g, 1.14 mmol) with stirring. The
solution was allowed to gradually warm to room
temperature and stir for 1.5h. The reaction mixture was
then diluted with ethyl acetate (60mlL) and washed with

10 1,0N HECl (2 % 10mL) and brine (2 x10mL). The organic
layer -was dried (magnesium sulfate), filtered, and
evaporated to give an off white solid. This solid was
dissolved in methylene chloride/methanol (80/20, 10mL)
and through the cooled solution(-78 °C) was bubbled

15 ozone for 10min. The solution was flushed with oxygen,
warmed to 0 °C, and methyl sulfide (2.0mlL) was added at
0 °C. The mixture was allowed to warm to room
temperature and stand for 1.0h. Evaporation of the
solvent afforded crude product 2 as a yellow o0il. To a

20 solution of the acid 2 in anhydrous DMF (3.0mL) was
added thioproline-t-butylamide (0.11g, 0.57mmol},
hydroxybenzotriazole (0.77g, 0.57 mmol), N~ methyl-



3TC, 935U83, 1592U89, 524W01 or a conbination thereof.
Al ternatively, the conpounds of this i nvention nmay al so be
co-adm ni stered with other HV protease inhibitors such as VX-478
(Vertex, al 15 as 141w4 (d axo-Wel | cone) and - j ssei)),
saqui navir ?&049@2%959, Roche), indinavir (L-735,524, %ﬁésrzg%g{ﬂ
ritonavir (ABT 538, Abbott), nelfinavir (AG 1343, Agouron), palinavir
(Bila 2011 BS), U 103017 (Upj ohn), XM 412 (DuPont Merck), XM 450
(DuPont Merck), 20 BMS 186318 (Bristazdveyers Squi bb), CPG 53,437 (C ba
Geigy), CPG 61,755 (Ciba CGeigy), CPG 70,726 (G ba Geigy), ABT 378
(Abbott), GS 3333 (G lead Sciences), GS 3403 (G | ead Sciences), GS
4023 (G | ead Sorempted)ineGs0.62mL, DFH/MGL) eaddSEPEhced)11GS P45 (G | ead
Sciences), G5 Zgo1) 42dhebibeny SHIPNTLingNE: God? Cerfddarade Sl ences)
con

or prodrugs of these or relate pounds to’increase . . the effect of
therapy or prophgieiki 248garhstoomrigrerature, Lhereaghigh MFtUaEnbers of
H V quasi specigfs evaporated and the WediiRkewaaddisssleed nih let@ytonpounds

Fetrovi ral® revel S At dBPPh ascrhrTBITIRE, YBacHeaacs with ok Sy g
derivatives, or(pt:heoni)y aspastgiumpracaresate (2 x Z20hibi twater i(Ackudi ng
'he. co- adr ni st ¥gy CLiae(S1", yong. Adrda®aRlCBbapo it deve Lhat
PCT/ US97/ 01610 give 0.210g of a yellow oil. The o0il wag purified by

column chromatography:; hexane/ethyl acetate (60/40) to

10 give compound 3 (0.050g, 18%) MS: M+l= 522; H NMR

(chloroform-d) 1.35(d, 9H); 1.85(m,2H); 2.6(m, 3H);

'2.85(m,1H); 3.15(m,2H); 3.40{(m,1H); 3.8(m,1H); 4.1(m,

2H); 4.4(m,1H); 4.70(m,1H); 4.95(m, 1H); 6.1(d, 1H);

7.1(m,4H); 7.25(m, 6H).

15 Example 22

£

i 1) NaH, DMF, 80*C

0.80g of allyl lactam 1 was dissolved in 1 ml of DMF,
cooled to 0 °C and 89.5 mg of sodium hydride was then
added. The soclution was then brought up to ambient

20 temperature for 30 min, again cooled down to O °C and
1.4 g of epoxide 2 was added. The reaction was warmed
to 50 °C under N, blanket for 3 hrs. The resulting
crude mixture was then chromatographed on silica gel



of the conmpounds of this invention with retroviral reverse
transcriptase inhibitors or HV aspartyl prot ease inhibitors my
exert a substantial additive or synergi stic effect, thereby
preventing, veobstrmotially 5 reduci ng, or conpletely elmwmmwy) vi ral
replication or infection or both, and synptons associ ated

therewith. Particularly preferred is adm ni stration of a combi nati on
of a conpound of formula I, 3TC and |dovud| ne (AZT). Al so preferred
are adm nistrations 10 of conbi nati on% of a conpound of fornula | and
1592U89, ~or of conmpounds of formula I with VX-478, optionally

wWith one or nore.reyers tranC| se.idn igt Padddqcul arly,
AZT, 3TC and 15§§?§%‘ 1.45761"3 %9 ﬁl') hﬂlﬂﬁp%&%grt wa? hi s |ttr$l\?(e:nt| on can
al so be 15  aditimi k2 evledfi ¥NCEADI batdirrame RramiuRbntRfs atiass >4nd

| munost i mul at ogg, ( prycRit! W NeneRMHrdia¥edrabREa on C1BriphpaEf eron
anti body, 1L-2, {}%ﬂeclg% I:l’llr?t’erferon al eha di etgﬁl dit | ocar bamat e,

tumdr necrosis vaetding 0.36g f lt}‘@x‘éh%su"ﬁf‘so@’&rr&:o?u PY: and
antibioticsg 20 chird®. gepar@ibani ¢hhehi sedilimedatia) 186 pg e:viemur@r conbat

i nfection and di sease associ_at h i f ns C Al DS,
ARC and H V- assS&?ﬁY%ﬁe%céirsﬁg HEED "Bs1 &CE\/\ﬁé Efte 20 Sj(;u(;]Ipl S'of this
invention are and 5283 niM¥Ner)ed LENNMBNIFREE 3 )om 7-REr APi eb‘ﬂ\?\]rt f-@bher 25

agents, they may be Hafimguézt e(qrpdmg:qugnﬂ a{nky 1@{), 4.97 ¢RNCay.entlxys to the
patient. The ad 't onal gents ma dm ni stgged sef rately, as

part of a nultipre Hdke 363 (my. e&iflr)ren:" P3 o?ﬁ"t Hécorp Hhi s
i nventiongg 2. 4bternainyvely, 24t haseiagent soqveyn, barpart.of am,sizml,e 30

dosage form m xed together with the compounds of this invention in a
singl e conpositi 209 e ar maceut i cal conpositions according to this
i nvention may conprise a conbi nation of an aspartyl protease

inhibitor of this E le 23

z 1) NaH, DMF, 80°C i
S¥e e LK
N, N
do

OH
N. A
do o
1 o ? 3

A solution of cyclic sulfamate @ (0.1lg, 0.33mmol) in 2

15 nlL of dimethyl formamide was cooled to 0 °C and treated
with of 60% sodium hydride (0.005g, 0.13 mmol) in oil.
The mixture was stirred at 25 °C for 1.5h and treated
with of epoxide 2 (0.125g, 0.33mmol) The resulting
mixture was stirred at 60 °C for 3h, more sodium

20 hydride (0.005g) was added and heating was continued
over night. The volatiles were removed in vacuoc and
the residue was dissolved in 2 mlL of 4M hydrogen



WO 97/ 27180 PCT/ US97/ 01610
- 122 - I nvention and one or nore therapeutic or prophylactic
agents. Al t hough this invention focuses on the use of

the conpoungg, ¢iesfahosed herein for preventing and 5 t r gRtiTiig 761616
I nfection, the conpounds of this invention can al so be used as

I nhi bitory agents for other viruses whi ch depend on simlar aspartyl
prot eases for obligatory events in their life cycle. These viruses

i ncl ude other AIDS-1ike diseases causecd By8190 retroviruses, such as

sim an i mmunodefi ci ency viruses, HTLV-1 and HTLV-11. In addition, the

conpounds of this invention may al so be used to inhiDbi t her
aspartyl sbe?éh%%§F1§u@ﬁd&9xﬁéﬁin,wﬁgﬁ%iﬁF%%ﬁ%ﬁsVﬁ§ §8§fé)an°
protease, AW pkiakteasgrursd Wy ateagedansr 1 4 Aedse, Moe rezndorn

particul ar, other human aspartyl proteases includipg_renin, and
aspartyl prot eaB2¥CRR&tWET ed W1ggeﬁ§%¥*uﬁq%¥ﬁﬁfe%ﬁgsSggfac{hé]

Phar maceuti cal @@8aROS0% i svduind Hikiaxbbnaeat i Mrying ovegnpegsesiwy of the

comounds g PLEREo VAT SO UTREY Loty gasent

salts thereof, har mac cally acceptabl & carrier, adjuvant
or vehi cl eniPhavasicsuhiesiledy tacEepl aprerarativer FPLC adj uvants and

vehicles that mgy.beoNsefiidldi@r gradient). The desired material 3
.was isolated as a minor fraction (9 mg) as a white
solid

10 1H-NMR (CDC13): 2.10(2H), 2.70(2H), 2.8~3.2(8H},
3.4(1H), 3.58(1H), 4.02(1H), 4.15(1H), 4.22(2H),
'5.30(1H), 5.8B6(1H), 7.06(2H), 7.1-7.4(16H).

Example 24

Q s 2R,

T8y

15 To a cooled solution {0 °C) of compound 1 (0.190g,
¢.72mmol) in anhydrous DMF (10mlL) was added NaH(60%,
0.028g, 0.72mmol) with stirring. The solution was

allowed to warm to room temperature and stir for 1.0h.
Compound 2 (0.275g, 0.73mmol) was added at room

20 temperature and the mixture was heated at 60 °C for
5.0h. The solution was evaporated and the reside was
partioned between ethyl acetate (150mL) and water



phar maceuti cal conpositions of this invention include, 25 but are not

limted to, ion exchangers, alum na, al um num stearate, |ecithin,
sel f-emul sifying drug delivery systens (SEDDS) such as

d-[err] -t ocopdherriso pol yet hyl enegl ycol 1000 succi nat gerrsbhbises ant s
used in pharmaceuti cal dosage forns such as Tweens or other 30
simlar polyneric delivery matrices, serum proteins, such as human
serum al bum n, pol yet hyl enegl ycol olyners such as PEG 400, buffer
subst ances such as phosphat es, gl%/}t) sorbic acid, potassium

sor bat e, partial glyceride m xtures of saturated vegetable fatty
WD 97/ 27180 PCT/.US97/ 01610

- 123 - ‘%19:‘1‘1&5 Ther or92Rif kavsr &aschepsh§e ity Jatess (G &t ani ne

sul fate, disodi ummﬁ:ny,drmgeu& phemphatd:igadt@msoym filtetwdir agen phosphate,

sodi um chl ori de |.] ai.dal .sil gaes! silicate,
pol yvinyl 5 éVy#ﬁ% g%%% gég?lul%P bégedTgubé%ances po y%hhkpene
gl ycol, sodium cmmwmytogrhnhmséiemeyachyla@estate (60 dlese

pol yet hyl afie- pog yeuxyprRy | @pe) b&@%@%@@%mde proteml..agsxfadu%&e gl ycol and
wool fat. Cyclodextrins 'such [err] err]-, cycl odextrin,

or chenical ly nbegff3eefFongde (Beﬁ’%»tl%-@sgnﬁ‘\?éh Hésh%ﬁ%?(ly‘éﬂ Wilcycl odext rins,
including 2- angsspryghnody AL0RY) - #hd Wt Wilh, céfic. HC1 (3.0mL)

at room temperature, After 1.5h., the solution was
adjusted to pH 11 with 3.0N NaCH and then concentrated.

10 The agueous solution was extfacted with ethyl acetate
(3 x75mL) . The ethyl acetate was dried (MgSO4) and
evaporatated to give a clear film. The crude product
was purified by column chromatography: hexane/ethyl
acetate (45/55) to give the product as a white solid

15 {0.0%90g, 50%). Preparative HPLC on chiral phase
{(isopropanol~hexane gradient) yielded the desired
diastereomer 3 {(10mg) along with a 1:1 mixture of the
desired diastereomer and an additional epimer (50mg).
MS: M+l= 603 H NMR (chloroform-d) 1.80{m, 6H);

20 2.50(m,1H); 2.60(m, 2H); 3.0{m,8H); 3.60(m,1H);
3.70(m, 1H); 3.95(m,1H); 4.25(m,1H); 5.30(m,1H);
6.00(m,1H); 7.05(m,4H); 7.25(m,15H).



ot her sol ublized derivatives may al so be advant ageously used to
enhance delivery of conpounds of forrmula I. The
pharmaceutical conpositions of this 15 i nvention may be adm ni stered
oral ly, parapdofshsey. by i nhal ati on spray, topicallypctesieiédy,

nasal l y, buccal ly, vaginally or via an inplanted reservoir. W
prefer oral adm nistration or adm nistration by i njection. The
pharmaceutical conpositions of this 20 i nventi on may contain any
conventional non-toxic phar maceutti 8Pl y- accept abl e carri ers,

adj uvants or vehicles. In sone cases, the pH of the fornmulation may
be adjusted with pharmaceutically acceptabl e Ecids, bases or buffers
to enhance the stability of the 25 d conmpound or its delivery
form The ter reemt sed herein includes subcutaneous,

i ntracut aneous, _I ntravenous, intranuscular, intra- articul ar,

i ntrasynovi al , ﬁntrasternal i ntrathecal, intral esional, and
intracranial injection or |nfusion 30 t echni ques. The
pharmaceutical conpositions may be in the formof a sterile

i nj ectabl e preparation, for exa as a sterile |nj t abl e aqueous
or ol eagi nous suspensi on.. Thl@}&ﬂﬂ&@“&hpn may be for Iated

WD 97/ 27180 PCT/ 0161@
- 124 -

Allyl lactam 1 (443 mg, -2.06 mmol) was dissolved in DMF

5 (2 mL) and to this solution was added sodium hydride
(2.2 mmol). The reaction mixture was stirred at room
temperature for 1 hr after which (s)-epichlorohydrin
(172 ul, 2.2 mmol) was added neat. The reaction was
stirred at room temperature for 4 hr, diluted with

10 water (20 mL) and extracted with ethyl acetate. The
organic layer was then washed with water, brine and
dried {MgSO4) and filtered. Concentration in vacuo
afforded crude epoxide'product 2 which was used without

further purification.

15 B.

NH o] NH
1
2 )< 3 )<

Lactam epoxide 1 (180 mg, 0.66 mmol) and
decahydroisoquinoline 2 (160 mg, 0.66 mmol) were heated



according to techniques known in the art using suitable di spersing or
wetting agents (such as, for exanple, Tween 80) and suspendi ng
agents. The sterile i njectable preparation may al so be a sterile

i nj ectabl e 5Swo97gumisait i on or suspension in a non-toxic paremroFrushioisio
acceptabl e diluent or solvent, for exanple, as a solution in

1, 3-but anedi ol . Anong the acceptabl e vehi cl es and sol vents that may
be enpl oyed are mannitol, water, Ringer's solution and isotonic

sodi um 10 chloride solution. In addrt} . sterile, fixed oils are
conventional ly enpl oyed as a solvent or suspending medium For this
pur pose, any bl and flx d, oi I I d synt hetic
nono- or diglycgE E%# i {ggﬁgﬁagéldsAfgggﬁaﬁgg%fgﬁ%%ékﬁg and its

gl yceride 15 IH&QE&QDIVQQ a@@lﬁéeﬁQHZﬁ nCth@dp$%k%ﬁ%ﬁlﬂ§ﬁ gp hours

| nj ectables, as g ¢dy t%ﬁbepgeﬁfglcewtaec@ehxst@sﬁem@b&r@en oi l's, such as
olive oil or castor oil, especial hei r onoxyethyIated
versions. These @incengiratednin VaCUO{NPQﬁkiﬁéﬁstn§l #%o contain-a

| ong- chai n gl CO@{r&Qtogrébhyenélﬁnfa m%&lsest%sy@dsn\@s GKaeex et hyl

cel l ul ose or simlar dispersin s _which_are connDnIy used in
the fornul ati on Ib‘?m’p}l’i’&lnﬁa@@u?‘?cé?q’ﬁ/ Fg’c‘ceeg’tyaﬁpécbo%fo\g‘ée“md PEGRHE  such as

enul si ons and orazsuspensi ons. O her commonly used surfactants such as
Tweens and Spans 25 and/or other simlar emulsifying agents or

bi oavail abil ity enhancers which are commonly used in t he manuf acture
of pharnmaceutically acceptabl e solid, Examplel 26ui d, or other dosage forns

may al so be “5e%u&ﬁﬂu&?%.gz_gpm%ﬁhﬂﬂifS of formulation. 30 The
phar maceuti cal conmpositions of this invention nmay be orally

admi ni sterldd infny orally accept abl e dosage form i ncl udi ng, but not
limted to, hard or soft gelatin capsules, tableks, emulsions and
aqueous suspensions, dispersions and solutions. Int @
..-\ph
o] .
(\me 7 N A< OH (\N’B"“
HN;If 2 & N\/Jk\/N\/)
NH i-PrOH, 75°C NH
¢ 3 o b
tBu _ t8u

The Boc protected piperazine 1 (21.4 mg, 0.081 mmol),
was dissloved in 1.5 mL of i~-PrOH. This was followed
by the addition of the lactam epoxide 2 (18.3 mg, 0.068
mmol). The reaction vessel was then fitted with a

15 reflux condenser and heated to 75 °C for 16 hours. TIC
indicated complete consumption of both starting
materials and formation of a new material. The
reaction was then cooled to 25 °C and concentrated in
vacuo. The complete consumption of epoxide was

20 confirmed by both tlc and 'H NMR. The crude addition
product was then used without further purification.
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- 125 - case of tablets for oral use, carriers which are

comonly used include | actose and corn starch. Lubricati ng agents,
such as magngpieyphgs earate, are al so typically added @, 97?; b
admnistration ina 5 capsule form wuseful diluents |ncFu € lactose and
dried corn starch. Wien aqueous suspensi ons and/or enul sions

are adm nistered orally, the active ingredient nay be suspended or

di ssolved in an oily phase conbi ned wit+ 182 - enul sifying and/or
suspendi ng agents. |f desired, 10 certain sweetening and/or flavoring
and/ or coloring agents nmay be added. The

phar maceuti cal dbnpositions of this i nvention may al so be

adm nistered in the formao suppositories for regtal adm nistration.
These 15 conposi tions be prepared by mxing a pound of this
I nvention with a suitabl e Yon- |rr|tat|ng eXC|p|ent which is solid at
room tenperature but |i 'oat(hh ,,Nc,,‘,mr,,ect aI raefur(e\hé?f;usherefore
will nelt in the LA ~~Such 20

mat eri al s i ncl ude, but e not |n1t%d?m5“ﬁ3380a but , beeswax and
pol yet hyl ene gl ycol s. 1 : Topi cal adn1n|str@1|q5uof t he

phar maceut i cal conpositions of this invention is especially useful

The Boc protected piperazine addition product 1 from
the previous step was stirred for 2 hours in 1.0 nlL of
4N HCl/diocxane. This was followed by concentration in
5 vacuo. The crude solid was then dissolved in 10 mL of
' CHpCl, and washed by 2 x 10 mL of each saturated agueous
sodium bicarbonate and saturated aqueous brine. The
combined organic portions were then dried over MgSO,,
filtred and concentrated in vacuo to provide the
10 freebase of the desired intermediate. The crude amine
was then dissolved in 1.0 mL of DMF at 25 °C. This was
followed by the addition of the hydrochloride salt of
3-picolyl chloride (0.081 mmol). After stirring 5
minutes triethylamine (300 ulL, mmol) was added. The
15 reaction was then stirred for 36 hours the reaction was
quenched by the addition of 1.0 mL of saturated aqueous
sodium bicarbonate. The reaction mixture was then
diluted by the addition of 10 mL of diethyl ether and
washed by 2 x 10 mL of each saturated aqueous sodium
20 bicarbonate and saturated aqueous brine. The combined
organic portions were then dried over MgSO,, filtered
and concentrated in vacuo to provide the crude product.
Purification of the crude solid was carried out by
silica gel chromatography (1000 uM SiO, prep. plate)
25 eluting with 20 % MeOH/CH,Cl,. This provided 3.1 mg of
;he desired product 2, with 96 % purity by HPLC. The



when the desired treatnment involves areas or organs 25 readily
accessi bl e by topical application. For application topically to the
skin, the pharnaceuti cal conposition should be fornulated with a

sui tabl e WO %R2TIBhent contai ning the active conponents s®EEPESOE6I0r
dissolved in a carrier with suitable emulsifying 30 agents. Carriers
for topical admnistration of the conpounds of this invention

i ncl ude, but are not limted to, mneral oil, liquid petroleum white
petrol eum propyl ene glycol, polyoxyethyléﬁ pol yoxypr opyl ene
conpound, emul sifying wax and wat er . WO 97/ 27180

PCT/ US97/ 01610 - -
Al ternatively, fWErBﬁérHﬁ%%ﬁnﬁ%ﬁna496ﬁﬁ8§rt?%#F%Eﬁ?ﬁ?gg of N- %?ﬁﬂ?ated W th

a suitabl e | oti eouptivgeanticohirdiosilyd chloridéevasctd e conpound suspended

or dissolved in a carrier. Suitable carriers include, but are not 5
limted to, mneral oil, sorbitan nonostearate pol ysorbate 60, cetyl
esters wax, cetearyl aIcohoI ZE§%¥9l%éﬁécanol benzyl al cohol and
wat er. The 2 MoR@Pgsi tions of this invention may al so
be topically applled to the Iomer intestinal tract by 10 rectal
supposi t or fordul ation or in a suitable enema
‘—-I--"' —FPh 1) NaH, DMF — ——Ph
| 2 o
4f\vﬂ*]/"* ) ° 4%\~/“jr”Kv/<U
& TSO\/<] o
1 2

Allyl urea 1 (195.2 mg, 0.09 mmol) was dissolved in 6.0
mL of DMF and cooled to 0 °C. This was followed by the
addition of NaH (54 mg, 1.0 mmol). The glycidyl
tosylate (410 mg, mmol}) was then added as a solid. The
i0 reaction was stirred for 4 hours at 25 °C and then
quenched by the addition of 4 mL of saturated aqueous
sodium bicarbonate. The reaction was then extracted by
10 mL of Etp0. The organic layer was then washed by 10
mL of saturated aqueocus sodium bicarbonate and 2 x 10
15 mlL of saturated brine. The combined organic portions
were then dried over MgS04, filtered and concentrated
in vacuo to provide the desired epoxide 2 (180 mg, 73 %

yield). The epoxide was then used without further
purification.



formul ati on. Topical ly-transdernmal patches are al so included in this

i nventi on. The pharnmaceutical conpositions of this

i nvention may be adm nistered by nasal aerosol or 15 i nhal ation. Such
conposi ti onsygbfigepar ed according to techni ques mebén5g9 1'n t he
art of pharnmaceuti cal formul ati on and nmay be prepared -as solutions in
sal i ne, enpl oyi ng benzyl al cohol or other suitable

preservatives, absorption pronoters to enhance 20 bi oavai l ability,

fl uorocar bons, and/or other sol ubi bB%i ng or di spersing agents known
in the art. Dosage | evel s of between about 0.01 and about
100 ny/ kg body wei ght per day, preferably between about 0.5 and
about 75 ny/ kg Bedy wei ght per day of the 25 active ingredi ent conmpound
are useful in the prevention and treatnment of wviral infection,

i ncluding HV infection. Typically, the phar buti cal conpositions

of this invention will be adnlnlqreqed f pom about 1 about 5 tines

per day or alternatlv 4%4xﬂﬁrﬂuuﬁ@ 30 infugion. Sugh

adm ni stration can b &d as a chionic cut thé? py. The anount
of active ingredient" —may—be—conie ) cafrier materials
to produce a ‘fhgle dosaperfeeni | | vary dependi ng jupon t he host
treated and the partic€ulr node of administration.” A g w WO 97/ 27180
PCT/ US97/ 01610 , : - 123 - t Bu

Piperazine 1 (25.7 mg mmol) and epoxide 2 {22.6 mg,
mmol) were heated to 75 °C in 1.5 mL of i-PrOH for 18
hours. After cooling to 25 °C the crude reaction

5 mixture was concentrated in vacuo. Complete
consumption of the epoxide was apparent by both tlc and
1H NMR.

C.
E;) | E;)
W 1) Heidiane N\/i\v,N\,J,\I::;
s WM’N\) 2) Picotyl Chioride-HCI N\(
J\ TEA, DMF 24 br
o N"l
] t Bu 2 t Bu

The Boc protected piperazine 1 from the previous step

10 was stirred for 1.5 hours in 1.0 mL of 4 N HCl in
dioxane. This was followed by concentration in vacuo.
The crude hydrochloride salt was then dissolved in 10
mL of CH,Cl, and washed by 10 mL of both saturated
sodium bicarbonate and saturated brine. The organic

15 portion was then dried over MgSO,4, filtered and
concentrated in vacuo. The free amine was then taken
up in 1 mL of DMF. This was followed by the addition
of 3-picolyl chloride HCl salt (50 mg, mmol) and



typi cal preparation will contain fromabout 5%to about 95% acti ve

conpound (ww). Preferably, such preparations contain from about 20%
to about 80% active compound. 5 Upon i nprovenent of a
patient's conNdeime a mai nt enance dose of a conpoundeCTCUSYPOREE i ON Or
conmbi nation of this invention may be admi nistered, if necessary.
Subsequent |y, the dosage or frequency of adm ni stration, or both, may
be reduced, as a function 10 of the syrg?sn to a level at which the

i mproved condition is retained wierr%hé syrrptoms have been

alleviated to the desired |evel, treatnent shoul d cease. Patients
may. however, TeBlerfyiNbRIAL! IS de 3y rebBEREIFELy On the ek e4H basi s
upon any recurrence o dy

skilled artisan %@ [thgppstiroed, aﬂ cﬁﬁer C fcr 3&rhduxgher ﬂbgeseﬁﬁwlt hose

recited above ngy,b@nhen queﬁégéa wﬂ tlu%pﬁaﬁitﬁoﬁioéﬂgﬁ NG £t @,sehﬂsﬂédregl mens
for any partijcul a atien Qon a variety of

factors, incl udiSR§+Hfe éEgF}W’P?t%fancdnéhs}b‘EEPfP 10 mL ofpB5alnd BIHT)I oyed,
t he age, bady W&i:giﬁh,:.cgpbﬁtﬁbnhﬁ% tthen washéﬁalbylSlO X ofdiseturkte® of

adm ni stration, ﬁrq??é%f“% rbona a%d %nén?bu’gldc p05| ura({ E{Eeseverlty and

course of FroRnathé pati &Y <Fo

i nffection and t IRhe Geghmnsdo@rgmct reattilogspHese ctlzen dried over The
compounds of t N}/ CRE100r&d arfl $0d concelBitla A% SATIR C1 #h reagent s
which effectively bind aspar proteases, particulaily HV

aspartyl prot eaggude mate%aéoﬁ%rwrﬁéﬁéaﬁﬁn§él1@41(43%rrpounds of this 30
i nventionjyoand tdigiolmadegiuphy VEE000TRIM beepsegléeeblémklng witBl 9t €0l ysi s of

a target peptid derivat.i ze stable resin as a
t et her ed substrg?gE}g?ﬁegﬁ fo provide g 8 mg o% the élslre product 2.

The overall vield for addition, deprotection of the N-
Boc and reaction with 3-picolyl chloride was 19.3%.

Example 28
15

1) NaH, epichlorohydrin
OMF

2) Decahydroisoquinoiine

o) 1sopropanol, heat

The THF lactam 1 (0.4 mmol) was dissolved in dry DMF at
0 °C and to this solution was added sodium hydride
(0.47 mmol). After 30 min of stirring, (s)-
epichlorohydrin (0.47 mmol) was added and the reaction
20 was allowed to warm to room temperature and stir
overnight. The reaction was then diluted with water
and extracted with ethyl acetate. The organic layer
was washed sequentially with 0.5N HCl, saturated NaHCO4
and brine, followed by drying (MgSO4), filtration and
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- 128 - affinity chromatography applications. For exanple, a
conmpound of forrmula | may be tethered to an affinity colum to purify
r ecombi nant ced H V prot ease. Derivati zation ounds
of this invgy(f?"(r':)z'nﬂ‘H produce affinity chronatograpth%gg?ﬁgggﬂg t he
nmet hods used to purlfy pr ot eases using such resins are well

known and within the skill of the art. These and ot her uses which
characterize comercial aspartyl proteases - inhibitors will be evident
to those of ordinary skill 10 in the art. (See: R ttenhouse, J. et al.

Bi ochem Bi ophys. Res. Commun. 171, p. 60 19902 and Hei nbach,

J.C. et al. |bicbntehtrpri@s5if 1€88)9 to yield product (418 FGdeFrv@at this
invention be mLe JULLY ysed ad rSt’.[@l%diat:kﬂﬁm-f-%é;@i’&é"g(Oexlafﬁﬁb§$ are set
forth. 15 These exanp Pe€%are Yor the purpose_of_illustration_only

and are not to Qﬁ#dﬁdnyﬁﬁuéaséle?anq|ﬁf°Pﬁ€P§EBbe(%ﬁmL" %tﬁ8 Fiv&ntion in
any way. soﬂ%ﬁT%hahgﬁhéégé@Jdééﬁh#dﬂalbedﬁlnollne_F—butylamlékl
tenperatures are recorded ip de ayer

chr omat ogrPaphy {CF d- caFP?e‘ngture W5\t tganéeﬁt%% %nn‘mlh S K*BY Mer ck

silica gel 60 Fs’&‘,ié}:red ovephatgks. arthe|ndaction mhxthee | wakl méedsenéent
system concentrated to dryness in vacuo, the residue of which
was applied to a prepérative TLC plate and eluted with
100% ethyl acetate to yield pure product (88 mg, 42%)

10 as a mixture of diastereomers.

Example 29
Synthesis of Compound 92

-78°C-~=RT

A stirred, cooled (-78 °C ) solution of 1.4 g (5.0

15 mmol) of pyrrolidinone in 35 mL of anhydrous
tecrahydrofuran was treated in a dropwise fashion with
3.6 mL (7.2 mmoL) of lithium diisopropylamide. The
resultant solution was stirred for 70 min, and
subsequently treated with 0.57 mL (6.0 mmolL) of 3-

20 pyridine carboxaldehyde. The homogenous solution was
ailowed to ambiently warm to room temperature (RT), and
stirring was continued overnight. The reaction mixture
was diluted with 400 mlL of dichloromethane, washed once



Det ecti on of the conmpounds was carried out by treating the plate with

an appropriate visualizing agent, such 25 as 10% sol uti on of

phosphonol ybdi ¢ acid in ethanol or a 0.1% sol ution of ninhydrin in
et hanol , folwoweehiky heating, and/or by exposure to eursalet61or

I odi ne vapors when appropriate. Thick layer silica gel _
chromat ography was al so carried out using E. Merck 60 30 Flerr] plates
("prep plates™) of 0.5, 1.0, or 2.0 mm t hi ckness. Fol | owi ng

devel opnment of the plate, the - 18§97/ 27180

PCT/ US97/ 01610 - 129 - band of

sili.ca containing .t desired gnd eluted with
an appropriate ‘ég’f}{/gfﬁo. mt' of wiﬁ%}’ytl HBE&ns\as carrlﬁg: out using a
Water's Delta filterRsk, chbnpentiated, |armi rordfiederneti pikdsgedol um, 3.9 mm
IDS  x 15 cmyls tah 2 fthg}w £éé@a£€/ﬁex%n%/ HkntHé'é‘Hxérfte fol | owi ng

tabl e rr&%err H|n Herr]O
B = 0.1% CF[errftfq%qfquCHoi ﬁ @H[(é?ﬂc’?\f the' desiked A @ T =0 nin.
A (95%, B (5%qgdfbden oil which solidified upbn=s2lndimg, A (0%, B (100%

14 NMR (d6-DMSO, 400MHz) 8.65 (s, 1H); 8.47 (m, 2H);
7.83 (d, J = B.0 Hz, 1H); 7.41 (m, 1H); 7.23 (m, 5H):
7.03 (t, J = 2.7 Hz, 1H); 3.96 (m, 1H); 3.07 (m, 1H);
2.89 - 2.65 ( series of m, 3H ). M+H (265.2).

Hy / 10% Pd-C

CHzOH / RT / 1h ' ;

A vigorously stirred suspension of 330 mg ( 1.25 mmolL )
of eneamide and 80 mg of 10% palladium on carbon

(Degussa) in 12mL of anhydrous methanol was
hydrogenated (Hydrogen balloon) for 1 h. The mixture
15 was diluted with 100 mL of methanol, carefully
filtered, concentrated, and purified on silica gel
using ethyl acetate as the eluent, affording 295 mg
(89%) of an isomeric mixture of the desired compounds

as a golden oil which solidified upon standing.

20 1H NMR (d6-DMSO, 400MHz) 8.36 (s, 2H):; 7.88 (s, 1lH):
7.56 (d, ¥ = 7.9 Hz, 1H); 7.27 - 7.12 {(m, 7H); 3.66
{(m, 1H); 2.96 - 2.37 (series of m, 7TH). M+H (267.2);
M+Na (289.2)



T=22.5mn., A(0%, B (100% Preparative HPLC was al so carried

out using Cerr] rever sed- phase nedia. HPLC retention tines were
recorded in mnutes. NVR spectral data was recorded 15 usi ng a Bruker
AMX500, equivpdpeth?gee h either a reverse or QNP probepc~ptisorfgtkidtHz, and
was taken in the i ndi cated sol vent. W have
nmeasured the inhibition constants of each conpound against H V-1
prot ease using the method 20 descri bed essentially by MW Pennington et
al ., Peptides 1990, Gralt, E. and8B.-Andreu, Eds., Escom
Lei den, Netherlands (1991); and the nethod descri bed essentially by
Partaledis et al., J. Virol., 69, pp. 5228-35 (1995). 25
Conpounds of infention were tested for their antiviral potency in i
several virological assays. In the first assay, the conmpounds were
added as a sol ution i n di met hyl sul foxi de (D to a test cell
cul ture of CCRM CEM cells, a strain of CD4[er human el l
| ynphoma 30 cells, previously acutely infecid w thH Lg_‘ing
WO 97/ 27180 P Gl 7
- 130 -
,2.- 1) NaH, DMF, 80°C trans-isomer 1
0 conc. HCI
1
2 Z
<
cis-isomer 2
The lactam obtained above was coupled to the
corresponding epoxide according to the protocol used
for Example 24. The final purification was performed
S on silica gel (2% 2M ammonia-methanol in
dichloromethane) to give the cis- and the trans-lactam
diastereomers each as white solids.
trans-isomer 1: Rf: 0.20 'H NMR (CDC13,. 400MHz)
1.62(2H,m), 86(4H,m), 2.19(1H,m), 2.63(2H,m), 2.78-
10 3.10(8H,m), 65(1H,m), 3.75(1H,bt), 3.95(1H,t),

1.
3.
4.27(1H,t), 5.24(1H,m), 6.32(1H,d), 7-7.4(14H,m),
8.22(1H,s), 8.34(1H,s). M+HE (604)

cis-isomer 2: Rf: 0.18. 'H NMR (CDC13,. 400MHz)
1.35(1H,m), 1.60(2H,m), 1.95(2H,m), 2.19(1H,dd),



standard protocols (see Meek, T. D. et al., "Inhibition of HV-1

protease-in infected T-1ynphocytes by synt hetic pepti de anal ogues”,
Nat ure, 343, p. 90 (1990). 5 The effect of the conpounds
on i nhi bi ti ngotbtygrnse replication of the virus was neasupefubdroisio

det er m ni ng the H'V extracellul ar p24 antigen concentration using a
commerci al enzyne i munoassay (obtained from Coulter Cor por ati on,

Hi al eah, FL). 10 Antiviral activity nmay al so be nmeasured in a
separate assay in M4 cells. Antiviral "H8attivity and

conpound- i nduced cyt ot oxi ci ty were neasured in paral l el by neans of a

propi di um i odi d e o] t.h
| ynphot r opi cvi rgsgéif]&g{é)‘%r' d%é?iH* Bk i rﬁ Sn |$th16 td g8 he test
conpounds vvere 3erbaliydd), 3.6di(LBiwed, |31md1}i,|m)(RB>N991LHﬂm} J10% fetal calf

t || t t 3598
32“31 a Cet us Pr o}?)?ﬁj &%Exgg%gl(?%a#fy% Q/)P(m R‘K/ﬁ' gslé% Cﬂlrl S vve%e

har vest ed and c@n®2{3Hgbd e?t-"l@(b@oﬁigmrfo"r 4ﬂd121®d): B ABt & §)n a Jouan

centrifuges (nodgl 4R i, d’l,Z) M+ gelikoa) pellets were resuspended in fresh
medi um (RPM 1640, Cé O%IL 2, and gentamycin) to a density of
5 x 105 cells/m. CeII al i quots werelnfected by the addi tion
of HHV-1 (strain I11B) diluted to gi \Bxamplier 30 25 multiplicity of
infection of 100 x TCID50. A simlar cell aliquot was diluted with
mediumto provide a nmocki nfected control. Cell inf ecti on was al | owed

to proceed for 1 hg
i ncubator with hum difi ¢

r at 37 [err]Cin a tissue cul
% C err] at nosphere. After t

@ 1 hour
fold with fresh

i ncubation the virus/cel¥Y%uspensi ons were di | ut ed
medi um and 125 [err]l of the cell suspension was added to each well
of the plate N 3
i NH 4 Cha N NH
NH2 piga, 70°C H
O
1 2 3

The icdolactam 1 (0.43 mmol) was dissclved in dry
acetonitrile in a high pressure tube and to this
solution was added diisopropylethylamine (Pierce, 0.65

10 mmol) followed by aniline 2 (Aldrich, 0.47 mmol}. The
tube was sealed and the reaction heated to 70 °C with
stirring overnight. The reaction was cooled to ambient
temperature, solvent removed in vacuo, and the residue
taken up in ethyl acetate/water. The organic layer was

15 washed sequentially with saturated agqueous NaHCO3 and
brine, followed by drying (MgS04}), filtration and
concentration in vacuo. The crude residue was purified
by flash silica gel chromatography eluting with 1:1'
ethyl acetate/hexanes to give 61 mg of product 3; TLC

20 R = 0.29 (1:1 ethyl acetate/hexanes); HPLC Rt = 12,6
min (96%); MALDI-TOF MS m/z 267 (M').
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- 131 - contai ning prediluted conpound. Plates were then

placed in a tissue culture incubator with hum dified 5% CJerr] for 5
days. At thewahéh@iget he i ncubati on peri od, 27 ul of SgefieRbeRie 40 was
added to each well of the 5 I ncubation plate. After thorough m xing
with a Costar multitip pipetter, 60 ul of the mxture was transferred
to filter-bottoned 96-wel |l plates. The pl ates were anal yzed in an

aut omat ed assay instrunent (Pandex - $8Peen Machi ne, Baxter

Bi ot echnol ogy Systens). The 10 assay makes use of a propidiumiodi de dye
to estimte the DNA content of each well. The antiviral effect of

a test compound is reported as an | (] chfquRde &l t he i nhi bitory
concentration that would produce a 50% decrease in the HV induced
cytopathic effecé This 15 effect is neasured by the anount of test
conpound quired to restore 50% of the cell growth of HI V-

infected MI-4 ceIIs coggared to uninfected MI-4 cell controls.

Ref er ences: \Averett D R 1989. Anti-HPV conpound assessnent

by two novel hlgh c ty WAol . Methods 3,.0883- 276.
I ! h:ka,ar \@ﬁ[:&:j
NC

1 2

PMB lactam 1 (1.5 g, 5.07 mmol) was dissolved in THF
{12 mL), cooled to -78 °C, and to this solution was

5 added LDA (6.6 mmol , 1.3 eq.), over 7 minutes to give
a greenish-brown anion. The reaction mixture was
stirred at -78 °C for 55 minutes after which a solution
of bromocacetonitrile (400 ul, 0.75 mmol, 1.1 eq.) was
added over 2 minutes while keeping the internal

i0 reaction temperature at <-65 °C. The reaction was
stirred at -78 °C for 2 hours, then warmed to room
temperature and stirred for an additional 16 hours.
The reaction was cooled to -50 °C and quenched with
saturated ammonium chloride solution. The reaction was

15 partitioned between ethyl acetate and a saturated
bicarbonate sclution. The agueous layer was extracted
with ethyl acetate. The combined organic layers were
then washed with water, brine and dried (MgS04) and
filtered. Concentration in vacuo afforded 1.6g of

20 crude material, which was purified by silica gel
chromatography to give 640 mg (38%) of the desired
material 2.
"H NMR (CDCl3) d 7.31 (m, 3H), 7.18 (d, 2 H), 7.09 (d,
2H), 6.90 (d, 2H), 5.08 (d, 1K), 3.92 (d, 1H), 2.8l (s,



2. Schwartz, 0., et al. 1988. A rapid and sinple

colorinetr

ic test

for the study of anti-H YV agents. 25 Al DS Res. and Human Retroviruses, 4

(6): 441-447. 3. Dal uge, S.M, et al. 1994. 5-chloro-2',3"'-
dedeoxy- 3' f | womwaemsei ne (935U83), a selective anti - ROTVEIRS7/01610

I mmunodeficiency virus agent with an i nproved WO 97/ 27180

PCT/ US97/ 01610 - 132 - met abol i ¢
and toxicol ogical profile. Antimcro. Agent s and Chenot her. ,

38(7) : 1590- 1603. 4. Dornsife, RE’! &t al. 1991 Ant i - human

| rmunodefi ci ency virus synergisn1by zi dovudi ne (3'- azi dot hymi di ne)
and .di danosi ne gghgegx-yé n&?I q_% 92 ?&)a\t rﬁﬁt S Migbh (f“ 84y, asldigd i ve

i nhibition of no Mar r ow progenit or ‘Antimicro. Agents
and Chennﬂﬁérlﬁ)BERQQZ (®Q2H3282 19 (dd,1H), 1. 81 D@peﬁ%\ﬂg on the cell

type and the desired
B.

(NHy)2Ce(NO3)g

CHiCN:water
9:1

Ph
}
NC\#J:;:LH
o]

PMB lactam 1 (640mg, 1.9 mmol) was dissclved in CH3CN
5 {9 mL}. 1 mL of water was added followed by 3.1 g of

cerium ammonium nitrate. The reaction
amber to light orange within 5 minutes
at room temperature for 18 hours. The
concentrated in vacuo and the residue

went from dark
and was stirred
reaction was

was partitioned

10 between ethyl acetate and a saturated bicarbonate

solution. The aquecus layer was extracted with ethyl

acetate. The combined organic layers were then washed

with saturated bicarbonate solution, water, brine,

ried (MgS04) and filtered. Concentration in vacuo

15 afforded 590 mg of crude material, which was purified

by silica gel chromatography (9:1 CH,Cl, : EtOAc) to
give 285 mg (70%) of the desired material 2. HPLC

suggests 2 diastereomers, retention time 9.95

min. {major) and 10.17 min. (minor).
20 'y MR (CDC13) d 7.37 (m, 2H), 7.28 (m,

1 H, 7.20 (m,

2H), 5.74 (br s, 1H), 3.95 (m, 1H), 2.85 (dd, 1H),

2.79-2.65 (m, 3H), 2.55 (dd, 1H), 2.27

{m, 2H) .



10 readout, syncytia formation, reverse-transcriptase (RT)

activity, or cytopathic effect as assayed by a dye upt ake net hod may
al so be used as readouts of antiviral activity. See H Mtsuya and S.
Broder, "I nhyd7h>93e Of the in vitro infectivity and GyhRR#Mdkfe ©f f ect
of human 15 T-1ynmphotropic virus type I11/1ynphoadenopathy-

associ ated virus (HTLV-111/LAV) by 2',6 3" - di deoxynucl eosi des", Proc.-
Natl. Acad. Sci. USA, vol . 83, pp. 1911-1915 (1986).

| nsof ar as the conpounds of this inventohS820- are able to inhibit the
replication of the HV virus in CD4 cells of human |ineage, they are
of evi dent clinical utility for the treatnent of H V infection.

These tests are predictive of the confiaf®deaBel ity to inhibit HV
protease in vivo. WO 97/ 27180

PCT/ US97/ 01610 - 133 -

Synt hetic Exanpl%s Exanple 1

The PMB lactam 1 {0.46 mmol) was dissolved in dry THF
at -78 °C and to this solution was added lithium
5 diisopropylamide {(Aldrich, 1.5 M ih cyclohexane, 0.65

mmol). The solution was stirred for 15 minutes at
-78 °C and 4-(Chloromethyl)-3, 5-dimethylisoxazole 2
(Acros Organics, 0.56 mmol) was added. The cooling
bath was removed and the solution warmed to room

10 temperature and stirred overnight. The reaction was
diluted with water and extracted with ethyl acetate.
The organic layer was washed seguentially with
saturated aqueous NaHCO3 and brine, followed by drying
(MgS04), filtration and concentration in vacuo. The

15 crude residue was purified by flash silica gel
chromatography eluting with 10% diethyl
ether/dichloromethane to give 53 mg of product 3 as a
mixture of diastereomers.



A [err] N (t-butoxycarbonyl)-L-phenyl al aninol; 5

251.3 g/ Ml 10.0g 39.8 mol DVSO 78 g/ Mol
3.80nm. 49.0 nmol oxal yl chl oride 126.9 g/ Mol 3.82nL 43. 8nmol
triethyl am ngo 97127180 101 g/ Mol 23.0nlL 160nmol metiyksemesiohl ori de
200 mL 10 The oxal yl chloride was added dropwi se to a

solution of DMSO in nethylene chloride at -78 [err]C After stirring
for 10 m nutes, the al cohol was added as a solution in nethyl ene

chl oride. The reaction was then sti%ed at -78 [err]C for 45 minutes.
At this time 15 the triethylam ne was added and a white precipitate
formed. The reaction was then stirred 45 m nutes at -78 [err] C and 45
mnutes at 0O [e?r]C. The reaction was then guenched by the addition

of a solution of 90g of ci
port.ion of the 20 reac
saturated sodi um bi carbon

o acid in 300 nL of water._The organic

was then washed by (2 x 80 @ bot h
and brine. The conbi ned

) OMe
k):)/ CAN 1

7:3 CH3CN/HO

Lactam 1 (0.13 mmol) was dissolved in 7:3
acetonitrile/water. Ceric ammonium nitrate (Aldrich,
0.26 mmol) was added and the mixture was stirred at

5 ambient temperature until the starting material was no
longer evident by TLC. Acetonitrile was removed in
vacuo, and the residue taken up in ethyl acetate/water.
The organic layer was washed sequentially with
saturated agqueous NaHCO3 and brine, followed by drying

10 {(Mgs04}, filtration and concentration in vacuo. The
crude residue was purified by flash silica gel
chromatography eluting with 8% MeOH in dichloromethane
to give 21 mg of product 2; TLC Rg = 0.47 (8%
MeOH/CH,Cl,) .



WO 97/ 27180 PCT/ US97/ 01610

- 134 - organic |l ayers were then dried over sodiumsulfate,
f:gtﬁrgd and concentrated in vacuo to |leave a white solid. The
al dehyde waalot sed without further purification g ductive
am nati on. %EPISHB. [err] allyl am ne ﬂc?nfss‘ﬁm&ﬁm g/ Mol
6.0 nm 160 mol al dehyde est. 39.8 mmol
sodi um cyanobor ohydri de 62.8g/ Mol 4. Qg 6.4 mol DIVF
180 L 10 acetic acid (glacial) - 194 - 1.8 L
Example 33
A.
1) LDA
@N PMB 2) p-formaidehyde 4"' PMB
o 3) NBS, PPh3 o
1 2

Lactam 1 (1.43 mg, 4.86 mmol) was dissolved in
anhydrous THF (25 mL) and cooled to ~-78 °C. This was
5 followed by the addition of 3.9 mL of LDA (5.83 mmol,

1.2 eq.). The anion solution was stirred at -78 °C for
45 minutes and then cannulated into a -78 °C solution
of p-formaldehyde (437 mg) in 25 mL of THF, washing
with 1 mL of THF. The reaction was warmed to room

10 temperature over 4 hr and stirred overnight. The
reaction was quenched by the addition of 10 mL of a
saturated sodium bicarbonate, and concentrated in vacuo
to remove the THF. The crude reaction mixture was
partitioned between ethyl acetate and saturated sodium

15 bicarbonate. The aqueous layer was extracted with
ethyl acetate. The combined organic layers was then
washed with water, brine and purified by silica gel
chromatography (gradient of 50 to 75 % ethyl acetate:
hexanes), to provide 584 mg (45%) of the desired

20 alcohol, as well as 265 mg of recovered starting
material.



The al dehyde of Exanple 1A was dissolved in 180 nL of DMF at 25

[err]C. This was foll owed by addition of the al dehyde and 1.8 ni of
acetic acid respectively. After 2 hours sodi um cyanobor ohydri de was
added, as a s@RbboHhmishd The reaction was then stirred at Zf-1fadehi6ic

hour s. The reaction was then quenched by the addition of 50 niL

of saturated sodi um bi carbonate, and after 10 m n. diluted by 100 nL
of diethyl ether. The organic portion was then washed by (2 x 50 nL)
of both 20 sat urat ed sodi um bi car bomatl®3and brine. The conbi ned
organic layers were then dried over gnesiun1su|fate filtered and
concentrated in vacuq. The crude oil 97/27189

PCT/ US97/ 01610 The alcohol (3lémg, O. 979 mmol) was (then disso Vedpfﬁ’i?i ed by

silica gel chromalso@faghyce Lanmgdaeahtaanm °c solefthph atetwigheridxane to
provide 8.8 g Cﬁpﬂ%sﬁ%lne Q% 3 mg, 2.8 %EP) an é’@Bs {534 mg, 3CtQ ) in
’ 3 mls of CHyCl,. After 1 hour the reaction was
5 quenched by the addition of 10 mL of Et;0. The organic
layer was then filtered and the filtrate washed with
saturated sodium bicarbonate, brine, dried (MgSQ4) and
filtered. Concentration in vacuo afforded the crude
product which was purified by silica gel chromatography
10 (CHpCly) to provide 151 mg (40% of the bromide.

The bromide (87.2 mg, 0.28 mmol) was dissolved in 2 mL

of benzene and treated with imidazole (46émg, 3 EQ.).

After heating to 125 °C for 20 hours the reaction was

cooled to 25 °C and concentrated in vacwo. The crude
15 product which was purified by silica gel chromatography

{5 % MeOH/CH,5Cl,), to provide the addition product

(50%) and the elimination product (2) in a 50 % yield.

1) CAN
N PMB 2) imidazole

NQ/N

The lactam 1 (621 mg, 2.02 mmol) was dissolved in 7 mL
20 acetonitrile, followed by the addition of H,O (3 mL).

This was followed by the addition of CAN, 3.32 g (6.06

mmol, 3 EQ.). The reaction was stirred at 25 °C for 1



[err] 5

HC / di oxane 4 N HC 15 nL depr ot ected di am ne- 2HC
3. 83¢g 14. 7 mol carbonyl diim dazol e 162. 15g/ Mol 2.77g 17.1
mrol triethyl am ne 12.7mL 179 |

net hyl ene cHYQPH 550m.  0.03 M %’Usg%’ﬁ'éuhoc

am ne of Exanple 1B was stirred in 15 niL

1.5 hours. The
provide a white
15 di ssol ved
am ne was added

Boc am ne 291 g/ Mol 6. 8g 23. 4 mol

of 4N HCl at 25 [err]C for
reacti on m xture was then concentrated in vacuo to

foam ng solid. 3_-839@y-of the deprotected di am ne was

in 500 nL of nethylene chloride. To this, triethyl

. After stirring for 20 m nutes, CDI was added

(solid). The reashion Afser hthcentratshiyr tivel femctidnhdur vacibi stheas

fol |l oned by

purified by sil FE

38oncentration in vacuo. §

provi de 2.15 g (68héd with lmatg=iteddsodium hidagbonaedg, brine, dried

10

(MgSO4) and filtered. Concentration in vacuo afforded
the crude product which was purified by silica gel
chromatography (3% methanol:CH,Cljy) to procide the
desired unprotected laptam (122 mg, 32 %)

The «,B-unsaturated lactam (55 mg, 0.29 mmol) was then
heated to 130 °C in 2 mL of benzene containing
imidazole (30 mg, 0.44 mmol) for 24 hours. After

'cooling to 25 °C, the reaction mixture was concentrate

15

20

in vacuo. The crude material was purified by silica
gel chromatography, eluting with 5% methanol:CH;Cl; to
provide 46.7 mg of the desired addition product (63 %)

as well as 15.7 mg of recovered starting olefin (29 %).

Example 34

CN
t,l;;NH . - CHg W
) DIEA, 70°C
o
3

1 2

The iodolactam 1 (0.45 mmol) was dissolved in dry
acetonitrile in a high pressure tube and to this

solution was added diisopropylethylamine (Pierce, 1.35

mnol) followed by indoline 2 (Aldrich, 0.54 mmol). The

ﬁeWaEﬁﬁ%ﬁﬁﬂ%ﬁSr56ﬁ9?p3Pﬂ%$ndg&#gﬁdn%Esegg%hy aggtate,

to.



WO 97/ 27180 PCT/ US97/ 01610

- 136 - A Jerr] 1 al dehyde 1.0 equiv.,
2 nethyl 1. 05 eq. (triphenyl phosphor anyl
dene)acetatawggww7§, t ol uene 80mL 4 pORUBYHES10

chl ori de 13 mL Combi ne 7.9g of

(S) - N-Boc- am no- 3- phenyl - 1- propanal , 40nL of anhydrous tol uene and

60nL of anhydrous met hyl ene chl ori de. Add 9.8g of the ylide

foll owed by 10 20nL of toluene and 60m1%f —net hyl ene chloride. Stir
overnight at roomtenperature. After approximatly 18 hours the sol vent
was renoved in vacuo and the residue was purifi

chr omat ogr aphy (fRbEAWRRegaAt§dtand the Feagtion featy

stirring overnight. The reaction was
temperature, solvent removed in vacuo,
taken up in ethyl acetate/water. The

by flLash.
de&r" %éﬁe %e‘gﬁ)}ed ester.
cooled to ambient

and the residue

organic layer was

5 washed sequentially with saturated agueous NaHCO3 and

brine, followed by drying (MgS0O4), fil

concentration in vacuo. The crude res

tration and

idue was purified

by flash silica gel chromatography eluting with ethyl

acetate to give 113 mg of product 3;
10 (ethyl acetate); HPLC Rt = 13.1 min
MS m/z 293 (M').

ENO,

Ph
p Ohte \
e LSS - 0O
Z PhNCO =
E13N
1

TLC Ry = 0.39
(928); MALDI-TOF

In an oven-dried 100 mL round-bottomed flask, the wvinyl
15 sulfone PMB lactam 1 (1.2126 g, 2.55 mmol) was

dissolved in 50 mL of C¢gHg. Phenyl isocyanate (2.0 mL,

18.4 mmol) was added via syringe followed by the

dropwise addition of nitroethane (0.4
Triethylamine (2.0 mL, 14.3 mmol} was

mL, 5.56 mmol).
added dropwise.

20 The sclution was refluxed for 15 minutes and cooled. A

white solid precipitated during the heating period.

The mixture was cooled, poured into water and extracted



15 B. [err] WO 97/ 27180

PCT/ US97/ 01610 - 137 - 1
ester 4.5g, 1.0 equiv. 2 magnesi um

t urni ngs ( ' 3.2g 10.0 eq.. 3 2N HC

@ 10 eq. %47&92&?‘0 a solution of ester 1 in anhydrous MR HARS 010 o
[err]C 5 was added My turnings with stirring under Nerr]. Bubbllng
becane evident within 1 hour. The reaction was then stirred at O
[err]C for -2.5 hours then allowed to waLgsto RT overni ght (TLC
(95:5, CHerr]dJ[err]: MOH) showed reaction conplete. st. mat. Rf =

.84, prod. Rf = .25). The 10 reaction was cooled to O [err]C,
neutralized mﬁtﬁithr¢ﬂigl The afidamicdewtrachavas dried t(MESQe! u#Rd r educed

in vacuo. B0t AR mmaagaeeasafﬁyﬁa B oBK! bag! egh iy 3
portions of netg%rene chl ori de and the conbi ned organic | ayers were
washed with bri o%ﬁﬁwwer?fior@lm%rleﬁ’xafB e PMB it rated in

vacuo.. The regspglandy@dyd)eRds a light yellow oil.

5 B.
Ph\ OMe Ph
Nso S .\
, ; CAN ,N\ o
WN 70% CHaCN-Hp0 — [\LH
1 2

In a 25 mL round-bottomed flask, isoxazole PMB lactam 1
(900 mg, 2.30 mmol) was dissolved in 14 mL of 70%
CH3CN-H,0. Ceric ammonium nitrate (3.607 g, 6.58 mmol)
was added forming a dark orange solution. The mixture

10 was stirred until the starting material was no longer
evident by TLC (10% EtOAc/CH,Cl;). The light yellow
solution was .diluted with CH;Cl, and washed with water.
The organic layer was separated, dried (MgSQO,), and
evaporated in vacuo to afford a brownish-red oil that

15 was chromatographed (10% EtOAc/CH,Cl,) to produce the
lactam 2 (300.3 mg, 48%) as a cclorless oil.



purified by silica get flash chromatography (CHerr]dJ[err] -- >3%

MeOH CH err]C[err]) to yield desired | actam product

(1. 749, 75%

actam

yield). Literature reference: Tetrahedron. Lett., 1993, 34 20
(28), pp. 443 shiido C. [err] WO 97/ 2718GcTriseTio1610
PCT/ US97/ 01610 - 138 - 1 1
from2B 1.0 equiv., 1.7g 2 BOC anhydri de 2.5 equiv.,
5. 29 3 triethylam ne 2.0 equiv, 2.7nmL 4 DVAP

1.2 equiv, 1.4g 5 Lactam 1 was dirsk®%ved in nethyl ene chloride
(20nmL) and to this solution was added a sol ution of Boc anhydride

2 inCHerr]dJerr] (10 m)foll owed by trigth&lanine (2 eq) and

(1.2.eq). After stirring for 4 hours

5
VQNH L _omen

N“ DIEA, 70°C

1 2

o

S We*

(e
3

The iodolactam 1 {(0.78 mmol) was dissolved in dry

‘acetonitrile in a high pressure tube and to this

solution was added diisopropylethylamine (Pierce, 2.35
S mmol) followed by N-methylaniline 2 (Aldrich, 0.94
mmol). The tube was sealed and the reaction heated to

70 °C with stirring overnight. The reaction was cooled

to ambient temperature, solvent removed in vacuo, and

the residue taken up in ethyl acetate/water. The

10 organic layer was washed sequentially with saturated
aqueocus NaHCO3 and brine, followed by drying (MgS04),

filtration and concentration in vacuo.

The crude

residue was purified by flash silica gel chromatography
eluting with 2:1 ethyl acetate/hexanes to give 134 mg

15 of product 3; TLC Rg = 0.24 (2:1 ethyl

acetate/hexanes); HPLC Rt = 12.7 min (80%); MALDI-

TOF MS m/z 282 (M').

DIVAP



tenperature the reaction was refluxed for 4 hours and 10 after this

time, an additional 1.0g of Boc anhydride in acetonitrile (20nm) and
700uL of triethylam ne were added. The reaction was stirred for 15
hours at roqiyeramige t€nperature. (TLC (95:5, CHerr]d [eri;(lm}ss Rf (st
mat.) = .31. Rf(prod) = .66.) The solvent was then renove I n
vacuo and the residue was partitioned between nmet hyl ene chl ori de and
wat er. The organic | ayer was washed with water and brine, dried
(MgSg err]) and filtered. The dri-e®08rganic | ayer was then
concentrated in vacuo and the residue was purified by 20 silica gel
chromat agraphy (CHerr]C[err]) to yield desired boc | actam 2 (2. 3g,
869 . D. [err] WO Baampliegs?

PCT/ US97/ 01610 - 139 - 1
BOC- I actam from_2C 1.0 equiv., 85 ny 2 Alyl Bromde,

(Al drich) 1.8%¢quiv., 51uL

|
::: H
AP oL - N\A > e
W NaH, Cul o O

c O dioxane 100°C
1 2

NaH (0.96 g, 40 mmcl) was suspended into 20 mL of
dioxane. This was followed by the addition of diethyl

5 malonate (4.6 mL, 40 mmol), then phenyl iodide (2.2 mL,
20 mmol) and finally copper (I) iodide (7.6g, 40 mmol).
The reaction was then heated to 100 °C for 14 hours.
The reaction was then quenched with water and diluted
with ethyl acetate, the organic layer was washed with

10 water and saturated NaCl, dried (MgSO4) and
concentrated in vacuo. The crude product was further
purified by MPLC (Si0,) eluting with 4:1, toluene:
ethyl acetate to provide 1.21 g of product (29 %
isolated yield).

A~ QA%Q °°;0C ge

CsCO3 MeCN

15 B.

Y



3 LDA 1.29M (Al drich) 2.0 equiv , 420 uL Boc-l actam 1 was
di ssolved in dry THF and cooled to 5 -78 [err]C and to this solution
was added LDA via syringe. After stirring for 40 mn. at -78 [err]C,
al lyl bromni sp9e727180 was added via syringe and the reacti orPGRISIEW ed for
3 hours after which tine an additional anmount of allyl brom de (17 .
ul) was added. The reaction was then 10 stirred at -78 [err]C for 4
hours (TLC (5:95, MeOH. CH err]C[err]) Rf (st mat.) = .34. Rf(2

diast.) = .55 and.61). The react Toﬁoill\/as t hen quenched with 1niL
saturated NaC solution, and partitioned between saturated sodi um

bi carbonat e and gLivh) AGEIALE naThR0r 02ELF Y Soag, 18,00 duten washed wi th

wat er and bri ne, _ tered and_copcentrated in
vacuo. The resi dstiweed for 14 hoursednbycetdHiddidé (enrofttt ography to yield

al lylated productc?gtéf_lg{qgg; 489%YimedYbonate (71CEmg, 2.18 mmol) and [err]
was -cool od o - 78nEcPFIRLOR P M - 30 TP LT nepe 2eaction e ried) I
lithium (1.4 eq) chhaeSyratige.tolirsmess in vacuo. After re-suspension
of the reaction mixture in ethyl acetate, the reaction
mixture was washed with water, saturated NaHCO; and
saturated NaCl, dried (MgSO4) and concentrated in
vacuo. The crude product was further purified by MPLC
10 (§i03) to provide 200 mg of the desired product 35.2 %
yield).

Ho (approx. 1 ATM)

ayes
PA/C, HCI, EtOH F1O

To the malonate (1, 200 mg) in ethanol {3 mL) was added
concentrated HCl (100ul) and an excess of 5% Pd / C
15 (approx. 50 mg). The reaction was then fitted with a

balloon of H, and hydrogenated for 14 hours. After
purging the reaction mixture of H triethylamine (1
mL, 7 mmol, excess) and an excess of solid NaHCO3 was
added. After stirring for 30 minutes the reaction was

20 filtered and concentrated in vacuo. The yellow o0il was



WO 97/ 27180 PCT/ US97/ 01610

- 140 - m xture was warned to -10 [err]C and stirred for 40 m n,
after which tine the m xture was cool ed back to -76 [err]C. A

sol ution of wipgpkgetam 1 (3.0 g, 1 eq) in THF (15 ni PCTRIs®016002S
added. The reaction m xture was then 5 stirred at -78 Cfor 40 mn
foll owed by the addition of benzyl bromde (1.45 nm, 1.1 eq) via
syringe . After stirring for 2.5 hours at -78 [err]C, the reaction
was warned to -45 [err] C and stirreP2amr additional 1 hour. The
reaction was then quenched at -78 [err]C, vvith 0.5 nL 10 saturated NaC
solution. The reaction was warned to oomtenperature, . diluted with
ethyl acetate arfdephge-disso}ye@nit §tdyvdr aﬁﬁEa'v'\%sﬂé‘a the FefgEEPand
satuated Nadl , mxtur‘ér wad GBI efidn ﬁ&dr?oaﬁe‘ﬁ&wédadxamogaaua The

resi due t hen di ssol ved in net sﬁ ?ne é 1_'(a\'?;co m_)n and to 15
this solution vwﬁ??%ii&& d; NREL oufolbt MISRE! gap ﬂ??cent e 28s¥5 A ter 4
hours the react i pidvidenerst dédxkd produich.vathe, lmnarosvassi t i oned bet ween |
a saturated sol ution

sgodi u nd et hyl acetate. The
or gani ¢ ﬁﬁﬁﬁ&&“&aghgﬁ t hégv\?a réa%r g‘%gg%rfla’%e and then dried 20
(MgSA err]) and concentrated i n vacuo. The resul ting resi due was

purified by flash silica get chronatogi{ﬁ@@(u_e_ to give 726 ng (30% of
t he desired benzyl |actam pr oduc as a mxture of diastereoners.

\ - N
N\Q 1) LDA, THF N\/@
] - &
2) propargyl bromide \\J;’

In an oven-dried 25 mL round-bottomed flask, the PMB-
lactam 1 (563.7 mg, 2.75 mmol) was dissolved in 10 mL

10 of THF. The solution was cooled to -78 °C and 1.5M LDA
(2.0 mL, 3.00 mmol) was added dropwise via syringe
producing the yellow color of the enolate. The
solution was stirred for 15 minutes at -78 °C and
propargyl bromide ({310 uL, 3.48 mmol) was added

15 dissipating the yellow color. The cooling bath was
removed and the solution was warmed to room temperature
and stirred overnight. The solution was poured into 1N
HCl and extracted with CH,Cl,. The organic extracts
were combined and washed with saturated agqueous

20 NaHCO3. The organic layer was separated, dried (MgSOg4)
and evaporated in vacuc to afford a brown oil that was
chromatographed (90% CH,Cl,/hexane) to produce the
propargyl lactam 2 (577 mg, 86%) as a colorless oil.



Exampl e 3 25 A [err] WD 97/ 27180

PCT/ US97/ 01610 - 141 - Synt hesi s
of 2-oxo-3-nmnet hyl - 6- phenyl et hyl nor phol i ne. Di ssol ve

S-(-)-2-Ari wog2senyl - 1- propanol (1.51 g, 10 nmol ) BGTGSHOSNY o )
To O [err]C solution add (rac)-2-- br onopr opi onyl bromde (1.04 m,
10 nmmol ), followed by 5 a dropw se addition of diisopropylethylam ne
(.73 m, 10 nmol ). Warmup to rt_ continue stirring for 90

m n. Renove solvents in vacuo and renove ‘sdlts by et hyl acet at e/ wat er
extraction (3X). Follow ng magnesi um sul fate drying, the ethyl
acetate |ayer is,;10 evapor ated and resi due redi ssolved i n anhydrous THF.
To O [err]C solution of internediate 2 add 13 nM of NaH (from 60%

m neral oil dispersion, reqa¥ed by washi ng, wi t h hexane) .phSol uti on
was warned up to rt and OMe 3

S - N
S 70% CH3CNO Ny

In a 25 mL round-bottomed fl;sk, propargyl PMB lactam 1
(358.2 mg, 1.08 mmol) was dissolved in 6 mL of 70%
CH3CN-H,0. Ceric ammonium nitrate {(1.321 g, 2.41 mmol)

5 was added forming a dark orange solution. The mixture
was stirred until the starting material was no longer
evident by TLC (10% EtOAc/CH,Cly). The light yellow
solution.was diluted with EtOAc and washed with water.
The organic layer was separated, dried (MgSO4), and

10 evaporated in vacuo to afford a yellow oil that was
chromatographed (10% EtOAc/CH,Cl,) to produce the
propargyl lactam 2 (145 mg, 63%) as a colorless oil.

Example 39.

CHaCN
: NH + i NH
NH  piEa, DIEA. 70°C
o)
1 2

The iodolactam 1 (1.38 mmol) was dissolved in dry
15 acetonitrile in a high pressure tube and to this



reaction termnated (MeOH) after 1 hr. Residue left 15 after solvents
renoval was again partitioned between ethyl acetate/water (2X)
or gani ¢ phases conbi ned, dried with magnesium sul fate, filtered and

evapor at ed, woeomrmsesulting in 1.20 g crude product. Silicapcfilssrnisio
chromat ography (ethyl acetate) yielded 0.70 g of 20 pure product, 34%

yield. [err]HNW (CDOJ[err]): 7.25 (m 5H), 6.75 (broad s, 1H)
4.19 (g, 1H, J=7.0 Hz), 3.76 (2H, d, J=7.5 Hz), 3.57 (1H, m, 2.90
(2H, m, 1.49+1.46 (both s, total - @0légration 3H). CHN: 70.0 (calc:
70.2), 7.3 (7.4), 6.8 (6.8). Mass Spec. (API-)=204 (M 25 1). Silica
gel plates: Rf=0. 19 1/ 1 ethyl acetate h ne HPLC at 220 (YMC
0.46 cm x 25 cm Solu l@ﬂS”?%ﬂRﬁ@ﬁ? cHaseprepyie %ﬁWhmFS| grFE*H Ea%){gn

gr adi ent : Gmd0 0 YBé Blowedn, byl titli‘hhﬁidﬂoqﬁa@]]l%eTEA (Rndvwatey,1 B®. 1%
TFA in acetonltrlle VO 97/ 0

PCT/ US97/ 01610 ©0l). The tube was seaZeg and thgbffactlon heat%F ﬁerr]

70 °C with stirring overnight. The reaction was cooled
5 to ambient temperature, solvent removed in vacuo, and
the residue taken up .in ethyl acetate/water. The
organic layer was washed sequentially with saturated
aquecus NaHCO3 and brihe, followed by drving (MgSO04},
filtration and concentration in vacuo. The crude
10 residue was purified by flash silica gel chromatography
eluting with 1:1 ethyl acetate/hexanes to give 233 mg
“of product 3; TLC Rg = 0.21 (1:1 ethyl
acetate/hexanes); HPLC Rt = 14.0 min (85%); MALDI-
TOF MS m/z 307 (M').

15 Example 40

Ph OMe
1) PhSCI

A Pg OMe
3} DBU

1

In an oven-dried 250 mL round-bottomed flask, N-
chlorosuccinimide (2.5177 g, 18.9 mmol) was dissolved
in 75 mL of CH,Cl,. The solution was cocled to 0 °C and
20 thiophenol (1.90 mL, 18.5 mmol) was added dropwise via
syringe causing an immediate formation of a yellow
color and an exotherm. The orange solution of PhSCl

was stirred for 30 minutes at room temperature and a



Synt hesi s of 2-o0xo-3, 3-di net hyl 6- phenyl met hyl nor phol i ne.
Di ssolve 3.02g (20 MM of S-(-)-2-Am no-3-phenyl-1- 5 propanol in 10 m

THF. To O [err]C solution add 2- Br onmoi sobutyryl bromde (2.47 m,
20 mmol ), f owooneushy dropwi se additi on of dii sopropywcerisyim@sione
(3.47 m, 20 mmol ). Warmup to rt and continue stirring for

m n. Renove solvents in vacuo and renove salts by 10 et hyl acetat e/ water
extraction (3X). Follow ng magnesi um sul fate dryi ng, the ethyl
acetate |ayer is evapor ated and resi4flfe r edi ssol ved i n anhydrous THF.
Foll owi ng silica gel chromatography (1/ 1 ethyl acet at e/ hexane), 1.20
g of internediate IS isolate 5 X ont |n gverac | ation
product . '“(’5 P8 P C‘EQ%I%RJi %?mmh Blgnfsé;f an rg'ﬁ‘s ?)l\)ﬁa%dd 4
mM of NaH (dddemh G@MpwnserddssﬁﬁaumnspehSIonangewanmai .by The iighmshi ng

pith hexane). = yellowshheddn ids t fifred! 36, S ?Lé’%uf’@%r{de@\éEd and sol i d

20 resi due partStionad BatWeen ethyl’ ‘acetat e or gani c
phases conbi ned, gaiveateWaseyempoyed eldl muo CCly swas (,aé‘dg-‘éll fo tne

chromat ograghed Wi okt BYh 868 & énained and the undissolved
succinimide was removed by filtration. The filtrate

was evaporated in vacuo to afford the diastereomeric
chlorosulfides as a yellow oil that was chromatographed
(CHpCl,y) rapidly to remove low Ry impurities. The two
10 highest R¢ spots were the chlorosulfide diasteromers.
The purified mixture of chleorosulfides was dissolved in
CH,Cl, and m~chloroperbenzoic acid (2.0 g, 11.6 mmol)
was added with cooling from an ice-bath. The mixture
was stirred for 10 minutes and filtered. The filtrate
15 was evaporated in vacuo to afford a yellow oil (8.125
g, 86%) that produced two low R¢ spots (CH,Cl,) using
thin-layer chromatography for the two chlorosulfone
diastereomers. The oil was redissolved in CH;Cl,; and
DBU (2.7 mL, 18.1 mmol) was added dropwise at room
20 temperature. The solution was heated for 15 minutes
causing the solution to turn dark yellow. The solution
was cooled and the solvent was evaporated in vacuo.
The residue was chromatographed (CH,Cl,) to afford the
pure vinyl sulfone 2 (4.805 g, 55%) as a colorless oil.

25 B.




WD 97/ 27180 PCT/ US97/ 01610

- 143 - resulting in 0.20 g of product honbgenous by TLC, but

het er ogeneous by HPLC. C. [err] 5
Synt hesi s ofweaof49s03. 3- Spi rocycl ohexyl 6- phenylnethy+ QQB{ e via
nul tipl e deprotonation- al kyl ati on route. A so on 1 (5.73
g) was dissolved in 5 m of anhydrous DVF, cool ed down to 0 C and
0.72 g of NaH 10 was added portionw se. After stirring for 15 mn at
roomtenperature, the solution was cool ed20® ©[err] C and 4.70 g of
p- met hoxy- benzyl chloride was added. The reaction was then stirred at

roomterrperature for two
In an oven~dried 25 mL round-bottomed flask,

trimethylsilyl diazomethane (140 uL, 0.280 mmol) was
dissolved in 5 mL of THF. The bright yellow solution
was cooled to -78 °C and n-Buli (320 ulL, 480 mmol) was
30 added. 1In a separate oven-dried 25 mL round-bottomed
flask, the vinyl sulfone PMB lactam 1 (108 mg, 0.227
mmol) was dissolved in 5 mL of THF and added dropwise
via syringe at -78 °C to the lithiate solution. The
resulting solution was stirred for 1 hour at -78 °C and
35 then two hours at 0 °C. The mixture was acidified with
1IN HCl and extracted with CH;Cl,. The organic extract
was dried (MgSO4) and evaporated in vacuo to afford a
cloudy, colorless oil that was chromatographed (20%
EtOAc/CH3Cl,) to produce the TMS pyrazole PMB lactam 2
40 (88.4 mg, 87%) as a clear, colorless oil.

cC.

Ph
™s OMe  TpaAF Ph OMe
S - W
CHCN =
0 o)
1

In an oven-dried 25 mL round-bottomed flask, the TMS

pyrazole PMB lactam 1 (1.1345 g, 2.53 mmol) was
dissolved in 110 mL of 81% CH3CN/H,0.

45 Tetrabutylammonium fluoride (2.7 mL of a 1.0M solution
in THF, 2.70 mmol) was added dropwise via syringe. The
reaction was refluxed for 48 hours and cooled. The

solvent was evaporated in vacuo and the residue was



hours, followed by silica gel purification, yielding 15 4.72 g (51% of

2. M (AP+) =312.1 (Mt1l). 1H NWR (CDCl[err])=7.26-6.87 (9H m,

5.42 (1H,d), 3.85 (1H,d), 4.34 (1H,d), 4.20 (d,1H), 3.79 (s,3H), 3.68
(1H,d), 3.42wolddedsy 3.26 (1H m, 2.95 (2H, n). 20 pcTruboridis of 2
was dissolved in 10 mM of anhydrous THF, cooled to -78 [err]C and 9.8
m of 2MLDA in heptane/THF/ethbeenzene was added. After 15 mn,

4. 569 of 1-chl oro-5-i odopent ane was added dropwi se and the

WO 97/ 27180 207 - PCT/ US97/ 01610

- 144 - reaction carried out at -78 [err]Cfor 1 hr and then
quenched. The solvent re r the materi was_ purjfied by
silica gel (2.69°% j Itlﬁge organi’ @&ﬁa°F3Ya€wEF%§§41:1

m xture of two dlwaﬁmewoﬁel ssollﬂzlon I\/Er@ABI Mg30.0..2 apldi-eyapéra MR in

(OGN AT goho  yorfoflt oad i ibmadefiet i)

(m4H), 1.58 (m 4QpP3 EtOAc/CHZClZ) to afford the pyrazole (688 mg, %)
5 as a light yellow oil.

1) NaH oMe

P ove
HN Kg >N_ M/@
O
1

In an oven~dried 100 mlL round-bottomed flask, the

pyrazole PMB lactam ) {588 mg, 1.57 mmol) was dissolved
in 25 mL of THF. NaH (50 mg of a 60% dispersion in

10 mineral oil, 2.08 mmol) was added. Gas evolution was
ocbserved. Methyl chloroformate (140 uL, 1.81 mmol) was
added and the reaction was stirred at room temperature
overnight. The mixture was acidified with 1N HCl and
extracted with CHyCl,. The organic extract was dried

15 (MgSO4}, and evaporated in vacuc to afford the pyrazole
carbamate PMB lactam 2 (588 mg, 873%) as a light yellow
oil.

E.
P OMe P
QA N CAN 0 Ny
Me-O 70% acetonifriieiwater Me— N‘H



2.6 g of 3 was dissolved in 5 mMl of acetone. 1.87 g of 10 sodi um i odi de
was added and refl uxed overni ght. Acetone was then renoved in vacuo
and the crude nateri al purified by ethyl acetate/aqueous extraction,
resul ting Ien2. 89 Of 4 (88.3%. M5 (APl +) =508. ot} 30.1
(M+Na) . 1%"09-”?“?9 of 4 was dissolved in 40 m of anhydrous THI}I%161013
cooled dowmn to -78 [err]C, and 3.6 nml of 2M LDA was added. The
reaction was allowed to progress for 2 hrs, with gradual tenperature
i ncrease to roomtenperature. The -r @9gdde was quenched with water,
THF was evaporated and 20 the crude material desalted between ethyl
acetate/water, resulting in 1.90 g of 5. 1H NWVR SCDO [err])=7.35-6.83
(m 9H), 5.35 (d, IH) an3o¥€en-dried (HO3HYL, round-gak tomed F185k¢ nike), 3.23
(m1H, 3.0 pg%gkglf% %&&52&@ 195‘)’.31:1 12 77 mby, 999 38 mRcWRSwas

deprotected by 9 3/1 acetonltrlle/mater )
over ni ght at roo@uﬁ@ﬁé@?él%ﬁe?o mL of 7?ﬁeCBJ 6 COTEOgF ™R Whri fi ed on

silica using nitrEtOA¢s hepomned,Mat Bangho oy &Gﬁ@fadded. The or¥iy@7/ 27180
PCT/ US97/ 01610 ) . : .

5 solution was stirred at room temperature until the
starting material was no longer evident by TLC (1 hr).
The light yellow solution was poured into water and
.extracted with EtOAc. The organic extract was dried

(MgSO4) and evaporated in vacuo to afford the pyrazole

10 carbamate lactam 2 {228 mg, 55%) as a clear, colorless
oil.
Example 41
A.
Ph Ph
P‘-\QCMB BuzgSnN3 : > OMe
K ' P
S oo O
WN g xylene \\)\/?N
O 205°C
1 2

In a heavy-walled screw-top test tube, the propargyl

15 lactam 1 (1.111 g, 3.33 mmol) was dissolved in 7 mL of
xylene. Tributyltin azide (1.965 g, 5.92 mmol) was
added, the tube was sealed and heated to 205 °C
overnight. The dark brown solution was cooled and
directly chromatographed using a gradient from CH,Cl,

20 to 50% EtOAc/CH,Cl, to afford the triazole PMB lactam 2
(827 mg, 66%) as a light yellow oil.



- 145 - M (AP+) =259 (M+1l). 1H NWR (CDCl[err])=7.22 (m5H), 6.
(s,1H), 3.82 (m1H, 3.67 (m1H), 3.60 (m1H, 2.83 (m2H), 2.0-
(m 10H). Exanpl e 4 5 A [err]
7.0g of the wbadepuee 1 was dissolved in 40 nL of THF peidsaibdao
dropwi se to a cooled (-78[err]) solution of 128 m. (128mvbl ) of 1M
trimethylsilyl nmethyl magnesi um brom de in ether. The resulting

m xture was allowed to 10 warmto rt and poured into water. After
diluting with ethyl acetate and 1N BGB, ~the | ayers were separated and
the organic |ayer was washed wi th 10% aqueous sodi um bi car bonat e.
Dryi ng over nagnesi um sul fate and renoval of the solvent in vacuo
gave a vi scous oB-, which was 15 re-di ssolved in 150 nlL of

di chl oronet hane and treated dropwi se with 15.6 nmL of borontrifluoride
et herate. Thet resultiPrkg i xtomee was stirred $BF 5 days at r%weand

t hen quenched with hq&& aQH" The(or gani ) Neldyer was dr}egar

evapor at ed and t heNr gpi @ —chroratogiapedion[sTY |
et hyl acetate ; 0 give R)PuCiiBra yel ® .

Recrystallization from he®ane yiel ded 4.6g of the

96
1.20

_ ' | (20%
O
1 2
In an oven-dried 100 ml. round-bottomed flask, the
triazole PMB lactam 1 (827 mg, 2.20 mmol) was dissolved
in 40 mL of THF. NaH (124 mé of a 60% dispersion in
5 mineral oil, 5.17 mmol) was added. Gas evolution was
observed. Benzyl bromide {400 ulL, 3.36 mmol) was
added. The reaction was stirred at reflux until the
starting material was not longer evident by thin-layer
chromatography (50% EtOAc/CH,Cljz). The mixture was
10 acidified with 1N HCl and extracted with CH,Cl,. The
organic extract was dried (MgSO4), evaporated in vacuo
to afford a dark yellow residue that was

chromatographed (20% EtOAc/CHyCl,) to produce the
benzyl triazole PMB lactam 2 (740 mg, 72%) as a light

15 yellow oil,
CcC.
Ph
ﬁ Ph OM Ph Ph
\ e N
. ~N .-"‘ CAN __.“
s N

N‘ ) N g N 3 N
\ 70% CHyCN-HO “H
(o] O

1 2

In an oven-dried 50 mL round-bottomed flask, the benzyl
triazole PMB lactam 1 (740 mg, 1.59 mmol) was dissolved



desired al kene as a white solid in three crops. WD 97/ 27180

PCT/ US97/ 01610 - 146 - B. [err]

2.09 (7.1mwbl) of the alkene fromthe previous step were mxed with 10

mL of car bonwoed7naishl ori de and 1.4 mL (20mVbl ) of thi cayatseroem d. A

spatula tip of AIBN 5 was added and the mxture was irradiated in a

quart z vessel at 254nm for 2h. The resulting m xture was diluted

wi t h di chl oronet hane and extracted with satd. aqueous sodi um

bi carbonate. Drying and renoval of the = 21&gaivent, followed by

chromat ography on silica gel (15% 10 et hyl acet at e/ hexane) gave the

gfg'n{jfﬁgt hioacetate,, my 2 964 &%, &I80° YELELY el IRl ERa8Q! (4l T ed on
g, 3.83 mmol) was added. The orange solution was '

stirred at room temperature until the starting material
was no longer evident B& TLC (1 hr). The mixture was
5 poured into water and extracted with EtOAc. The
organic extract was dried (MgSO4) and evaporated in
vacuc to afford the benzyl triazole lactam 2 (336 ng,

61%) as a clear, coldrless oil.

Example 42
L 1) LDA/THF Z
4 ~ 2) acetone -
Qi ~BOC  FyWarnstgt YQ"LH
) 4) Hx/10% Pd-C
5) TFA/ICHCH
10 BOC-lactam 1 (1.8 g, 6.6 mmol) was dissolved in THF {50

mL) and cooled to -78 °C. To this solution was added
LDA (Aldrich, 1.5 M in cyclohexane, 5.3 nL, 7.9 mmol)
via syringe over 10 minutes. After stirring for 60 min
at -78 °C, acetone (4.9 mL, 66 mmol) was added via

15 syringe over 1 minute. The reaction was stirred for an
additional 40 minutes before being quenched with 1IN HC1l
{15 mL}. Ethyl acetate (100 miL) was added and the
layers were partitioned. The organic layer was washed
with brine, dried over magnesium sulfate, filtered, and

20 concentrated in vacuo to a yellow oil that slowly



C. [err] A solution of 0.85g of the thioacetate fromthe 15

previous step in 30 nL of acetic acid and 15 nL of 1N

on ice and exposed to a stream of chlorine gas for 2h. Eth

HC1 was cool ed
acetate

|
was added anWO%i@7180  organic | ayer was separated, dried d’ﬁa"@é'”@?’&por at ed

WO 97/ 27180
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20
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with toluene to give the desired sulfonyl chloride as a
white solid (1.05Q).

~ 211 -

crystallized. The crude alcohol was dissolved in
dichloromethane (50 mL) and Martin’s sulfurane
{Aldrich, 7.5 g, 11 mmol) was added in one portion.

The reaction was stirred for 36 h at room temperature
before being concentrated in vacuoc. Flash
chromatography over silica gel (3:1 hexane:ethyl
acetate) provided the alkene as a mixture of isomers.
The alkene, 10% Pd-C (1.0 g), and methanol (40 mlL)} were
combined in a Parr bottle and pressurized to 50 psi of
hydrogen gas. After 4 h of agitation, the reactioen
vessel was evacuated and filtered through a plug of
Celite. The cake was washed with ethyl acetate (20 mL)
and the combined filtrate was concentrated in vacuo to
give the isopropyl BOC~lactam as a pale yellow oil.
The lactam was dissolved in dichloromethane (20 mL) and
trifluoroacetic acid (10 ml) was added slowly. The
reaction was stirred at room temperature for 24 h
before being diluted with ethyl acetate (100 mL) and
carefully neutralized with 10% sodium carbonate to pH
7. The layers were partitioned and the organic layer
was dried over magnesium sulfate, filtered, and
concentrated in vacuo. Flash chromatography over
silica gel (3:1 ethyl acetate:hexane) gave the
isopropyl lactam as a white powder. MS (ES+) = 240
{M+Na)



0.7g of the sulfonyl chloride 2 obtained in the previ ous step were
di ssolved in 30 mL of 30% HBr in 5 acetic acid. After 2h, the

vol atiles were renoved in vacuo, the gumry residue was redissolved in
100mL of wo 97@fgeor of orm and the sol ution was treated wadrnisstesio
triethylamne. The m xture was stirred for I h and then extracted with
1IN HO and 10% aqueous sodi um 10 bi carbonate. Drying over nmagnesi um

sul fate and renoval of the solvent gave a brown oil which was

chr omat ogr aphed on silica gel (2@6N@C}Vdigh2070nethane) to give the
desired sul fonam de as an off-white solid (0.305g). 1H NMR

(e ferr]): 2.20 (1H M, 2.48 (1H m,_15 89 (2H, M, 3.10 (1H M, 3.23
I1H M, 3.84 (1H m, 4.18 (1H, e (5H, M. 13C-NWR (CDCl [err]):
28. 8, 42.0, 47.8, 56.2, 127.8, 129.1, 129.3, 136.6.

Exampl e 5 Synt hesi s of Sulfamate 20 A [err]

A solution of 30g of Cbhz- - phenyl al ani ne, 6.8g of thylan1ne

hydr ochl ori de, 14.8g of hydr oxybenzotri azol e and 2

N- et hyl nmor phol i ne in ) 1. LDA / THF / -78°C _,I
K;}kam 2 ﬁf \
_ o}

~78°C"'"‘ RT

A stirred, cooled (-78 °C) solution of 1.4 g (5.0 mmol)
of pyrrolidinone in 35 mL of anhydrous tetrahydrofuran
was treated in a dropwise fashion with 3.6 mL (7.2

5 mmoL) of lithium diisopropylamide. The resultant
solution was stirred for 70 min, and subsequently
treated with 0.57 mL (6.0 mmoL) of 3-pyridine
carboxaldehyde. The homogenous solution was allowed to
ambiently warm to RT, and stirring was continued

10 overnight. The reaction mixture was diluted with 400
mL of dichloromethane, washed 1X with 150 mL of water,
dried (magnesium sulfate), filtered, concentrated, and
purified on silica gel using 3:1 ethyl acetate/hexanes
as the eluent affording 0.6 g (46%) of the desired

15 compound as a golden oil which solidified upon
standing. “H NMR (d6-DMSO, 400MHz) 8.65 (s, 1H); 8.47
(m, 2H); 7.83 (d, J 8.0 Hz, 1H); 7.41 (m, 1H); 7.23
(m, SH); 7.03 (t, J = 2.7 Bz, 1H); 3.96 (m, 1lH); 3.07
{m, 1B); 2.89 - 2.65 (series of m, 3H). M+H (265.2).
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- 148 - 300 nL of dinethylformam de was cool ed on an ice-bath

and treated with 19.2g of EDCI. The m xture was allowed to reach rt
over ni ght andvQ #é&i18oured i nto 2000 mL of water. The RSTHEIYP16HhS
collected by filtration, 5 dried and redi ssolved in 500nL of nethanol

and 300 ni of THF. 1g of 5% pall adium on carbon was added and the

m xture was stirred under hydrogen for 36h Eiltration and renoval of
t he  solvent, followed by short plug = #tftration t hrough silica gel (5%

MeOH(2M NH3)/ 10 di chl oronet hane) gave the desire anmine as a pale yell ow
solid (179). B. [err] Example 44

e
1) LDA g

pyridine-3-carboxaldehvde N

7PC ’
NBoc N\ / NH
2) By/Pd-C
(o]

(]
2

The first step of the sequence was performed as for
Example 43. The olefin was carried forward as follows:

step 2

5 A vigorously stirred suspension of 330 mg (1.25 mmol)
of eneamide and 80 mg of 10% palladium on carbon
{Degussa) in 12mL of anhydrous methanol was
hydrogenated (Hydrogen ballocn) for 1 h. The mixture
was diluted with 100 mL of methanol, carefully

10 filtered, concentrated, and purified on silica gel
using ethyl acetate as the eluent affording 295 mg
(89%) of an isomeric mixture of the desired compounds
as a golden oil which solidified upon standing. 1H NMR
(d6-DMSO, 400MHz}) d 8.36 (s, 2H); 7.88 (s, 1H); 7.56

15 (d, J = 7.9 Bz, 1H); 7.27 - 7.12 (m, 7H); 3.66 (m,
1H); 2.96 - 2.37 (series of m, 7H). M+H (267.2); M+Na
(289.2)



A solution of 1.22g (56 mwbl) of lithiunborohydride in 15 28 nL of THF
was treated with 14.2 nL (112mvbl) of chlorotrinethyl silane. The
resulting m xture was treated scoopwi se with 5g (28mwbl) of the am de

from Wisopféi ous step. After stirring at rt for 24hecekisombis1o of
met hanol were added carefully, followed by 10 nL of 20 acetic acid.

Repeat ed evaporation from net hanol gave a col orl ess gl ass, which was
di ssolved in 100nm. of 20% NaOH Extraction with 4x50nL of chloroform
f ol | owed by drying and renoval of tHl%d6l vent gave a yel | ow oil

whi ch was chromat ographed on silica gel (20% 25 met hanol (2M

anmoni a) / di chl oronet hane to give 1.5g of WO 97/ 27180

PCT/ US97/ 01610 Example 45 1,9 . t he
desired diamine as a colorless oil, and 2.0g of recovered starting
mat eri al . 0.15g of the diamne fromthe previous step were

dissolved in 0.5 nL of pygFdj ne and added dropwi se to a ref | uxi ng
solution of 0.1g of sulfo iim del)i {.'DA" 5mL

: ' pyﬁdine-z-carboxaldehyde = \
\Boc -78¢C N IN
;; NH
2) Hpy/pd-C
o (o)

1 2

The synthesis of the 2-pyridyl methylpyrrolidone was
carried out as shown in ‘Example 44.

Example 46
A o L
; ppﬂme4¢ahmdm¢mh - \
-18°C
NBoc A \H
2) HyPdC
o O
! 2
5 The 4-pyridylmethylpyrrolidone was prepared following

procedures outline for Example 44.



of pyridine. Reflux was continued for 24h and the vol atiles were
renmoved in vacuo. The resulting brown oil was chromat ographed on
silica gel (20% nethanol (2M anmoni a) / di chl oronmet hane) to give the
desired 10 WONIR 8Pyl urea as a yellow oil (0.04g). [err] sgwf’é'rr]w):
2.60 (3H,s), 2.86 (IH dd), 2.96 (IHdd), 3.15 (1H dd), 3.47 (I H dd),
4.18 (1H, m, 7.22 (5H m, 7.38 (1H,d). [err]GNWR (CDerr]OD): 31.8
39.9, 50.0, 57.8, 126.5, 128.2, 129.9,5136.6 15

Exanpl e 6 [err] Boc lactam 1l (1.27 g, leq)
was dissolved in THF (27 i) and cooled to -78 [err]C. To this

sol ution was added LDA (Al drich, gxandMd mhexane, 3.7 ni, 1 2 eq) via
syringe over 3 mnutes. After stlrrlng for 85 mnutes at -

[err]C, a solution of ethyl |odoa§qp@5 b/ NhH 1 Qgﬁf;g THF (13
e 0

m.) was added via syringe over nu es.
t

The r | S then
stirred at -78 [err]C for hen at 1.5 40 [err] C
The reaction \Mﬁbéﬁﬁg}ﬁ@ﬁlg r]C uenched with 2.5
Y. 1}
L l/ﬁ\/x\/ﬁ\

4. TFA, neutralize X=0, N-Bn

X = N-Bn
A.
A solution of 5.06g (20 mmol, 1 equiv) of tert-Butyl-
5 P, P-dimethylphosphonocacetate in 15 mlL THF cooled to
0 °C was treated with 0.528g of NaH at 0 °C and then
warmed up to room temperature for 30 min. Next,
solution of 5.0g (20 mM, 1 egquiv) of Boc~Phenylalaninal
in 5 mL THF was added dropwise at 0°C and the reaction
10 continued for 2 h. The crude product was diluted with
ethyl acetate and partitioned with aqueous citric acid
(2x), sodium bicarbonate (2x), organics collected and
dried over magnesium sulfate. The product was then
dissolved in 100 mL methanol, added 0.6g 10% Pd/C and
15 hydrogenated at 25 psi overnight,  and the desired
compound purified on a silica column using 1/4 ethyl
acetate/hexane. Yield 3.8g (51.4%).
'H NMR (CDCL3;, 300 MHz) & (broad signals and
conformational averaging) 7.20 {(m, SH)}, 4.46 {(m. 0.5H),
20 3.79 {m, 0.5H), 3.72 (s, 0.5H), 2.80 (m, 0.5H), 2.46
{m. 0.5H), 2.27 (m, 1H), 1.78 (m, 1H), 1.50 (m. 1H),
{1.44, 1.42, 1.41, 1.38B} {({all s, total 18H). Low
resolution MS m/e 372.2 (M+Na').



WD 97/ 27180 PCT/ US97/ 01610

- 150 - saturated NaCl solution, and partitioned between

saturated sodi um bi carbonate and et hyl acetate. The organi c | ayer was
t hen washedwe ¢ie7i8oi ne, dri ed (MgSg err]), filtered prmussanment r at ed
I n vacuo. The 5 residue was purified.by flash silica get chromatography
eluting with 5% Et QAc/ CH err]C [err] to give 1.67g of substituted

| actam product 2 contam nated with a m nor anount of |actamstarting
material 1. HPLC showed 52% product 248d-28% starting material. This
m xture was 10 t hen di ssolved in nmethylene chloride (45 nL) and cool ed
to O [err]C. To E&Ls sol ution was added trifluoroacetic acid (2 n)
and the reaction s stirred at room tenperature for 1.5 hr. TLC
showed no BOC natRemsiodbition of ahubd Ige (A8a2bi mmolasl condarit pdt §henakheweio and

ot B The oroSaREE ST B0 Uk GRLTeRALE YLt 90 880 (30,70 PLIYL
The organic | ayemmads 3 equiehQforldh ddthiupai® | tEme thye Sidyiduamine
purified bys inf @sh gbroymtagr agwrebothig ¥¢ thed:°k, Er@ickohexane to 20
glve FZ??? of pu&%slggggg]gfgguffBEQS.mmol, 1 equiv) of N-benzyl-N- Exanpl e
bis(iodoethane) in 10 mL of THF and the reaction
continued for 6 hours during which it reached the room
temperature. The reaction was quenched with 10% agueous
10 solution of citric acid and extracted to ethyl acetate,
and the product treated with 1:1 (v/v) DCM/TFA (40 mL)
for 40 min, after which solvents were removed and the
crude purified to homogeneity by RP HPLC with total
yield of 14.2%. The resulting TFA salt was then
15 neutralized with triethylamine, extracted between ethyl
acetate/water, organics collected and dried, thus
yielding a free base form of the spiropyrrolidone
product which is used in subsequent coupling to the
epoxide. 1H NMR (TFA salt, CDCL,;, 300 MHz) & 7.30 (m,
20 i10H), 5.85 (m, 1H), 4.16 {(m, 2H), 3.86 {(m, 1H), 3.68
(m, 1H), 3.36 (m, 3H), 2.88 (dd, 1H), 2.62 (dd, 1H),

1.7-2.2 {(m, 6H). Low resolution MS m/e 335.2 (M+H+)

Example 48

Spirocycle X=0 was synthesized according to
25 bisalkylation protocol of Example 47 above except that
bis-0-(iodoethyl) ether was used in reaction step B
(1.26g, 3,87 mmol, 1 equiv). 'H NMR (dg-DMSO, 300 MHz)
& 7.79 (s, 1H), 7.22 (m, 5H), 3.73 {(m, 3H), 3.24 (m,
2H), 2.88 (dd, 1H, J=4.8, 13.4), 2.57 (dd, 1H, J=8.4,
30 13.4), 2.03 (w, 1H), 1.76 (m, 1H), 1.55 (m, 2H), 1.22



A solution of 5-benzyl-pyrrolidinone 1 (1.5 gr, 8.86 mol ) was

di ssol ved at anbi ent tenperature under WO 97/ 27180 -
PCT/ US97/ 01610 - 151 - nitrogen in
anhydrous di ¥RPP#?B8%t hane (40 nl). TMEDA (6.5 mL, 4PCTHUSHHIG0\\a5
added via pipette and the sol ution was cool ed and nmai ntai ned at -20
[err]C. TwmBI (2.33 m., 17.12 mmol) was added via pipette and the 5
m xture was stirred for 15 mn. Solid ijxglqe”(4.345 g, 17.12 mol)
was added and the m xture was stirred vigorously for 15 m nutes and

t hen quenched by rapid addition of the reaction m xture into aqueous
10%. sodi umgul iz e $obut {1pN 16300 1 8l) redBeuttior Wse mRS246. 2
transferred to a séparafory funnel” and the [ayers were separated. The
organi ¢ | ayer wasMtgdshed with 1IN NaHSO err], water, and then dried
over MgS err]. The solution

Example 49

3.1HS

NN

* 1. (MeO), POCH,COOtbu / NaH
2.Hy/Pd-C ?
X

Boc-Phenylalaninal

' Spirocycle X=CHp

5 A.
A solution of 1.36g (3.88 mmol, 1 equiv) of the ester
from Example 47 step A in 5 mL of THF was cooled to -
78 °C and treated with 9.32 mL (9.32 mmol, 2.4 equiv)
of 1M lithium bis(trimethylsilyl) amide in THF. After 1

10 h at -78 °C, 0.992g (4.27 mmol, 1.1 equiv) of 1,5-
iodochloropentane was added and the reaction allowed to
progress at -15 °C for 1 h, quenched with 10% agueous
citric acid, and extracted to ethyl acetate, resulting
in 1.60g of product. Low resolution MS m/e 476.2

15 (M+Na+)

B.

A solution of 1.6g (3.53 mmcl, 1 equiv) of the above

chloride in 30 mL acetone was treated with 5.28 g (35.3

mmol, 10 equiv) of Nal and refluxed overnight. Solvents
20 were then removed and the residue partitioned between

ethyl acetate/water. Organics were dried with magnesium



was then diluted in half with nmethanol and stirred over ni ght under a

nitrogen atnosphere. The sol vent was 15 renoved in vacuo and the residue
was purified by flash chromat ography, eluting with ethyl acetate :
hexane wosdmsePur e i odo | actam product 2 was recover egcBeso 01610

solid (2.11 g). Exampl e 8 20 A [err]

To a solution of dibenzylphenylalinol 1 (100 mmol) in net hyl ene

chl oride (100nmL), was added triethyl am ne (150 nmol ). The m xture was
cooled to O [err]C and met hanesul f ony@l&hl oride (110 nmol) was slowy
added. 25 The m xture was stirred at O [err]C for one hour and then

WD 97/ 27180

sulfate and purified on silica gefxagﬁ£§§5%1%%gyl
acetate/hexane resulting in 1.2 g of the desired iodide
(62.4% yield after chromatography).
1H NMR (CDCL3, 300 MH2) & 7.20 (m, 5H), 4.38 (m, 1lH},

5 3.79 (m, 1H), 3.13 (t, 2H, J=6.9), 2.73 {(m, 2H), 2.25
(m, 1H), 1.76 (m, 2H), 1.43 (s, 9H), 1.38 (s, 9H), 1.2-
1.7 (m, 7H). Low resolution MS m/e 568 (M+Na+), m/e
362.2 (M+H")

Cc.

i0 A solution 1.15g (2.1 mM, 1 equiv) of the above product
in 20 mL of anhydrous THF was cooled to -78 °C and
treated with 3.2 mL (3 mmol, 1.5 equiv) of 1M lithium
bis(trimethylsilyl) amide in THF. The reaction was then
allowed to warm up to room temperature, solvents

15 removed and the crude product purified on preparative
HPLC. lH NMR (CDCL3, 300 MHz) & 7.32 (m. 4H), 7.19 (d,
12H), 3.88 (m, 1H), 2.82 (m, 2H), 2.24 (dd, 1lH), 1.2-
1.8 (m, 11H). Low resolution MS m/e 384.2 (M+Na'), m/e

362.2 (M+H').
20 Example 50
1) LDA/THF
N~goc -5—'—'—‘* N-y
CHO

) E::j/ j

3.Hy , Pd-C



- 152 - poured into a beaker containing diethyl ether (400niL).

The m xture was filtered and washed with nore diethyl et her and the
filtrate was washed with water, saturated NaHCO3 and saturated brine.
The organi c M®2788s then 5 dried (MgSQ err]), filtered@P?7/01610
concentrated to yield 41 g of crude nesylate product 2 as a |light

yel | ow br own thick oil, which was used as is in subsequent steps.

B. [err] _ Zggeghyl mal onate (300 mml ) was
di ssolved in 10 acetonitrile (250 nL) and™to this solution was added

pot assi um carbonate (300 nmol); the suspension was stirred overni ght
at room tenperatuge. Mesylate 1 (100 nmmol ) in acetonitrile (60nm) was
t hen added to the ™ reacti on m xture which was then heatef to 80 [err]C
and 15 stirred TheeBargpyrrotigoneedde fof nt &Y \n@st HefSe1Vee ¥ tered

and goncentrated HQFVQQUQmLf“KHdidHEl@H Bexang °c. Tot @hikessbst iire wasr ned a
precipitate, which uag LhLUSLER cp, 1.8%uPYl oyl HBLE P 9915 n2, (195 9)-
5 mmol) via syringe over 10 minutes. After stirring for
60 min at -78 °C, 3-formyl~-5,6-dihydro-2H-pyran (US
patent 4,532,337} (1.8 g, 16 mmol) in THF (5 mlL) was
added via syringe over 1 minute. The reaction was then
allowed to reach room temperature and stir for 20 h
10 before being quenched with saturated ammonium chloride
{15 mL). Ethyl acetate (50 mL) was added and the
layers were partitioned. The organic layer was washed
with brine, dried over magnesium sulfate, filtered, and
concentrated in vacuo. The residue was purified by
15 flash chromatography over silica gel (985:5
chloroform:methanol) to give dihydropyran lactam as a
beige powder. MS (ES+) = 270 (M+1), 252 (M+Na]

B.
The dihydropyran cobtained above (1.2 g, 4.4 mmol), 10%
20 Pd~C (0.2 g), and methanol (35 mL) were combined in a

Parr bottle and pressurized to 50 psi of hydrogen gas.
After 3 h of agitation, the reaction vessel was
evacuated and filtered through a plug of Celite. The
cake was washed with methanol {20 mL) and the combined
25 filtrate was concentrated in vacuc. Flash
chromatography over silica gel (95:5
chloroform:methanocl) gave the tetrahydropyran lactam 2
as a white powder. MS (ES+) = 274 (M+l), 296 (M+Na)



WD 97/ 27180 PCT/ US97/ 01610

- 153 - C. [err] Mal onate 1 (10.6 mmol) was di ssol ved
in dry THF (40 nl) and cooled to O [err]C. To this solution, sodium
hydri de WOB721#18®| ) was added in portions and the suspemrgrassyvasiod
stirred for 1.5 hr at 0 [err]C. The triflate 2 (12 mmol) in dry THF
(10m.) was then slowy added to the reaction m xture and after :
conpl ete addition the reaction was allowed to warmto roomtenperature
and was stirred overni ght. The reacfi®f%was then diluted with water 10
(100mL) and extracted with diethyl ether (3x50 ni). The conbi ned

organic | ayers were then washed with q Sﬂtuggted brine, dried over
MgSO err], filtered and concentr at 0. The crude product was
purified by nplc (eluted wth a gradient of 9:1 hexane:ethyl 15

acetate up to 4:1 hexane: et hyltate to yield product QB (4.2 g, 73

% .
A ——
: . O

o

A.

A solution of 2.6g (8.24 mmol, 1 eguiv) of the allyl-
pyrrolidoﬁe in 80 mL tetrahydrofuran and 25 mL water
was cooled to 0 °C and treated with 5.29 g (24.7 mmol,
3 equiv) NaIQ4, followed by the addition of 838 mg of
2.5% solution of osmium tetroxide in 2-methyl-2-
propanol. The reaction was continued for 2 h at room
temperature, solvents removed and the residue

10 partitioned between ethyl acetate and water. Ethyl

(44}

acetate was then dried over MgSQO4, resulting in 3.0 g

of the crude.aldehyde.

1y NMR (CDCL,, 300 MHz) & 9.75 (s, 1H), 7.22 (m, SH),

4.32 (m, 1H), 3.05 (m, 2H), 2.82 (m, 3H), 2.53 (m, 1H),
15 2.22 (m, 1H), 1.58 (s, 9H). Low resclution MS m/e

356.1 (M+Na'); m/e 689.3 (2M+Na').

B.

A solution of 2.88g of the above aldehyde in 10 nlL

methanol was cooled to 0 °C and sodium borohydride was
20 added over 2 h, until all the starting material

(Rf=0.55, Merck Kiselgel 60, 0.25 mm, 1:1 ethyl

acetate/hexane) was consumed. The title compound had

Rf=0.30 (same conditions). Solvents were then removed,

and the residue was extracted between ethyl acetate and



D. [err]

The subsituted malonate 1 (1.62 nmmol) was suspended

I n et hanol and to this was added conc. HC (0.24 nmL, 2.4 WO
97/ 27180 PCT/ US97/ 01610

- 154 - WO 97380 ) and 10% pal | adi um on Carbon (0. 162 nffoiYSo761Y

m xture was then stirred under a ball oon of hydrogen gas at room
tenperature overni ght. The reaction was then filtered through Celite

and to the filtrate was 5 added trielkggf?ﬁ ne (10 nlL, excess) followed

by solid

sodi um bi car bonat e (excess).
for 0.5 hr, filtered and concentrated to yield a yell ow

he m xture was stirred

residue was then (h$shnds Biek{Wlacid. Organic fractions were washed

10

20

25

30

with water and dried over magnesium sulfate.
Purification on a silica column (1:1 ethyl
acetate/hexane) afforded 1.5 g (57% yield) of the
alcohol. Low resolution MS m/e 342.2 (M+Na"); m/e
661.4 (2M+Na').

C.

A solution of 0.46g (1.44 mmpl, 1 equiv) of the above
alcohol in 4 mL tetrahydrofuran was treated with 0.215
g (1.875 mmol, 1.3 equiv) of mesyl chloride and 0.242g
(1.875 mmol, 1.3 equiv) of diisopropylethylamine. The
reaction was allowed to proceed for 30 min at room
temperature, solvents removed and the residue
partitioned between ethyl acetate and water. Organics
were dried with magnesium sulfate and purified on a
silica column (1/1 ethyl acetate/hexane), yielding 0.50
g (87.3%) of the desired mesylate. Rg=0.57 (Merck
Kiselgel 60, 0.25 mm, 1l:1 ethyl acetate/hexane). 1H
NMR (CDCL3, 300 MHz) & 7.22 {(m, 5H), 4.39 (m, 3H), 3.09
{dd, 1H, J=6.4, 13.2), 2.98 (s, 3H), 2.76 (dd, 1lH,
J=8.9, 13.2), 1.64 (m, 2H), 1.57 (s, SH).

D.

A solution of 0.33g (0.831 mmol, 1 equiv}) of the above
mesylate in 3 mL DMF was cooled to 0 °C and treated
with 26 mg (1.080 mmol, 1.3 equiv}) of sodium hydride.
After 3h at room temperature the reaction was quenched
with aqueous citric acid and purified on silica gel
using 1:3 ethyl acetate/hexane (v:v). The resulting
product (0.18g, 72.0% yield) was then treated with 1:1
dichloromethane/ trifluoroacetic acid (5 ml) for 1/2h,

solid. This



acetate and washed wth water, 0.5N HC, saturated 10 sodi um

bi carbonate, and brine. The organic |ayer was dried (MgSQerr]),
filtered, and dried to yield crude | act am product 2, which was used
as is. WO 9H2718q err | Lactam 1 (1.18 mmoper/v&80ik16S0! ved
in ethanol (5nL) and 15 to this solution was added KOH (10 mmol ). The
m xture was stirred for 3 hr at roomtenperature and then :
concentrated to dryness. The residue was dissolved in wat er and
washed with diethyl ether. The aqueous |ayé#2 - was then acidified with
HCl and extracted with ethyl 20 acetate. The organic |layer was dried

(MO 111167 o suna @S MISHLIA o) DRl Dl S AR T 2
to this solution das ‘attiadosivctl. uEH eNMR f (ITICL3acBA0 MHz) #Uh@3 hydrate, and
the mxture vas hegf edy gy 8@k EC 11y, 3.99 (m, 1H), 2.85 (m, 2H),
2.26 (dd, 1H, J=8.1, 12.9), 1.92 (dd, 1H, J=5.0, 12.9),
5 1.10 {m, 2H), 0.72 (m, 2H). Low resolution MS m/e
342.2 (M+Na');

. Example 52

aLDA/THF/-78°C

. 1.
. b. acetone ’\1::]
Qr\m ‘3 Martin's sulfurane WKQN\”
o} 4 o

. EtpAICN
TFA

A solution of 1.5g (5.4 mMol) of the pyrrolidinone in
25 mL of tetrahydrofuran was cooled to -78 °C and

10 treated with 4.3 mL (6.5 mMol} of lithiumdiiscpropyl
amide (2M in THF). After stirring for 0.25h, acetone
(2.8g (50 mMol) was added, the reaction mixture was
kept at -78 °C for 2 h and then quenched with 1IN
hydrochloric acid. Extraction with ethyl acetate,

15 drying over magnesium sulfate and removal of the
solvent in vacuo afforded the crude product which was
redissolved in 25 mL of dichloromethane and treated
with 8g of Martin’s sulfurane. After stirring for 12h
at .5 °C, the mixture was participated between ethyl

20 acetate and 1IN hydrochloric acid. Drying over
magnesium sulfate and removal of the solvent gave the
desired alkene. 0.755 g of the crude alkene were
dissolved in 15 mL of toluene and treated with 3 mL (3
mMol) of diethyl aluminumcyanide (lm in toluene) and

25 the resulting mixture was stirred at 25 °C for 5 h.



WD 97/ 27180 PCT/ US97/ 01610

- 155 - overnight. The mixture was diluted with water (15 nlL)

and extracted with ethyl acetate. The organic |ayer was washed with
sat ur at ed SOWOAT2#E bonat e and bri ne fol | oned by dryPedUPYs610

MySO err]. The organic |ayer was 5 then filtered and concentrated in
vacuo to yield the THF substituted | actam product (245 ngy, 77% from
ester) which was used as is in the nex4 step without further
purification. Exampl e 9 10 A [err]
Sodi um hydri de (60% di spersion in mneral oil, 4.0 g, 1.17 eq) was
washed with 4 x 2gdisAQehioRgs Ofelt®e@1@hd the réfidesmwss t he mineral oil,

t hen suspended in 25 nL of DMF. and coql o) rr],C.. A solution of
Iacténllp(15g 1 chromatographed on sifaca géq ?90% eghéf%céé%te—

hexanes) to give the desired nitrile (0.4g) as a
- colorless oil. Deprotection with trifluoroacetic acid-
5 dichloromethane (1:1) for 3h at 25 °C followed by
chromatography on silica gel gave the desired lactam
(0.22g) as a whit.e solid. M+H: 243

Example 33
'\_“ 1) sodium azide Q : ’\
3 2)Pd/C 3
’/QDNH s o) N§W
o) trityl chloride I H o)
Ai
10 A solution of 3~-iodo-5-benzyl-pyrrolidinone (2.67 g,

8.87 mmol) and sodium azide (0.69 g, 10.61 mmol) in
dimethylformamide (20 mL) was stirred at ambient
temperature under a nitrogen atmosphere for 18h. The
solvent was evaporated using a stream of nitrogen, and

15 the residue was dissolved in ethyl acetate, washed with
water and brine, and concentrated in vacuec to give a
yellow solid. Chromatography on silica gel, eluting
with hexane:ethyl acetate (4:1), gave 1.82 g of the
product as a 1:1 mixture of diastereomers which was

20 used without separation in the next reaction. MS:
ES+, 23% (M+Na). The chromatography also gave 0.12 ¢
oi the trans isomer as a colorless oil and 0.43 g of
the cis isomer as a colorless ©0il which crystallized



15 eq) in dry DWW (25 nL) was then added dropw se via canula into

the cold NaH suspension over 40 min. An additional 65 nL of DMF was
then added to aid stirring. After stirring the anion for 1 hour,

p- met hoxybe®gydnrise chloride (14.5 nL, 1.26 eq) was addes-iay®%omdni N at

20 O [err]C. The reaction was then allowed to warmto room t enp.
An addi tional anmount of p-nethoxybenzyl chloride was added to drive-
the reaction to conpletion. TLC (EtOAC) Rf lactam 1l = 0.21. Rf
product 2 = 0.43. WO 97/ 27180 - 224 -

PCT/ US97/ 01610 - 156 - After 3.5
hours, the reaction was poured into cold water and extracted tw ce

with ethyl acetat@onTEEandingcomihdPesrgani cetiNeraCai@te iashéd B th water
(5X), brine .t dhisedseMISAErd lancard tikt esafler Gormentration in 5 '
vacuo , afforded a crude solid which was purified by crystallization(
7:1 hexane: Et OAc) to yield the protected | actam product 2 (199, 75%.
B. [err] B. -

A mixture of the above azide (0.575 g, 2.66 mmol) and

5 5% palladium on carbon (0.030 g) in methanol (20 mL)
was stirred under 40 psi of hydrogen for 18h at ambient
temperature. The mixture was filtered through a pad of
Celite to remove the catalyst, followed by filtration
through 5 g of silica gel, washing with

10 chloroform:methanol ({2:1). The filtrate was
concentrated in vacuo to give 0.46 g (90%) of the
product as a mixture of diastereomers. MS: ES+, 191
(M+1) and 213 (M+Na).

c.

15 A solution of the above amine (0.44 g, 2.3 mmol), 4-
anisylchlorodiphenylmethane (0.71 g, 2.3 mmol) and
triethylamine (0.5 mL, 3.5 mmol) in dichloromethane (20
ml) was stirred under a nitrogen atmosphere at ambient
temperature for 18h. The solution was washed with

20 water (2x50 mL) and brine, dried (MgSO,), and
concentrated in vacuwo. The residue was purified by
chromatography on silica gel, eluting with hexane:ethyl
acetate (7:3) then with hexane:ethyl acetate (1:1), to
give 0.41 g of the cis iscmer as a yellow solid and

25 - 0.1%9 g of the trans isomer as a white solid. TLC
{hexane : ethyl acetate (7:3)) Rf cis isomer =0.5 and
Rf trans isomer = 0.4.



To protected lactam1 (328 ng, 1.11 mmol) and 10

N, N NNerr],Nerr]-tetramethyl et hyl enediamne (A drich, 5.0 equi v. ,
5.55 mmol, 645 ng, 838 m) in 15 m di chl oronet hane at -15 [err]C,
was added wo 9iryaiet ri et hyl sil ane (Aldrich, 1.0 equiv., Ilpchiusyweisio

222 ng, 158 m). After 15 mn, iodine (Aldrich, 1.2 15 equiv., 1.33

nmml , 338 ng) was added in one portion and the reaction warned to O
C. After 30 mn the reaction was quenched with 5 mM each of 10%
aqueous sodi um sul fite and saturat &d28§ugous sodi um chl ori de. The
orgnic layer was separated, dried over magnesi um 20 sulfate, filtered
and concentrated in vacuo. Purifigatiog Eé flash col um

chromat ography (silica gel, 2.5 x - 5% di et hyl ether in

di chl or onet hane) WO 97/ 27180

PCT/ US97/ 01610 <::2 . 157 -
NH, DMFITO oC ’Q
L
; F “Nacos Q
1

Iodolactam 1 (prepared as described previcusly in
Example 7) (0.55 g, 1.8 mmel) was dissolved in DMF ({5
mL) and treated with 2-fluoroaniline (Aldrich, 0.20 g,

5 1.8 mmol) and solid sodium carbonate (0.3%9 g, 3.7
mmol). The reaction was then heated to 70 °C for 24 h
before the solvent was removed in vacuo. Ethyl acetate
(50 mL) and water (20 ml) were added and the layers
were partitioned. The organic layer was dried over

10 sodium sulfate, filtered, and concentrated in vacuo.
Flash chromatography over silica gel (1:1 hexane:ethyl
acetate) gave the anilinolactam 2 as a pale yellow
foam: MS (AP+) = 285 (M+1), 307 (M+Na)

NH, DMFI?O°C
NH )QNH
‘/q; @f TNagOs
© F

1 2

Example 55



yi el ded 322 ng of diastereoneric iodolactam?2 as a white solid.

C. [err] To iodolactam 1l (1.18g, 2.91 nmmol) and net hyl

vinyl 5 sul fone (Aldrich, 6.0 equiv., 17 mmol, 1.82 g, 1.5 nm) in

25 m reflux ene was added trlbutyltln hydrid ] 1.3

equiv., 3. 79W9’?29M 0g 1.0 m) and Al BN (Pfaltz ‘é%%?’b‘%g’. 12

equiv., 0.35 mol, 57 ng) as a solution in 5 mM toluene over 1.2 h.

After 10 16 h the solvent was renoved in vacuo, and the residue

taken up in 200 m diethyl ether and stirregbgith 20 m 10% aqueous

potassium fluoride (w/v) at anbient tenperature. After 3 h the

orgnic layer was separated, dried over magnesiumsul fate, filtered

and concentrat ed Ifsing ithevacoceduRerddsardtbiedn ibyEkémshe ¢ urnine

chr omat ogr aphy (:Sd 31 e : I f xapes)

yi el ded 0. 31g of danalsltlzfroé'g%g??c&gﬁ%%eréaotze%pspér\%/ﬁlg%gy ar?ocelsggl%{t%a 26
beige foam. MS (AP+) = 285 (M+1l), 307 (M+Na)

NH, DMFI?O"C
H + ,[;;NH
| ’Q‘ Q “NagOs Q‘
© CN
1

5 Using the procedure described in Example 54, the

Example 56

anilinolactam was prepared, purified, and isolated as a
beige foam. MS (AP+) = 292 (M+1l), 314 (M+Na)

Example 57

EtOH!A
7 N\ N ,qNH
' TN, =/ n I

1 2

Iodolactam 1 (prepared as described previously in

10 Example 7) (0.77 g, 2.6 mmol) was dissolved in absolute
ethanol (10 ml) and treated with 3-aminopyridine (0.26
g, 2.8 mmol) and solid sodium carbonate (0.40 g, 3.8
mmol). The reaction was then heated at reflux for 24 h

pefore the solvent was removed in vacuo. Chloroform (50



WD 97/ 27180 PCT/ US97/ 01610

- 158 - ' Exanpl e 10 A [err]

To a solution of solution of Cbz-L-phenylalinal (13 g, 45.9 mol ) in
1%AcOH DMF (R@@78%ko N was added 5 am noi sobutyi c aci d werhigdroaser
hydrochl oride 1 (8.5 g, 55.1 mml) with stirring at roomtenperature.
Once honogeneous, solid sodi um cyanoborohydride (8.6 g, 137.6
nmol ) was added in one portion. Some bubbling was evi dent and the
reaction was stirred overnight at 10 T o0 tenperature. The reaction was

guenched wi th water (20 nmL) and concentrated in vacuo to about 100
m.. The .
mL) and water (20 mlL) were added and the layers were

partitioned. The organic layer was dried over sodium
sulfate, filtered, and concentrated in vacuo.
Preparatory silica gel TLC (95:5 chloroform:methanol)

5 gave the pyridylaminolactam 2 as a red oil. MS (AP+) =
268 (M+1), 290 (Mt+Na)

Example 58

A. KCN, DMF
B. Hp, Pd/C, HCI

\© C. PhyCCI, DIEA H \©
P
1.

e

" bn
2.

A.
To a solution of jiodolactam 1 (13.43 g, 44.6 mmol, 1

10 eq) in dimethylformamide (60 mL) under nitrogen was
added potassium cyanide (3.49 g, 1.2 eq). After
stirring at ambient temperature for 24 h, the reaction
mixture was evaporated in vacuo and the residue was
partitioned between ethyl acetate, saturated agqueocus

15 brine and water. The layers were separated and the
aqueous layer was back-extracted twice with ethyl
acetate. The combined organic layers were washed with
saturated aquecus brine, dried over anhydrous magnesium
sulfate, filtered and evaporated in vacuo. The residue

20 was purified by flash silica gel chromatography eluting
with hexane : acetone (3:1). Fractions containing the

product were combined, evaporated in vacuo to provide



concentrate was diluted wth ethyl acetate and washed w th water and

brine followed by drying (MgSO err]). The organi c | ayer was
evaporated in vacuo to yield a yellow 15 resi due which was purified by
MPLC (el ut anyoby218é hy! acetate : hexane) to afford ' uct 2
(11.6 g, © 6%0}()@ WO 97/ 27180 PERRRti 10

PCT/ US97/ 01610 - 159 - [err]

To a solution of amne 1 (1.41 gr, 3.7 mol) in nmet hyl ene chl oride (25
m.) was added 30% HBr in acetic - 228 -

5.89 g (66%) of cyanolactam as a mixture of
diastereomers. MS (APCI): M+Na = 223.

B.
A solution of cyanolactam (5.78 g, 28.9 mmol) from step
5 A in absolute ethanol (233 mL) under Nitrogen was

combined with 10 wt.% Palladium on charcoal (2.33 g)
and concentrated hydrochloric acid (9.31 mL, 4 eq.).
The mixture was reduced under hydrogen gas at 50 psi
for 16 h. The reaction was purged with nitrogen,

10 filtered'and evaporated in vacuo. The residue was
combined with toluene (~ 100 mL) and concentrated In
vacuo to a residue to remove residual water. The
azeotropic removal with toluene was repeated four times
leaving a residue which was dried under high wvacuum to

15 provide the crude amine as a gum (7.18 g, 103%). MS
{ESI): M+l = 205.

cC.
The crude amine (7.16 g, 29.8 mmol, 1 eq) from step B
was combined under argon in dichloromethane (100 mL)

20 with diisopropylethylamine (13 mL, 74.4 mmol, 2.5 eq)
and triphenylmethylchoride (9.13 g, 32.7 mmol, 1.1 eq).
After stirring at ambient temperature for 16 h, the
reaction mixture was treated with 5% w/v agqueous
potassium carbonate and transferred to a separatory

25 funnel. After separating the layers, the agqueocus layer
was back-extracted with dichloromethane and the
combined organic layers were dried over anhydrous
sodium sulfate and evaporated in vacuo to proved a

crude mixture of diastereomers. The mixture was



acid (6 nL) via pipet. Vigorous gas evol ution occurred 5 and the

reaction was allowed to stir overnight at room tenperature. The

m xture was then evaporated in vacuo and dried under high vacuum The
resi due was @R 7180 di ssolved in nmethanol (25 nL) and t gcirhiserdedout i on
was added dii sopropyl et hyl ami ne (5eq) and the reaction was 10
stirred at roomtenperature overnight. The solvent was renmoved in
vacuo and the residue was taken up in ethyl acetate and washed with
wat er, saturated NaHCJ err] and bri B89 The organic | ayer was dried
(MgSg err]) filtered and concentrated in vacuo to yield crude pr oduct
15 Fl ash silica gel chromatography (8% nethanaol Iene

chl ori de) affordEHrbG+%@Fﬂ¥mﬁ%£f%n6ﬁélﬁFo@%%tChr°mat9§r BBY ﬁbu“

WO 97/ 27180 with ethyl acetate : hexane PG/S97/f@kGt@ons

- 160 -

CbonLgiﬁlng the less polar diastereomer were combined
) and evaporated in vacuo to provide 3.52 g (26 %) of
5 trityl protected amine as a.crystalline solid. MS

(APCI): M+Na = 469.

Example 59

An alternate procedure for the synthesis of the

benzyllactam:
10 A.
Ph _Pn
ML~ o 4
bpr, | OHCTONHBOC T NHBOC
Ph

A mixture of methyl 2-(triphenylphosphoranylidene)-
hydrocinnamate (13.20 g,_31.1 mmol, 1.15 eq) and N-
tertbutoxycarobonyl-L-phenylalanal (6.76 g, 27.1 mmol,
1 eq) were combined in 200 mL chloroform and allowed to

15 stir at ambient temperature over 64 h. The reaction
was concentrated in vacuo and the residue was purified
by flash silica gel chromatography eluting with 85:15
hexane : ethyl acetate. Fractions containing the
product were combined and evaporated in vacuo to

20 provide the olefin as a crystalline solid (9.38 g,
77%). MS (ESI): M + Na = 418.



To a solution of piperazinone 1 (556 ng, 2.55 mml) and pot assi um
carbonate (1.06 g, 7.6 mmol) in acetonitrile was added benzyl brom de
(364 uL, 3 mmol) and the 5 reaction was stirred at roomtenperature

overni ght. wooAh@ereaction was then filtered and concent rl%trggg.},‘{] 10
i &N P %0at er

vacuo. The residue was dissolved in ethyl acetate, was
and brine and dried (MySO err]). The organi c | ayer was then renoved i-n
vacuo and the residue 10 was flash chronat ographed (3% net hanol in
nmet hyl ene chloride) to yield pure beaapl -protected pi perazi none
product 2 (589 ng, 75%. Exanpl e 11 A
[err] 15 A sol ution of Cbz-(l)-Phenylal anine (15 gr, 50 nmol),
HOBT (7.4g, 50m®Bk), N-nethyl norpholine (5.5 nm, 50 nmol ) and
benzylamne (6 nL, 55 mmol) in 250 nL of DWF

~Ph 1. Pd/C, Hy r"

: 2. TFA '

\NHBOC Ph m
l Ph 3. DIEA, K,CO4
MeOs :

A solution of the olefin (9.30 g, 23.5 mmol, leq) from
step A in absolute ethanol (250 mL) was combined under
nitrogen with Palladium on carbon (10 wt%, 1.90 g} and
5 reduced under a balloon of Hydrogen gas over 16 h. The

reaction mixture was purged with nitrogen, diluted with
dichloromethane, filtered, and evaporated in vacuo to
low volume. The solution was diluted with
dichloromethane and filtered through a pad of

10 diatomaceous earth washing with dichloromethane. The
filtrate was evaporated in vacuo and dried under vacuum
to provide a 5:1 mixture of diastereomers of the BOC-
amino ester as an oil (9.68 g, 104 &}. MS (ESI): M +
Na = 420.

15 The o0il was dissolved in dichloromethane (25 mL) and
treated with trifluoroacetic acid (25 mlL) under Argon.
After stirring for 0.5 h at ambient temperature, the
reaction mixture was evaporated in vacuo. The residue
was dissolved in methanol (50 ml) and treated with

20 diisopropylethyl amine (17 mL} followed by anhydrous
potassium carbonate (13.49 g, 98 mmol, 4 eq) and
stirred for 16 h at ambient temperature under an Argon
atmosphere. The mixture was evaporated in wvacuo and
the residue was partitioned between dichlorocmethane and

25 water. The layers were separated and the agqueous layer
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- 161 - was cooled to O [err]C and treated with EDCl (9.6 g, 50
mol ). The resulting m xture was stirred at 25 [err]C for 12h and the
vol ati | es werwovwzseed i n vacuo. Partitioni ng betweenpetisdrodaet at e
and 1IN hydrochloric 5 acid, followed by extraction with 10% sodi um

bi carbonate, drying over nmagnesi um sul fate and evaporation of the

sol vent afforded the desired am de as a white solid (19.5g).

19g of the above material were dissolved 2&1280nL of 10 30% hydr ogen
brom de in acetic acid and stirred at 25 [err]C for 3h. The volatiles

were renoved and th resid was partitiaqned er and et her.
The - aqueou¥?® f%lae?k RBEEFES eHhWGE ht%e¥§t§ d ér,e anar‘iydrOX| de

and extracted twrbhe eendindchyplrganitalayverdsdH wereDmashgdoweth neegreesisum sul f at e

and oveporon gk Senrorsc otk STl 1gicaited g @ pal
t et r ahydr of ur an Thel agueausd laven #a9 mc’bfe’m\maﬁﬁénb'lth THF in

tetrahydrofdir an. g 78 &8 oildtfane@angt the e&mﬁhn%@i orgaﬁﬂ:eia &rd Weré2h and
then heated to reflux for 4h. The sol ution"was cool ed and treated

with 100 nL of nBFkedgver anhyﬁ‘ﬁﬁ%? TRIPADID Fd fahs| aBe oPVaPH@Y®S ati | es
wer e renovef adcud o esekiing. I eidluauars pdbaget Wesk iguriFded .

of concentrated pydrpehl oG aChe) AliStalcdrapty Qluting with a

gradient of 45-60 % ethyl acetate in hexane. Fractions

10 containing the less polar diastereomer were combined
and concentrated in vacuo to a solid and dried under
high vacuum to provide the enantiopure lactam as a
white crystalline solid (4.48 g, 72%). MS (ESI): M +
Na = 288, H NMR (CDC13): 1.90 (m, 1H); 2.01 (m, 1H);

15 2.67 (m, 4H); 3.16 (m, 1lH); 3.65 (m, 1H); 5.70 (s, 1H):
7.18 (m, 10H).

Example 60
3
A.
NO2
LN . 2
73, J< CHaCN
0" N
H
1 2 3
20 To a suspension of (25)-(+)-glycidyl 3-

nitrobenzenesulfonate 1 (Aldrich, 19.47 mmol) and



25 for 1h, the volatiles were renoved and the resi due was

di ssolved in 300 nL of 3N sodi um hydroxi de. Extraction wth 3 tines

250 nmL of dichl oronet hane, drying over magnesi um sul fate and

chromat ogr a 0937160 | NChes of silica gel (2% PCT/US97/01610

met hanol - di chl oronet hane) gave the 30 desired diam ne as a pale yell ow

honey (9. 29). WO 97/ 27180 '
PCT/ US97/ 01610 - 162 - B. [err]

A solution of sulfonyldiimde (3.6 g, 362®%20F) in 100 nmL of pyridine

was heated to reflux and treated dropwi se with a solution of the

diamne 1 (7.2 g, 30 _
potassium carbonate (Baker, 38.93 mmol) in dry

acetonitrile was added (S)-t-butyl decahydro-3-
isoquinoline carboxamide 2 (NSC Technologies, 21.41
mmol) and the reaction stirred at ambient temperature

5 overnight. The solvent was removed.in vacuo, and the
residue taken up in ethyl acétate/water, the organic
layer was washed sequeptially with saturated agueous
‘NaHCO3 and brine, followed by drying (MgS04),
filtration and concentration in vacuo. The crude

10 residue was purified by flash silica gel chromatography
eluting with 10% diethyl ether/dichloromethane to give
3.62 g of product 3; HPLC Rt = 9.2 min (100%), TLC
Rg = 0.26 (10% diethyl ether/dichloromethane); 4 NMR
(CDCl3) d 6.59 (br s, 1 H), 3.00 (4, 1 H), 2.97 (m, 1

15 H), 2.89 (dd, 1H), 2.73 (m, 1H), 2.65 (m, 1 H), 2.57
(m, 1 H), 2.22 {(dad, 1H}, 2.08 (dd, 1H), 1.81-1.70 {m, 4
H), 1.65-1.19 (m, 8 H), 1.38 (s, 9 H).

AN
A<
H
2
1 Phosphazene Base Py-t-Bu

THF,-78°Ctor.t.

2-pyridylmethyl lactam 1 (35 mg, 0.13 mmol) was

20 dissolved in anhydrous THF (1 mL) and cooled to -
78 °C. Phosphazene Base P,-t-Bu (Fluka, 1.0M in
hexane, 130 ulL, 0.13 mmol.) was added to give an



5 mmol) fromthe previous step in 20 nL of pyridine. After 2h of

ref | ux,

15 nL of triethylam ne and 0.4g of

wer e added and heati ng was continued for 12h. The volatiles wer
evapor at ed amad 9727180t he resi due was partitioned between 1N poparsomésmr i ¢ 10

acid and et hyl

acetate. Extraction of the organic | ayer with

4-di met hyl am nopyri di ne

e

saturated sodi um bi carbonate, drying over magnesi um sul fate and
chromat ography on silica gel (1:1 et hyl acetate - hexanes) afforded
the desired cyclic’ sul famate 2 as” @¥hite solid (6.0g). 15

(CDd 3) :

3.95(1H M),
7.2-7. 4(8H)
128.3, 2&u -7B28C5f01355 SnimBRs) and was theWFTHMAALRQ under

128. 2,

PCT/ US97/ 01610

[err]

5

10

15

20

25

2.80(1H,dd), 2.96(1H dd), 2.98(1H, dd), 3. 32(1H, dd),

S g eRe bt oy gnesgiShSoieidn S breg g

nitrogen over 30 seconds into a —781Q§ solution of 2A
(39 mg, 0.13 nmmol) in 1lmL of THF and was washed in with
0.5 mL of THF. The reaction was gradually warmed to
roon temperature over 4 hr, then stirred at room
temperature for 3 days. The reaction was cooled to -
78 °C, quenched with 0.5 mL of a saturated ammonium
chloride solution, and concentrated in vacuo to remove
the THF. The residue was partitioned between ethyl
acetate and saturated bicarbonate solution and the
'aqueous layer was extracted with ethyl acetate. The
combined organic layers were then washed with water,
brine and dried (MgS0O4) and filtered. Concentration in
vacuo afforded 75 mg crude material which was purified
via silica gel to give 18 mg{25%) of 3. Maldi MS: M +
H = 561.5 (MW = 560.79). TLC (EtOAc) Rf = 0.19 {(major
diast.) & 0.29 (minor diast.). TLC (5% MeOH/EtOAc) Rf
= 0.28 {major diast.) & 0.36 (minor diast.). HPLC
retention times were 11.24 min. {(major) & 11.32 min.
(minor) .

1H NMR (CDCl3) d 8.52 (m, 1H), 7.61 (m, 1 H), 7.34-7.10
{m, 7H), 6.10-5.95% (m, 1H), 4.11 (m, 1H), 3.96-3.73 (m,
3H), 3.46-2.74 (m, 6H), 2.65-2.47 (m, 2H), 2.23 (m,
2H), 2.10-1.15(m, 15H)}, 1.37 (s,9H).

1H HWR



The Cbz-phenyl al ani nol nmesylate 1 (280 ng, 0.77 nmmol) was stirred in
acetonitrile (5 nL) containing benzyl 5 am ne (413 ny, 3.85 mmol) and
sodi um i odi de (115 ny, 0.77 mml). The reaction was then refl uxed
for 24 The reaction was then cooled to 25 [eryr and
concentr at eévé]%gsguo. The crude oil was then purified P"IT%IWWQVH ca gel
chromat ography, eluting with CHerr]dJ[err] with 10 a gradient up to 1:1
CH err]C[err]:EtQAc to provide 120 ngy of the desired diam ne 2.
B. [err] - 234 - The Cbz protected dianmne 1
(120 ng, 0.32 nmol) was stirred in 2.0 nL of 30 % HBr in acetic acid
for 15 one hour. This was followed by concentration in vacuo. The
crude oil was then dissolved into tolEesmplndl concentrated in vacuo
two tines followed by evacuation at approx. 1 mm Hg. The crude
di am ne was then purified by s%lica gel chromatography, eluting with
Synthesis of Compound 72

ﬂj NaH,
~ | ' (s)-epichiorohydrin
~ m ha
OMF

3-pyridylmethyl lactam 1 (85 mg, 0.32 mmol] was

5 dissolved in DMF (1.5 mL), cooled to O °C, and to this
solution was added sodium hydride (0.48mmol) to give a
yellow anion. The reaction mixture was stirred at 0 °C
for 70 minutes after which (s)-epichlorohydrin (35 ul,
0.45 mmol) was added neat. The reaction was stirred at

10 0 °C for 5 minutes, then warmed to room temperature and
stirred for 24 hours. The reaction was cooled to 0 °C
and quenched with 0.5 mL of a2 saturated ammonium
chloride solution. The reaction was partitioned
between ethyl acetate and a saturated bicarbonate

15 solution. The agueous layer was extracted with ethyl
acetate. The combined organic layers were then washed
with water, brine and dried (MgSO4) and filtered.
Concentration in vacuo afforded 49 mg of crude epoxide

which was used without further purification.



WO 97/ 27180 PCT/ US97/ 01610

- 164 - 95:5:1, CHerr]dJ[err]:MOH NH err]OH to provide 71 ng ( 90
% of the desired diam ne 2. C. [err]

The di am ne 1wd®2mgp 0. 23 nmmol) was dissolved in 5 3. 0 rdcTaise7/01610
CHerr]C[err]. This was followed by the addition of TEA (66 uL,
0.25 mmol ) and then CDI (32 ng, 0.25 mol). A new spot was observed
by tlc after 2-3 hours (Rf = 0.29 in EtOAc on SiJerr]). The
reaction m xture was then concent rat?®®@ and the residue was purified

by silica gel 10 chromat ography, eluting with EtQAc, to provide 32 ng
(5299. of the des%red benzyl urea 2.

Th _
/’l o
- O —
NN PrOH
O
1 .
2 /K

Crude lactam epoxide 1 (492 mg) and

decahydroisoguinocline 2 (91 mg, 0.38 mmol) were heated
to 65~70 °C in isopropanol. After 90 hours the
5 reaction was cooled to 25 °C and stirred for 1 hour at

room temperature. The reaction was then concentrated
in vacuo, and purified by silica gel chromatography,
eluting with 5 % MeOH : EtOAc, providing 30 mg (87%
pure by HPLC) of desired product 3 as a mixture of 4

10 diastereomers. HPLC shows 2 split peaks 11.30 min. &
11.04 min.. TLC (5% MeOH/CH,Clp) Rf = 0.27. TLC (10%
MeOH/CH,Cl,} Rf = 0.45.
'H NMR (CDCl3) d 8.45-8.35 (m, 2H), 7.48 (m, 1 H),
7.35-7.09 (m, 6H), 6.63-5.94 (m, 1H), 3.98-3.63 (m,

15 3H), 3.42-2.73 (m, 5H), 2.70-2.11 {m, 5H), 2.07-1.20(m,
16H}), 1.36 (s,9H).



WO 97/ 27180 PCT/ US97/ 01610

- 165 - Exanpl e 13 Synt hesi s of
Compound 1 [err] allyl urea 216 g/ Mol 100ny
0.46 mmmol Notige (60% in oil) 24 g/ Mol 140.0 ng 5
: W
epoxi de OO 555 4 g/Mbl - 150.0 ng 0. 46 nmol rCpfdiero
2.0 nmL The urea of Exanple 1C was dissolved in 1.0 nL of
anhydrous DMF and cooled to O [err]C. This was foll owed by
- 236 -
Example 62

A

2
1 Phosphazene Base Py-t-Bu -
THF, -78°Ctort.

4-pyridylmethyl lactam 1 (33 mg, 0.12 mmol) was
dissolved in anhydrous THF (1 mlL) and.cocled to

5 -78 °C. Phosphazene Base P4~t-Bu (Fluka, 1.0M in
hexane, 125 uL, 0.125 mmol) was added to give a brown
anion. The anion soclution was stirred at -78 °C for 35
minutes and was then cannulated under nitrogen over 30
seconds into a -78 °C solution of 2 {39 mg, 0.13 mmol)

10 in lmL of THF and was washed in with 0.5 mL of THF.
The reaction was gradually warmed tc room temperature
over 4 hr, then stirred at room temperature for 3 days.
The reaction was cooled to -78 °C, quenched with C.5 mL
of a saturated ammonium chloride solution, and

15 concentrated in vacuo to remove the THF. The residue
was then partitioned between ethyl acetate and
saturated bicarbonate solution. The aqueous layer was
extracted with ethyl acetate and the combined organic
layers were then washed with water, brine and dried

20 (MgS04) and filtered. Concentration in vacuc afforded

83 mg crude material which was purified via silica gel



the addition of 140 ng NaH The reaction turned darker 10 over the next
hour at O [err]C. This was followed by the dropwi se addition of the
epoxi de as a solution in DW (0.6 nL), washing with 300 uL of DM.
The reacti onwaez27180  then stirred one hour at 0 C, fol |l ovwsFase7/0s&i0m ng to
25 C. Tlc indicated nearly conplete conversion to tw 15 new products
(Rf = 0.4 and 0.45 on SI2 wth 2:1 hexane: ethyl acetate, between
that of the epoxide and the urea). The reaction was then cooled to 25
[err] C and guenched by the addition 23f 3 nL of saturated sodium

bi carbonate. The reaction m xture was then diluted by 20 15 mL of

nmet hyl ene chl ori de and she bo atur at.e le carlygnat e
and brine, (2 x 18 %V ve "1 e a}gﬁf JLI'h% orb&a}ﬁfcyéor |gns vve#lééeb% gﬂl ed
over WO 9§06 2780 TLC (EtOAc) Rf = 0.08 (major diast.i & O 16

PCT/ US97/ 01610 1 Qdi um
. OR .18 (majd
sul fate, fil terecﬁmno c%lnacsetnt)rat eé’c (5% MeOH/Et ) ?Fé crude pﬂgduct was

then purified bydsastch .26 fmlnehr6mt)g)r‘apﬁ‘)PLCeF8FFﬁ§1Wt'qri“fﬁ)%aét hyl
acetate: hexane 11 05 hn provide 35.0 ng of the desired al cohol. 5

Exanple 14 H 'NMR (CDCl3) d 8.50 (m, 2H), 7.35-7.02 {(m, 7H), 5.89
{m, 1H), 4.05-3.78 {(m, 3K), 3.37-2.6% (m, 5H), 2.62-
2.45 (m, 4H), 2.26 (m, 2H), 2.08-1.16{(m, 15H), 1.38
(s, 9H) .

10 Example 63

s AT

%NH

In an oven-dried 25 mlL round-bottomed fiask, alkyne
lactam 1 (54.6 mg, 0.682 mmol) was dissolved in 5 mL of
DMF. Sodium hydride (34.4 mg of a 60% dispersion in

15 mineral oil, 0.860 mmol) was added with cooling using
an ice-bath. Gas evolution was observed. (S)-
Epichlorohydrin (60 ulL, 0.765 mmol) was added. The
mixture was stirred overnight at room temperature, then
the decahydroisoquinoline amide {182 mg, 0.770 mmol)

20 was added. The mixture was heated to 80 °C overnight.
The mixture was cooled, poored into water, and



[err] 1 Jlactam 1.0 equiv., 295ngg

2 sul fonam de epoxi de 1.1 equiv., 520ny 3 NaH, 60@6in oi
(Aldrich) 1.5 equiv, 102ng 10 4 DWF

Lactam 1 waSyy ed in 3nL of DMF and cooled to o this
sol ution mas“?ﬂ§§9ggded sodi um hydri de as a solid an Hkgﬁggﬁtlon
was stirred for 40 mn. at O [err]C. The anion solution was canul at ed
into a solution 15 of epoxide 2 in 3 nL of DMF. The reaction was
stirred at O [err]C for 5 mnutesy g2h@n-warmto roomtenperature

and stirred overnight (TLC (95:5, CHerr]CJ[err] : MOH) Rf (st mat .
= .26. Rf(prod) = .46). After 22 hours, the reaction was cooled to O
[err] C, and quenettethatiechwi®h CHi{kr.r | Thet Otganidhexoraginiwas apshedas

washed with vat ef{pda, tlmesawgtprwgﬁérf“df¥$d(Nhégbfff]gndféddﬂ%&%@edand
concentrated in in vacuo to afford a yellow residue that was purified
by preparative HPLC to afford the a diastereomeric
5  mixture of alkyne DHIQ lactam 2 (120 mg, 34%) as a
light yellow o0il. HPLC: retention times of 13.57,
13.67, 13.87 minutes in a 5:1:1 ratic respectively. 1y
‘NMR : d 1.3-1.4 three.singlets in a 2:1:1 ratio; 1.4-
2.7 {several overlapping multiplets, 2.8-2.85
10 (multiplet), 3.0-3.7 (multiplet), 3.8-4.1 (multiplet),
5.95-6.05 (multiplet), 6.1, 6.18, 6.32, 6.4 (broad
" singlets in a 1:1:1:1 ratio), 6.2-6.3 (doublet of
doublets), 7.15-7.35 {(multiplet). MALDI-MS: peak at
506.3 (M + H').

15 Exampla_gi

Q. ¥
@LJ? ONJ< @L@

Phosphazene Base P4-t-Bu
THF,-78°Ctor.t.

I

The lactam 1 (0.13 mmol) was disscolved in dry THF at
-78 °C and to this solution was added Phosphazene Base
Pgs-t-Bu (Fluka, 1.0M in hexane, 0.14 mmol). After

20 stirring 15 minutes the anion solution was added via

cannula to a solution of epoxide 2 (0.13 mmol)
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- 167 - vacuo. The residue was then purified by silica ge

chromat ography (40% ether/ CH err]C[err]) to yield product 3

(310N, 37% . wo 9727180 Exanple 15 A [er kyuseroiste

1 lactam 1.15g, 1.0 equiv. t-butyl di met hyl silyl
1.5 equiv. + .5 eq., trifluoronethanesul fonate (1.06n)

i m dazol e 2.5 equiv + .5 eq2§;70ng)

dissolved in dry THF at -78 °C and the reaction was
allowed to warm to room temperature and stir overnight.
The reaction was then diluted with water and extracted
with ethyl acetate. The organic layer was washed

S sequentially with saturated aqueous NaHCO3 and brine,
followed by drying (MgS0O4), filtration and
concentration in wvacuoc. The crude residue was taken up
in dichloromethane and filtered through a plug of
silica gel eluting with 8% MeOH in dichloromethane.

10 Product containing fractions.were concentrated in vacuo
and the resultant residue further purified by
preparative HPLC (column: Delta-Pak C;g 15mm 100A
19%300 mm. Gradient: 20% to 100% acetonitrile in
water with 0.1% TFA. Flow rate: 20 ml/min.

15 Detection: 214 nm) to yield 3 mg of product 3 as a
mixture of diastereomers; TLC Ry = 0.44 (8%
MeOH/CH5Cly); HPLC Rt = 14.8, 14.9 min (95%); MALDI-
TOF MS m/z 561 (M'); 'H NMR (CDCly) d 7.35-7.10 (m, 7
H), 6.73 (m, 1 H), 6.58 (d, 2 H), 5.82 (br s, 1 H),

20 4,12-3.85 {m, 4 H), 3.51 (m, 1H), 3.30 (m, 1H), 2.92
(m, 1 H), 3.63-2.20 (m, 4 H), 2.05-1.12 (m, 18 H), 1.38
(s, 9 H).



Lactam 1 was di ssolved in 5nL. of DWF and cool ed t.o— O [err]C. To this

sol ution was then added i m dazol e foll owed by TBDVS-triflate. The
reaction was then 10 allowed to warmto roomtenperature. After

appr oxi mat | we of}pngS, an additional .5 eq.(80ng) of TBPMBsdlokdib 2t € and
.5 eq. (265uL) of im dazol e was added and the reaction was stirred
overni ght. The reaction was quenched with saturated NaHCJ err]
solution and 15 partitioned between Herr]0/EtOQAc. The organic |ayer was
washed with water(5X) and brine, dried-(RB8Crerr]), WO 97/ 27180
PCT/ US97/ 01610 - 168 - filtered,
and concentrated in vacuo to yield product 2 (1.5 gr,37% which was

used as is. Examplg b9y ¢ 16 Synt hesi s of
Conmpound 7 [err]

5

1+ Phosphazene Base P4-t-Bu
THF, -78°C tor.t.

Cyanomethyl lactam 1 (82 mg, 0.38 mmol) was dissolved
in anhydrous THF (2 mL) and cooled to -78 °C.

5 Phosphazene Base Py-t-Bu (Fluka, 1.0M in hexane, 380
uL, 0.38 mmol) was added to give a yellow anion. The
anion solution was stirred at -78 °C for 35 minutes and
was then cannulated under nitrogen over 30 seconds into
a -78 °C solution of 2 (112 mg, 0.38 mmol) in 2mL of

10 THF and was washed in with 0.5 mL of THF. The reaction
was gradually warmed to room temperature over 4 hr,
then stirred at room temperature for 3 days. The
reaction was cocoled to -78 °C, quenched with 0.5 mL of
a saturated ammonium chloride solution, and

15 concentrated in vacuo to remove the THF. The residue
was then partitioned between ethyl acetate and
saturated bicarbonate solution and the agqueous layer
was extracted with ethyl acetate. The combined organic
layers were then washed with water, brine and dried

20 (MgS04) and filtered. Concentration in vacuo afforded

375 mg crude material which was purified via silica



5 1 silyl-lactam 1.0 equiv., 23ng Al lyl

Brom de, (Aldrich) 2.1 equiv. , 7 uL LDA, 1.29M (Al drich)

1.25 equiv , 36uL TBAF, 1.0M (Al drich) 2.5 equiv., 95uL:
Silyl proteciwebrhagbam 1 was di ssolved in THF and COPICEAISYINI61P8
[err]C. To this solution, was added LDA (1.25 eq) via syringe. After
stirring for 30 m nutes at -78 [err]C, allyl bromide was added via
syringe. After 10 2 hours an additional 2ul of allyl brom de was added
and the reaction was stirred at -78 [erT]%f”fo"r 2.5 hours, t hen war ned
to roomtenp for 17 hours (TLC (2:8, ether:CHerr]C[err]) R (st

mat.) = .56. Rf(silyl-prod)= AR er this 4id8,gTBAFg{dM in
THF)  was added 4% s andt ﬁéh%aﬁ??%t%\‘/asc@%hfed atgl_r‘;oﬁltee_ﬁnégr afil\J/Ire f or
7 ~ hours (Te£ { krtht elalek: Gb% epudedd [ &6 frg) wRE(prbified VAR prePhe
reaction mxture then partitio ELer 504 B OAC mixzure WO

of diastereomers. HPLC retention times were 12.73 min.

5 (67%) & 12.86 min. (33%). Maldi MS: M + H = 510.47 (MW

= 508.71). TLC {( EtOAc) Rf = 0.37 & 0.31.

ly NMR (CDCl) d 7.38-7.13 (m, 5H), 6.09-5.82 (br s,

1H), 4.29-3.96 (m, 3H), 3.84 (m, 1H), 3.49-2.91 {(m,

5H), 2.77-2.18 (m, 9H), 2.10-1.20(m, 11H), 1.39 (s, 9H).

10 Example 66

4 Phosphazene Base Py-t-Bu
THF, -78°Ctort

The lactam 1 (0.061 mmol) was dissolved in dry THF at
-78 °C and to this solution was added Phosphazene Base
P;-t-Bu (Fluka, 1.0M in hexane, 0.067 mmol). After

15 stirring 15 minutes the anion solution was added via
cannula to a solution of epoxide 2 (0.061 mmol}
dissolved in dry THF at -78 °C and the reaction was
allowed to warm to room temperature and stir overnight.
The reaction was then diluted with water and extracted

20 with ethyl acetate. The organic layer was washed
sequentially with saturated agueous NaHCO3 and brine,



- 169 - and the organic |ayer was washed with

wat er and bri ne,

dried (MgSQ err]) and filtered concentrated in vacuo. The resi due was
then purified by silica gel chronatography (10% et her/ net hyl ene
chloride) toy oduct 2 5 (6ng, 30% vyi el d).

Exampl e 17 g@?%?%e5|s of Conpound 20 [err] Pcru?ym"?actam
1.0 equiv., 122 benzyl bromde, (Aldrich) 1.5 equiv. 42uL
LDA, 1.29M (AIdr|ch) 1.4 equiv , 275ul TBAF, 1.0M

(Al drich) 2.5 equiv., 625uL - 242 - Silyl lactam 1l was dissol ved

in dry THF (6nlL) and 10 cooled to -78 [err]C. To this solution was then

added LDA and the reaction was stirred for 30 mnutes at -78 [err]C
followed by drying (MgSO4), filtration and

concentration in vacuo. The crude residue was purified

by flash silica gel chromatography eluting with 3% MeOH

in dichloromethane to give 2.1 mg of product 3 as a 1:1

5 mixture of diastereocmers; TLC Ryp = 0.14 (2:1 ethyl
acetate/hexanes); HPLC Rt = 13.6, 13.8 min (68%);
MALDI~TOF MS m/z 580 (M+); 1H NMR (CDCl3) d 7.32-7.08

“{m, 5 H), 5.86 (br s, 1 H), 4.08-3.73

{m, 4 H), 3.65-

3.14 (m, 4H), 3.00-2.49% (m, 8H), 2.41-0.92 (m, 13 H),
10 2.27 (s, 1.5 H), 2.22 (s, 1.5 H), 2.16 (s, 1.5 H), 2.11

{s, 1.5 H), 1.46 (s, 9 H).

Example €7

S <
Qﬁ?“ 52 Q;*?W

Phosphazene Base Py-t-Bu
THF, -78°Ctor.t.

The lactam 1 (0.20 mmol) was dissclved in dry THF at
i5 -78 °C and to this solution was added Phosphazene Base
Pg-t-Bu (Fluka, 1.0M in hexane, 0.21 mmol). After

stirring 15 minutes the anion solution was added via
cannula to a solution of epoxide 2 (0.20 mmol)
dissolved in dry THF at -78 °C and the reaction was

20 allowed to warm to room temperature and stir overnight.

The reaction was then diluted with water and extracted



after which tinme benzyl brom de was added via syringe. The reaction
was stirred at -78[err]C until reaction was conplete (1.5 hours,
TLC (1:9, ether:CHerr]C[err] ) Rf (st 15 mat.) = .29. Rf(silyl-prod)
= .62. Rf(Bz®BO9%1/218079). The reaction was then quenchetnsvreiét
[err]C with 6uL water and then TBAF (1M in THF was added and the
reacti on was warnmed to roomtenperature and stirred for 3 hours (TLC
WD 97/ 27180 PCT/ US97/ 01610

- 170 - (1:9, ether:CHerr]d[ert]243 Rf(prod) = .28). The

reacti on was partition betweem H err] 0/ Et CAc and the organi c | ayer

hed wi.th t d d d
:‘I\?Ister-ed a\rllvgscgn 8 5‘\%‘59 \évg%g?:ﬁ%n fﬁh‘e roépgf’ﬂgjlg g%él\% W [‘)'{Ja]rsl ?gd by silica
gel chromat ogr aphsedubd®ieflhgrwith satDifaarexd] @hpheond )NARCGE eind beargl product

éog;ézga ig’b) fﬂllowed by drying (Mgsod), f£ilE¥aFPLE Synthesi s of
' concentration in vacuo. The crude residue was taken up -
5 in dichloromethane and filtered through a plug of

silica gel eluting with 3% MeOH in dichloromethane.
Product containing fractions were concentrated in vacuo
and the resultant residue further purified by
preparative HPLC (column: Delta-Pak Cjg 15mm 100A
10 19x300 mm. Gradient: 20% to 100% acetonitrile in
water with 0.1% TFA. Flow rate: 20 ml/min.
‘Detection: 214 nm) to yield 2.5 mg of product 3 as a
mixture of diastereomers; TLC Rg = 0.21 (3%
MeOH/CH,Clp); HPLC Rt = 14.8 min (98%); MALDI-TOF MS
15 m/z 588 (M').

In an oven-dried 25 mL round-bottomed flask, isoxazole

lactam 1 (54.6 mg, 0.201 mmol) was dissolved in 3 mL of
20 THF. (S})~Epichlorohydrin ({20 uL, 0.255 mmol) was

added. P-4~tBu phosphazene base (210 uL, 0.210 mmol)



1 silyl-lactam 1.0 equiv., 66ny Met hyl i odi de,

(Aldrich) 1.6 equiv., 16uL - LDA, 1.29M (Al drich) 1.3
equiv , 110uL TBAF, 1.0M (Al drich) 3.0 equiv., 325uL

10 T. . ion for the above nethyl ated conpound was carried
out as per the procedure described for conpound 20 ( BEIU0SH
substituting nethyl iodide for benzyl brom de on the scal e described
in the above table. The final conpound was purified by silica gel 15
chromat ography using 10% ether/ CH err]cl penrl to yield nmet hyl at ed
product 2 (33ng, 60%yvyield). WO 97/ 27180

PCT/ US97/ 01610
was added dropwise via syringe initially producing a

dark orange-brown color that faded. The mixture was
stirred for 30 minutes at room temperature and the
nixture was poured intoc water and extracted with
5 CH,Cl,. The organic extract was dried (Najy;SO4) and
evaporated in vacuo. . The residue was dissolved in
anhydrous CH3CN.and the decahydroisoquinoline amide
(54.4 mg, 0.230 mmol)'was added. The mixture was
refluxed overnight. The seclvent was evaporated and
10 the residue was purified by preparative HPLC to afford
the isoxazole DHIQ lactam 2 (38 mg, 34%) as a light
yellow oil. HPLC: retention times of 12.28, 12.86,
13.68 minutes at 93% purity. 1H NMR : d 1.3-1.4 three
singlets in a 4:4:1 ratio; 1.4-2.7 (several overlapping
15 multiplets, 1.4-2.3 ([several overlapping multiplets),
2.45-3.35 (several overlapping multiplets), 3.35-4.1
{several multiplets), 4.3-4.4 (doublet), 5.8
(multiplet}, 5.9, 6.0, and 6.3 (three broad singlets in
a ratio of 4:4:1 ratio), 7.1-7.2 {(multiplet), 7.2-7.4
20 {multiplet). MALDI-MS: calc’d: 564.9; found 565.5 (M +
H).



- 171 - Exampl e 19 A [err]

1 lactam 1.0 equiv., 400ny epi br onohydrin
1.5 equiv., 280uL sodi um hydri de, 80%oil disp. 2.0 equiv,
126ny WO SR80 15m PCTUSHOIEAM 1 was
di ssolved in dry DVF (15 nL) and 5 cooled to O [err]C under a nitrogen
at nosphere. To this sol ution was added sodi um hydride (2 eq) in one
portion and the reaction was stirreg gt O [err]C for 1 hour after

whi ch, epi bronmohydrin was added via syrin & Arter stirring for 5
mn. at O [err]C the reaction was warned to 10 roomtenperature (TLC
(EtCAc) Rf (st mat.) = .16. Rf ( = 3). After 1.5 hours at room

tenperature t he reaction was quenched wth saturated NH err]C and

Q2 Q
QQ 2 K @%\WN

Phosphazene Base P4-t-Bu
THF, -78°Ctort.

The lactam 1 (0.12 mmol) was dissolwved in dry THF at
-78 °C and to this solution was added Phosphazene Base
5 Py~t-Bu (Fluka, 1.0M in hexane, 0.13 mmol). After

stirring 15 minutes the anion solution was added via
cannula to a solution of epoxide 2 {0.12 mmol)
dissolved in dry THF at -78 °C and the reaction was
allowed to warm to room temperature and stir overnight.

10 The reaction Qas then diluted with water and extracted
with ethyl acetate. The organic layer was washed
sequentially with saturated aqueous NaHCO3 and brine, -
followed by drying (MgS04), filtration and
concentration in vacuo. The crude residue was taken up

15 in dichloromethane and filtered through a plug of
silica gel eluting with 3% MeOH in dichloromethane.
Product containing fractions were concentrated in vacuo
and the resultant residue further purified by
preparative HPLC (column: Delta-Pak C;g 15mm 100A

20 19300 mm. Gradient: 20% to 100% acetonitrile in
water with 0.1% TFA. Flow rate: 20 ml/min.
Detection: 214 nm) to yield 1.5 mg of product 3 as a



extracted with CHerr]OJ[err]. The organic | ayer was then washed with
wat er (4X) and brine, dried (MgSO err]) and 15 filtered, and concentrate
i n vacuo. The residue was then purified by silica gel chronmatagraphy

(3:1 Rvoh@rfigcane) to yield 315ng(60% of epoxide pr egiisomiero
whi ch was used as is in the next step. WO 97/ 27180
PCT/ US97/ 01610 - 172 - B. [err]

1 lactam . 1.0 equiv., 315ny cycl opentyl met hyl am ne
5.75 equiv., 775ny - 246 -

single diastereomer; TLC Ry = 0.27 (3% MeOH/CH,Cljp);
HPLC Rt = 14.7 min (100%); MALDI-TOF MS m/z 576
(M*); 'H NMR (CDCls) d 7.40-7.15 (m, 7 H), 6.70 (m, 1
H), 6.55 (d, 2 H), 5.80 (br s, 1 H}, 4.28 (m, 1 H},

5 4.05-3.90 (m, 2 H), 3.70-3.38 (m, 2H), 3.20 (m, 1H),
3.00-2.75 (m, 2 H), 2.70 (s, 3 H), 2.55 (m, 2H), 2.30
(m, 2H), 2.20-0.80 (m, 14 H), 1.35 (s, 9 H).

Example 70

10 A.

Q "X

EtO0C 0;; Phosphazene Base

THF -78°C

The lactam 1 (90 mg, 0.28 mmol) was dissolved in THF (3
mL) and cooled to -78 °C. This was followed by the
addition of the phosphazene basé (Fluka; 1M in hexane,
0.28 mL, 0.28 mmol). After stirring at -78 °C for one
15 hour the epoxide was added as a solution in 1 mL THF.
The reaction was then warmed to 25 °C and stirred for

an additional 3 hours. The reaction was then quenched



anhy. Et OH 3L Epoxide 1 was dissolved in 3 nL
of EtOH and to this solution was added cyl copentyl net hyl am ne. The 5
reaction was heated to 80 C for 2.5 hours (TLC

(9:1,CH err] ¥¢emrrisoMeCH) Rf (st mat.) = .56. Rf(prod) = . 1817089701610 The

sol vent was renoved in vacuo and the residue was purified by silica
gel chromat agraphy (3%veOH CHerr]d[err] to 10%veOH '
CH err]C[err]) to yield 224ng(50% of ani ne product 10 2. C.
Synt hesi s of Conmpound 15 [err] - Zé%ND 97/ 27180

PCT/ US97/ 01610 - 173 - 1 lactam
1.0 equiv., 315 .. .chl opotri et Ll 2.2 equiv.,
1120l rE?’Fite*{%ﬁdé’rﬁtﬁég SR extPdered by ethyl 550 F

4-nethoxybenzeneac&ﬁaﬂﬁwlcﬂh@rbdeaniq“ﬁbnn*gnvW§51BheMeried over TBAF, 1.0M
4.4 equiv., 1'78ﬁ6504, filtered and concentrated in vacuo. The crude
oil was purified by silica gel chromatography, eluting

5 with 1:1, ethyl acetate:hexanes, this provided the two
major products (HPLC. indicated two components for each
isolate}).

B.

X L X

To the elaborated lactam 1 (40 mg) in 2:1, THF:Hy0 (5
10 mL) was added LiOH (2 eq.). The reaction was then
stirred at 40 °C for 16 hours. TLC indicated the
formation of a new component. The reaction was diluted
by ethyl acetate, after which the organic portion was
separated, dried over MgSO,, filtered and concentrated
15 in vacuo. to yield product 2 as a mixture of
diastereomers.
" MR (CDC13) : d 7.10-7.50 (m, 10 H), 5.90-6.15 (m,
1H), 3.90~-4.40 (m, 2H), 3.20-3.70 (m, 3H), 2.80-3.10
(m, 2H}, 2.60-2.70 (m, 2H), 2.20-2.60 (m, 3H), 1.60-
20 2.10 {m, 9H), 1.40 (q, 15H), 1.20-1.40 (m, B8H).



Amine 1 from Exanpl e 19B was di ssolved in met hyl ene chl ori de and

cooled to O [err]C. To this solution was added triethylamne (2.5 eq)
foll owed by 5 chlorotrimethylsilane. The reaction was then warned to
roomtenpera stirred under nitrogen for 2.0

addi ti onal ahgﬁﬁF of triethylam ne was added (2.5 eq) an%mwﬁ&u)

4- met hoxybenzenesul fonyl chl ori de was added. The reaction was stirred
at roomtenperature 10 for 3 hours. After this tinme, TBAF (1M in THF)
was added and the reaction stirred 2848reom tenperature for 1
hour. The sol vent was renoved in vacuo. and the resi due partitioned
bet ween et hyl acetate and aqueous saturated bi carbonate sol ution. The
organi c | ayer was 15 washed with wlzamplerilde dried MgSerr] |,
filtered and the sol vent renmoved in vacuo. (TLC (8:2, CHerr]dJ[err]:

ether), Rf(upper_diast.) 21 Rf(lower diast.) = .12). The residue
was purified by %¥4§h§§%§ﬁ9iéﬁPEﬁﬁ§B§+%§%y (25% ether/CH err]C [err])
to yield 52 ng(26% of (upper 20 di astereoner). The | ower di astereoner
was further purified by preperative TLC (1:1, ether:CHerr]C[err])

to give 23mg(12%_ of the | ower t ereoner WO 97/ 27180

PCT/ US97/ 01610 i 174Q
i J< ﬂ
2 J<

1 Phosphazene Base H;-Q-Bu
THF,-78°Ctord.

The lactam 1 {(0.11 mmol) was dissolved in dry THF at
~-78 °C and to this solution was added Phosphazene Base

5 Py-t-Bu (Fluka, 1.0M in hexane, 0.12 mmol). After
stirring 15 minutes the anion solution was added via
cannula teo a solution of epoxide 2 (0.11 mmol)
dissolved in dry THF at -78 °C and the reaction was
allowed to warm to room temperature and stir overnight.

10 The reaction was then diluted with water and extracted
with ethyl acetate. The organic layer was washed
sequentially with saturated aquecus NaHCO3 and brine,
followed by drying (MgsSO4), filtration and
concentration in vacwo. The crude residue was taken up

15 in dichloromethane and filtered through a plug of
silica gel eluting with 5% MeOH in dichloromethane.
Product containing fractions were concentrated in vacuo
and the resultant residue further purified by
preparative HPLC (column: Delta-Pak C;g 15mm 1004

20 19x30C mm. Gradient: 20% to 100% acetonitrile in
water with 0.1% TFA. Flow rate: 20 ml/min.



Exanpl e 20 Synt hesi s of conpound 47 [err]
Mor phol i none 1 was dissolved in 1 m of anhydrous DVF,
and to this solution was added 4.4 ng of 5 NaH

cooled to O C

The sol uti on was

brought to Mwom27a8per at ure for

30 m n and then cool ecrrassaoetae OC

before adding 0.20 g

[err]C, the

yielding 111 ng of fi nal

607.1 (MNa).

2H), 4.05 (m
4H), 2.18
WD 97/ 27180

10

15

20

of epoxide 2. After heating for 5 hrs at 45
sol vent was renoved in vacuo and purified on silica gel
product 2 (coqp% §Q_47). M 10 (ES+) =585 (M1),
1H NWMR (CDO 3)= 7.52 % , 2H), 7.30 (m 5H), 6.95 (d,
1H), 3.87 (3H, s), 3.60 (m 2H), 3.16 (m 4H), 3.0 (m
Hetfhn: 1- s ( 1018012 M, chued &M f1d-
D(e%ectmm. ?14 ) %:'3) ’y:.l:l PC'I% o /r01é:10 . i
Rg = 0.50 (8% MeOH/CHpClp);. HPLC Rt = 12.8 min (100%);
MALDI-TOF MS m/z 541 (M"); 'H NMR (CDCl3) d 7.35-7.16
{m, 5 H), 5.86 (br s, 1 H), 4.08-3.76 (m, 4 H), 3.49-
3.22 (m, 4 H), 2.8% (br s, 1 H), 2.50 (m, 2 H), 2.25

(br s, 1H), 2.14-1.11 {(m, 22 H), 1.38 (s, 9 H).

Example 72

In an oven~-dried 25 mL round-bottomed flask, triazole

lactam 1 {124 mg, 0.358 mmol) was. dissolved in 5 mL of
THF. (S)-Epichlorchydrin (50 uL, 0.639 mmol) was

added. P-4-tBu phosphazene base {370 uL of 1.0M

solution in hexane, 0.370 mmcl) was added dropwise via
syringe initially producing a dark orange-brown color
that faded.
room temperature and the decahydroisoquinoline amide
(124 mg, 0.525 mmol) was added.

refluxed overnight.

The mixture was stirred for 30 minutes at

The mixture was

The solvent was evaporated and
the residue was purified by preparative HPLC to afford
the triazole DHIQ lactam (189.1 mg, B84%). HPLC:
retention times of 12.94, 14.22 minutes at 929% purity.



- 175 - Exanpl e 21 Synt hesi s of Conmpound 109 [err]

To a cool ed solution (-78 [err]C) of benzyl lactam1l (0. 1509, 0.57
nmmol ) and brononet hyl acrylic acid 5 (0.094g, 0.57mmol) in anhydrous THF
(4.0nL) was agigefhriso NaH (60% 0.046g, 1.14 mmol) with stpé&fusSmeibe
solution was allowed to gradually warmto room tenperature and stir
for 1.5h. The reaction m xture was then diluted with ethyl acetate
(60nL) and washed with 10 1.ON HC (2 x 10nm.) and brine (2 x 10nmL). The
organic | ayer was dried (nmagnesi um-s@5f°at'e) filtered, and

evaporated to give an off white solid. This solid was di ssolved in

met hyl ene chl ori (1e/ nmet hangl (80/20, 10nl) and through th ool ed
sol ution(-78 [err FO™has Blbtled 50 SIPGHELF oin ﬁ)nllg é éofu%grrl was

flushed with oxygeeveral ovafxaybing1&uuaﬁph€tsanﬂ 4ﬁzrgu(ssubthMe (2.0m)
was added at ov%r apggng L t:. evi\éa% a'z Qg'eg 19 Y@v@.zlaq Qrggnlapping
multiplets), 3.2-4.2 (several multiplets), 5.4-5.6
5 fmultiplet), 6.1 and 6.45 (two broad singlets in a 1:1
ratio), 5.9, 6.0, and 6.3 (three broad singlets in a
ratio of 4:4:1 ratio), 7.1 (doublet), 7.2-7.5
(multiplet). MALDI-MS: calc’d (-DHIQ): 401.2; found
403.6 (M - DHIQ + 2H').

10 ' . Example 73

H Ph
tributyl tin azide Ny " OH
N
heat “/ﬂ\/l:;}tv/t\/
(o)
2

In a heavy-walled screw~-top test tube, the alkyne
lactam 1 (83 mg, 0.164 mmol) was dissolved in 5 mL of
xylene. Tributyltin azide (200 mg, 0.602 mmol) was

15 added, the tube was sealed and heated to 205° C
overnight. The dark brown solution was cooled and
directly chromatographed using a gradient from CH,Cl,
to 50% EtOAc/MeOH to afford the triazole product 2 (14
mg, 2.5%) as a light yellow o0il. HPLC: retention times

20 of 12.01, 12.44, 13.01, 13.22 minutes in an 8:4:1:1
ratio at 99% purity. MALDI-MS: calc’d (-DHIQ): 550.4;
found 552.9 (M + 2H').



tenperature and stand for 1.0h. Evaporation of the sol vent afforded
crude product 2 as a yellowoil. To a 20 solution of the acid 2 in
anhydrous DMVF (3.0nlL) was added thioproline-t-butylamde (0.11g,
0.57mmol ), woemdnsdr oxybenzotriazole (0.77g, 0.57 mol ), NCTHESH)1610

WD 97/ 27180 PCT/ US97/ 01610

- 176 - nmor phol i ne (0.62nm., 0.57mmmol) and EDCI (0.11g, 0.57

nmol ) respectively with stirring at roon1tgnperature. After 24h. at
roomtenperature, the reaction mxture ~ 251" fas evapor ated and the residue
was di ssolved in ethyl 5 acetate (100nL). The solution was washed with
1. ON HC (2 x 20m.), 10% sodi um t-g (2 x 20mL), water (1 x

| On), brine( 1 x 10mL), filtered and&§@§%§$£QEd to give 0.210g of a
yellow oil. The oil was purified by col utm chr omat ogr aphy;

hexane/ et hyl ace 4 yve conpound 3 (0.050g, 18% WM&
M-1= 522; H NMR M%WSM, 9H); 1.85(m2H); 2.6(m 3H);
2.85(m 1H); 3.15(m2H); 3.40(m 1H); 3.8(m1H); 4.1(m 2H); 4.4(m 1H);
4.70(m 1H); 4.95(m 6.1(d, 1H); 7.1(m 4H); 25(m;@

< OH OH
. 1.)phosphazene base, THF, -78°C u -
' . '
q 2
N 2
1

3.) isopropanoliconc. HCH rt

To a cooled solution (-78 °C) of lactam 1 (0.10g,
0.46mmol) in anhydrous THF (1.0mL) was added

5 phosphazene base P4 t-butyl solution (1.0M in hexanes,
0.46mL,0.46mmol) with stirring. After a 15 min.
stirring pericd, epoxide 2 (0.173g,0.46mmol) was added
in one portion and the reaction was allowed to slowly
warm to rt. After 0.5h at rt, 1.0M HCl (10.0mL) was

10 added and the solution was diluted with ethyl acetate
(60mL)} . The ethyl acetate was washed with sat. NaHCOj3
{1 % 10mL), brine (1 x 10mL) dried (MgSO4), filtered,
and evaporated to give a brown foam. The crude
acetonide (0.270g, 0.46mmol) was dissolved in

15 isopropanol (10mL} and treated with conc. HC1l (3.0mL)
at rt. After 2.0h., the solution was adjusted to pH 11
with 3.0N NaOH and extracted with ethyl acetate (3
x75mL) . The ethyl acetate was dried(MgSO4) and
evaporated to give the crude product which was purified

20 by column chromatography: methylene chloride/methancl
(98/2) to give the product as an off white solid
{0.090g, 36%). MS: crude acetonide: M+Na = 617;



15 Exanpl e 22 Synt hesi s of Conpound 80

[err] 0.80g of allyl lactam 1l was dissolved in 1 m of DV,
cooled to 0 C and 89.5 ng of sodi um hydri de was then added. The

sol uti on was v emAgeought up to ambient 20 tenperature f ] again
cooled down to O [err]C and 1.4 g of epoxide 2 was agédTelgg-’['lﬂr?go
reacti on was war ned to 50 C under N err] blanket for 3 hrs. The
resul ting crude m xture was then chronat ographed on silica gel

WD 97/ 27180 - 252 - PCT/US97/ 01610

- 177 -

product: M+«Na = 577 'H NMR (CDClz) 0.90(m, 6H); 1.15(m,
1H); 1.40(m, 1H); 1.50-1.80(m, 2H); 1.90(m, 1H); 2.18(m,
2.25H); 2.30-2.50(m, 1H); 2.60(m, 0.75H); 2.80-3.10(m,
4H); 3.30(m, 2H); 3.60{m, 1.25H); 3.80(m, 1.75H);

5 3.95(m, 1H); 4.25(m, 1H); 4.40(m, 0.75H); 5.00 (m,
0.25H); 5.25(m, 1H); 5.95(d, 0.25H); 6.10(d, 0.75H);
7.00-7.40(m, 14H)

1) NaH, DMF, 80°C
conc. HCI
HC
) N.. : 3
’ 8

10 Prepared using the procedure outlined in Example 24.

- <

The acetonide was purified by column chromatography:
60/40 hexane/ethyl acetate. MS: M+NA = 647. The product
was purified by column chromatography: 98/2
CH,Cl,/MeOH. MS: M+H = 585 'H NMR (CDCls} 1.70(m, 2H);

15 1.80(m, 1H); 1.90(m, 1H); 2.10(m, 1H); 2.40-3.10(m,
10H); 3.60(s, 3H); 3.75(m, 1H); 3.90(m, 1H); 4.0(m,
1H); 4.30(m, 3H); 5.30(m, 1H); 6.10(d, 1H); 7.00-
7.40(m, 14H).



yielding 1.49 of 3 (63.7% . This amobunt was treated with 12 m of 4N
HCO in dioxane and 2 ml water for 30 m n. The product was then

chr omat ogr aphed on d Br phpl c, yi el ding 0.36g of two diastereoners,
subj ected to wWog72me ral separation, which resulted in 138 mgTalsopmism

di astereonmer 3. M5 (ES- 551.3 (M1)), ES+, 553.3 (M1) and 575.3
(MtNa) . 1H NWR (CDA 3)= 7.20 (m 14H), 626 (m 1H), 5.62 (m 1H),
5.24 (m 1H), 4.97 (m 2H), 4.23 %#gﬂ 3.83 (m 2H), 3.61 (m 1H)),
2.95 (m 10H), 10 2.40 (m 1H, 2. 24 ( , 2.04 (m 1H), 1.95 (m
2H) , 1.70 (m 2H). Exampl e 23

Synt hesi s of Conpound 91 [err] A solution of cyclic

sul famate 1 (0.1g, 0.33nmol) in 2 15 E“ﬁﬁnéﬁ'%Fnethyl f or mam de was cool ed
to O [err]C and treated wi th of 60% sodi um hydri de (0.005g, O0.13

mmol) in oil. . %teu t4qyred at 25 [err]C for 1.5h and
treated vut?¥néggﬁﬁﬁﬁgﬁﬁ¥%#§§Pﬁiﬁéﬁ 0.33mmol ) The resulting

m xture was stirred at 6 err]C for 3h, nore sodium hydri de (0.005g)
was added and heating wa nti nued %fz

1) NaH, DMF, 80°C

:L ] W 3

Prepared using the procedure outlined in Example 24.
The acetonide was purified by column chromatography:

5 98/2 CH,Cl,/MeOH. MS: M+H = 642. The product was
purified by column chromatography: 96/4 CH,Cl,/MeOH.
MS: M+H = 602 'H NMR (CDCl3) 1.50-2.50(m, 6H); 2.50~
3.40(m, 6H); 3.50~4.40{m, TH); 5.25(m, 1H); 5.95(m,
1H); 7.00-7.60(m, 18H).

10 Example 77




over night. The volatiles were renoved in vacuo and t he residue was

dissolved in 2 nL of 4M hydrogen WO 97/ 27180

PCT/ US97/ 01610 - 178 - chloride in
1, 4- di oxane. wWébminge0. 5 NL) was added and t he m xture p@gudbbigicd for
6h at 25 [err]C. The reaction m xture was diluted wth ethyl acetate
and extracted w th 10% sodui m bi carbonate. Drying over magnesiumb5
sul fate and renoval of the solvents gave a yell ow gum whi ch was
subjected to G 18 preparative HPLC -~ (&etonitrile-water gradient). The
desired material 3 was isolated as a mnor fraction (9 ng) as a white
solid 10 1IH NVR(CDA 3): 2.10(2H), 2.70(2H), 2.8-3.2(8H, 3.4(1H),

3.58(1H), 4.02( Biepazedspsipg whemragedure outsingd 134 Exampdeiff . 7. 06(2H),
7.1-7.4(16H). The acetonide was purified by E¥2ilith eci¥bmatograblipt hesi s of
Conpound 83 [erer/SO hexane/ethyl acetate. MS: M+NA = 645. The product
was purified by column chromatography: 96/4
5 CH,Cl,/MeOH. MS: M+NA = 605 'H NMR (CDCl3) 1.10-1.40(m,
2H); 1.70(m, 2H); 1.80-2.10(m, 4H}); 2.35(m, O.5H);
2.50(m, 1H): 2.65(m,0.5H); 2.80-3.10(m, 4H); 3.20(m,
2H); 3.30-3.55(m, 3H):; 3.70(m, 1H); 3.80-4.00(m, 4H):
4.25(m, 1H); 4.37(m, 1H); 5.27(m, 1H); 6.15(d, 1lH):

10 7.10-7.40(m, 14H).

z 1) NaH, DMF, 80°C ::2
= ’ conc. HCl = OH 7 OH
NH o MN_ :
1 C
? N, 3
o 8

2

‘4

Prepared using the procedure outlined in Example 24.
The acetonide was not purified by column

15 chromatography. MS: (crude) M+H = 644. The product was
purified by column chromatography: 96/4 CH,Cl,/MeCH.
MS: M+H = 604 1I-I NMR (CDClj) 1.40-2.20(m, 6H); 2.30(m,
1H); 2.50-3.40(m, 9H); 3.75(m, 2H); 4.00(m,1H); 4.25(m,
1H); 5.30(m, 1H); 6.35(d, 0.5H); 6.50(d, 0.5H); 7.00-

20 7.40(m, 14H); 7.50(m, 2H); 8.50(m, 2H).



15 To a cooled solution (0 [err]C) of conpound 1 (0.190g,

C. 72mml ) in anhydrous DMF (10nmL) was added NaH(60% 0. 028g,
0.72mmol ) with stirring. The solution was allowed to warmto room
tenperature wb@7stkds for 1.0h. Compound 2 (0.275g, OpcRmoswligiswas
added at room 20 tenperature and the mxture was heated at 60 [err]C for
5.0h. The sol ution was evaporated and the reside was parti oned

bet ween et hyl acetate (150nmL) and water WO 97/ 27180

PCT/ US97/ 01610 - 255 - - 179 - (30nL).
The organic | ayer was washed with water (2 x 10m), brine (25n),

dried (MygSgerr]), filtered, and evapgpated to give a grey oil. The
oil was purified by Examﬁﬁalﬂé

z 1) NaH, DMF, 30°C

cone. HCI Neo

2

Prepared using the procedure outlined in Example 24.
The acetonide was not purified by column

5 chromatography. MS: (crude) M+NA = 670. The product was
purified by column chromatography: 97/3 CH,Cl,/MeCH.
MS: M+#NA = 630 'H NMR (CDCl3) 1.40(m, 1H); 1.30-1.80(m,
2H):; 1.95{(m, 1H); 2.10(m, 1H); 2.25(m, 2H); 2.30-
3.40(m, 7H); 3.60-3.80(m, 2H); 3.85(m,1H), 4.00(m, 1H);

10 4.25(m, 1H); 4.45{(m,1H); 5.30(m, 1H); 5.80(m,1H);
6.15(d, 1H); 7.10-7.40(m, 14H).



col um chr omat ogr aphy: hexane/ ethyl acetate (60/40) to 5 gi ve 0.23g
(509 of the acetonide protected product. The acetoni de (0.185g,
0.29mmol ) was dissolved in i sopropanol (10mL) and treated with conc.
HC (3.0m) _R&]troomterrperature. After 1.5h., the solg i on _was

adj usted to pHPTT¥M%h 3. ON NaOH and then concentrated. 10 PCTU§E0LP00us
solution was extracted with ethyl acetate (3 x75mL). The et hyl
acetate was dried (MgSO err]) and evaporatated to give a clear film
The crude product was purified by zgsd wm chr omat ogr aphy:

hexane/ et hyl acetate (45/55) to give the product as a white solid 15
(0.090g, 50% . Preparative HPLC on chiral phase (i sopropanol - hexane
gradi ent) vyielded the desired dxamprec®®er 3 (10ng) along with a 1:1
m xture of the desired diastereoner and an additional epinmer (50ng).

M5: Mrl= 603 H NMR (chloroformd) 1.80(m 6H); 20 2.50(m 1H); 2.60(m
2H); 3.0(m8H); &w&wmm@ﬁ@@nm; 3.95(m 1H); 4.25(m 1H);
5.30(m 1H); 6.00(m 1H); 7.05(m4H); 7.25(m 15H). WO 97/ 27180
PCT/ US97/ 01610 - 180 - '

Exanpl e 25 Sy; e@ of Conpound 8 .
\ 1) NaH,DMF, 80°C i E
- NH o)

Acnnc. HCI N G oH

N.
o] o) o)
1 4——0
_ o) :

Prepared using the procedure outlined in Example 24.

The acetonide was not purified by column

5 chromatography. MS: (crude) M+NA = 746. The product was
purified by column chromatography: 97/3 CH,Cl,/MeOH.
MS: M+NA = 706.

2_ 1) NeH, DMF, 80°C

g




A [err]

Allyl lactam1l (443 ng, 2.06 mvol) was dissolved in

DVF 5 (2 mL) and to this solution was added sodi um hydri de (2.2
nol ). The reaction m xture was stirred at room tenperature for 1 hr
after which ye)7ensehl or ohydrin (172 ul, 2.2 mol) waPCEH§YPI¢8at . The
reacti on was stirred at roomtenperature for 4 hr, diluted wwth 10 .
water (20 nmlL) and extracted with ethyl acetate. The organi c | ayer was
t hen washed with water, brine and _dgggd_(NgSC{err]) and filtered.
Concentration in vacuo af f orded crudé epoxi de product 2 which was used

Wi t hout

10

15

20

further purification. 15 B. [err]

Prepared using the procedure outlined in Example 24.
The acetonide was not purified by column _
chromatography. MS: {(crude) M+NA = 673. The product was
purified by column chromatography: 96/4 CH,Cl,;/MeOH.
MS: M+NA = 633 1H NMR (CDClz) 0.090-1.30(m, 4H); 1.40-
1.80(m, 4H); 1.90-2.35(m, 3H); 2.45 {m, 1H}; 2.65(m,
1H); 2.70-3.10(m, 6H); 3.25(m, 3H); 3.60-4.00(m, 6H);
4.25(m, 1H); 4.35(m, O0.5H); 4.75(m, O0.5H); 5.25(m, 1H):
6.20(m, 1H); 7.10-7.40(m, 14H).

Example 82

1.) phosphazene base, THF, -78°C
@ 2. )
:}.o

3.) isopropano¥cone. HCI rt

Prepared using the procedure outlined in Example 74.
The acetonide was not purified by column
chromatography. MS: (crude) 2M+NA = 1179. The product
was purified by column chromatography: 80/20 ethyl
acetate/hexane. MS: M+H = 539 'H NMR (CDClz) 0. 55 (m,
1H); 0.659m, 1H); 0.95(m, 1H); 1.05(m, 1H); 1.75(m,
2H); 1.95(m, 1H):; 2.20 (dd, 1H); 2.65{dd, 1H); 2.70-
3.10{(m, 6H):; 3.20(d, 1H); 3.65(dd, 1H); 3.95m, 2H):
4.25(t, 1H); 5.25(m, 1H); 5.95(d, 1H); 7.10-7.40(m,
14H) .



Lactam epoxide 1 (180 ng, 0.66 nmmol) and decahydr oi soqui noline 2 (160

ng, 0.66 nmol) were heated WO 97/ 27180
PCT/ US97/ 01610 - 181 - to 80 [err]C
i n i sopropanglgephisgr three hours the reaction was ¢
[err]C and stirred for 48 hours at roomterrperature.%‘g'%ﬁ’lgggﬁson was
t hen concentrated in vacuo. Purified by silica gel 5 -
chromat ography, eluting with 25 % Et OAc : Hexanes, provi ding 90 ng
(90% pure by HPLC) of desired product - 258 3.
Exanpl e 26 Synt hesi s of Conmpound 9 10 A [err]

.

2__ 1) NaH, DMF, 80°C Q
o~ . H q‘

Prepared using the procedure outlined in Example 24.
The acetonide was purified by column

5 chromatography:60/40 hexane/ethyl acetate. MS: M+NA =
666. The product was purified by column chromatography:
40/60 hexane/ethyl acetate. MS: M+H = 604 *u NMR 1. 55
(m, O.5H); 1.70m, O0.5H); 1.95(m, 1H); 2.50 (m, 1H);
2.70-3.10(m, 7.5KH); 3.15{dd, 1H):; 3.30(m, 1lH}; 3.40(m,

10 1H}; 3.75(m, 1H); 3.80-4,10{(m, 2H); 4.25(m, 2.5H);
4.45{(m, 0.5H); 5.25(m, 1H); 6.15(m, 1H); 6.45(d, 1BH);
6.55(gq, 1H); 6.70(g, 1H); 7.10-7.40(m, 186H).



The Boc protected piperazine 1 (21.4 ng, 0.081 mmol), was di ssl oved
in 1.5 m of i-PrOH This was foll owed by the addition of the |lactam
epoxide 2 (18.3 ng, 0.068 mol ). The reaction vessel was then fitted
with a 15 was 9nzrigeondenser and heated to 75 [err] C for l6édraisewoistel| C

I ndi cat ed conpl ete consunption of both starting materi al s and
formation of a new material. The reaction was then cooled to 25
[err] C and concentrated in vacuo. The conpl ete consunpti on of epoxide
was 20 confirmed by both tlc and [err] e‘rﬁl\/R The crude addition

product was then used w thout further purification. WO 97/ 27180

PCT/ US97/ 01610 Example 84~ 182 - B. [err]

Q ‘.-"‘ OH r :H 9H
Nc < 1.) phosphazene base, THF, -78°C N%z((i}kuj\lﬁﬁme :
2)
isomer 1

)
a)mprepcnweonc HCIn e MN i

Prepared using the procedure outlined in Example 74 The

acetonide was purified by column chromatography and the
5 diasteriomers were isolated separately. MS: (isomer 1)

M+NA = 642; {isomer 2) M+NA = 642. The individual
diastereomers were deprotected and purified by column
chromatography: 98/2 CH,Cl,/MeQH to give isomer 1 and
isomer 2. MS: (isomer 1} M+NA = 602; (isomer 2) M+NA =

10 602. H NMR (CDCl;) isomer 1: 1.05 (d, 1H); 1.35(s,
3H); 1.45 (s, 3H); 1.75(m, 1H); 1.90-2.20(m, 3H);
2.65(m, 1H); 2.70~3.10(m, 8H); 3.70(m, 1H); 3.95(m,
2H); 4.20(m, 1H); 4.35(m, lH); £.25(m, 1H):; 6.05(d,
1H); 7.10-7.40(m, 14H). 'H NMR (CDCl3) isomer 2: 1.10

15 (d, 1H); 1.40(s, 3H); 1.50 (s, 3H); 1.75(m, 1H);
1.95(m, 1H); 2.15(m, 1H); 2.50(m, 2H); 2.80-3.10(m,
6H); 3.35(m, 2H); 3.65(m, 1H); 3.80(m, 1H); 4.00{m,
2H); 4.25(m, 1H); 5.25(m, 1H); 5.95(d, 1H); 7.10-
7.40(m, 14H).



The Boc protected piperazine addition product 1 from t he previous
step was stirred for 2 hours in 1.0 nL of AN HCO / di oxane. This was
foll owed by concentration in 5 vacuo. The crude solid was then

di ssolved in f CH err]Cd[err] and washed by 2 each
sat ur at ed aqt}%(gu@’léa sodi um bi carbonat e and saturated aqlzu%eousg'klrl ne. The
conbi ned organic portions were then dried over MgSd err], filtred and
concentrated in vacuo to provide the 10 freebase of the desired
intermedi ate. The crude am ne was 28ter di ssolved in 1.0 nL of DWVF at
25 [err]C. This was foll owed by the addition of the hydrochl oride
salt of 3-picolyl chloride (0.081 mmol). After stirring 5

mnutes triethylamne (300 uL, mmmol) kX8ERdEe82 The 15 reacti on was then
stirred for 36 hours the reaction was guenched by the addition of 1.0

nL of saturated aqueous sodi um bji.carbonate. The reaction m xture was
t hen di | ut%&%iﬂ-ﬁeﬂédw nL of diethyl ether and

washed by 2 x 10 nL of each saturated aqueous sodiu 0 bi car bonat e and

sat urated aqueous brine. The conbined or gani rtions_were then
dried over MgSgerr], filtered - and concentrate 'no provi de

t he crude product. urification of the e k Wag ©ar bhed out by
silica gel chromat graQP( 1000 uM Sigerr] p A ‘ n.efuting with

20 % MeOH/ CH er r]er 1 1hphospndénebbdd it Faed. MU o
product 2, with 98¢ r i % e The
PCT/ US97/ 01610 '

Y Y2 Q‘:m
, 8 o 3. R
—8 Ggaig
isomer 2

Prepared using the procedure outlined in Example 74.

The acetonide was purified by column chromatography:

5 60/40 hexane/ethyl acetate and the diasteriomers were
isolated separately. MS: (isomer 1)} M+K = 658; (isomer
2) M+H = 658. The individual diastereomers were
deprotected and purified by column chromatography:
40/60 hexane/ethyl acetate to give isomer 1 and isomer

10 2. MS: (isomer 1) M+H = 618; (isomer 2) M+NA = 640. 'H
NMR (CDCl3) isomer 1: 1.75(m, 1H); 1.90-2.20(m, 3H):
2.70{(s, 3H); 2.75~3.15(m, 6H); 3.75(m, 1H); 4.00(m,
3H); 4.25(m, 1H); 4.65(m, 1H); 5.25(m, 1lH); 6.05(d,
1H); 6.55(dd, 2H); 6.70(m, 1H); 7.00-7.40(m, 16H). 'H

15 NMR (CDCl3) isomer 2: 1.70(m, 2H); 1.95(m, 1H); 2.25(m,
1H); 2.55{m, 1H); 2.70(s, 3H); 2.80-3.10(m, B8H};
3.35(ad, 1H); 3.40(a4d, 1H); 3.75(m, 1H); 3.80(m, 1H);
4.05{(m, 1H); 4.25(m, 1H); 4.55(t, 1H}; 5.30(m, 1H):
6.05(d, 1H); 6.70(m, 2H); 7.10-7.40(m, 17H).



- 183 - overall yield for addition, deprotection of N Boc and
coupling with 3-picolyl chloride was 9 %

Exanpl e 27 Synt hesi s of Compound 3 5 A [err] Al lyl
urea 1 (195. wdo278009 Mol ) was di ssolved in 6.0 L pdrGidroreie
cooled to O [err]C. This was followed by the addi tion of NaH (54 ny,
1.0 mol ). The gl ycidyl tosylate (410 ng, mmvl) was then added as a
solid. The 10 reaction was stirred for. 4 hours at 25 [err]C and then
quenched by the addition of 4 nL of satur&ed aqueous sodi um

bi carbonate. The reaction was then extracted by 10 mL of Et[err]QO
The organic | ayer was then washed by %0 1 q§¢ of saturated aqueous

sodi um bi carbonate and 2 x 10 15 ated brine. The conbi ned
organi c portions were then dried over MgS err], filtered and

concentrat ed Qﬁﬁéhgﬁiggﬁgiﬁﬁgg%ﬁﬁngﬂthe desired epoxide 2 (180 ng, 73 %
yield). The epo Was en used wthout further purification.

The benzyl triazole from Example 80 was purified (and
diastereomers isolated) by column chromatography: 97/3

5 CH,Cl,/MeOH. MS: M+NA = 706. The individual benzyl
protected diastereomers were dissolved in MeOH and
combined with 20% Pd/C (cat.). Each solution was
hydrogenated under pressure(50 psi) at rt for 5 days
and the resulting crude product was purified by column

10 chromatography 96/4 CH,Cl,/MeOH to give iscmers 1 and
2. MS: (isomer 1) M+H = 594; (isomer 2) M+NA = 616. H
NMR (CDCl;) isomer 1: 1.60(m, 1H); 1.80{m, 2H); 2.40(s,
1H); 2.60~3.15(m, 10H); 3.65(m, 1H); 3.80(m, 1H):;
4.00(m, 1H); 4.20(m, 1H); 5.25(m, 1H}; 6.90(m, 1H);

15 7.00-7.40(m, 14H). 1H NMR (CDClz) isomer 2: 1.30(m,
1H); 1.75(m, 1H); 1.95(m, 2H); 2.35(m, 1lH); 2.50(m,
1H); 2.80-3.10(m, B8H); 3.25(d, 1H); 3.65(m, 1H);
3.80(m, 1H); 4.05(m, 1H); 4.30(m, 1H}; 4.50(m, 1H);
5.25{(m, 1H); 6.75(m, 1H); 7.10-7.40(m, 14H).



WO 97/ 27180 PCT/ US97/ 01610

- 184 - B. [err] Pi perazine 1 (25.7 ng mmol) and
?pOXIde 2 (22.6 ng, nmmol) were heated to 75 [err]Cin 1.5 nL of i-PrOH
or 18 RRYLSndf ter cooling to 25 [err]C the crude rea
m xture was concé%tégted I n vacuo. Conplete consunptigéhggwéﬁgo
epoxi de was apparent by both tlc and [err] H NMR C. [err]
- 262 -
Example 87

Q@ Qg
m__.g?%,\(ng

separated diastereomers isomers 1,2,3

Isomer 1: Prepared using the procedure outlined in
Example 24. The acetonide was purified by column

5 chromatography 30/70 hexane/ethyl acetate MS: M+NA =
645. The product was purified by column chromatography:
30/70 hexane/ethyl acetate MS: M+NA = 605 ‘H NMR
(CDCl3) 1.45{(m, 1H); 1.70(m, 1H); 1.80-2.05(m, 4H);
2.25 (q, 1H); 2.35(q, 1H); 2.65(m, 1H); 2.75-3.10(m,

10 BH); 3.60(m, 3H): 3.75(m,1H); 3.85(m, 1H); 3.95(m, 2H):
4.25(m, 1H); 5.25{m, 1H); 6.05(m, 1H):; 7.10-7.40(m,
14H) .

Isomers 2,3:(Chiral center within THF ring has opposite
configuration to that of isomer 1 above). Prepared

15 using the procedure outlined in Example 74. The
acetonide was purified (diastereomers isolated} by
column chromatography 30/70 hexane/ethyl acetate MS:
M+NA = 645. The individual diastereomers were purified
by column chromatography: 30/70 hexane/ethyl acetate

20 MS: (isomer 2) M+NA = 605 (isomer 3) M+NA = 605 “H NMR
(CDCl;) (isomer 2) 1.45(m, 2H); 1.90(m, 2H); 2.10(m,
1H); 2.30 (m, 1H); 2.35(m, 1H); 2.45(m, 1H); 2.75-
3.10(m, 6H); 3.25(m, 2H); 3.65(m, 3H); 3.75(m,3H);
3295(m, 2H); 4.25(m, 2H); S5.25(m, 1H); 6.10(m, 1H);



The Boc protected piperazine 1 fromthe previous step 10 was stirred for

1.5 hours in 1.0 nL of 4 NHO in di oxane. This was fol |l owed by
concentration in vacuo. The crude hydrochloride salt was then

di ssolved in wo9m2n180 ni. of CH err]Cl[err] and washed by 10 mCT®SY#90é10
sat ur at ed sodi um bi carbonate and saturated brine. The organic 15
portion was then dried over MgS err], filtered and concentrated in
vacuo. The free am ne was then taken in 1 n of DVF. This was

foll owed by the addition of 3-pi coTy?&ghT oride HC1 salt (50 nmg, nmol)

and WO 97/ 27180

PCT/ US97/ 01610 triethyl
ééﬁ% .15 (m} y
am ne. (300 ulL), respec'tqlov(é[\ MlHle ree{m{R (CDC13) Il 2:hen stirred at 25

[err]C for 30 holék: 1. w@.r @HLE i Hn%5 (m, ZHAHszt Pi@rﬁmqué%bhe%-%ﬁ/ e addition
of 2 nL of saturgfed 2 40 (m, sqg{r,unzbe;&a,qbqrjgtegang gl foted ¢y ;10 nL of

Et[err]O The 5 gani ¢ portion was then vvas? bY 10 §T1'250f saturat ed
sodi um bi car bona?e‘l%ﬁ%? AR 18- ﬁﬁ'ﬁfoggﬁuréﬂ)ed‘eb? B, 1H): (m,
5 1H); 6.05(m, 1H); 7.10-7.40(m, 14H) .
Example 88

Y
Q O QTQ“

1 :
8 m
3.) isopropanaliconc. HCI #t 8
isomer 2

Prepared using the procedure outlined in Example 74.
The acetonide was purified (diastereomers isolated) by
10 column chromatography 45/55 hexane/ethyl acetate MS:
M+NA = 692. The individual diastereomers were purified
by column chromatography: 35/65 hexane/ethyl acetate
MS: (isomer 1) M+H = 630 (isomer 2) M+H = 630 1H NMR
(CDCl3) (isomer 1) 1.75(m, 1H); 1.95(m, 1H); 2.10(m,
15 2H); 2.75-3.10{m, 8H}; 3.15(d, 2H); 3.30(m, 2H);
3.80(m,2H); 4.00(m, 2H); 4.25(m, 1H); 5.25(m, 1H):
6.00(m, 1H); 6.20(d, 1H): 6.60(t, 1H); 6.95-7.40(m,
18H). "H NMR (CDCl3) (isomer 2) 1.75(m, 1H); 1.95 (m,
2H); 2.15{m, 1H); 2.55 (m, 1H); 2.75-3.10(m, 8H); 3.20-



The conbi ned organic portions were then dried over MSH4, filtered

and and concentrated in vacuo. The crude material was purified by
silica gel 10 chromat ography (1000 uM prep. plate) eluting with 3:1,

CH err] Q[ er oAt © provide 8.8 ng of the desired produ The
overall yield ?or addi tion, deprotection of the N Bgli:c@lsa'”?lgéocti on
with 3-picolyl chloride was 19. 3% Exanpl e 28
15 Synt hesi s of Conmpound 62 [err] The THF |actam 1l (0.4
mmol ) was dissolved in dry DV at - @6ferr]C and to this solution was
added sodi um hydri de (0.47 mmol ). After 30 min of stirring, (s)-

epi chl orohydrin_ (0.47 nmol) was added and the reaction 20 was allowed to

warmto room t efpe? Fur®Bland S rim, 1H); o3 FhimgH) 4788 (meatii on was t hen
diluted with watges(m, 1HENG Demachay; whids gi,hH)acet abem, e organic

| ayer was hed quentially with O c, turated NaHCJ err ]
and brine, foll 8%@‘%&/ @'ﬁy’l nég;}5 Sdmr?)%o'ﬂ\!l‘ﬁ{&'i i and
H} .

5 Example 89

= Y base, THE, -78°C ==
O TN AOoTLE 2
8 2
1

3.) isopropanol/cone. HCI it

Prepared using the procedure outlined in Example 74.

The acetonide was purified by column chromatography:

97/3 CH3Cly/MeOH. MS: M+H = 633. The product was not
10 purified. MS: M+H = 593,



WO 97/ 27180 PCT/ US97/ 01610

- 186 - concentration in vacuo to yield product (118 ng, crude)
whi ch was used as is. The | actam epoxide (0.4 nmol, crude) was
di ssol ved i n weaprosanol (2 nL), and to this sol uti on eeT/USeihacho
decahydr oi soqui noline t-butylam de 5 (0.7 mmol). The m xture was then
heated to 80 [err] C and stirred overnight. The reaction m xture was
cool ed and concentrated to dryness in _vacuo, the residue of which
was applied to a preperative TLC plate and®&lUted with 100% et hyl
acetate to yield pure product (88 ngy, 42% 10 as a mxture of
di ast ereoners. Exanpl e 29 Synt hesi s of Conpound 92
A [err] Example 90

A,

A mixture of the trans isomer of the lactam above

5 (0.125 g, 0.27 mmol) and 60% sodium hydride (0.010 g,
0.25 mmol) in dimethylformamide (4 mL) was stirred
under a nitrogen atmosphere for 30 min. The epoxide
(0.113 g, 0.30 mmol} was added and the mixture was
heated at 60 °C for 4h. The mixture was re~charged

10 with 60% sodium hydride (0.015 g, 0.37 mmol) heated at
60 °C for an additional 1.5h, and stirred at ambient
temperature for 18h. The mixture was diluted with
dichloromethane, washed with brine, dried (MgSO4), and
concentrated in vacuo. The residue was purified by

15 chromatography on silica gel, eluting with hexane:ethyl
acetate (7:3) then with hexane:ethyl acetate (1:1) to
give 0.11g (48%) of product as a brown o0il. MS: AP+,
862 (M+Na) and AP-, 874 (M+Cl).

B.
. 20 A solution of the acetonide (0.11q, 0.13 mmol) in 2-
propanol (7 mlL) and concentrated hydrochloric acid (3



A stirred, cooled (-78 [err]C ) solution of 1.4 g (5.0 15 mol ) of

pyrrolidinone in 35 nL of anhydrous tetrahydrofuran was treated in a
dropwi se fashion with 3.6 nL (7.2 nmolL) of lithiumdiisopropylam de.
The res olution was stirred for 70 mn, and subseqguent |y
treated with gkggakfﬁ(G 0O mmoL) of 3- 20 pyrldlne carboxdﬂﬂgﬁ? % The
honogenous sol ution was allowed to anbiently warmto roon1tenperature
(RT), and stirring was continued overnight. The reaction m xture

was diluted with 400 nL of dichl oronet hangeéséwashed once WO

97/ 27180 PCT/ US97/ 01610

- 187 - with 150 nL of water, dried (magnesium sulfate),

filtered, concenmbiteds aniryad isti edbidanti témpexptiure for g@bing 3:1 et hyl

acet at e/ hexanes ﬁéuwslfw&rumth 2N soamfarﬂ*@ﬂo,&& ga%fi%é(t%cw@ desired
conpound as a 5 golden oil which solid st andi n

[err]H NVR (d6- DN&SER %@Wl) efhey - sThepxtpaghs rezﬂ‘)med (39&?043)3 (d 3=

8.0 Hz, 1H); 7.4%;feerdd) ara ?c%n(c@ht§§|fed in vdel® td gide= 02030|‘E

3. 96 1H); 3. 07 89 2. 65 eries of
(265.%?? Bg) YIg?d of the crude produ t? wﬂlé% wasnhsed

without further purification. MS: ES+, 550 {(M+Na) and
ES-, 562 (M+Cl).

CO
A solution of the amine (0.14 g, 0.27 mmol),
10 methylchloroformate (0.023 mL, 0.30 mmol) and Et3N

(0.05 mL, 0.36 mmol) in dichlorcmethane (2 mL) was
stirrred at ambient temperature under a nitrogen
atmosphere for 18h. The volatiles were removed in
vacuo, and the residue was purified by reverse phase

15 preparative HPLC to give a tan o0il. Lyophilization
gave 0.012 g (8%) of the product as a white solid. MS:
ES+,608 (M+Na). *H NMR (CDCls) 1.71 (m, 1H); 1.96 (m,
1H); 2.11 (m, 1H); 2.26 (m,1H); 2.71-3.05 (m, 8H); 3.50
(s, 3H); 3.65 (m, 1H); 3.82 (m, 1H); 4.00-4.39 (m, 5H):

20 5.28 (m, 1H); 5.43 (s, 1H); 6.40 (d,1H); 7.08-7.33 (m,
14H}.



10 B.

suspension of 330 ng ( 1.25 nmolL )
pal | adi um on car bon (Degussa)
hydr ogenat ed @dysimemgen bal | oon) for
100 nL of nethanol, carefully
silica gel using ethyl acetate as the
(89% of an isomeric mxture of the de5|r?gp

[err]

of
in 12nmL
1 h. The

filtered,

A vigorously stirred
eneam de and 80 ng of 10%
of anhydrous net hanol was
m xture 15 veer/usstassd Wit h
concentrated, and purified on
eluent, affording 295 ny '
conmpounds as a gol den oi

whi ch solidified upon standlng 20 rTH NMR (d6-DVBO, 400MHz) 8. 36
(s, 2H); 7.88 (s, 1H); .56 (d, J =7.9 Hz, 1H); 7.27 - 7.12 (m 7H);
3. 66 (m 1H); 2.96 - 2. 37 (seri 7H) MrH (267. 2) ;

M+-Na (289. 2) WD 97/ 27180 E§hﬁgléﬂ&l

PCT/ US97/ 01610

<

.

Q,

3.) isopropanol/cone. HCI nt

1.) phesphazene base, THE, <78 °C @\
‘QNH N N
L H

H
N
° 8

Prepared as described in Example 74 with the exception

that water, rather than 1.0 N

HC1l was used to gquench

the reaction. MS {(AP-) of the acetonide = 660 (M-1).
MS (AP+) of the product = 644 (M+Na). 'HNMR of the
product (CDCli3): d 1.68 (m, 3H), 2.07 (m, 3H), 2.54
{m, 2H), 2.92 (m, 6H), 3.43 (m, 1H), 3.78 (m, 1H), 4.00
(m, 2H), 4.50 (m, 1H), 5.34 (m, 1H), 6.10 (m, 1H), 6.70
10 {m, 1H}), 7.24 (m, 18H)
Example 92
8
F,@ " 1) phosphazens base, THF, -78°C OH < on
N,<%XH N
H g F N
H 6

3.) isopropanal/conc. HCI it




- 188 -

above was coupled to the

pr ot ocol

on silica gekyd ¢4yl anmoni a- net hano
and the trans-lactam

ci s-

used

10

15

The | act am obt ai ned
correspondi ng epoxi de according to the
Exanpl e 24. The final purification was perfornmed 5

in di chl or onet ive the
di astereoners each as white so%%m?ém

C. [err]

f or

- 268 -

Prepared as described in Example 74 with the exception

that water, rather than 1.0 N HCl was used to quench

the reaction. MS (AP+) of the acetonide = 684 (M+Na).
MS (AP+) of the product = 644 (M+Na). 'HNMR of the
product (CDCl3): d 1.62 (m, 3H), 2.00 (m, 3H), 2.50

(m, 2H), 2.80 (m, 6H), 3.30 (m, 2H), 4.00 (m, 2H), 4.34
(m, 1H), 5.33 (m, 1H), 6.14 (m, 1H), 6.30 (m, 1H), 7.24

(m, 18H)

1.) phosphazene base, THF, -78°C

=
y ,,c«@\,, BSOEB
D L0

ad

1

3.) isopropancVconc. HCI nt

Prepared as described in Example 74 with the exception

that water, rather than 1.0 N HCl was used to quench

the reaction. MS (AP+} of the acetonide = 6391 (M+Na).
MS (AP+) of the product = 651 (M+Na). <HNMR of the
product (CDCly): d 1.66 (m, 3H), 2.08 {(m, 3H), 2.59
{m, 2H), 2.95 (m, 6H), 3.40 (m, 1H), 3.85 (m, 1H), 4.14
(m, 2H), 4.27 (m, 1H), 5.32 (m, 1H), 6.22 (m, 1H), 6.73
{m, 1H), 7.25 (m, 1BH).



trans-isonmer 1: Rf: 0.20 [err]H NVR (CDCl[err],. 400MHz)

1. 62(2H, m,

2:

1.86(4H ), 2.19(1H ), 2.63(2H m, 2.78- 10  3.10(8H m), 3.65(1H m,
3.75(1H, bt), 3.95(1Ht), 4.27(1H t), 5.24(1H m, 6.32(1H, d),
7-7.4(14H, ), woemnis8. 22( 1H, s), 8.34(1H,s). MH (604) PCTAISSHO16NET
Rf: 0.18. [err]HNWR (CDC[err],. 400Miz) 1.35(1H m, 1.60(2H m,
1.95(2H, n), 2.19(1H, dd), WO 97/ 27180

PCT/ US97/ 01610 - 189 - 2. 48( 1H, dd),
2.60(1H ), 2.8-3.05(5H n), 3.10(1H dd) 292 = 3.26(1H dd), 3.60(1H ),
3.78(1H m, 3.99(1H m, 4.15(1H, bs), 4.24(1H t), 5.24(1H m,

6. 18( 1H, d), 7.02(2H,d), 7-7.3(10H ) 7 .41(1Hd), 8.25(1Hs), 5

8.40(1H,d). MH (604) Exanple 30 [err]

Q»Q 1)phosphammeHF.7s=c /'
NH

a) nsopmpanouconc HCI t

Prepared as described in Example 74 with the exception
that water, rather than 1.0 N HCl was used to guench

5 the reaction. MS (AP+) of the acetonide = 645 (M+1).
MS (AP+) of the product = 627 {(M+Na). 1HNMR of the
product (CDC13): d 1.70 (m, 3H), 2.00 {m, 3H), 2.58
(m, 2H), 2.97 (m, 6H), 3.40 (m, 1H), 3.85 (m, 1H), 4.10
(m, 2H}), 4.32 (m, 1H), 5.33 (m, 1H), 6.30 (m, 1H), 6.80

10 (m, 1H), 7.25 (m, 17H), 8.01 (m, 1H).



The iodolactam1 (0.43 nmmol) was dissolved in dry acetonitrile in a

hi gh pressure tube and to this sol uti on was added

di i sopropyl et hyl ami ne (Pierce, 0.65 10 nol ) followed by aniline 2
(Aldrich, 0.4gq9R The tube was sealed and the re ' ted to
70 [err]C wi tﬁv 171)805“ rring overnight. The reaction was C?ﬁﬂg@)y@? nmbi ent
tenperature, solvent renpved in vacuo, and the residue taken up in

et hyl acetate/water. The organic |ayer was 15 washed sequentially with
saturated aqueous NaHCJO err] and brizm, -foll owed by drying

(MgSg err]), filtration and concentration in vacuo. The crude residue
was purified by flash silica gel chromatography eluting with 1:1

et hyl acetate/ hexanes to give 61 ng of ; TLC 20 Rlerr] = 0.29
(1:1 ethyl acetate/hexanes); HPLC Rt = 12.6 mn (96%; MALD - TOF
Ms nmlz 267 (Merr]). . WO 97/ 27180

PCT/ US97/ 01610 Synthesis of Compound 208 - 190 -

Exanpl e 31 -

A NaH,DMF, FLQOSQ . é@

Ph Ph
K B. LIOH, THF. DME ! Ph
PryCHN v(Pm C. TBDMSC), Im. PhaCHN W\(m
o o o
OH
HN,

Ph
Ph ! Ph
aem;nom:(fif H
' Ph E. TFA ’OTKN o (W oy
PhoCHN F. CH3O(CO)C!, DIEA I N
) 0
o

A.
The lactam (1.20 g, 2.69 mmol, 1 eqg) was dissolved in
5 anhydrous dimethylformamide (8 mL) under Argon and

cooled with an isopropancl dry ice bath to -40 °C. A
solution of sodium bis(trimethylsilyl)amide (1.0M in
THF, 2.69 mL, 2,69 mmol, 1 eq) wés added dropwise via
syringe and the reaction was stirred for 15 min.

10 maintaining the bath temp between -40 - -50 °C.
Dihydro-5(S)~[[[{{(trifluoromethyl)sulfonyl]oxylmethyl]-
3(R)- (phenylmethyl) -3 (2H)-furanone (J. Med. Chen.,
1994, Vol. 37, No. 21, 3443-51; 1.00 g, 2.96 mmol, 1.1
eq) was added as a solid and the reaction was stirred

15 vigorously for 10 min. and then guenched with several
drops of glacial acetic acid. The reaction mixture was
evaporated in vacuo to a residue and partitioned
between ethyl acetate, saturated agueous brine, and

water. After separating the layers, the aqueous layer



A [err] PMB actam 1l (1.5 g, 5.07 mmol) was dissolved in
THF (12 m.), cooled to -78 [err]C, and to this solution was 5
added LDA (6.6 mmol , 1.3 eq.), over 7 mnutes to give a

gr eeni sh- br oy odp18d1. The reaction m xture was stirredrasswig@o[err] C
for 55 mnutes after which a solution of bronpacetonitrile (400 ul,
0.75 mmol, 1.1 eq.) was added over 2 mnutes while keeping the

i nternal 10 reaction tenperature at <-65 [err]C. The reaction was
stirred at -78 [err]C for 2 hours, t hén?farred to room tenperature
and stirred for an additional 16 hours. The reaction was cooled to

-50 [err]C and quenched with . Sa ni upLehlk gkl fgasol uti on.
The reaction w4851 ack=ex ’faﬁﬁegngatge%%@n% Y éce?gtgengr&% a saturated
bi car bonat e sobuyeninc Tinge ) weres weahed wikh satugeteg aqueovgjth et hyl

acetate. The ¢ .ned ' L i enisashed wth water,
brine and dri e%r}?k‘/gSCfg{r%)rg%r#d%%&a&?i I_t?a?r:aeds.l Caoncentr, fi on in vacuo
aLf orded 1.6g evapOratedrimevanicerpdl Punkfied % L3@sts $ad169 %?]Ini ca- gel
chromat oggaphy gh¥6qh 139%y eichherklgsidetate : heraeesial 2.
Cerr]H NA (CD&%?grr]fdé%g%(mq%H%,. 038, (82 ey 1a80uhdiere 290
6.90 (d, 2H), 5308)¢dFragjions gEntginipg the ljylated lacta

combined, evaporated in vacuo to provide 0.883 g (52 %)

of product as a foam. MS (ESI): M+Na = 637.

B.

10 The butyrélactone (1.202 g, 1.89 mmol, 1 eg) from step
A was dissolved at ambient temperature in
dimethoxyethane (20 mL) and cooled with an ice water
bath. Agqueous lithium hydroxide (1.0 N, 4.75 mL, 4.75
mmol, 2.5 eq) was added via pipette and the nmixture

15 was stirred for 0.5 h. The reaction was warmed to
ambient temperature and stirred for an additional 1 h.
Aqueous citric acid (10% w/v) was added to reach an
acidic pH and the mixture was evaporated in vacuo. The
residue was partitioned between ethyl acetate : diethyl

20 ether (4:1) and aqueous citric acid (10% w/v). After
separating the layers, the aqueous layer was back-
extracted with ethyl acetate. The combined organic
layers were washed with water, saturated aqueous brine,
dried over anhydrous magnesium sulfate, evaporated in

25 vacuo and dried under high vacuum to provide the acid
(1.32 g, 106%) as a foam. MS (APCI}: M - 1 = 651.

C.
The acid (1.28 g, 1.97 mmol, 1 eq) from step B in 5 mL
- anhydrous dimethylformamide under Argon was combined



WO 97/ 27180 PCT/ US97/ 01610

- 191 - 3H), 3.70 (m 1H), 2.92 (dd, 1H), 2.72 (m2H), 2.55

(dd,1H), 2.42 (m1H), 2.19 (dd,1H), 1.81 (m 1H). B

[err] wo972718PMB | actam 1 (640ng, 1.9 mmol) was di ssalceaskerpisig?SCN 5
(9 m). 1 nL of water was added followed by 3.1 g of cerium anmoni um
nitrate. The reaction went from dark anber to light orange within 5

m nutes and was stirred at roomtenperature for 18 hours. The
reacti on was concentrated in vacud #id The residue was partitioned 10

bet ween et hyl acetate and a saturated bicarbonate
with imidizole (1.472 g, 21.6 mmol, 11 eq) followed by
tertbutyldimethylsilyl chloride (2.96 g, 1%.7 mmol, 10
eq) and stirred at ambient temperature for 16 h. The
reaction was quench by addition of methanol (15 mL) and
5 stirred for an additional 45 min. Aqueous lithium

hydroxide (1.0 N, 2.0 mL, 1 eq) was added and the
mixture was evaporated in vacuo. The residue was
partitioned between ethyl acetate and aqueous sodium
hydrogen sulfate (1.0 N). After separating the lavers,

10 the aqueous layer was back-extracted with ethyl
acetate. The combined organic layers were washed with
saturated aqueous brine, dried over anhydrous magnesium
sulfate, evaporated iIn vacuo and dried under high
vacuum to provide the silyl protected acid (1.46 g,

15 97%) as a foam. MS (APCI): M - 1 = 766.

D.
The silyl protected acid (1.32 g, 1.72 mmol, 1 eqg) from
step C in anhydrous dimethylformamide (7 mL) under
Argon was treated consecutively with diisopropylethyl

20 amine (0.316 mL, 1.81 mmol, 1.05 eqg), 1-
hydroxybenzotriazole (0.244 g, 1.81 mmol, 1.05 eq),
(15,2R}~(-)-1-amino-2-~indanol (0.283 g, 1.%0 mmol, 1.1
eq), and 1-{(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.347 g, 1.81 mmol, 1.05 eq). After

25 stirring at ambient temperature for 3 h, the reaction
mixture was evaporated in wvacuo, and partitioned
between ethyl acetate, saturated aqueous brine, and
water. After separating the layers, the aqueous layer
was back-extracted with ethyl acetate. The combined

30 organic layers were washed with saturated aqueous



sol ution. The aqueous |ayer was extracted with ethyl acetate. The

conbi ned organic | ayers were then washed W th saturated bicarbonate
solution, water, brine, dried (MgSO err]) and filtered. Concentration
in vacuo 15 woartysded 590 ng of crude material, which wasPEDUSS0GI0

by silica gel chromatography (9:1 CHerr]CJ[err] : EtOAc) to gi ve 285
nmg (70% of the desired material 2. HPLC suggests 2 di astereoners,
retention time 9.95 mn. (mgjor) and,1Q.17 mn. (mnor). 20 [err]H
NVR (CDO [err]) d 7.37 (m 2H), 7.28 (m f , 7.20 (m 2H), 5.74 (br

s, 1H), 3.95 (m 1H), 2.85 (dd, 1H), ©2.79-2.65 (m 3H), 2.55 (dd,

1H), 2.27 (M 2H) prine, dried \WRe?’h2h8Pous magnesium sulfate,
PCT/ US97/ 01610 192
Exanpl e 32 evapprafggrin vacuo and purified by flash silica gel

chromatography eluting with ethyl acetate : hexane
(3:7). Fractions containing the product were combined,

5 evaporated in vacuo and dried under high vacuum to
provide the protected amide (1.06 g, 69%) as a foam. MS
(ESI): M+Na = 920.

E.
The protected amide (1.035 g, 1.15 mmol, 1 eq) from
10 step D was dissolved in trifluorcacetic acid (15 mL)
and stirred under Argon for 15 min. The reaction was
evaporated in vacuo and trituratated with diethyl
ether/hexane. After decanting the mother liquor, the
residual solid was dried under high wvacuum to provide a
15 partially deprotected product. The crude material was
dissolved again in trifluorcacetic acid (15 mL) and
stirred for 20 min. under Argon. The reaction mixture
was evaporated in vacuo to a residue and triturated
with hexane/diethyl ether. The slurry was filtered,
20 washed with hexane and dried under high vacuum to
provide the deprotected amine (0.607 g, 83%) as a
trifluorocacetic acid salt. MS (ESI): M+l = 542,

F.

The amine {0.025 g, 0.038 mmcl, 1 eqg) from step E was
25 combined with diisopropylethylamine (0.0146 mL, 0.038

mmol, 2.2 eq) in dichloromethane (1.5 mL) under Argon.

The solution was treated with methylchloroformate

{0.0028 mL, 0.0362 mmol, 0.95 eq). After stirring for

approximately 10 min., the reaction mixture was applied



The PMB |actam 1 (0.46 mmol ) was dissolved in dry THF at -78 [err]C
and to this solution was added |ithium5 dii sopropylamde (Aldrich, 1.5

M in cycl ohexane, 0.65 mol ). The solution was stirred for 15 m nutes
at - 78 Wwerrhfes@nd 4- (Chl oronet hyl ) - 3, 5- di et hyl i soxaz ebfudernis1e
(Acros Organics, 0.56 mmol) was added. The cooling bat h was renoved
and the solution warned to room 10 tenperature and stirred overni ght.
The reaction was diluted with water and extracted with ethyl acetate.
The organic | ayer was washed sequenti al |y a4 It sat urat ed agueous
NaHCO3 and brine, followed by drying (MgSq err]), filtration and

oilion gol " AEERFobp bt Cidng WPt W09 e i o) Y oS
et her/ di chl or onetgreparteigevenid Iayeaf chromdtbgBaptsy plate andi #lured of
gk?fbgg??gﬁgib with 95:5vg§ggiggggg%hane : met@aqgﬁy_ The product band
was removed from the plate and the product was washed
5 from the silica gel with 85:15 dichloromethane :
methanol (10 mL). The solution was evaporated in
vacuo, triturated with hexane, evaporated in vacuo, and
dried under high vacﬁum to provide the carbamate as a
white solid (0.0164 g, 72 %). The product was
10 lyophilized from acetonitrile : water (1:1). MS (RPCI):
M+ Na = 622. H NMR (CDC1l3 + NaOb): 1.66 (m, 1H}:;
1.90 (m, 3H); 2.2% (m, 1H); 2.64 (m, 1H); 2.92 (m, 7H):
3.18 (m, 1H); 3.40 (m, 1H); 3.56 (s, 3H); 3.66 (m, 1H);
3.85 (m, 1H); 3.98 (m, 1H); 4.26 (m, 1H); 5.27 (m, 1H},
15 6.07 {(d, 1¥, J=7.8); 7.14 (m, 6B); 7.28 (m, 8H).

Example 96

fh Ph
1 Ph ! Ph
TEAS oH ( H o on CFaSOMNH O ( H o on
%"8 {CF3802)00. DIEA 5
0

The aminomethyl pyrolidinone (0.025 g, 0.038 mmol, 1
eq) was combined with diisopropylethylamine {0.0146 mL,

20 0.038 mmol, 2.2 eq) in dichloromethane (1.5 mL) and
cooled to ~78 °C with a dry ice acetone bath. The
solution was treated with triflucromethane sulfonic
anhydride (0.0064 mL, 0.038 mmol, 1 eq) in

dichloromethane (0.5 mL). The reaction mixture was



B. [err]
acetonitril e/ water.

Lactam 1 (0.13 nmml) was dissolved in 7:3

Ceric ammoniumnitrate (Al drich

0.26 mmol ) was

added and the m xture was stirred at 5

anbi ent tenperature until the

starting nmat ewoahzmss no

| onger evident by TLC. Acet oRCTAUSY®1618S

renoved in

vacuo, and the residue taken up in ethyl

acet at e/ wat er.

The organic | ayer was washed sequentially with

sat ur at ed aqueous

NaHCO err] and brine, followed by drying %2 _ (msSTerr]), filtration and
concentration in vacuo. The crude FE&23idue was purified by flash
silica gel chr omat ogr aphy eluting with 8% MeCH i n di chl oronet hane

to give 21

I\/EC]—I/CH[err]CI[er

PCT/ US97/ 01610

10

15

20

to a residue and lyophilized from acetonitrile :

% dé’f]t.ov?éd %Cﬁkg?}é?i%&n 4t7exr(p%x/‘hture and applied

dlrectly to a 20x20 cm (500 uM, silica gel GF)
preparative thin layer chromatography plate and eluted
with 85:5 dichloromethane : methanol. The product band
was removed from the plate and the product was washed
from the silica gel with 85:15 dichloromethane :
methanol (10 mL). The solution was evaporated in vacuo
water
(1:1) to provide the desired product as a white
lyophile (0.008 g, 31 %). MS (APCI): M + Na =
NMR (CDC1l3 + NaOD): 1.64 (m, 1H); 1.98 (m, 3H):
(m, 1H); 2.72 {(m, 1Hj; 2.91 (m, 8H):; 3.47 1H);
1H); 3.97 (m, 1H); 4.09 (m, 1H); 4.31 (m, 1H);
1H); 6.17 (4, 1H, J=8.7); 7.21 (m, 14H).

696. H
2.22

3.78
5.23

(m,
(m,
(m,

Example 97

TRASHN 0 : OH ( H  oH
N
v@ qwgvﬁgw
DIEA
The aminomethyl pyrolidinone (0.030 g, 0.046 mmol, 1
eq) was combined with diisopropylethylamine (0.0175 ml,
0.10 mmol, 2.2 eq) and 3-(R)-hydroxy-tetrahydrofuran-~N-
hydroxysuccinimide carbonate (W033-US8458, 0.016 g,
0.046 mmoil,
allowed to stir for 16 h at ambient temperature.

1 eq) in dichleromethane (1.5 mL) and
The
dichloromethane was removed In vacuo and replaced with

acetonitrile (2 mL). The mixture was heated at reflux



- 194 - Exanpl e 33 A [err]
Lactam1 (1.43 ng, 4.86 nmmol) was dissolved in anhydrous THF (25 nlL)
and cooled to -78 [err]C. This was 5 foll owed by the addition of 3.9 nL
of LDA (5. 83 wH%2n1s0 1.2 eq.). The anion solution was s 'ffbf%’"? -78
[err]C for 45 m nutes and then cannulated into a -78 P%rr 3P ut i on
of p-formal dehyde (437 ng) in 25 nL of THF, washing with 1 nmL of THF..
The reaction was warmed to room 10 tenperature over 4 hr and stirred
overnight. The reacti on was queneh2@éby the addition of 10 nL of a
sat urat ed sodi um bi carbonate, and concentrated in vacuo to renove the
THF. The crude reaction m xture was partitioned between ethyl acetate
and saturated soffPumOmin. ghdathenatecledriandagyapasates ek g Ukt r act ed
Wi th et hyl rRe et iQuel RasCAIDESPFL PRI enl BYBhEL N@Se t N&N 5 m1), Washed
with water, brine and purified bg S|I|ca(9el chronaiogra%h% ggradlent
of 50 to 75 @6et?®ﬂl idirectly to a 20x20 cm (500 uM, silica ge F
preparative thin layer chromatography plate and eluted

5 with 9:1 dichloromethane : methanol. The product band
was removed from the plate and the product was washed
from the silica gel with 85:15 dichloromethane :
methanol {10 mL). The solution was evaporated in vacuo

to a residue and lyophilized from acetonitrile : water
10 {l1:1)}) to provide the desired-product as a white
lyophile (0.022 g, 73 %). MS (ESI): M + Na = 678. H
NMR (CDC13 + NaOD}: 1.65 (m, 1H); 1.93 (m, SH}; 2.32
{(m, 1H); 2.65 (m, 1H); 2.90 (m, 7H); 3.22 (m, 1H); 3.37
{m, 1H); 3.54 (m, 2H); 3.79 (m, 4H); 3.97 (m, 1H); 4.22
15 (m, 1H); 5.11 (m, 1H); 5.27 (m, 1H); 6.34 (d, 1H,
=8.9); 7.22 (m, 14H)}.

The starting cyclic urea was obtained following

20 procedures outlined in Examples 11 and 12. Coupling
with the epoxide followed the protocol detailed in
Example 24.



hexanes), to provide 584 ng (45% of the desired 20 al cohol, as well as

265 ng of recovered starting mat eri al . WO 97/ 27180

PCT/ US97/ 01610 - 195 - The

al cohol (316mgpo@7®69 nmol ) was then dissolved in 3 MRGT/¢§97/01610
CHerr]Cd[err] and added to a O [err] C solution of triphenyl

phosphine (734 ng, 2.8 EQ) and NBS (534 ng, 3 EQ) in 3 ms of

CH err]C[err]. After 1 hour the reactiaq s 5 guenched by the
addition of 10 nL of Et[err]O  The orgarfic | ayer was then filtered
and the filtrate washed with sat urat ed sodi um bi carbonate, brine,
dried (MgSQ err]) and fiItered.Eggﬂﬁgg;égtion in vacuo afforded the
crude product which was purifie Yy SiTica gel chromatography 10
(CHerr]d[err]) to provide 151 ng (40% of the brom de. The brom de
(87.2 ng, 0.28 q§ S mL of benzene and treated
with i mdazol e (4bny, ) ter heating to 125 [err]C for 20
hours the reaction was "cooled to 25 [err]C and ¢ ntrated in vacuo.
The crude 15 pr oduct was purified by silica gigiﬁ t ogr aphy

(5 %MeOHCHerr]dJerr]), prow t he addltlon prod o&50% and
the elinmination pr (2)—n QHFO g el dl-TF -

B Rg

0.3g of the protected intermediate obtained in Example
98 was treated with 10-mL of TFA over 5 h at room

5 ‘temperature. The reaction was quenched by removing the
TFA, and the resulting crude treated with excess of
sodium carbonate in methanol/water for 10 minutes. The
solvents were removed, product extracted between ethyl
acetate/water, organics combined, dried with magnesium

10 sulfate, removed in vacuo, and purified by preparative
HPLC, resulting in 0.15g (76.7%) of product 2. 'H NMR
(CDC13, 300 MHz) & 8.10 (1H, d, J=8.4), 7.24 (10H, m),
7.05 (5H, m), 5.28 {(m, 1H)}, 4.10 (1H, t, J=4.2), 3.97
(1H, t, J=4.9), 3.53 (1H, m), 3.39 (2H, m), 2.95 (5H,

15 m), 2.69 (m, 2H), 2.54 (1H, dd), 2.17 (1H, m), 1.92
(1H, m), 1.78 {(m, lH). Low resolution MS m/e S514.1
(M+H'), m/e 536.2 (M+Na').



B. [err] o The lactam1 (621 ng, 2.02 mol) was dissolved in
7 mL 20 acetonitrile, followed by the addition of Herr]O (3 ni).

$Eis was followed by the addition of CAN, 3.32 g (6.06 nmol, 3 EQ).
e reaction fdorred at 25 [err]C for 1 WO
PCT/ U897/016f¥)@!§m%d0 - 196 - ggéﬁlg%r%mﬁter
concentrating the reaction in vacuo, the crude material was
resuspended in ethyl acetate and
- 278 -
Example 100

rj::j KOtBu ;u4 rj::] o
R-halide 1 1 Ho
o @“ S

A solution of 20 mg (0.039 mmol) of the urea obtained
Example 99 in 1 mL DMF was treated with potassium t-

5 butoxide (26.3 mg, 0.234 mmol, 6 equiv) and
equilibrated at room temperature for 10 min. Next, 6.3
mg of 3-picolyl chloride in 1 mL DMF was added and the
reaction quenched after 20 min. Solvent were then
removed and the residue purified on preparative RP

10 HPLC resulting in 14.2 mg (60.20%) of the product. 1y
NMR (dé-acetone, 400 MHz) & 8.57 (d, 1H, J=5.3), 8.42
(s, 1H), 8.01 (4, 1H, J=8.0), 7.80 (t, 1H, J=5.9), 7.20
(m, 14H), 6.92 (d, 1H, J=8.8), 5.23 (m, 1H), 4.29 (d,
1H, J=16.2), 4.29 (m, 1H), 4.11 (d, 1H, J=16.2), 3.98

15 (m, 2H), 3.48 {(dd, 1H), 3.18 (m, 2H), 3.00 (m, 4H),
2.75 (m, 3H), 1.93 (m, 1H), 1.88 (m, lH), 1.66 (m, 1H).
Low resolution MS m/e 605.4 (M+H'), m/e 627.4 (M+Na") .




washed wi th saturated sodi um bi carbonate, brine, dried (MgSq err]) and

filtered. Concentration in vacuo afforded 5 the crude product which was
purified by silica gel chromat ography (3% net hanol :CH err]CJ[err]) to
proci de the woenxmsi red unprotected | actam (122 ny, 32 % PCT/USS7AIPHE
[err],[err]-unsaturated |actam (55 ng, 0.29 mmol) was then heated to
130 [err]Cin 2 nL of benzene containing 10 i m dazole (30 ng, 0.44 mol)
for 24 hours. After cooling to 25 %$§r]c; the reaction m xture was
concentrate in vacuo. The crude nat al was purified by silica

gel chromatography, eluting with 5% nethanol : CH err]C [err] to
provide 46.7 ng of the desired additigg§£é§g2ﬁgk(63 % 15 as well as
15.7 nmg of recovered starting olefin anple 34 [err]

The iodolactam 1 (0.45 nmmol) was dissolved in dry acetonitrile in a
hi gh pressure tu i [ ution was added ;
di i sopropyl et hyl ne Irerce, 1. nmol ) fol |l owed by i ndoline 2

(Aldrich, 0.54 mmol). ~Jhe .

W é R%t::ée @'T o

This compound was synthesized using the protocol

outlined for Example 100 starting from 51 mg (0.1 mM)

5 of cyclic urea and 3-methylbenzyl bromide (18.5 mg, c.1
mmol, 1 equiv), resulting in 6.2 mg of the product
after preparative HPLC purification. 1H NMR (d6-DMSO,
300 MHz) 3_7.68 (1H, d, J=8.5), 7.24 (19H, m), 5.18
(1H, m), 4.26 (1H, m), 4.16 (1H, d, J=15.7), 4.01 (1H,

10 d, J=15.7), 3.79 (2H, m), 3.33 (1H, m), 3.05 (6H, m),
2.78 (m, 2H), 2.62 (2H, m), 2.24 (s, 3H), 1.80 (1H, m),
1.38 (1H, m). Low resolution MS m/e 618.2 (M+H) .

Example 102

T8: my @
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tube was sealed and the reaction heated to 70 [err]C with

stirring overnight. The reaction was cool ed to anbi ent t enper at ur e,

sol vent renovgdrpmngacuo, and the residue taken up in gicilse

acetate/water. The organic | ayer was 5 washed sequentially wt

'11101610

satur at ed aqueous NaHCO3 and brine, followed by drying (MgSJ err]),
concentration in vacuo. The crude residue was purified

filtration and
by flash silica gel chromatography el uti-n@8®d th et hyl

113 nmg of product 3; TLC Rf = 0.39 10 (ethyl acetate); HPLC Rt

mn (929 ;
[err]

10

15

MALDI - TOF MS mz 293 (Merr]). Exanpl e 35

This compound was synthesized using the protocol
cutlined for Example 100 starting from 51 mg (C.1 mM)

A

of cyclic urea and 3-fluorobenzyl bromide (18.2 mg, 0.1

mmel, 1 equiv), resulting in 7.6 mg of the product
after preparative HPLC purification. 1H NMR (d6-DMSO,
300 MHz) & 7.71 (1H, .4, J=8.5), 7.24 (19H, m), 5.18B
(1H, m), 4.28 (1H, m), 4.19 (1H, d, J=15.7), 4.03 (1K,
d, J=15.7), 3.82 (2H, .m), 3.33 (1H, dd}, 3.05 (6H, m},

2.80 (m, 2H), 2.59 (2H, m), 1.79 (1H, m), 1.38 (1lH, m).

Low resolution MS m/e 622.1 (M+HT) .

Example 103

Qﬂi r : oH KOtB: Q
[——‘N\/L/T: R-halilée { ™

”kE’ 7\ N;/Elfxg;

=N

Obtained following the protocol outlined for Example
100 using 2-picelyl chloride.

LC/MS-MH' 605.

acetate to give

13.1



In an oven-dried 100 nL round-bottoned flask, the vinyl 15 sul f one PMVB

lactam 1 (1.2126 g, 2.55 mmol) was di ssolved in 50 nL of

Cerr]H err]. Phenyl isocyanate (2.0 ni, 18.4 mml ) was added via
syringe fol | ewesdrzimgot he dropwi se addition of nitroet [PETASPROIE10ML,
5.56 mmol ). Triethylamne (2.0 nL, 14.3 mmol) was added dropw se. 20
The solution was refluxed for 15 m nutes and cooled. A white solid
preci pitated during the heating period. The m xture was cool ed,
poured into water and extracted = 2805 97/ 27180

PCT/ US97/ 01610 - 198 - with
CHerr]C[err] The organic extract MWSQHH) and

evaporated in vacuo to afford a brown™ 0l al was chromat ographed to
afford the isoxazole PMB | actam 2 (901 nmg, 90% as a light yellow

™M KOtBu H on
R-halide i > N

Obtained following the protocol cutlined for Example

100 using 3,4, 5-trimethoxybenzyl chloride.

5 'y NMR (DMSO)dg 1.35 (t,1H),1.78 (t,1H), 2.45 (m,2H),
2.62 (m,2H), (s,6H), 3.8 (m,2H), 4.1 (q,2H), 4.28
(t,2H), 5.18 (m,2H), 6.45 (s,2H), 6.93-7.38 (m,16H)
7.68 (d,2H), LC/MS-MH® 694,

Example 105

a8 oh @

10

OH

R-halide l_k\)\/\(:

O

Obtained following the protocol outlined for Example
100 using 4-amidobenzyl chloride.

4 NMR (DMSOdg) 1.35 (t,1H),1.78 (t,1H),2.45
(m,2H),2.62 (m, (s,6H), 3.8 (m,2H), 4.1(q,2H), 4.28



[err] In a 25 nL round-bottoned flask, isoxazole PMB | actam

1 (900 ng, 2.30 mml) was dissolved in 14 mM of 70%
CHerr]CN-H err]0. Ceric anmoniumnitrate (3.607 g, 6.58 nmol) was
added form ngw éifiee0r ange sol ution. The m xture 10 til
the starting material was no | onger evident by TLC (10%11’&9‘;’8'“#{l
EtQAc/CH err]d[err]). The light yell ow solution was diluted with
CH err]d[err] and washed with water. The organic | ayer was
separated, dried (MgSdJerr]), and evforated in vacuo to afford a
browni sh-red oil that 15 was chromat ographed (10% Et QAc/CH err]C [err])
to produce the | actam 2 (300.3 n%, 48@% as a colorless oil.
VWO 97/ 27180 (t,2H), 5.18 (m,2H), 6.45 ( HpcT8 18597/ -3B6 10, 1 6H)
- 199 - 7.68 (d,2H), LC/Ms-MH'Exegple 36
Example 106
7
1. bromomethylacrylic acid/ Q
\© 2 eq. NaH, THF o .
MeQOC, 2. a O3 b.MeS MeCOC '8
3. EDCI, HOBT, %'s: 0 X»«
4-bu
4-by
5 Following the procedure outlined in Example 21 the

desired ketoamide was obtained as a white fluffy solid

after purification on reversed phase HPLC. M+H: 504

'H NMR: 1.38 and 1.48 (9H,s), 1.8-3.0(ca 7H,m), 3.72

and 3.73 (3H,s), 3.5(1H,m), 3.8(1H,m), 4.0(2E,m), 4.2~
10 4.8{3H,m) 7.2-7.4(5H,m). Note: Complex NMR signals due

to rotational isomers, diastereomers and ketone-hydrate

equillibria.

Example 107

HOBTIEDCIINMMIDMAP

% %*ﬁ

i,%



[err] The iodolactam1 (0.78 nmol) was dissolved in dry
acetonitrile in a high pressure tube and to this sol uti on was added
di i sopropyl et hylam ne (Pierce, 2.35 5 mol ) followed by N nethylaniline
2 (Aldrich, Ow64m27180 nmmol ). The tube was seal ed and t he renusi7Omsiheat ed

to 70 [err]C with stirring overnight. The reaction was cool ed

to anbi ent tenperature, solvent renoved in vacuo, and t he residue
taken up in ethyl acetate/water. The 10 rgani c layer was washed
sequentially with saturated agueous 2IQ%HCQ err] and brine, followed by

drying (MySJerr]), filtration and concentration in vacuo. The crude

resi due was purl bied i bhash d 149 196kac Rl OHBLOOAN n mxampghUpd N9 W Lh

2:1 ethyl acetate anes product
0.24 (2:1 ethyl exceptacéaate¢ﬂ@¥ﬁhs§)th&mncpI&HErtﬁ?uﬁﬁﬁ&mlésowyln%ALD|-

TOF M5 Mz 282 (M@ to the ketoacid 1, thioproline-dimethyl

propargylamide 2 was used. This compound was made by .

5 treating a 0 °C solution of N-BOC-4-thio-L-proline
(Sigma, 2.0 g, 8.6 mmol) in THF (40 mL) with
diisopropylethylamine (4.5 mL, 26 mmol) followed by
dropwise addition of isobutyl chloroformate (1.1 mL,
8.6 mmol) via syringe. The reaction was stirred for 30

10 minutes at 0 °C before the dropwise addition of 90%
1,1—dimethylpropargylamine (Aldrich, 1.0 mL, 8.6 mmol)}.
After stirring for 17 h at room temperature, the
reaction was concentrated in vacuo. Ethyl acetate (70
mL) and water (35 ml) were added to the residue and the

i5 layers were partitioned. The organic layer was dried
over sodium sulfate, filtered, and concentrated in
vacuo. The crude residue was then dissolved in
dichloromethane (20 mL) and treated slowly with
trifluoroacetic acid (20 mL). The reaction was stirred

20 for 24 h before being diluted with ethyl acetate (70
mL) and carefully neutralized with 10% sodium carbonate
to pH 7. The layers were partitioned and the organic
layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography over

25 silica gel (1:1 hexane:ethyl acetate) gave amide 2 as a
white foam. MS (ES+) 199 (M+1l). Coupling of
ketoacid 1 (300 mg, 0,854 mmol) with amide 2 (170 mg,
0.854 mmol) gave ketoamide 3 (84 mg, 0.211 mmol, 25%)
after preparatory silica gel TLC (3:1 ethyl

30 acetate:hexane). MS (AP+) = 532 (M+1l), 554 (M+Na);
'uNMR (CDC13): d 1.66 (s, 3H), 1.69 (s, 3H), 1.94 (m,
2H), 2.37 (d, 1H}), 2.51 (m, 3H), 2.92 (m, 1H), 3.21 (m,



WO 97/ 27180 PCT/ US97/ 01610

- 200 - Exanpl e 37 A Jerr]

NaH (0.96 g, 40 mml) was suspended into 20 nlL of di oxane. This was

foll owed by tdigeadghot i on of diethyl 5 mal onate (4.6 ni, 4@bﬂ%ﬂ@k1 t hen

phenyl iodide (2.2 ni, 20 mmol ) and finally copper (IS ' %7 69,

40 mol ). The reaction was then heated to 100 [err]C for 14 hours.

The reaction was then quenched with water and dil uted wi th ethyl

acetate, the organic | ayer was washed wi- 12880~ wat er and saturated Nad ,

dried (MgSJerr]) and concentrated in vacuo. The crude product was

further purified by MPLC (SiJerr]) eluting with 4.1, tol uene:

ethyl acetate toZ2B} ov?dégl(‘%l dof 3pfdduBt B oA-22 (m.j 3B) at et @) .
1#), 4.81 (m, 1H), 5.00 {(m, 1H), 6.57 (d, 1H), 7.1 (m,

4H), 7.22 (m, 6H).

e e
y,o Y g

3) mpmpandieonc HCin

Prepared using the procedure ocutlined in Example 24.
The acetonide was purified by column chromatography:
65/35 hexane/ethyl acetate. MS: M+Na = 643. The product
was purified by column chromatography: 40/60

10 hexane/ethyl acetate. MS: M+Na = 603 'H MMR (CDCl3)
1:05(m, 1H); 1.10-1.40{m, 6H); 1.50-1.75(m, 4H); 1.80-
2.00(m, 2H); 2.45(m, 1H); 2.80-3.10(m, 4H); 3.20(m,
2H):; 3.30{m, 1H); 3.45(s, 1H}); 3.65(m, 1H): 3.80{m,
IH): 3.90(m, 1H); 4.25(m, 1H); 4.60(m, 1H); 5.27 (m,

15 1H); 6.00(d, 1H}); 7.10-7.40(m, 14H).



15 B. [err] WO 97/ 27180

PCT/ US97/ 01610 - 201 - The al kyl at ed
mal onic ester (1, 227 ny, 1.09 mml) was stirred for 14 hours in
acetonitril e @ %aTisp cont ai ni ng; cesium carbonat e (710eamUs920B68 Mol )
and the bromde (516 ng, 1.31 nmol). The reaction was then 5
concentrated to dryness in vacuo. After re-suspension of the reaction
m xture in ethyl acetate, the reaction m xture was washed with water,
saturated NaHCO3 and saturated Nad, 28 &d (MgSg err]) and
concentrated in vacuo. The crude product was further purified by MPLC

10 (Sigerr]) to provide 200 ng of tﬂEEﬁBfiLiﬁg product 35.2 %
yi el d). C. [err]

¢}
e 1

SO2

OCHy

o Q
QQ——-— Vol S oNI ol

A solution of 22.3g (0.147 mol, 1 equiv) of S{(-)-2-

5 Amino-3~phenyl-l-propanol in 30 mL THF, cooled to 0 °C,
was treated with 25.5 mlL (0.147 mol, 1 equiv} of DIEA,
followed by addition of 11.7 mL (0.147 mmol, 1 equiv)
of chloroacetyl chloride. After 1 hr at room
temperature, 18.0g (0.16 mol) of potassium -tert-

10 butoxide was added at 0 °C, the reaction warmed up to
room temperature and allowed to proceed for 15 min.
Solvents were then removed and the crude residue
partitioned between ethyl acetate/water, organics dried
over MgSO4 resulting in 23.8g (B5%) of the desired

15 product. 1H NMR (CDCL3, 300 MHz) & 7.20 (m, 5H), 6.67
(s, 1H), 4.15 {(m, 2H), 3.75 (m, 1H), 3.86 (dd, 1H,
J=11l.6, 3.7), 3.55 (d4d, 1H, J=11.6, 6.3), 2.82 (m, 2H).
Low resolution MS m/e 192.1 (M+H')

B.

20 A solution of 0.477g (2.5 mmol, 1 equiv) of the
morpholinone above in 1 mL of anhydrous DMF was treated
with 12 mg (0.5 mmol, 0.2 equiv) of sodium hydride



To the malonate (1, 200 ng) in ethanol (3 nL) was added concentrat ed
HO (100uL) and an excess of 5% Pd / C 15 (approx. 50 ng). The reaction
was then fitted with a bal | oon of H2 and hydrogenated for 14 hours.

Af ter WO shRfpot he reaction m xture of H2 triethylam gk?c%pmm m., 7
mmol , excess) and an excess of solid NaHCO3 was added. Aol rr ng

for 30 mnutes the reaction was 20 filtered and concentrated in vacuo.
The yell ow oil was WO 97/ 27180

PCT/ US97/ 01610 - 286 - - 202 - t hen
re-dissolved in ethyl acetate and the reaction m xture was washed
wth water, saturated NaHCJ err] and saturated NaCl, dried (MySOH)
and concentrated{$¥ @& Uu® C. Thetpegpbigriavasheonsinved ptothat. The [err]H

NVMR was temperature for 10 min, and then cooled down tc 0°C,
followed by addition of 0.813g (2.5 mmol, 1 equiv) of
epoxide in 1 mL DMF. The reaction was then carried out

5 at 50°C for 5 h. Following ethyl acetate/water
extraction, the organics were combined and dried
resulting in 1.18 g of crude product, used further
without purification..Low resolution MS m/e 539.0
(M+Na') .

10 C.
A solution of 1.18g (2.287 mol, 1 equiv) of the above
crude in 4 mL anhydrous THF was treated with 0.44g
{(3.43 mol, 1.5 equiv) of DIEA, followed by 0.907g (3.43
mmol, 1.5 equiv) of TBDMS triflate. After 1 h at room

15 temperature, the product was purified on silica gel
{Rg=0.26, 1:3 ethyl acetate/hexane), yielding 0.85g of
the TBDMS ether (59.0%). lH NMR (CDCL5, 300 MHz) & 7.5C
(d, 2H, J=8.9), 7.24 (m, 5H), 6.97 {(d, 2H, J=8.9), 4.40
(m, 1H), 4.21 (d, 1B, J=6.3), 4.17 (d, 1H, J=6.3), 3.82

20 (s, 3H), 3.65 (m, 2H), 3.54 (m, 1H), 3.35 (m, 1H), 3.17
(m, 1H}, 3.00 (m, 4H), 2.77 (m, 1H), 2.21 (m, 1H), 1.79
(m, 1H), 1.57 (m, 5H), 1.24 (m, 1H), 1.03 (m, 1H), 0.86
(s, 8H), 0.05 (s, 3H), 0.02 (s, 3H). Low resolution MS
m/e 653.1 (M+Na'), m/e 631.1 (M+H').

25 D.
A solution of 0.12g (0.19 mmol, 1 equiv) of the
precursor above in 1.5 mL THF was cooled to -78'C and
added 0.25 mL (0.25 mmol, 1.3 equiv) lithium
bis(trimethylsilyl)amide (1M sclution in THF). After 20
30 min, 0.02%9 mL (0.248 mmol, 1.3 equiv) of benzyl bromide



5 consistent with the desired materi al .

Exanpl e 38 A [err] In an oven-dried 25 nL

round- bottoned fl ask., the PMB- |l actam 1 (563.7 ng, 2.75 mmllé was
dissolved in MOMZM®  of THF. The sol ution was cool ed t oPCHUESHAISNE C and
1. 5M LDA (2.0 nL, 3.00 mml) was added dropw se via syringe

produci ng the yellow color of the enolate. The solution was stirred
for 15 mnutes at -78 [err]C and proopargyl brom de (310 ulL, 3.48

mol ) was added 15 di ssipating the yellow color. The cooling bath was
removed and the solution was warnmed to roomtenperature and stirred

overni ght. The sokati addedsanpdweadtiphoalbowed to hGoceed extramted with

CH err]C[err]. The orgapic extracts. . eﬁﬁrmj. d.apd h with
sat urated agueous t’z’fﬂpegaﬁ%’f—ﬁlfoé %%.‘ﬁt‘]'ﬁre’%rgﬁéﬁ C ayelggﬁéggs%%g?é‘f%cﬁ dried
(MySg err]) gahd (vspuretet diastaeraomens afRe1ld 48, bBeh BB 1lthat was
chr ot ogr aphed (98 CLELELEhEhhilcxpprlald i WHOEADR) of cnd 0P 0Y

| actam 2 (577 ng, as a colorless oil. :

5 TBDMS-protected product. Low resolution MS m/e 1464.6

(2M+Na™), m/e 721.1 (M+H').

E.
A solution of 40 mg of the silylated product above in
0.3 mL THF was treated with 0.3 mL of 1M TBAF in THF

10 for 25 min at room temperature and purified on a silica
column, resulting in 30 mg of the final product.
Rg=0.38 and 0.34 (2/5/0.3 ethyl acetate: hexane:
methanol) . 'H NMR (CDCL3, 300 MHz)} shows both
diastereomers and integrates as expected. Low

15 resolution MS m/e 629.3 (M+Na').

Example 110
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WO 97/ 27180 PCT/ US97/ 01610

- 203 - B. [err] In a 25 nL round-bottoned fl ask,
propargyl PMB | actam 1 (358.2 ng, 1.08 nmol) was dissolved in 6 nL of
70% CH avoyx@udd err] 0. Ceric ammoniumnitrate (1.321 gecizustrorsa®| ) 5
was added form ng a dark orange solution. The m xture was stirred
until the starting material was no | onger evident by TLC (10%

Et OAc/CH err]C [err]). The light yellow_ 8 solution was diluted with

Et OAc and washed with water. The organic | ayer was separated, dried

(MySgerr]), and 10 evaporated in vacuo to afford a yellow oil that was

chromat ogr aphed (10% Ef QAGY GH Y 1lfCol e8] Yot Ps Ridyca haiv) of paapar gyl
| actam 2 (145 ng, 63% as a colorless oil.
Exanpl e 39 compound prepared in Example 109C was dissolved in 1.5

mL THF and was treated with 0.30 mL (0.30 mmocl, 1.%
equiv) of lithium bis(trimethylsilyl)amide (1M solution

5 in THF) at -78 °C. After 20 min, 0.023 mL (0.266 mmol,
1.4 equiv) of allyl bromide was added, reaction allowed
to warm up to the room temperature and carried out for
additional 1 h. The reaction was then quenched with
aqueous ammonium chloride and both diastereomers

10 separated on a silica gel. Tﬁe {lower} Rg=0.50
diastereomer (1:3 ethyl acetate/hexane) was then
treated with 10-fold excess of TBAF (1M in THF) for 25
min at room temperature, followed by another silica
purification, which provided 14 mg of the desired

15 allylated product. 'H NMR (CDCL3, 300 MHz) & 7.73 (d,
2H, J=9.0), 7.24 (m, 5H), 6.99, (d, 1H, J=8.9), 5.84
(m, 1H), 5.12 (m, 2H), 4.27 (m, 1H), 4.10 (m, 1H), 3.86
(s, 3H), 3.84 (m, 3H), 3.58 (m, 1H), 2.8-3.3 (m, 7H),
2.62 (m, 2H), 2.09 (m, 1H), 1.60 (m, 6H), 1.24 (m, 2H).

20 Low resolution MS m/e 579.3 (M+Na'), m/e 1135.4
(2M+Na") .



[err] The iodolactam1 (1.38 nmol) was dissolved in dry

15 acetonitrile in a high pressure tube and to this WO 97/ 27180
PCT/ US97/ 01610 - 204 - sol ution was
added dii sopr SVIEPRY1 ami ne (Pierce, 4.15 mol ) f ol | oREFUSYF/e1610
tetrahydroquinoline 2 (Aldrich, 1.66 mol ). The tube was seal ed and
the reaction heated to 70 [err]Cwith stirring overnight. The
reaction was cooled 5 to ambi ent tenpergiqur-e, solvent renoved in vacuo,
and

Example 111

7

DMF O’\\ OH

=E o [ o
[e) +
Oy 4 oro-omr ¥
o

S . O

A solution of 0.092g of the morpholinone described in
Example 20 (0.35 mmol, lequiv) in 1.5 mlL anhydrous DMF
5 was cooled to 0 °C and added 9.6 mg (0.4 mmol, 1 equiv)

of NaH. After 1/2h 0.13g (0.32 mmol) of the epoxide 2
was added and reaction carried out at room temperature
for 10 h, quenched with 1N HClaq, and purified on
preparative RP HPLC. Yield 70 mg (36.5%). Low

10 resolution MS m/e 622.1 (M#+Na'), m/e 1221.1 (2M+Na')

Example 112

Using the methods described by Pennington et al.
and Partaledis et al. (supra), we obtained inhibition

15 constants for the following compounds of this
invention:

Compound Kj(nM)

1 160

2* 180

20 3+ 1,800

5+ >10,000



the residue taken up .in ethyl acetate/water. The organi c | ayer was
washed sequentially with saturated aqueous NaHCO3 and brine, foll owed
by drying (MgSOH4), filtration and concentration in vacuo. The crude
10 resi duevowvR7marified by flash silica gel chronat ogr aphgrUuss70161e| ut i ng
with 1:1 ethyl acetate/hexanes to give 233 ng of product 3; TLC
Rlerr] =0.21 (1:1 ethyl acetate/ hexanes); HPLC Rt = 14.0 mn (85%; -
MALDI - TOF Ms mz 307 (Merr]). 12 _ Exanpl e
40 A Jerr] In af 698n~dried 250 ni round- bot t omed
flask, N chl orosuccini mde (2.5177 g, 18.9 mmol) was di ssol ved

in 75 mL of CHerr]CJ[err]. Th%*sol ution was cool ed t900bgrr]C and 20

t hi ophenol (1.90 ni, 18.5 nmol) was added dropw se via syringe
causing an i nmedi ate formation 7of a yell ow col or and®an exotherm The

orange sol ution of PhSC geas stirred for 30 mnutes at room
tenperature and a

g* 90
5 10 '~ >10,000
11 >10,000
12 >10, 000
13 225
14 16
10 15 550
16 56
17 115
18 15
19 3,000
15 20 1.5
| 21 >20,000
22 600
23 70
24 350
20 25 83
26 S8
27 3,000
28 1,400
30 >15,000
25 31 390
32 160
33 1,100
34 950
35 130
30 36 >20,000
37 >20,000

38 17



WO 97/ 27180 PCT/ US97/ 01610

- 205 - solution of the allyl lactam1 (6.156 g, 18.4 mmol) was
added dropw se dissipating the orange color. The |ight el | ow
sol ution waswaérxed for two hours and the sol vent VEHHSY | n
vacuo. CC [err] was added to the 5 yellow oil that remained and the
undi ssol ved succi nimde was renoved by filtration. The filtrate
was evaporated in vacuo to afford the di_asigreoneric chl orosul fi des
as a yellow oil that was chromat ographed (CHerr]dJerr]) rapidly to
remove low Rf inpurities. The two 10 hi ghest R err] spots were the
chl orosul fi de di asteromners. 39 The purified m xture of00hl orosul fides
was di ssolved in CHerr]d[err] and mchl oroper%[%n%(abc acid (2.0 g,
11.6 nmol ) was added wit4P cooling froman ice-B&t K. The nixture
was stirred for 10 minutes andafiltered. The filtrate2D6000 was evapor at ed
in vacuo to afford a yellow oi}, (8.125 g, 86% thatzzgroduced two | ow
Rlerr] spots (CHerr]CJ[err]) Using t hin-1ayer chromat ography for the
two chl orossl f one di ast et®oners. The oil was redi%98Pved in
CHerr]C[err] and DBU (g4 7 nL, 18.1 -nmol) was addqgodropw se at room
20 tenperature. The solution was heated for 15 m nut e§ causi ng
the solution to turn dark yel | . The sol ution was 8ol ed and the
sol vent was evaporated in vacugg The resi due weasl&G0dmat ogr aphed
(CHerr]dJerr]) to affordthe4.7 pure vinyl sulfone 2 44.805 g, 559% as
a colorless oil. 25 B
10 50* 100
51+ 90
52* 1,100
54* 12
55* 30
15 56* 280
57* 400
58* 5,800
59+ >8, 000
60* 170
20 61* >1,000
62* , 120
63* 200
64* >5,000
65* ‘ 2,900
25 66* 1,300
67*% 3,900
68* >10,000
69+ >10,000
70* 790
30 71 2,500
72+ B85

73* 190



[err] WO 97/ 27180

PCT/ US97/ 01610 - 206 - In an
oven-dried 25 nL round-bottonmed fl ask, trimethylsilyl diazomethane
(140 uL, 0.2 ¢Pisd Was dissolved in 5 nL of THF. Thetassegbisiayel | ow
sol ution was cooled to -78 [err]C and n-BuLi (320 uL, 480 mml) was
30 added. In a separate oven-dried 25 nL round-bottoned flask, -
the vinyl sulfone PMB lactam 1 (108 ng, 0.227 nol ) was di ssolved in
5 nL of THF and added dropw se vias384d nge at -78 [err]C to the
lithiate solution. The resulting solution was stirred for 1 hour at
-78 [err]C and 35 then two hours at O [err]C. The ﬁ;%ﬂ%re was acidified
W th IN HO and extracte#®With CHerr]d[err]. T gani ¢ extract
was dried (MgSO err]) and evappgated in vacuo to afford a&50 cl oudy,
colorless oil that was chronatz,glaphed (20% Et OAc/ %—é{oerr] Cl[err]) to
produce the TMS pyrazole PMB | aCtam 2 40 (88.4 ng, 87% as a clear,
colorless oil. C. J[ervpg+ 10
5 79+ >3,000
80* 3
g2+ 15
83* 0.50
85* 2,600
10 g7+ 15
' gg8* 270
90* 220
91+ 12
92* (isomer 1) 3.0
15 92* (isomer 2) 300
93« 420
95%* 10
96* 4
98* >10,000
20 102* 1,200
105+ >10,000
109+ 250
111~ >10,000
112+ 8,600
25 113+ >10,000
114~ >1,000
115+ >10,000
123* (isomer 1) 300
123* (isomer 2) 13
- 30 124* (isomer 1) B0O
124* (isomer 2) 1900

125* (isomer 1) 400



In an oven-dried 25 nlL round-bottonmed flask, the TWVMS pyrazol e PVB
lactam 1 (1.1345 g, 2.53 mmol) was di ssolved in 110 nL of 91%
CHerr]CNH err] O 45 Tetrabutyl ammoni um fluoride (2.7 nL of a 1.0M
sol ution wo TR, 2.70 mmol) was added dropwi se via syRGIHR70HHe

reaction was refluxed for 48 hours and cool ed. The sol vent was
evaporated in vacuo and the residue was WO 97/ 27180
PCT/ US97/ 01610 _ _ _ 293 —- 207 - di ssol ved in
CH err]C[err]. The organic solution was washed with 1IN HO sol ution,
dried (MgSJ err]), and evaporated in vacuo to afford a yellow oil
that was chromat ogr aphed 14520%; Ebee/ £H err] Cl[errppobo afford the
pyrazole (688 ngy, 72% 5 aslza |l ight yellow oil 86
127+ ) 92
128% 96
5 129* 400
130* 100
131* (isomer 1) 42
131* (isomer 2) 52
132+ 60
10 133* (isomer 1) 24
133* (isomer 2) 120
208* 100
209* 2,200
210> 100
15 211+ 5,600
212* 5,900
213~* 3,100
214%* 240
215+ 10,000
20 216* 1,000
217+ '>10,000
218* 700
219* (isomer 1) 20
219* ({isomer 2) 54
25 21%* (isomer 3) 330
220* 7
221+ 50
223* 18
224* g0
30 225* 370
226+ 29

227+ 100



D. [err] In an oven-dried 100 nL round-bottoned flask, the

pyrazole PMB | actam 1 (588 ng, 1.57 mmol) was di ssol ved in 25 nmL of
THF. NaH (50 ng of a 60% di spersion in 10 mneral oil, 2.08 mml) was
added. Gas ayobwimsnn was observed. Methyl chl orof or petgseridfedo UL,
1.81 mml) was added and the reaction was stirred at roomtenperature
overnight. The m xture was acidified with 1IN HO and extracted with -
CH err]Cl[err]. The organic extract was dried 15 (MySO err]), and
evaporated in vacuo to afford the pyrazote224 - carbamate PMB | actam 2
(588 ng, 87% as a light yellow oil. E. [err]
WD 97/ 27180 PCT/ US97/ 01610

228* i6

229* ) 28

232* 500

233* (isomer 1) 23

5 233* (isomer 2) 1200
235%* ’ 270
236* 3.6

* Inhibition constant measured at pH 6.0.

10 Example 113

Using the MT4 cell assay method (supra),
we measured the antiviral activity for the following
compounds of this invention:

Compound ICso (UM}
15 - 26 16
45 9
54 1.0
83 0.32
92 (isomer 1) 0.21
20 95 2
96 0.40
123 (isomer 1) 0.90
123 (isomer 2) 0.74
127 0.85
25 130 1.0
131 (isomer 1) 2.
131 (isomer 2) 2.
132 0.75



- 208 - In an oven-dried 100 nL round-bottoned fl ask, the

pyrazol e carbamate PMB |actam 1 (577 ng, 1.33 nmol) was di ssolved in
30 nmL of 70% CH err]CN-H err]0. Ceric ammoni um nltrate §2 5123'8 4 58
nmmol ) was adde97/2TiR8@ or ange 5 solution was stirred at tur
until the starting material was no | onger evident by TLC (1 hr)
The Iight yellow solution was poured into water and extracted with
Et OAc. The organic extract was dried é SJerr]) and evaporated in
vacuo to afford the pyrazole 10 carbamafe | actam 2 (228 ny, 55% as a
clear, colorless oil. Exanpl e 41 A [err] In a
heavy-wal | ed screwtop test tu§Q4 the propar gyl 15 lactamils (1. 111 g,
3.33 mmol) was dissolved in 7 xyl ene. Tri butyl Q azide (1.965
g, 5.92 mml) was added, ztlﬁe(%ﬁ‘l?fée’?/\ds’ seal ed and heatet to 205 [err]C
overnight. The dark brown so!uuuen(maémaﬂahed and dikettly
chromat ographed using a gradlegagfqgggézgggf]CJ[err] 6.0
5 220 0.10
223 0.68
224 2.
225 2.
226 3.
10 227 2.75
' 228 0.48
229 0.79
232 2.47
233 (isomer 1) 3.7
15 233 (isomer 2) 1.6
236 5.0

The above data show that each of the
tested compounds inhibits HIV aspartyl protease.
While we have described a number of
20 embodiments of this invention, it is apparent that our
basic constructions may be altered to provide other
embodiments which utilize the products and processes of
this invention. Therefore, it will be appreciated that
the scope of this invention is to be defined by the
25 appended claims, rather than by the specific
embodiments which have been presented by way of
example.



20 to 50% EtCAc/CH err]Cl[err] to afford the triazole PMB | actam 2
(827 ng, 66% as a light yellow oil. /27180

PCT/ US97/ 01610 This Sheet Has Been K83 Z - B. [err]
I n an oven- diwe@oh 4 nL round- bott \‘“mﬂ\m‘m‘ tri pepte7igddp | act am
1 (827 ng, 2.20 mmol) was dissolve of THF. NaH (124 ng of a

60% di spersion in 5 mneral oil, 5.17 nmol) was added. Gas evol ution
was observed. Benzyl brom de (400 uL, 3.36 mml) was added. The

reaction was stirred at reflux until the296 - startin?_naLeFLaF-was7Eﬁr
| onger evident by thin-Iayer chr onat ogr aphy (5094 THIS SHEET HAS B

Et OAc/ CH err] d erri%: The m xture was 10 acidified{w th RBPUACED and
extracted with Y [err]. The

1. A compound according to formula I:

R" R
(n
wherein:
each Z is
R} R? (
' R- ] [ J
/(Q;L R g
x/ or or
r /N\ /Y‘ ll
X X
4/’
R

wherein any Z is optiocnally fused with RG;

each X and X’ is independently selected
from the group consisting of -C(0)-, -C(O)C(0O)~, ~-S(O)~-
and -S(0)y;

each Y and Y’ is independently selected

from the group cons;stlng of —(C(R )2)p~ -NR2~;

-(C(R )21 p=M-, >C= C(R )2, and —N(R ) -CHp-;

each R is independently selected from the
group consisting of hydrogen; RG; C1~Cg alkyl; C,-Cg
alkenyl; C,-Cg¢ alkynyl; C3-Cg cycloalkyl optionally

A



organi c extract was dried (MySO err]);, "evaporated in vacuo to afford

a dark yeIIOM/reS|due omat ogr aphed (20%

Et OAc/CH err] C E‘err ?Eh thBeen epl{cm benzyl triazole PMB | actam 2
(740 ng, 729V’ ght oi | C. PCTIUSYIOL41P

In an oven-dried 50 nL r flask, t he benzyl triazaole
lactam 1 (740 ng, 1.59 mmol) was dlssolved VO 197418 7T9HEB T HAS BEEN
PCT/ US97/ 01610 - 297 - - 210 - REBLAQE mi jof
70% CH err]CN-H err]0. Ceric ammoniumnitrate (2.1 S—SS—Fretr- was
added. The orange sol ution s stirred at roon1tenperature until the

starting nateri alfused with R

R6; and when two Rl's are attached to adjacent atoms,

the two rRlts together with their attached adjacent
atoms form a carbocyclic or heterocyclic ring system
which is optionally fused with Rs; wherein any member
of Rl is optionally substituted by one or more Rz;
each R2 is independently selected from

hydrogen; R3. C1-Cg alkyl; Cp-Cg alkenyl; Co-Cg alkynyl:;

C3-Cg¢ cycloalkyl optionally fused w1th R® ; Cg5-Cg

cycloalkenyl optionally fused with R ; and when two
2

R H

together with their attached geminal atom form a

s are attached to the same geminal atom, the Rz's

spirocarbocyclic or spiroheterocyclic ring system;
wherein any member of R® is optionally substituted by
one oOr more R3;

each R3 is independently selected from
oxo, oR%, N(R%),, N(r®)-x-r®, N(R®)-x-OR®,
N(R%) -x-N(r%),, sr?, x-R%, o-x-N(&r®),, clon(rR®),,
halogen, NO;, CN, coor? and R®;

each R4 is independently selected from
from the group consisting of ORg:_ N(Rg)z: X—Rg;
coN(R%) 55 R®; C;-Cg alkyl; C,-C4 alkenyl; C3-Cg
cycloalkyl optionally fused with R6; Cs-Cg cycloalkenyl
optionally fused with RG; wherein any member of R4 is
optionally substituted by one or more groups
independently selected from R9 or R3;

each Rs is independently selected from the
group consisting of H, OH, 0 and Rl;

each R6 is independently selected from the
group consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is
optionally substituted with one or more groups selected

R

C;-Cg cycloalkenyl optionally fused with



was no |onger evident by TLC (1 hr). The m xture was poured i nto water

and extracted with EtQAc. The or gariihgs ¢ i ed (MgSA err])
and evaporated in vacuo to afford the | Ie | actam 2 (336

ny, 6199 W87 8Pear, col orl ess oil . PCT/US97/01610
Exanpl e 42 [err] 10 BOC—Iactaml(lBg, 6.6 _nmmol) was. .

di ssolved in THF (50 m.) and cooled to -78 [err] TﬁﬁpsﬂhfﬁkﬁQIBEEN)n
was added LDA (Aldrich, 1.5 Min cy exane, ¥ A

via syringe over 10 minutes. After stirring for 60 nln ;*gf e—E;
acetone (4.9 nL, 66 mmol) was added via 15 syringe over 1 n1nute The
reaction was sti rfeeh frdle @Eoup conélﬂéii:.tﬂgo%&' o48, m—@Pﬁ es-gfef operBeint ,
guenched with 1IN HCO o Etohyl acetaig 009nL was_added ‘and

t he | ayers v%%)p&ﬁltl%%efd ~XRe r or §akT R (R dyeer “RasOfhars it with
brine, dried over- esruansm?ﬁaiew halbgerd, -Noy) 2hd —csgﬂcentrated in

vacuo to a yellow oi | that SlOMAX R 1is independently selected from the

group consisting of hydrogen, OH and O;

each Ra.is independently selected from the
group consisting'of hydrogen, alkyl, alkenyl, alkynyl,
aryl, carbocyclyl, and heterocyclyl;

each r® is independently selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl,
aryl, carbocyclyl, heterocyclyl, aralkyl,
.carbocyclylalkyl and heterocyclylalkyl: wherein any
aryl, carbocyclyl or heterocyclyl is optionally fused
with R8 and wherein any member of Rs is optionally
substituted by one or more groups independently
selected from -0R®, -N(R%),, -cN, -wO,, -x-R®, -x-
N(R%), -c(oror®, -N(r®)-xn(r®%),, or halogen;

each Q is independently selected from the
group consisting of CH and N;

each M is independently selected from the
group consisting of NH, —NR2-, -0-, -S-, -S5{(0)- and
=S (0) -2

each n is independently 1 or 2;

each r is independently G, 1 or 2;

each p is independently 1 or 2;

each q is independently 1, 2 or 3; and

each G is independently selected from the
group consisting of -NH-, —NRZ-, =0-, -S5-, =-S(0)-
S(0)y, -C(O}~-, and —C(R?),-.

2. The compound according to claim 1,
wherein:

* c L M s *



WO 97/ 27180
211 -
di chl or onet ha

PCT/ US97/ 01610

crystallized. The c dli ssol ved in

4s9L) and Martin’

(Al dr|

11
mol ) was added 1 n one portion. ;ﬁﬁmﬁﬂ mwas stl rre /{95/0%})0 at

roomtenperature 5 bef ore be| ng concentrated in v 5 SHHEASHAS BEEN
chromat ogr aphy over silica gel hexane: et hyl acet 3&?}-‘9 Dow deq

t he al kene as a m xture of isorrers - 782 al kene, 0% P f‘ g-—and
met hanol (40 nL) were conbined in a Parr bottle and pressurl zed to 50
psi of 10 hydrogen gas. After 4 h of agitation, the reaction

vessel was evacuated and filteeel Yhaadgh a?-SleG&eBFndentlY@?JﬁCéea The cake

was washed with efhyh ﬁf@tﬁt&p( €8n8titing of arx@m ’B%xf?fp -ltmﬁ-fl Itratle was
-~-lactamas a pale

concentrated in vacug 40 ye the 1soprop
yellow oil. 15 ~Th&Dadeahr wagn?h i \)e&%i?n' o¥%‘?1l or onet hane (20 niL) and

trifluoroacetic acid (10 nL) \aa&haplﬁefb sirmdp,endeﬁhey selectezhdiromn was
stirred at roomtenpergiaure 2] bef odi Lype 4 h ethyl
acetate (100 ni) & rrg &{ ga{%e {21 |§(R dutr Al fzeggv?n ?41 %éH 1ﬁkmvﬁc bonat e
to pH 20 7. Thexﬂagﬂer)&,\/\ér(e)paﬁt 4/ tradogend A¥P®p MNHaBoOPRI agnd R was
dried over magnesiumsul fate, filtered, and concentrated i n vacuo.

Fl ash chr omat ogr aphy over silica gel 43 1 et hyl

acet at e: hexane) gave

t he 3. The compound according to claim 1
having the structure of formula IA:
7
R 12
RL Rs R
Y‘X'N ’ nZ
R
(1A
wherein:
each R12 is independently selected from

the group consisting of R6; C;-Cg alkyl optionally
substituted with R®; C,-Cg alkenyl; C,-Cg alkynyl; C3-Cg

cycloalkyl optionally fused with Rs: Cg-Cg cycloalkenyl

optionally fused with RG; wherein any member of R12 is

optionally substituted by one or more R2.

4.

wherein n is 1.

The compound according to claim 1,

5.
having the structure of formula II:

The compound according to claim 1

HIIIIII mIll IIIII |II|I Il lIIl



i sopropyl lactamas a white powder:” W©MS (ES+) = 240 25 ( MENa)
WD 97/ 27180 This Shee PCT/ US97/ 01610
o1 heét Has Been Repl m%nple 43 [err] A
stirred, coolVQo727139 [er“ﬂ“ﬂmmum of 1.4 g (5.0 nmmol) PCT/URH/01610
pyrrolidinone in 35 nL o t rahydr of ur an was treated in a
dropw se fashion with 3.6 nL (7.2 5 nmolL) of |ithiumdiisopropylam de. -

The resul tant sol ution was stirred £gp 70 mn, and subsequently
treated with 0.57 nL (6.0 nmoL) of 3-pyridine THIS SHEET HAS BEEN
REPLACED
.
R R' ,
D T RS
Y\X,N 7
7
(my R

6. Thé compound according to claim 1
having the structure of formula III:

2
7R \ /RI !
: \ij\
Y N
X7 Z
(m)

7. The compound according to claim 1,

wherein:

X is -C(0)- or -5(0),-; and

Y is - (C(R%) ) p-M-.

8. The compound according to claim 1,
wherein:

X is ~C(O)- or -5(0)3-; and
Y is (-C(R%),-)p.

R



car boxal dehyde. The honpbgenous sol ution was al | oned to anbiently warm

to RT, and stirring was continued 10 SB“ la-?"éactlon m xture
was diluted with 400 mL of dlchloro gﬁggupt of
wat er €8 Phagnesi um sul fate), fil rat

purified on silica gel using 3:1 ethyl acetate/hexanes as t he el uent
affording 0.6 g (46% of the desired 15 conpound as a goI den oi |l whi
solidified upon standing. [err]H NMRdX6- DVMSO, 400w @T(\_g\s QEBN
8. 47 (m 2H):; 7.83 (d, J = 8.0 Hz, 1H): 7.41 (m 1H)HES
5H: 7.03 (t, J = 2.7 H, 1H): 3.96 (m 1H): 3.07 (m  1HREPLAGED

2.65 (series of m 3H). MH (265.2). WD 97/ 27180

PCT/ US97/ 01610 3. The compound agtdrding R@Plfintt4 [err]

wherein:

X is -C(0)-, -C(0)C(0)- or -S(0),-: and
Y is -N(R?)- or -N{R%)-CH,-.

10. A compound according to formula IV:

R7 Rl
— T
4
|
(V) R

wherein:

X and X' are independently -C(O)-~ or
-S(0)g-:

. 2 2, 2

Y is -(C(R )2)-M", -(C(R Iz)p—f -N(R7)- or
—N(RZ)-CHZ—; and
each Rl, Rz, R7, Rq, p and M is independently as defined
in claim 1.

11. A compound according to formula V:

HIIIIII llllll II||| IIIII || IIII



The first step of the sequence was _perforned as for Exanpl e 43. The

olefin was carried forward as f ol | OysSheet Has Been d2 5 A vigorously -
stirred suspension of 330 ng (1.25 HL"I"(H“ neam de and 80 ng of 10%
pal | adi um on %9 BH#y180 ( Degussa) drous met hBGEVSIAaLs10

hydr ogenat ed (Hydrogen balloon) for 1 h. The m xture was diluted with
100 nmL of nethanol, carefully 10 filtered, concentrated, and purified on -
silica gel using ethyl acetate as theygjuent affording 295 ny

(89% of an isomeric mxture of the desired conpounds as a golden oil

whi ch solidified upon standing. 1H NWR (d6- DVSO, : B,
2H); 7.88 (s, 1H); 7.56 15  (d,,d = 7.9 Hz, 1H); 7,27 5iceb
3.66 (m 1H); 2.96 - 2.37 Rleries ofR'm 7H). M (267REBLACERNa

e
(289. 2) WO 97/27180 7 " 1
PCT/ US97/ 01610 - 2R anpl e 45
Z

o

wherein:

X is -C(0)- or =5(0)y-;

Y is -(C(R%) ) M-, -(C(R%)3),~, -N(R®)- or
-N(R?) ~CH,-;

10 .

R is O or Hz,’

each Rll is independently H, OH or O,
wherein both R11 are not simultaneously hydrogen:

Z is a structure of formula VI:

( PrG R®
/N\Q

8

wherein any structure of formula VI is optionally fused
with an aryl, carbocyclic or heterocyclic ring and is
optionally substituted with 1-3 substituents
independently selected from Rz; and

each RY, R?, ®7, »%, Rr®, p, q, G, M, Q and X' is

independently as defined in claim 1.

e



[err] Them Shdaergds B éafR ] 2-pyridyl nethyl pyrrolidone was
carried out as shown in ml clRabilSs Exanple 46 [err]
I

5 The 4- pwehyi#&t hyl prepared foll ow ng Pcrr%ygﬁ?&b”es

outline for Exanple 44.
THIS SHEET HAS BEEN
- 303 - REPLACED

12. The compound according to claim 11,

wherein Rlo and R11 are O.

13. The compound according to claim 12,
wherein:

g is 1;

G is S; and

X' is -C(O)~-.

14, The compound according to claim 13,
wherein R4 is t-butylamino.

15. The compound according to claim 12,

wherein: _

X is -C(0)~;

Y is -(C(Rz)z)p-; and

R7 is H.

l6. The compound according to claim 11,
wherein:

X and X' is -C(0)-
Y is —(C(R?),)-;

R’ is H;:
R*® is H,; and

one Rl1 is H and one Rll is OH.

17. The compound according to claim 16,
wherein R2 within the definition of Y is selected from
hydrogen, R3 or C1-Cg alkyl optionally substituted with

.

* C L M S *



WO 97/ 27180 : PCT/ US97/ 01610

- 215 - Thls SH@! @nRﬂpl X =
N- Bn A sol ution of 5. qU|v) of tert-Butyl- 5
PP- di net hyl phé’é‘bﬁ’&ﬂﬂcet ate in 15 n1_ ”wml 0 [RETYSITNRELO
treated with 0.528g of NaH at O[err] warmed up to room
tenperature for 30 mn. Next, solutlon of 5.0g9 (20 oM J_Amww¥§gof
Boc- Phenyl al ani nal in 5 nL THE was -adged. drop $RISaSHETeHAS BEEN] t he
reaction 10 continued for 2 h. The cr ude product as digppL RCEDV € h

ethyl acetate and partitioned with aqueous citric ac {2x)>—50di um
bi car bonate (2x), organlcs cohbec@gg é@ﬁbound adabtggngvgé apgiesiym

sul fate. The product was ved | nmef hano added
0.6g 10% Pd/ C and®i®rein tﬁ/dr‘”&é’r At Eﬂea‘§ g‘é‘ oYY I‘FII bﬁtse]a?fbt? & T@8si r ed

conpound puri fi edhparege,l i-0HRCOL Urar umueg;oa:yélglhy.)mlch may be
optionally benzofused, and wherein said heterocyclyl
may be optionally substituted with one or more groups
selected from the group censisting of oxo, —ORg, -Rg,
-8R 8%, -Nr%)-x-R% sr®, x-R%, -0-x-w(r%),, -R®-

or®, -cN, -co,rR’, -x-N(R%) (R%), halogen, -NO,, and -CF;.

19. The compound according to claim 18,

wherein af least one Rz-within the definition of Y is
.selected from the group consisting of:

Y& b W
pesisclngapies

{ & N o~

<IO> ' \l N \l g

H N N

Kl /l /| N/\N/
X X S \—/

Hllllll llll\l |I|\| lllll \\ lIl\



H »crpeshosie (M

acet at e/ hexane. Yield 3.8g (51.4%. [err] H i [err], 300 MHz) 6
\ .44, 1.42, 1.41,

(broad signals and conformat i onal m 5H), 4.46 (m
0.5H), 20 3.79 (m 0.5H), 3.72 (s, H
0.5H), 2.27 WOTIFH80 1. 78 (m 1H), 150(

1.38} (all s, total 18H). Low resol ution NBnie 372.2 (|\/H\|afprr h
WO 97/ 27180 Wﬁ@%ﬁﬂiﬁiﬂl\s BEEN

- 216 - B. A solution of 4.8 g (13. 25 mDI ngEy) of "It he
above ester in 200 nmL of THF was treated W th 40—m—f-sB—

mml, 3 equiv) of IMIlithiumbis(trimethylsilyl) amde 5 in THF at -78

[err]C. After 90 mn at -7/8 [err]C, he sol ut ixon 25 _added 5. 5g
(13.25.nmmol, 1 equiv) o benzyl - bi/s( ) odoet hai n 10 m. of THF
and the reaction onlli nyed f fpeurs (Ng whi yreached the

room t enper at ur e. e ¥eaction wag quenched with 10% amjeous 10
solution of citric acid and Bxtracted to et hyl acetat e, and t he
product treated with 1:1 (v/v) DCM TFA (40 m_) for 40 mn, after

whi ch sol vents were reng and t he aurlfl ed NO hom)genelty by
RP HPLC wi th total y||eld of 4. l % Th rysul ting Alsalt was then 15
neutralized with trieth N/ethyl X

/IN/CHS ON\
\:”@N/ oYY
CHy h‘hCH_;Me CHy Me
o | Y
YONgalgalign

¥ N &~
e

NH,
| |
1 Oﬁ g
N S

HII\II! \\\I\\ ||I\\ \\I\l \\ \II\



acetate/water, organics-collected and dried, thus yielding a free
base form of the spi role rs%‘L_ gasrheeen product whi ch is used in subsequent
coupling to the (TFA salt, CDCL[err], 300 MHz)
[err] 7.30 (nvO2@27180 10 ’Hﬂﬁ 4.16 (m 2H) 3.86P(:musg:7f0)§103. 68
(m 1H), 3.36 (m 3H), 2. 262(dd 1H), 1.7-2.2 (m

6H) .. Low resol ution I\/Bnie 3352(|\/HrH[err]) .
Exanpl e 48 Spi rocycl e X=O was synfhesized acco dHiSy SHEET26AS BEEN
bi sal kyl ati on protocol of Exanple 47 aboveé €except that REPLACED

bi s-O (i odoethyl) ether was used in reaction step B (I 26y, S8+
mol, 1 equiv). [err]H NMR (d err] DVBO, 300 I\/Hz) [err] 779(s

1H), 7.22 (m 5H), 3.73 (m
13.4), 2.57 (dd, 1H, J=8.A
(m 2H), 1.22 WO
PCT/ US97/ 01610

(m 1H). Low resolution

, 24 (n1 ) 2. 88 d, 1H, J=4.s8,
0 (m 1H)), 155
718
17 - (n] 1H), 1.01

be 246. BN~ (M e 6
o .

20. The compound according to claim 17,
wherein at least one R within the definition of Y is
aryl optionally substituted with one or more groups
selected from the group consisting of oxo, -ORg, -Rg,
N’ 8%, -N@R%)-x-R?, sR®, -x-R%, -0-x-N(R%),, -R%-

or’, -cN, -co,R?, -x-N(R%) (R%), halogen, -NO,, and -CFs.

21. The compound according to claim 17,

wherein at least one R2 within the definition of Y is
C,1-Cg alkyl optionally substituted with R>.

HII\III IHIII III|| Illll lI III|



Example 49 [err] Spi rocycl e X:CH[err] 5 A_w - A solution of
1.36g (3.88 nmml, 1 equiv) of the ester 47 step Ain5nL
of THF was cooled to - 78 [err] C and t 9 32 nmol
2.4 equiv) W0?5’1"’""’1‘?9!I|th|umb|s(tr|mathyl gﬁ@ﬂ?ol 10
h at -78 [err]C, 0.992g (4.27 mmol, 1.1 equ

i odochl or opent ane was added and the reactlon allomed to HEETOGAS BEERL
-15 [err]C for 1 h, guenched with 10% aque - Clt[ 6” LA@ﬂf
extracted to ethyl acetate, resulting In 1.60g of{prod

resolution M5 me 476.2 15 (MtNaf[err]) B. A solution of 1.6g

(3.53 mmol, 1 equiv) of the abgye The copcUnalacsrdingit aeaiaime 20as

et e € 9,20 S s, aenBiobie Sty Fhe BhelihR ¥,

bet ween et hylpwacietyat, efwdbeoly Oy gewa sl yilor é sdxkazalw ¢ IoYHgHEyium
pyrazolyl, pyridazinyl, thiazolyl, imidazolyl, thienyl
thiadiazolyl, oxadiazolyl, triazinyl or pyrazinyl
wherein said R may. be optlonally substltuted w1th 1-3
substltuents selected from ~or® , -r° ' N(R )(R ), —
N(R )—X-R ’ SR ‘ -X—R ’, ~O~X—N(R )2, —R —OR » —CN,
-co,R®, -x-8(R% (r%), halogen, -NO,, and -CFj.

23. The compound according to claim 21,
wherein R3 within the definition of Y is aryl
optionally substituted with 1-3 substituents selected
trom -or?, -r%, -N(&%) (&%), -N(R%)-x-R%, sr%, -x-R’,
~0-%x-N(R%) 5, -R%-0R%, -cN, -co,R®, -x-n(r%) (rR%),
halogen, -~NO,, and -CFj3.

24. The compound according to any one of
claims 17~23, wherein R1 is benzyl; and Z is

25. The compound according to any one of
claims 17-23, wherein R1 is benzyl optionally
substituted with 1-3 substituents selected from —ORg,

p—



WO 97/ 27180 PCT/ US97/ 01610
- 218 - sul fate and purlfled on S|I|ca gel using 1/3 ethyl

acet at e/ hexane resul t i nghjsghegt Replpged desi red i odi de (62.4%yvyield
after chromatwomwaphs) . (CDCL[err], 300 M—Iz):ci@g;ﬁmszO (m
5H), 4.38 (m 1H), 5 H)

313(t 2HJ69)273m
2.25 (m 1H), 1.76 (m 2H), 1.43 (s, 1.38 (s, 2 HAS BE
(m 7H). Low resolution M5 nie 568(I\/HrNa err]) n e &Céd\/HH[E ])
C. 10 A solution 1.15g (2.1 mM 1 equi wP8of the abole pr A

20 nL of anhydrous THF was cooled to -78 [err]C and "treated with 3 2
m. (3 nmol, 1.5 e LY 1N lei t (t | silyl) amde.in
THF. The reacti onﬁxla)) fe)ri ¥, h%%o’we&t(?% %%ﬁ@org@(fht fperdtdre,
solvents 15 re@byed and the crude product pur| fied on preparative

HPLC. [err]H NWR (CDCL[err], 300 MHz) [err] 7.32 (m 4H), 7.19 (d,

12H), 3.88 (m 1H), 2.82 (m 2H), 2.24 (dd, 1H) 1.2- 1.8 (m 11H).
Low resolution MS me 384. 2Z(MN&FePPI}‘?OWPﬁeacc°rdln962°2cé%¢1[%5rrr]) 20
Exanpl e 50 wherein Z is :

-

27. The compound according to claim 25,
wherein R! is benzyl optionally substituted with 1-3
substituents selected from the group consisting of
OCH3, OH and NH,.

28. The compound according to claim 27,
wherein 2 is

29. A compound according to fermula V,
wherein:

* [ L L] $§ *



[err] WO 97/ 27180
PCT/ US97/ 01610 A.
T
The Boc-pyrrolidone (4.4 g, 16 mmol) Was‘gm;s;hetHas e&ﬁ% a THF (40 nlL) and
cooled to -78 WePF3M8® To this sol uti on was DA (AFHPFR?WWIQ 5 M

in cycl ohexane, 12.8 nL, 19 5 mml ) via 10 m nutes. After
stirring for 60 nin at -78 [err]C, 3- fornyl-5 6 di hydr o- ZFprran (US
Pat ent 4,532,337) (1.8 g, 16 mmol) in TH ( ) was icd
syringe over 1 minute. The reaction was trmé?gﬂ— allcméﬂpt Qﬁi PQENT
tenperature and stir for 20 h 10 bef ore bei ng quenched w P E rated
anmoni um chl ori de (15 nL). Ethy acetate (50 nm.) was added and the

| ayers were partitioned. The organi cRhayer wagr!washed with brine,
dried over magnesiumsulfate, filtgg bincentrated in vacuo.
The residue was purified by 15 flas over silica ge
(95:5 chl or of or m net hanol ) to gi Ye gl | actam as a

bei ge powder. M5 (ES+) = 270 (Mtl), 292 ¢(

(V)

each R6 is independently selected from the
group consisting of aryl, ca;bocyclyl and heteroccyclyl,
wherein said aryl,.- carbocyclyl or heterocyclyl is
optionally substituted with one or more groups selected
from the group consisting of oxo, —ORS, -Rg, —N(Rg}(Rg),
-N(R%) -x-R?, sr®, -x-r®, -0-x-N(R%),, -R®-0R®, -cw,
-co,R%, -x-N(R%) (R%), halogen, -NOj, -CFj, -O-(CHy)q-R®,
-0—(CH2)q-OR9 , 2,3-methylenedioxy and 3,4-
methylenedioxy; and
each X, X', ¥, ¥', 2z, R}, ®%, R°, R?, ®°, R7, &%, R%, o,
M, n, r, p, g and G is independently as defined in
claim 1.

30. The compound according to claim 289,
wherein R2 within the definition of Y is selected from
hydrogen, R® or C1-Cg alkyl optionally substituted with

rR3.

31. The compound according to claim 11,
wherein:

X and X' is -C(0)~-;

Y is -N(R%)-;

R7 is H;

R is H,; and

one Rll is H and one R11 ks OH.

* c L L] S *



The di hydropyran obtai ned above (1.2 g, 4.4 mvol), 10% 20 Pd-C (0.2 g)

and net hanol (35 nlL) were conbined in a Parr bottle and pressurized
to 50 psi of hydrogen gas. After 3 h of agitation, the reaction
vessel was woomesacuated and filtered through a plug of GEIVGSI7TAHHE
cake was washed with nethanol (20 nL) and the conbi ned 25 filtrate was
concentrated in vacuo. Flash chromat ogr aphy oviety|§i $HEER k3 BEDS:{5

chl or of orm et hanol ) gave the tetrahydropgign | act am 2

whi t 6
powder. MS (ES+) = 274 (Mrl), 296 (MtNay WO 97_1.211.&5PEWCE@J
PCT/ US97/ 01610 - 220 -

Exanpl e 51 [err] 32. The compound according to claim 11,

SR |

one R11 ié H and one R11 is OH.

33. The compound according to claim 1,
having the.structure of formula IX:

R? Rl
P U
4
Y__N N_ _K
X o’/S <0
(IX)

wherein:
X is -C(0)~ or -5(0)~.

34. The compound according to claim 33,
wherein:

X is -C(0)-:

Y is ‘(C(Rz)g)‘M—: and

R7 is H.

HIIIIII llllll III|| ||I|I || ||I|



A A solution of 2.6g (8.24 mmol, 1 equiv) of the allyl-

pyrrolidone in 80 nL tetrahydfm;g%@ﬂa aBéd water 5 vvas cooled to O
[err]C and treated W|th5299 3 equiv) &errlﬁ

fol | owed by tWe9HIEs% i on of 83 .5% sol uti on ofBEFR7IHML®
tetroxide in 2-nethyl-2- reactlon was continued for 2 h
at room t enperature, sol vents rem)ved and t he restdoe—10
partitioned between ethyl acetate and watgr; Ethyl 7”%55?%& BARREEN e
dried over MySOerr], resulting in 3.0 g of the|crudeREALABEY de.
[err]H NVR (CDCL[err], 300 MHz) 6 9.75 (s, 1H), 7.22 (m 5H), 4. 32
(m 1H), 3.05 (m 2H), 2.82 (48. 3hhe 20RBotnd dddordimg to2c22ifnd3,1H), 1.58
(s, 9H). Low resolution Ms me 356..1 (M+Na[err]); me 689.3
(2M+Na[err]). wherelip: A solution of 2.88g of the above al dehyde in
10 nmL met hanol was cooledid ecdojerr] C and sodi um bor ohydri de was 20
added over 2 h, until all theYstsartd&@)nat grgal (Rf=0.55, Merck

Kisel gel 60, 0.25 nm 1:1 ethy] acét at e/ hexane) was consumed. The
title conpound had Rf =OR30:§ $lane conditions). Solvents were then
removed, and the residue was extracted between ethyl acetate and

Vo 97/ 27180 36. The compound accorgr{gusc /CQ%Q%OBB,

.wherein:

X is -C(0)-;
Y is -(C(R%),)-; and
R’ is H

37. The compound according to claim 1,

having the structure of formula XII:

R R
RLS‘——-( H R
4
Y N oK
( XII)

wherein:
X and X’ are independently ~C(0)- or

-5(0) o~

38. The compound according to claim 37,

wherein R4 is l-amino-2-hydroxyindanyl.



- 221 - 10% aqueous citric acid. Organic fractions were washed
with water and dried over magnesium S/g%fsgie&mweengepmdi fication on a silica

colum (1:1 ethyl acet at e/ hexan g (57%yield) of the 5
al cohol . Low WOS@RUBPon MS me 342.2 % e PCBASI701610

: 1.44 mmol, 1 equiv) of
' 10

(2M+Naferr]). C A sol uti

t he above al cohol in 4 nL tetrahydrofuran was - -

g (1.875 mmol, 1.3 equiv) of nesyl chloridg gnd 0.24 JHIS SHEET HASSHE:No |
1.3 equiv) of diisopropylethylamne. The reactli on WREPLACEDwed t

proceed for 30 mn at room tenperature, sol vents—remnoved—and ( he
resi due partitioned betygeensfih xl?c??ﬁdat% ndi WAt €5 - iCcs
were dried with rmagnesi um sul faat'e an% %%Jnrl I ed aorc]:%aﬁl% € %%J?‘gg'col um

(1/1 ethyl acetatkavithandle stracgupng ofsformula XIFI:87.39% of the desired

mesylate. R err]=0.57 (Merck Kisel gel 60, 0.25 mm 1:1 ethyl

acet at e/ hexane). 1H NVR [err]g} 300 MHz) [err] 7.22 (m 5H),

4.39 (m 3H), 3.09 20 (dd, g J= . 1o2) . g2.98 (s, 3H), 2.76 (dd,
1H, J=8.9, 13.2), 1.64 (m 2H, 1.57 (Js, 9k . H D. A

solution of 0.33g (0.831 mmol, 1 &fuiwNof e ve N_ o nesylate in 3 nL
DMF was cooled to O [err]C and treat®dd 25 wth 26 ngR(l.OSO nmmol, 1.3

equi v) of sodi um hydri de. After 3h at roomtenperature the reaction
was quenched Wi th aqueous citric goggiynd purified on silica gel
using 1:3 ethyl acetate/ hexane (v:v). The resulting product (0. 18g,

72.0%yield) was then treated with 1:1 30  dichl or onet hane/
trifluoroacetic acid (5 m) for 1/2h,

wherein:

X and X’ are independently -C(0)- or
-5{0) o~.

40. The compound according to claim 38,
wherein:

X' is ~-C(O)~-

Y is -(C(R%),)- or -N(R?}-; and

R’ is H.

41. The compound according to c¢laim 40,
wherein:

X is -C(0)~-; and
Y is - (C(R%) ) -.

-42. The compound according to claim 41,
wherein R2 within the definition of Y is selected from
hydrogen, R3, or C;-Cg¢ alkyl optionally substituted with

3
R™.

I



WD 97/ 27180 s T DT PCT/ US97/ 01610
- 222 - resul ting jn.:Q, &lac&lt based on nesyl ate) of the

&n
duct H 300 MHz 7 23
2500 (br oad_swosfrb" s \ﬁ“fg“\(m oy, LT 258 mspmey’y)
12.9), 1.92 (dd, 1H, J=5. 1.10 (m 2H), 072(m 2H). Low

resolution Ms me 342. 2 (N%hb[err])

Exanple 52 [err] A sol ution gfi3l-5g (5.1THﬁb5 E%ﬁ“ﬁﬁéEEN
pyrrolidinone in 25 nL of tetrahydrofuran was c¢ol ed WPLAGED [err]
and 10 treated with 4.3 nL (6.5 mvbl) of [ithiundiiSopropyl am de

(2Min THF). After stirring far3.0TRehcompetmdieaccording to claim 4g,
wherein R2 within the definition of Y is selected from
hydrogen, -N(RQ)Z, or heterocyclyl, which may be
optionally benzofused, and wherein said heterocyclyl
may be optionally substituted with 1-3 groups selected
from the group con515tlng of oxo, —ORg, —Rg, N(RS)(RS),
-N(R® }-X-R , SR . -x-r%, -o0-x-N(r%),, -r°-0R%, -cn,
-co,R?, -x-N(R®) (R?), halogen, -NO,, and ~-CFj.

44, The compound according to claim 43,
wherein at least one Rz.within the definition of Y is
selected from the group consisting of:

4% QY Y

v/
pesioelneaipen
@EZ; O\:/ (It Q;:

O



(2.8g (50 mwbl) was added, the reaction m xture was  kept at -78
[err]C for 2 h and then quenched Wi th %\ sheet Has Bo%H sOric acid.

R
Extraction with ethyl acetate, 15 dr i sium sul fate and
renoval of th&09727180sol vent in vacuo aﬂiﬂﬂumﬂm}m mde pr ®ETISIIMEOh was

redi ssolved in 25 nL of dichl oronethane wi th 8g of
Martin's sul furane. After stirring for 12h at S%W‘re
was partici pated between ethyl 20 acet aj £, and 1N hy RShPHHEETC ed
Dryi ng over magnesi um sul fate and renbval of thel sol veREPLAGKIE t he
desired al kene. 0.755 g of the crude al kene were —darssofved 1n 15 nL
of toluene and treated wi{h 3 nL (3 mvbl ) of di et hyl, al um nuntyani de
(Imin toluene) and 25 # the resul@ ; m Xt ur, s stirge lat 25 [err]C
for 5 h. WO 97/ 371 PCT/ US97/ 01610
- 223 - The sol ve rermv\d #d the T esi due el fT
chromat ogr aphed on silica gel? (20% et hylrécet at e- hexaneséy.e to give the
desired nitrile (0.4g) as a colorless oil. Deprotection with
trifluoroacetic acid- 5 di chl oronet hane (1:1) for 3h at 25 [err]C
fol |l oned by chromat ography on silica gel gave the desired | actam
(0.22g) as a white soli déN’CH: 24@\« (rIGHs ~
X I I
x: X ' NN NN
Me H Cry H

|
N :’@( N Q{
o the CHy Mo Gy Me
AN | | I
o o oh
A g g
e
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Exanple 53 [err] - Al 'I0 A solution of
3-i0do-5-benzyl -pyrroli

q‘lgp,n 145 Bedh Replaced 8.87 mml) and sodi um azi de
(0.69 g, 10.61 mmol) intMSapes ormam de (20 ni) was %Hrfpﬁ%lé‘fo
anbi ent WOrppT8e ur em‘m‘e\ lgmlm gen at nosphere for 18h. e

sol vent was evaporated u of nitrogen, and 15 the residue was

di ssolved in ethyl acetate, washed with wat er and l|sn§Hqunqu BEEN
concentrated in vacuo to give a yelloyyselid. Chrpnato ﬁep‘gw)n sillica
gel, eluting wi th hexane: ethyl acetate (4:1), gave_ 1l 82 3y oi—the
product as a 1:1 m xture of diastereoners which was 20 used wi t hout
separation in the next reaction. N5 ES+, 239 (MtNa). WNBhe
chr omat ogr aphy al so gave 0. 1249 of |the trang=hsoner colorless oil
and 0.43 g of the ci g r a8l or @ whi ystallized
| | | !
Ei:]ffiﬁe s\v,N~_ s\V/N~\

£

{28 &
2R &2
o d o

45. The compound according to claim 42,
wherein at least one R2 within the definition of Y is

aryl optionally substituted with one or more groups

::

I



WD 97/ 27180 PCT/ US97/ 01610

- 224 - upon standi ng. TLC (hexane . et h)é acet ate (1:1)) K

trans i soner =0.6 and Rf cis isoner = (.ThisShectHasBeenReplaced A 1 xture of

t he above aziwies(rés’5 g, 2. 66 nmol) and Hlmurlmmt M| um por/oss7iegio (0. 030
g) in nethanol (20 niL) was stirred f hydrogen for 18h
at anbi ent tenperature. The mxture was filtered thr a
Celite to renove the catalyst, followed by filtration '”'O%ﬁgﬁ%@g g%% of
silica gel, washing with 10 chl or of orm¥ek fanol (9]1). RBRALACGEPtrat el was
concentrated in vacuo to give 0.46 g (90% of the —product as a

rcnxtlgre of di aster %@%re?ggys ghe Sngis(:%i) @n&%BC?MNakS

A sol ut ion a ov‘%
ani syl chl or odi phe-rW(IRrret(Rahe £20( J)—gf BSmmI-)X-ahd -O0-X-N{R1)eg, hy'IRam ne (0.5
m., 3.5 mol) m&fchL@g‘onewgfk (..&QN(R (R?rjl_) WA gk, ' LRE, Unges @\%ltrogen
nmp S

at m)sphere at anbi ent erature 18h. The sol utfon wa shed
with 20 wat er (2x50 nL) and bri ne, drled(l\/gsqerr]) and

concentrated in vacuo. The ressdughé/vasm@auhal edcbydlng to GVaamanegr aphy on
f]ei(a(ng: g'?lhill e;gfa't“ﬁ% e he)f?gset Cne! Pgl \Vé‘tBlﬂl é otélhfrs%om#sas a
yel | ow solid and G_?LGCG aﬂ)ksw gmxfortalidyt isabstisohed mstra R/vhl te solid. TLC
(hexane : ethyl acetate (7:3)) Rf cis isonmer =0.5 and
47. The compound according to claim 46,
wherein at least one R3 within the definition ¢f Y is
pyridyl, .triazolyl, oxazolyl, isoxazolyl, pyrimidyi,
pyrazolyl, pyridazinyl, thiazelyl, imidazolyl, thienyl
thiadiazolyl, oxadiazolyl, triazinyl or pyrazinyl
wherein said R3 may be optionally substituted with 1-3
substituents selected from —ORS, -R9, -N(RS)(RS),
n(R%)-x-R?, s&?, -x-r?, -o-x-N(r%),, -R°-0R®, -cN,
-co,R?, -x~N(R%) (R®), halogen, -NO,, or -CFj.

48. The compound according to claim 46,
wherein R> within the definition of Y is aryl
optionally substituted with 1-3 substituents selected
from -or%, -r%, -N(rR%) &%), -N(r%)-x-r%, sR®, -x-Rr°,
-0-X-N(®%),, -R%-0r®, -cN, -co,R®, —x-N(rR%) (RY),
halogen, -NO,, or -CFj3.

49. The compound according to any one of
claims 42-48, wherein:

each R! is benzyl; and
each R® not within the definition of Y is
2-hydroxyindanyl.

HIIIIII IHIH IIIII i IIII



Rf trans isonmer = 0. 4. WO 97/ 27180

PCT/ US97/ 01610 This Sheet Has Béen & 4 Exanple 54 [err]

| odol actam 1 (gxgpared as descr|bls ee as s %ﬁme Exanp%&ﬂ%ﬁ%%g 55 g,

1.8 mml) was G184 in DVF (5 uﬂ reated with §1i | i ne

(Aldrich, 0.20 g, 5 1.8 mmmol) um car bonat e (0 39 g, 3.7

nmml ). The reaction was then heated to 70 [err]C for 2@, T@ﬁ S c.u.c—tb”
d

solvent was renoved in vacuo. Ethyl acetatez;s - (50 ni A BEEN,
were added and the |ayers HEPLACED

p—

50. The compound according tc any one of
claims 42-48, wherein each R is independently selected
from benzyl optionally substituted with 1-3
substituents selected from ~OR9, —N(Rg)(Rg), SRQ, —x-R?,
-R’-0rR’, -CN, halogen, -NO,, and -CFj.

51. The compound according to claim 50,
.wherein each R9 not within the definition of ¥ is 2-
hydroxyindanyl. '

52, The compound according to claim 50,
wherein each Rl is independently selected from benzyl
optionally substituted with 1-3 substituents selected
from the group consisting of OCH3, OH and NHj;.

53. The compound according to claim 52,

wherein each R9 not within the definition of ¥ is 2-
hydroxyindanyl.

54. A compound according to formula XIII,
wherein:

>4 /N \R9
( XII)

each RG is independently selected from the
group consisting of aryl, carbocyclyl and heterocyclyl,

R O



were partitioned. The.organic |layer was-dried over 10 sodi um sul fate,
filtered, and concentrated in. vacuo Fl ash chromat ography over silica

gel (1:1 hexane: et hy| ThisSheg e the anilinolactam 2 as a pale
yel | ow M9N/27MB (A , 307 (M+Na) PCT/US97/01610

Exanple 55 [err]

PCT/ US97/ 01610 - 226 - . __Using.the
procedure described in Exanple 54, the anlllnola?ﬂ%r Hgg‘ﬁnenﬁﬁa
purified, and isolated as a bei ge fodhf VB (AP+ ANEED

( M+Na) Exanpl e 56 [err]

wherein said aryl, carbocyclyl or heterocyclyl is
optionally substituted with. one or more groups selected

from the group consisting of oxo, -OR9, —Rg, —N(Rg)(RQ),
-n(rR%)-x~R?, srR?, -x-r%, -o-x-N(rR%),, -R%-or®, -cw,
9

-cO,R°, -X-N(R’) (R%), halogen, -NOp, -CF3, -O-(CHy)4-R®,
-0- (CHp) g-OR® , 2, 3-methylenedioxy and 3,4-
methylenedioxy; and

each X, X', Y, ', z, R}, R%, R, &% R, R', R®, R°, o
M, n, ¥, p, 4 and G is independently as defined in
claim 1.

55, The compound according to claim 54,
wherein R2 within the definition of ¥ is selected from

hydrogen, R3 or C1~Cg¢ alkyl optionally substituted with
3

R™.

56. The compound according to claim 40,
wherein: '

X is -C{0)-; and

Y is -N{(R%)-.

57. The compound according to claim 40,
wherein:

X is =S05-; and

Y is -(C(R?),)-.

58. The compound according to claim 40,
wherein

X is ‘502—; and
Y is -N(R%)-.

U, 0 R A



5 Usi ng the procedure described in Exanple 54, the = °~ anilinol actam was
prepared, purified, and isolated as a Tmsg§9gﬁsggﬁﬁjimg§ (AP+) 292

(Mc1), 314 (MeNa) Hh
| odol actam 1 (YPEPEM®Y as described previ j mmﬂ IMI arrpFET $I0861%7 ¢,
2.6 mmol) was dissolved in absolute

and treated with
3-am nopyridine (0.26 g, 2.8 mol) and solid sodlunlca 8hE '
3.8 mml ). The reaction was then heategqat refl ur F&r F%E%' A aéIqufore
t he sol vent was renoved in vacuo. Chloroform (50 LACED

59. The compound according to claim 13I,

wherein:
10 .
R™ is Hy; and
11 . 11 .
one R is H and one R is OH; and
Z is selected from the group consisting
of:

O)\NHtBu o HtBu

and R2 is as defined in claim 1.

60. The compound according to claim 11,
wherein Z is selected from the group consisting of

Rlo is Hp; and

one R11 is B and one R11 is OH.

) R O



WO 97/ 27180 — PCT/ US97/ 01610
- 227 - m.) and water (20 n1_ vvere added and the | ayers were

partitioned. The organic |ayer WH esdi um sul f at e,
filtered, andvoerzmsurated in vac ratory sili cRCTyu897D1630 ( 95: 5
| actam 2 as a red oil. M5

chl orof orm met hanol ) 5 gave th

(AP+) = 268 (M+l), 290 (M+Na) Exanpl e 58
[err] To a solution of igdolactam1 (13.43 ol 1
10 eq) in dinethylformanide (60 n) uni’ig i troger] TS SHE%T H’%E@J«
potassium cyanide (3.49 g, 1.2 eq). After stirrj ng atRERbAGESh
tenperature for 24 h, the reaction m xture was evaporated |n vacuo
and the residue was partitioned between ethyl acetate, saturated

aqueous 15 brine and wat efl. THee |egmpounge 2ECoEAARaL &R 3fHt QDffe ©
aqueous | ayer was) DiarK1@xthaci,Rdréih C2 14 tr1@ich¥l from the group

consisting of:

R K\N /R
_N wd AN
o) NHtBu O NHtBu

-

and R? is as defined in claim 1.
62. The compound according to any one of

claims 16-32, wherein Z is selected from the group

consisting of:

63. A compound according to formula I,

wherein:

IIIIIIII Illlll IIIII IllII | IIII



acetate. The conbi ned organic Iayers were washed with
aqueous brine, dried over anh BUS r1 g@gSlum
evaporated i n vacuo.

chr omat ogr aph\yoolvmmng ﬁ

sul f at e,
was purified by flash silica gel
acetone (3:1).

sat ur at ed
filtered and

FP&EUSEHPI610

contai ning the prod ned evaporated in vacuo to provide
WO 97/ 27180 PCT/ US97/ 01610

- 228 - 5.89 g (66% of cyanolactap.as a nixture dfyyis SHEET HAS BEEN
di astereonmers. M (APCI) M-Na = 223. B. A squ? @PQiED

cyanol actam (5.78 g, 28.9 mvol) fromstep 5

m.) under Nitrogen was conbined with 10 wt.
(2.33 g) and concentrated hyd
The m xture was reduced under hydr

reaction was purged wi th nitrogen, 10 fill
The resi due was conbi ned with tofugni
vacuo to a residue to renove residual water

with toluene was repeated four tines

5 50

The n
(1

A in absol

% Pal | adi um on char coa
hl ori cgbci d (9 31 n, 4 eq.).

for 16 h. The

and evaporated in vacuo.
) and concentrated in

azeotropi c renova

Z is selected from the group consisting of

-x'r?, Ny -x'-RY,

G
igz——-
< ™Q
%
/

R4
(VD)

8

-N (rRY) - (RY) -x'-R?,

and formula VI;

wherein any structure of formula VI is optionally fused

with an aryl, carbocyclic or heterocyclic ring and is

optionally substituted with 1-3 members independently

selected from R2; and

4 5
each X, X', ¥, ¥' RY, R?, R3, r%, Rr°,
M,

claim 1.

n,

64.

from the group consisting of compound numbers:
23,
51,
92,
126,
140,

4,

35,
63,
101,
131,

7, 8, 9,
38, 44, 45, 46,
72, 75, 76, 78,
102, 109, 1121,
132, 133, 134,

13, 14, 16,
47,
80,
122,

135,

17,
48,
B2,
123,
137,

18, 20,
49, 50,
83, 91,
124,

138,

The compound of claim 1,

R6, R7,
r, p, g and G is independently as defined in

24,
52,
94,
127,
141,

* C L M S *

8 9
R, R7, Q

selected

1, 2, 3,
26, 32,
53, 54, 62,
95, 96,
128, 129,
145, 14s,

25,




| eaving a residue which was dried under high vacuumto 15 provi de the
crude amne as a gum (7.18 g, 103%. M (ESI): M1 = 205. C.

The crude amine (7.16 g, 29.8 mmwol, 1 e&fis$he Replaced was conbi ned
under argon i Ryglbpirkger onet hane (100 ni) mﬂl topr opyéﬁb@;)u?‘q%ne
ride (9.13 g, 32.7

(13 m., 74.4 mmol, 2.5 eq) and tri

nmol, 1.1 eq). After stirring at anbient tenperature.for..l6-hthe
reaction mixture was treated with 5% w v aqueous 1ot S8EETUHAS BEbNHat e
and transferred to a separatory 25 fumnéR2 -After bepar gifippackthe | aylers,
t he aqueous | ayer was back-extracted w th di chl brerettarre—ammd—th
conbi ned organic |ayers were dried over anhgdrous sodi um sul fate and
evaporated in vactb’t olHPovietPra 133, 158y ud€Onidklur ¢ 88F dPAst Lfonel®. The

m xture was 171, WO 9,7/ 2, 8Q77, 179, 180, 185, 186, 190, 191, 192,
PCT/ US97/ 01610 purified by

flash silica gel %%?bn’ﬁ%%’gr%op%y 28t FRS' 218, v&-%cﬁzgtz;?ylangc%fs%t e . hexane

(3:7). Fractions containing the | ess polar diastereonmer were conbi ned
65. The compound of claim 64, selected
from the group consisting of compound numbers: 2, 7,
8, 9, 14, 18, 20, 25, 26, 32, 38, 45, 47, 48, 49, 50,
51, 53, 54, 62, 63, 72, 82, 83, 91, 92, 94, 95, 96,
123, 126, 140, 141, 219, 220, 228 and 264.

66. The compound of claim 65, selected
"from the group consisting of compound numbers: 7, 8, 9,
20, 45, 50, 51, 53, 54, 82, 83, 92, 94, 96, 219, 220,
228 and 264.

67. A pharmaceutical composition
comprising an amount of a compound according to claim 1
effective in inhibiting aspartyl protease and a
pharmaceutically acceptable carrier, adjuvant or
vehicle. |

68. The pharmaceutical composition
according to claim 67, wherein said pharmaceutical
composition is orally administrable.

69. The pharmaceutical composition
according to claim 67, further comprising one or more
additional agents selected from the group consisting of
other anti-viral agents and immunostimulators.

70. The pharmaceutical composition
according to claim 69, wherein said other anti-viral

* [ L M s *



and evaporated in vacuo to prowﬁgss?,eéi?h&egg,g of 5 trityl protected

amne as a crystalline solid. = 469.

Exanpl e 59 An alternate pr llmmﬂﬂ synt hesi s of the

benzyl | act am wo $@7180A. [err] ture of met BAT/US97/01610

2- (triphenyl phosphor anyl i dene) - hydr oci nnamate (13.20 g, 31.1 mol,
1.15 eq) and N t ert but oxycar obonyl - L- phenyl al an ﬁ_ngb. O Sgﬁ éN '
nmol 1 eq) were conbined in 200 nL g&P roforn1aE Iﬂé@%gigo E

stir at anbient tenperature over 64 h. eaction at ed
I n vacuo and the residue was purified by flash silica gel
chromat ogr aphy el ytj.ng Q%tg §§béé%se inhibSXRRCor S£lPWeRGPtate. Fractions
contalnlng t he pr oduct conbl ned and evaporated in vacuo to 20
provi de the ol efi rtréslsgrépyéﬁal mhiéﬂst(ﬂr-d (9.38 g, 77% . M5 (ESI): M
+ Na = 418.

71. The pharmaceutical composition
according to claim 70, wherein said protease inhibitor
is a HIV protease inhibitor.

72. The pharmaceutical composition
according to claim 71, wherein said HIV protease
inhibitor or inhibitors are selected from the group
consisting of VX-478, saquinavir, indinavir, ritonavir,
nelfinavir, palinavir, U-103017, XM 412, XM 450, BMS
186318, CPG 53,437, CPG 61,755, CPG 70,726, ABT 378 ,
GS 3333, GS 3403, GS 4023, GS 4035, GS 4145, Gs 4234 ,
and GS 4263.

73. The pharmaceutical composition
according to claim 70, wherein said reverse
transcriptase inhibitor is a nuclecside analog.

74. The pharmaceutical composition
according to claim 73, wherein said nucleoside analog
is selected from the group consisting of zidovudine
(AZT), dideoxycytidine {ddC), didanosine (ddl},
stavudine (d4T), 3TC, 935U83, 1592U89 and 524W91.

75. The pharmaceutical composition
according to claim 70, wherein said reverse

transcriptase inhibitor is a non-nucleoside analog.

76. The pharmaceutical composition
according to claim 75, wherein said non-nucleoside

| RHR O 00



WD 97/ 27180 T PCT/ US97/ 01610
- 230 - B. [err] ) A solution of the olefin (9.30 g,
23.5 mmol, leq) from This Stst & Béenilﬁp‘ﬁﬁéol ute ethanol (250 mL) was combi ned

under MWOrsegaee W t carbon (10 wt % 1. 90 pgrRsfo1dio
reduced under a ball oon s over [
rogen,

16 h. The reaction
m xture was purged with ni diluted with di chl or onet hane,

filtered, and evaporated in vacuo to | ow vol unme HAEFSE £ HAS NBEENS
PRI AbEE 2
]

diluted with di chl oromet hane and frl#2fed throu
di at omaceous earth washing with dichl oronmethane. The

5

evaporated in vacuo and dried under vacuum, . ta provide a h.1 mxture
of diastereoners 5?v?$ﬁfliﬁipscrlptaﬁﬁiﬁébigﬂﬁﬂr'é? gﬁRBVFrg§V%836%”15f'@6.
MS (ESI): M+ neviNeapin®0. 15 The oil was dissolved in

di chl oronet hane (25 niL) and treated with trifluoroacetic acid (25 nl)
under Argon.

77. The pharmaceutical composition
according to claim 67, wherein said pharmaceutical
composition further comprises an agent capable of
inhibiting the metabolic effects of one or more
cytochrome P4g50 enzyme subtypes.

78. A method for inhibiting aspartyl
protease activity comprising the step of contacting an
' aspartyl protease with the compound according to claim
1.

78. A method for reversibly binding an
aspartyl protease comprising the step of contacting the
aspartyl protease with the compound according to claim
1, said compound being covalently bound to a solid
matrix.

80. A method for preventing HIV infection
in a mammal comprising the step of administering to
said mammal a pharmaceutical composition according to
either claim 67 or 68,

81. A method for preventing HIV infection
in a mammal comprising the step of administering to
said mammal é pharmaceutical composition according to
claim 69,

82. A method for treating HIV infection
in a mammal comprising the step of administering to

* c L L] S *



After stirring for 0.5 h at anbient tenperature, the reaction m xture
was evaporated in vacuo. The residue,.. Y L ssol.ved i n nethanol (50
m.) and treated with 20 diisopro(|;{}1'fh"t %ﬁiM%hm e9 m.) followed by
anhydr ous WO gu7s89si um car bonat e (i mrﬂuﬁ |, 4 eq)PCRISIT/01610
stirred for 16 h at anmbient tenperaturd ' on at nosphere.
The m xture was evaporated in vacuo and t he residge*mas—ga+%+%+eﬂed
bet ween di chl or onet hane and 25 water. _The |ayers HS SHHEET HASH BREN [t he
aqueous | ayer WO 97/ 27180 REPLACED

PCT/ US97/ 01610 _ _ _ - 231 - Was _
back-extract ed thr%%m%'EEEaE"EhPHAEEQégl Hq@eeffectigg??mﬁﬁﬁpbqeg organi c

| ayers were washed Wt A aquéous ydrochloric aci and the _|ayers

were separated. pharmEgeusdgeduconpaeitions acgoRAARg Be t@HLRAY Fiagm 67

S
\

di chl oromet hane angl tdye conbi ned organic |ayers were dried over
anhydr ous magnesi um sul fate and evapor at ed - I n vacuo to a residue. The
crude product was purified by flash silica gel chromatography el uting
with a gradi ent of 45-608%: etAyhetinel dor itrehexageHIFriadidctisnl0

containing the | ess pol ar di.astereoner re I pe - centrated
in vacuo to a sol i’cflﬁd“a&]"\a&dcaﬂiaﬁ'slng% isé% vggug%m%%lspt}%\r}?\ e%'ltahe

enantiopure | act ansaisl anammal awphaemzegutixal compositied. ageqrdinzoufo M

(ESI): M+ claim 69.

84. The method according to either claim
80 or 82, further comprising the step of administering,
to the mammal one or more additional agents selected
from the group consisting of other anti-viral agents
and immunostimulators via a single or multiple dose.

85. The method according to claim 84,
wherein said other anti~viral agent is a protease
inhibitor or reverse transcriptase inhibitor.

86. The method according to claim 85,
wherein said protease inhibitor is an HIV protease
inhibitor.

87. The method according to claim 86,
wherein said HIV protease inhibitor is selected from
the group consisting of VX-478, saquinavir, indinavir ,
ritonavir, nelfinavir, palinavir, U-103017, XM 412 , XM
450, BMS 186318, CPG 53,437, CPG 61,755 , CPG 70,726,
ABT 378, GS 3333, GS 3403, GS 4023, GS 4035, G5 4145 ,
GS 4234, and GS 4263.

* c L M S *



Na = 288. H NMR (CDCI3): 1,90 (m 1H); 2.01 (m 1H; 15  2.67 (m 4H);
3.65 (m 1H): 5.70 (s, 1H) 718(m 10H)

Exanpl e 6
To a en S nit oben ene
et TR o oo sbasn

3.16 (m 1H)

PCT/ US97/ 01610

- 326 - REPLACED

THIS SHEET HAS BEEN

88. The method according to claim B85,
wherein said reverse transcriptase inhibitor is a
nucleoside analog.

89. The method according to claim 88,
wherein said nucleoside analog is selected from the
group consisting of zidovudine (AZT), dideoxycytidine
.{(ddC), didanosine (ddl), stavudine (d4T), 3TC, 935U83,
1592U8° and 524W91l.

90. The method according to claim 85,

"wherein said reverse transcriptase inhibitor is a non-

nucleoside analog.

91. The method according to claim 90,
wherein said non-nucleoside reverse transcriptase
inhibitor is delavirdine (U90) or nevirapine.

92. A method for treating or preventing
of viral infection comprising the step of administering
to said mammal a pharmaceutical composition according
to either claim 67 or 68.

93. A method for treating or preventing
HIV related disease effects, including tumecrs, CMV
retinitis, candida infections, maternal fetal
transmission, or AIDS related dementia, comprising the
step of administering to said mammal a pharmaceutical

composition according to either claim 67 or 68.

RO

20



- 232 - pot assi um car bonat e (‘Baker, 38.93 mmml) in dry
acetonitrile was added (S)-t-butyl dﬁﬁmggggagmh lacedl soqui nol i ne

car boxam de 2 (NSC Technol ogi es, 21.4 d the reaction stirred
at anbi ent teN®YIR7I80e 5 over ni ght . “ﬂ&ﬂl% was r e noRCIAUSIFOS L uo,
_Lhe..m‘-ga—me———-——- .

and the resi due taken up in eth

| ayer was washed sequentially with saturated aqueous THIS SUAETA3ASBEEN

brine, followed by drying (MgSO4), #%rat ion and conqERLAGED on in
vacuo. The crude 10 residue was purified“by flash sH+ea—get

chr omat ogr aphy eluting w t h 10% di et hyl ether/dichl oronmethane to give
3.62 g of product 3; HPLC Rt ncéﬂﬂgéﬁbldﬁLSbcordlnéqﬁﬁrdlaimD 26 (1096
di et hyl ether/dichl oronet hane ergil,-l NVR Cg)d én 3(11'

H, 3.00 (d, 1 H)6%92 Wereyn £ f5add onal gptigyirs "7%? H) 2, 65

(m 1 H, 2.57 and {idoviidine2.(R2T(dd, 1H), 2.08 (dd, 1H), 1.81-1.70 (m 4
H),165119(m8H) 1.38 (s, 9 H. B. [err]
2-pyridylmethyl lactam 1l (35 ng, 0.13 nmol) was

95. The composition according to claim 69,

wherein the additional anti-viral agent is 1592089,
96. A prdcess for preparing a compound of
formula XIV:

R1

o}
XV

wherein R' and r® are defined as in claim 1,
comprising the steps of:
(1) reacting a compound of formula XV:

RrR1

NBoc

XV

wherein R1 is defined as in claim 1,
in an inert solvent with a base;

(2) reacting the product of step (1) with
an aldehyde of RGCHO followed by an optional treatment
with a dehyrating agent, wherein R6 is defined as in
claim 1 to give a compound of formula XVI:

LA AR



20 di ssolved in anhydrous THE (1 nL) and cooled to 78 [err]C

Phosphazene Base P4-t-Bu (Fluka, 1.0M | n hexane, 130 ulL, 0.13 nmol.)
was added to give an Th:s Sheet Has\NebriRob 12

PCT/ U897/016G!697mlso - 233 - pcrusemdERNgi sh
brown anion. The anion ’H'HM tlrred at -78 [err]C for 35

m nutes and was then cannu nitrogen over 30 seconds into a
-78 [err]C solution of 2 (39 ng, 0.13 mmol ) in 1nm of THF and was
washed in with 5 0.5 nL of THF. The 3&&ction was gradually warned to
roomtenperature over 4 hr, then stirred at room tenperature for 3
days. The reaction was cooled to - 78 [err]C, quenched with 0.5 nL of
a saturated anmoni um chloride solution, gmd concentrated in vacuo to
renove 10 the THF. The residue was partitioned between et hyl

acetate and saturated bicarbonate solutio

t he S
extracted with ethyl acetate. The R6, _LQnbi [NBbcor gani ¢ Tﬂéygggﬁv\g%%ﬁg n
washed with water, brine and dri ™) and filteredEPLAGED

Concentration in 15 vacuo afforded 75 crude matertal which was
purified via silica gel to give 18 ng(25% of 3. Maldi Ms: M+
H=561.5 (MVW= 560.79). TLC (EtOAc) Rf =0 q,p (rraj or diast.) & 0.29
(mnor diast.). TLC (5% MeOH Et OAc) Rf —=0.28 (major diast.) & 0.36
(mnor diast.). HPLC

wherein R! and R® are defined as in claim 1;

{3} reacting the product of step (2) in an
inert solvent with hydrogen gas in the presence of an
"hydrogenation catalyst followed by treatment with an
anhydrous acid to give a product of formula XIV.

87. A process for preparing a compound of
formula XVII:

Xvil

wherein R1 and R2 are defined as in claim 1,
comprising the steps of:
(1) reacting a compound of formula XVIII:

Hllllll IHIH IIIH HIII | llll



20 retention tines were 11.24 mn. (mgjor) & 11.32 mn. (mnor).

[err]HNWR (CDCl[err]) d 852 (m 1H), 7.61 (m 1 H, 7.34-7.10 (m
7H), 6.10-5.95 (m 1H), 4.11 (m 1H), 3.96-3.73 (m 3H), 3.46-2.74
(m 6H), 2.65WRURTBH 2H), 2.23 (m 25 2H), 2.10-1. 15(mPCj!HF$P7’°lf1‘B7
(s, 9H). WD 97/ 27180

PCT/ US97/ 01610 - 234 -

Exanpl e 61

Synt hesis of Conpound_ 72,g . ’Em‘iﬂiii'reeni{'elliwed

R2 THIS SHEET HAS BEEN

NH

- REPLAGED

wherein R1 and R2 are as defined in claim 1,

in an inert solvent with a base, then

" bromomethylacrylic acid;

(2) reacting the product of step (1) with
an oxidizing agent;

(3) reacting the product of step (2) in an
inert solvent with thioproline t-butylamide and
suitable amide-bond coupling reagents to give a product
of formula XVII.

98. A process for preparing a compound of
formula XIX:

RrR1

-~
-y

XiX

wherein Rl and r are defined as in claim 1,
comprising the steps of:

{1} reacting a compound of formula XX

O] R O



3-pyridylmethyl lactam 1l (85 ng, 0.32 nmol) was 5 di ssolved in DMF (1.5
m.), cooled to O [err]C, and to this sol ution was added sodi um
hydride (0.48nmpl) to give a yel | ow ani on. The reaction m xture was
stirred at OwesHzbiso for 70 m nutes after which (s)-eprcinsoretsydrin
(35 ul, 0.45 nmml ) was added neat. The reaction was stirred at-—10-

O [err]C for 5 mnutes, then warned to room tenperature, S iﬁre
for 24 hours. The reaction was cooled to O [err]C et
0.5 nL of a saturated ammoni um cht o+3%e sol ution. U s
partitioned bet ween et hyl acetate and a saturated bl
solution. The aqueous |ayer was extracted with ethyl acetate. The
conbi ned organic |ayers were then washed riW th water, brine and dried
(MgS™) and filtered. Concent r ay”on N vacuo affor el‘?ﬂé"%HEETQfASS\%EE}P
epoxi de whi ch was used wi thout fjurth radgﬁrificatior. REPLACED
97/ 27180 NRSET/ US97/ 01610
- 235 - B. [err]

XX

in an inert solvent with a base, then a bis-leaving
group alkane of formula XXI:

T S Y
r

XXi

wherein LG is selected from halo, arylsulfonate esters
and alkylsulfonate esters, and r is defined as in claim

1, to give a product of formula XXII:

Rr1
o/’\\r/

NPG

O
XXl
wherein R and PG are defined as in formula XX and LG
and r are defined as in formula XXI;
{2) reacting the product of step (1) in an
inert solvent with a base, to give a product of formula
XXIII:

T



Crude | actam epoxide 1 (49 ng) and decahydr oi soqui noline 2 (91 ng,

0.38 mmol ) were heated to 65-70 Cin isopropanol. After 90 hours the
5 reaction was cooled to 25 [err]C and stirred for 1 hour at room
tenperature. Woeememeti on was then concentrated i N Vamar/usareléio
purified by silica gel chromatography, eluting with 5 % MeOH Et OAc,
providing 30 ng (87% pure by HPLC) of desired product 3-as a mxture-
of 4 10 di astereonmers. HPLC shows 2 spllt peaks 11. 3G
11.04 nin.. TLC (5% MeOH CHerr]Q [err]) RE = 0.27. TLC ( "”%SB““R“ iaced
MeOH CH err]CJ[err]) R = 0.45. [err]H NVMR (CDCl [err lﬂlﬁ; |
(m ZFD 7.48 (m 1 H), 7.35-7.09 (m 6H), 6.63-5.94
3.98-3.63 (m 15 3H), 3.42-2.73 (m S5H, 2. 7@2.11 (m 5H), 2.07-1.20(m
16H) , 136 (s, 9H) . VO 97/ 27180 o/ﬁ/
PCT/ US97/ 01610 - 236 -

NPG THIS SHEET HAS BEEN

REPLACED

—
-y

wherein R! is defined as in claim 1 and PG is a N-
protecting group;

| (3} reacting the product of step (2) in an
inert solvent with a reagent suitable for removal of

the N-protecting group PG to give a compound of formula
XIX.

HIIIIII I IIIH Ul IIII



Exarpl e 62 Synt hesi s of Conpound 54 [err

4- pyri dRGEBAUSATAGGEEM 1 (33 ng, 0.12 mMmol) was V0~>~J‘H| s%cﬁﬁ%y\"’

anhydr olZerfi¢x (Pharnaceuticdledne 5 et alyg [err] C F‘H’I’-Fb‘é‘?‘l‘é' 5 _Base .

P4-t - Bu cifd et . :1.DN556 PCT hexane, 125 ulL, 0. 125 mEHE t 0"gi've

a brown anion. The anion sol ution was stlrre81ﬁﬂ5-W9JP@$ for® 3%°

m nutes and was then cannul ated under n|trogen over 3 onds into a
2 Feb.

"

-78 [err]C solution of 2 (39 ng, 0.13 nnolf and was
washed in with 0.5 nL of THF The reactlon mas gradual |y marned to
roomtenperature hr hen stirred at roomtenperatu r 3
days. Thets Efeh Vs RUARSET 1 ST R {1t EEREhcHER HEahe . st

of a saturated sdaDtom) Céimie deheplakt ot angepdrate copagat inteei n vacuo
to renove the THF. {E%TGSI rtltlo %d bet ween et hyl

acetate and  ViTl%t ?e‘éV‘gf%afrmaR’ée‘éJo?ﬁf% e5reiB%deous | ayer was
extracted wth gityteteett£l adgents, om@lmﬂhﬁgmmon of aayers wer e

t hen washed with fer, br| and drled é Sgﬁ% and f||t
Concent r ati on i FP% ti %ﬂf Jgents %égrﬁf %ﬁk& Feb? afe ﬁﬂ hlﬂas
purified via siih€Ped$td therapeutic efficacy. '
International Publication WO 94/19329%
discloses cyclic carbonyls and derivatives thereof as
protease inhibitors. International Publication WO

10 95/24385 discloses sulfonamide protease inhibitors.

SUMMARY OF THE INVENTION
The present invention provides a novel class
of compounds} and pharmaceutically acceptable
derivatives thereof, that are useful as inhibitors of
15 ‘aspartyl proteases, and in particular, HIV aspartyl
protease. The compounds of this invention can be used
alone or in combination with other therapeutic or
prophylactic agents, such as anti-virals, antibiotics,
immunomodulators or vaccines, for the treatment or
20 prophylaxis of viral infection. '
According to a preferred embodiment, the
compounds of this invention are capable of inhibiting
HIV viral replication in human CD4+ cells including T-
célls, monocytic lines including macrophages and
25 dendrocytes and other permissive cells. These
compounds are useful as therapeutic and prophylactic
agents to treat or prevent infection by HIV-1 and
related viruses which may result in asymptomatic
infection, AIDS-related complex ("ARC"), acquired
30 immunodeficiency syndrome ("AIDS"), or similar disease
of the immune system. .
It is a principal object of this invention to
provide a novel class of'compounds that are aspartyl

AMENDED SHEET



WD 97/ 27180 PCT/ US97/ 01610

- 237 - to give 11 ng(16% of 3. Maldi M5 M+ H = 560.4. (MN

= 560.79). TLC (EtOAc) Rf = 0.08 (mmjor diast.) & 0.16°: : _ :(mrnor .
diast.). TLC (5% MeOH Et OAc) Rf = 0.18 (mmjor di ast,”) &,0.26 (ninor,
diast.). HPLC retention tine was 5 11. 05 mi n. [err]H NVE™ =
(cb[err]) d 8.50 (m 2H), 7.35-7.02 (m 7H), 5.89 (m 1H), 4.05-3.78
(m 3H), 3.37-2.69 (m 5H), 2.62- 274% (m 4H), 2.26 (m 2H),
2.08-1.16(m 15H), 1.38 (s, 9H). 10

Exanpl e 63 protggg%hgihibggogg?pgggdpéggicularly, HIV aspar&?ir]

protease inhibitors. This novel class of compounds is
represented by formula I:

R™ R
(n
wherein
5 each Z is
7
1 R ( G
I|{ R- R T
R* A
Q;X'/ or or Q
r N, Y !
' X
4/
R

wherein any Z may be optionally fused with R6;

 each X and X' is independently selected from the
group consisting of -C(0)-, -C(0)C(0)-, -S(0)- and
-5(0) 5; .

10 each Y and Y’ is independently selected from the
group consistihg of -(C(Rz)z)p-, -NR2-,--(C(R2)2)p-M—,
>C=C (R%),, and -N(R%)-CH,y-;

each R1 is independently selected from the group
consisting of hydrogen; RG; C;-Cg alkyl; Cy-Cg alkenyl;

15 C,-Cg¢ alkynyl; C3-Cg cycloalkyl optionally fused with
RG; C5-Cg cycloalkényl optionally fused with RG; and
where Rl's are attached to adjacent atoms, the Rl's
together with their attached adjacent atoms form a
carbocyclic or heterocyclic ring system which may be

20 optionally fused with RG; where any member of R1 may be
optionally substituted by one or more R2;

AMENDED SHEET



In an oven-dried 25 nL round-bottoned flask, alkyne VQ8ei8¢C (54.6
ng, 0. 68FCHBISS &S 6di%sol ved in 5 nL of DIVF. Sodkunggy ¥ NER 4 ny
of a 60%Veirsser Fharmiagerticalsi docal el a10. 860 Mol ) wagzagdell Wit

cool i ng @im@ef.: B @555c@CTath. Gas evol ution was obggigs (‘ﬁq 4
Epi chl orohydrin (60 uL, 0.765 mml) was added. The w'nlgg1kiﬂ IOHESN :
stirred overnight at roomtenperature, then t he dJ ﬁ@brdﬂg&quinoline
am de (182 ng, 0.770 nmol) 20 was added. __ The mi xture was heated to 80

[err] C overnight. The m xture was cboﬁédf poored into water, and
WO 97/ 27180 PCT/ US97/ 01610

- 238 - extracted wt C;%Err]ﬂ [err]. The organic extract was
washed several times PReERTRAEFOMBPHBES(RESEREFr LRVERRACBY 8F0r at ed

HPLC to afford th i astereoneric

|1 vacuo to af foied puyal HOWnceduenkNaheta? i BUEbhbBAds conbkiRERPEEA I Ve

Tables 1-5.
TABLE 1
5 H
A\i/z
Cmpd.
No. A Z

2

1 _‘,:—-Ph p
— OMe
NN
Y &

2
o= J..
/

10 3 ~Ph . N’\(j
I'_{ /Nr \N.
0

NHtBu

AMENDED SHEET



5 m xture of alkyne DHIQ lactam 2 (120 ng, 34% as a - l'i ght yell ow
oi]. HPLC. retention tinmes of 13.57, 13.67, 13.87 mnutes in a 5:1:1
rati o respectively. H NVR : d 1.-3-1.4 three singlets in a 2:1:1
ratio; 1.4- 2.7 (several overlapping nultiplets, 2.8-2.95 10
(multiplet), 3.0-3.7 (multiplet), 3.8-4.1 (nmultiplet); " +5.95-6.05
(nmultiplet), 6.1, 6.18, 6.32, 6.4 (broad singlets ina 1:1:1:1
ratio), 6.2-6.3 (doublet of doubl et s}, 52. 35-7.35 (multiplet).

MALDI - MS: peak at 506.3 (M+ Herr]). 15

Exanpl e 64 Synt hesi s of Conpound 124 [ err] The
lactam 1 (0.13 mpl) s |[dissolved .In dry THF at -/8 [err]Cand to
this sol uti on was|added Rhosphazets Bases P§-t-Bu (Fﬁ YI30M i n

hexane, 0.14 nmmol). Aftgr 20 fT'miNng 15 m nbtes thesfagronSgel uti on has
added vi a cannul a tfo a sol uti®n of epoxidef2 (0.13 &u

8 ~~Ph

S sep-ph N ’\f]
N /NJ:J SN
0

NHtBu

5 10 pn
N,_-‘N
.. Hsc‘és;\o\ : ,OMe

/N~§
oo
11 _ Npn
(s-.o‘N\ OMe
0 e)

12 | )\,F;(\Ph | p

13 ~Ph
™ /O oM
B e o

14 “‘N\Ph p . .
Nl Nl < OMe
¥ ST
oo
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WD 97/ 27180
239 - di ssolved in dry THF at
allowed to warmto roomtenperature and stir overnight. .

was then diluted with water and extracted wi th ethyl
organi c | ayer was washed 5

and brine, fol l owed by drying (MgSO4), filtration and
concentration in vacuo. The crude residue t aken up in
di chl oronmet hane and filtered through a pl ug ~6f silica gel

PCT/ US97/ 01610
-78 [err]C and the reaction was
The reaction
_ acetate.
sequentially with saturated agueous NaHCOB

The

el uting

with 8% MeOH i n dichl oronet hane. 10 Product containing fractions were
concentrated i n yacse —ah—t-Re—aSHt—art—t-a o i~ Y
preparative HPLC|(coigm} Delta-Pak 48 15nm 10Q[ err] 0 19x300 nmm
Gradient: 20%to|200% acptonitrile_id watgr with 0. 1% TFAueFl oW r &t e:
20 M/ mn. 15 Detectipn: 214 n)Nto yield 3}ng of produ 3 as a
m xture of diastdgreoners}j TLC R err 0.44 (8% Mg.err]CI[err]);
HPLC Rt = 14.8, |14.9 mp (95%; LDI- TOF M5 m 561 (l\/[err])
[err]H NVR (CDd [[eTT a /35 /.10 (m 7 H), 6.73 ( 6. 958 (|d,
2 H, 5.82 (br s| 1 #Hf, 41238?(m 4 H), 3.51 ( ,330(m
1H), 2.92 m 1H) 363220 : 2;05112 1.38
(s, 9 H. Hae AN~
0
17 Ph p
_..-‘ OMe
oo jof
“=°>(!?‘ s
o oo
18 Ph
--*';I p OMe
Et’LPN‘ ,N.sz©/
Kej oo
5 19 Ph
wo_ ] p on
o e
"= /N:.SO
o oo
20 :—Ph
p OMe
N
Ph-/q = /N:s.fg
o c ©°
21 Ph
,-‘l OMe
HzN'q‘N‘ ,N.SO :
o oo
22 Ph
o A OMe
H;CJLNQ‘ N‘S’O
H o 0o
23 Ph _
HOJVQN‘ /"750
0 o0




WO 97/ 27180 PCT/ US97/ 01610

- 240 - : Exanpl e 65 Synt hesi s of
Conmpound 127 [err] Cyanonet hyl lactam1l (82 ng, 0.38
mol ) was di ssol ved in anhydrous THF (2 mi) and cooled 10 -78 [err]C

5 Phosphazene Base P4-t-Bu (Fluka, 1.0Min hexane, 380 .. "-.0L, 0.38
nmol ) was added to give a yell ow anion. The

- 54 -

24 : Ph
o (() oe
S | L
\)\/q;‘ /N‘_S._

0 00
25 _ Th .
AcO ol OMe
o AL >
| ”)\’1;}" g
o oo

26 Ph
0 1 :
-0 p OMe
' - 87

o O

s 28 Plh p
[o} OMe
1 LI
-8
o) 0’0
29 Ph Pr
: k o OMe
N’\[" ©/
H3C™ N\ /.N )
e 00
30 Pr
HaC™ N~ AN ,‘SO
o] o

) i

~ /N s
HaC P o™
32 Ph
HN /\,.-‘j ) p OMe
N oo
~ .
I o O.S.b _.
gHEET



ani on. solution was stirred at

cannul at ed under nitrogen over
of 2 (112 ny, 0.38 nmmol)

of THF. The reaction

hr, then stirred at
was cooled to -78 [err]C, quenched with 0.5 nL of
anmoni um chl ori de solution, and 15
THF. The residue was then partitione
saturated bicarbonate solution and the aqueous Iayer

30 seconds into
in 2nL of 10 .

wi th ethyl acet ate—The nic aye;s—#wg4+44ﬁﬁ+ﬁ%ﬁﬂﬁxk+
wat er, brine and|drissl 20 (MgSA) angh filterg¢d. Conce ation in vad
af f or ded 315 ng crpude naterlal iich was urlfled gﬁ:’ Si kS

WD 97/ 27180 CT/ UsS97/

- 241 - gel (8 P, ethyHﬁasékute CH er ]Cl[errf 'S glve 118
ng( 61% of {3 that pas < 80@6pur8 58 ny S purlflgd via prep.

-78 [err]C for 35 m nutes and

“The == e

conceg%rated in vacuo
bet ween et hyl

reaction
a sat urated

acetate and
was extracted

HPLC to give 10 qg-of—puore atertar—as a 2. L Mmixcare of _
di astereomers. HPLC $&teption times wer®y 12. 73 +in. 5 /%) & 12.86 1in.
(33%9. Maldi- Ms: {M+ H = 510.47 (M\jy~~~ = 508}71). TLCA—EOMY Rf = (.
& 0. 31. [err]iH NNR(CDCJ[erH:]C)DzQi,quS\&?.lS (m 5H), .82 (br s,
H3C .S,
0 oo
35 Ph
HN’H‘"‘J p OMe
\ (T
H3C I /o:s"o
36 Plh p
HsC B’ OMe
'@ 54
TN s
0 00
5 37 di |
0 HN’\"M /@,OMG
HaCO NS Ns-
o o o
38 Ph -
. o
]

3§ H - :r

we My Al
o O o o
i c OMe
HN Y ©¢
A Nog-
Ph Q o o
41 _ £h

AMENDED SHEET

was t hen
a -78 [err]C solution
THF and was washed tn with 0.5 nL
was gradual ly warned to roqQm tenperature over 4°
roomtenperature for 3 days.-

to renove the



1H), 4.29-3.96 (m 3H), 3.84 (m 1H), 3.49-2.91 (m 5H), 2.77-2.18
(m 9H), 2.10-1.20(m 11H), 1.39 (s,9H. - 10

Exanpl e 66 Synt hesi s of Conpound 131 [err] .

oH The lactam 1 (0.061 mmol) was di ssol ved in dry THF at
-78 [err]C and to this solution was added Phosphazene Base ™

(Fluka, 1.0Min hexane,

0. 067 mmol).

ani on solution was added vi a

After

" P4-t-Bu
stirring 15 mnutes the

cannul a_ tg a_sol ution of epoxide 2
(0.061 nmol) di ssolved in dry THF at % [err]C and the reaction was

allowed to warmto roomtenperature and stir overnight. The reaction

was then diluted mﬂw—w&t-el—&n&—emebeﬂﬁe-——wﬂ*ebhrk—am—-;ﬂﬁe
organi c | ayer was| wa$Red sequent+al |y with saturat aqueous NaHC3
and brine, M OMe
S| LD
/N‘
o] o‘s"o
43 ._,.—-Ph_ .
HO\/\/QN\ _/OOMG
o} ’N?.S..
oo
44 ~Pn
9 N p}QOMo
H3CO ~ N
PP o)
o] o's"o
45 ~Ph p
' OMe
o] S
oo
5 46 Ph
f_'(l p OMe
N.sts /N.s
oo oo
47 _ Bh
' o’\‘«-*j p’©,om
N\ /Ns
OI o‘§“o
48 | Ph
'J p OMe
QG- LI
oo ’0.5..0
49 Ph
H . -‘"J
.S,
o o
S0 ~Ph
N
Ph ~
o]
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WO 97/ 27180

- 242 - ' foll owed by drying (MySOH4),

concentration in

ng of product 3 as a 1:1 5

(2:1 ethyl
MALDI - TOF M5 m z

3.00-2.49 (m 8H)

PCT/ US97/ 01610

filtration and

vacuo: The crude residue was purified.
gel chromatography eluting with 3% MeCH

m xt ure of dlastereoners
acet at e/ hexanes); HPLC Rt = 13.6, 13. 8 mn
580 (Merr]);
Hy, 5.86 (br s, 1 H),

by flash silica

in dlchloronethane to glve 2.1
“TLC - R[err] 0.14

(68%;

H NVR (ChOg%r+]) d 7.32-7.08 (m 5

H, 2.16 (s, 1.5
Synt hesi s of Cony

4.08-3.73 (m 4 H), 3.65- 3.14 (m 4H),
2.41-0.92 (m 13 H), 10 2.27 (s, 1.5 H, 2.22 (s, 1.5
% il (s, 1. H), 1.49 (s, 9 H). ~ Exanple 67
ouna 2p [err] SPhn N @
5 A -
_/q O“ “NHiBu
3 LG
53
) -
- SN
)v%i
) Q
57 q

l'\‘
ere
pE
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The lactam 1 (0.20 nmol) was dissolved in dry THF at 15 -78 [err]C and to

this solution was added Phosphazene Base P4-t-Bu (Fluka, 1.0Min
hexane, 0.21 nmol). After stirring 15 m nutes the ani.on solution was
added vi a cannula to a solution of epoxide 2 (:0.°20° nnDI)
dissolved in dry THF at -78 [err]C and the reaction was 20 ~attowed to
warmto roomtenperature.and stir overnight. The reaction was then
diluted with water and extracted W0s87L27180
PCT/ US97/ 01610 - 243 - wi th ethyl
acetate. The organic | ayer was washed sequentially with saturated
aqueous NaHCO3 and[Drrne, TOrTOWEd Dy aryrng (VgSCOH), fri1trattomn a
concentration in vhcud® THe crude resi was taken up 5 j
di chl oronet hane anfl filterjed through ug of silica g el uting
with 3% MeCH i n di £hl or ongt hane. r gduct cohtalnlng fmac ifons were
concentrated in vaguo and the pe ant res|due furtHer purified by
preparative HPLC (fol um: |[Del t a- 15mm 1pO[ err] .10 07 "NG®x 300 mMm
Gadient: 20%to [L00% aceq itri watef with 0.1% TFA. Fl ow
rate: 20 ml/mn.

59

60

61

5 62
63
£
Ness
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Det'ection: 214 nm to yield 2.5 ng of product 3 as a m xt ure of

di astereoners; TLC Rerr] = 0.21 (3% MeOH CH err] d [err]) HPLC Rt =
14.8 mn (98%; MALD -TOF M5 15 mz 588 (Merr]). - '
Exanpl e 68 Synt hesis of Conpound 132 .[err] - = ' ”. In an
oven-dried 25 nL round-bottoned fl ask, isoxazole Iactan11 (54.6 ng,
0.201 mmol) was dissolved in 3 nL of 20 THF. (S)- Epi chl orohydrin (20
uL, 0.255 mml) was added. P-4-tBu _pkgsphazene base (210 uL, 0.210
mol ) - WD 97/ 27180

PCT/ US97/ 01610

) SN
ras ol
T o
) N
SA%'S
- 5

B SN
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- 244 - ¢ was added dropwi se via syringe initially producing a

dark orange-brown col or that faded. The m xture was stirred for 30

m nutes at roomtenperature and the - -.mixture was poured’intp water and
extracted with 5 CHerr]C[err]. The organic extract was: drjed
(Na[err]SOerr]) and evaporated in vacuo. The residue "Was"di ssol ved
in anhydrous CH err] CN and t he decahydroi soqui nol i ne am de

(54.4 nmg, 0.230 mmol) was added. The m xtu was refl uxed overnight.
The sol vent was evaporated and 10 the resrdue was purified by
preparative HPLC to afford . the isoxazole DHIQ lactam 2 (38 ng, 34%
as a light ellow oil HRLC rotontiontid -

1.4 three 'sihglet
mul tipl ek, J1.4-2.3
2.45-3. 85 (severalg o | appi ng

a 4:4:1ratio; 1}4-2.7 (J]several ove

13.68 mnutes at{93%gpurlity. [err]H@g; d 1.3
(several overlapping nmuljtiplets),

multiplets), 3.3p-4.1 (seveg al ltiplets], 4.3-4.4 (doublet), 5.
(multiplet), 5.9} 6.0, gnd 6.3 ad singlets in o ~nm@uratio o
4:4:1 ratio), 7. L-7.2(gu|tip|e .R-7.4 20 (rmultiplet). MALDI-
calc'd: 564.9; feound 565.5 (M + Herr]). WD 97/ 27180
PCT/ US97/ 01610 : '
71
0
N
H
72
7
N
73 %j
o '

75
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- 245 - _ Exanpl e 69 Synt hesi s of
Conmpound 125 [err] - The lactam 1 (0.12 nmol) was
dissolved in dry THF at -78 [err]C and to this solution was added
Phosphazene Base 5 P4-t-Bu (Fluka, 1.0Min hexane, O 13 mml) After
stirring 15 mnutes the anion solution was added via canntla to a
sol ution of epoxide 2 (0.12 nmol) dissolved in dry THF at -78 [err]C
and the reaction was al l-oned to warm tgd rroomtenperature and stir
overni ght. ‘10 The reaction was then diluted with water and extracted
with ethyl acetate. The orgam c layer was washed sequentlal ly with
sat ur at ed aqueoug—NaHESSTatTd—rt1Te fottowed—by—dryrmg- (VgSOR)
filtration and 76congentration i cuo. Thg crude res'_‘ was taker up

15 i n dichl orgnet hane| and filtersd hrough a|pl ug of ilica gel
eluting with 3% WVeOH i n i chl or gget hane. roduct corg aiyrt ng fractijons
were concentrated in vacpo @\//—L g

. N\g 0

0

/
o]

o |

A

123

SN
124 o)

5 125 Q
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and the resultant residue further purified by prepar ative HPLC
(calum: Delta-Pak Clerr] 15mm 100[err] 20 .. 19x300 mm Gadient: 20%

to 100% acetonitrile in wat er mehOl%’TFA FIowratq—ZO m /mn.
Detection: 214 nn) to yield 1.5 ng of product.3.,as 8. ..., ..--WD97/27180
PCT/ US97/ 01610 - 246 - " Single

di astereoner; TLC rr] = 0.27 (3% MeOH CH err][err]); HPLC Rt =
147mn(100% I\/ALDI- CFl\/Brﬂz 576 - 6@M-err]); [err]H NWR
(cbCferr]) d 7.40-7.15 (m 7 H, 6.70 (m 1 H, 6.55 (d, 2 H, 5.80
(br s, 1 H, 428 (m 1 H) 5 4.05-3.90 (m 2 H, 3.70-3.38 (m 2H),
3.20 (m 1H), & %00 5 (m 2 H), 2.70 (s] 3 A, 2.55 (m ZH), Z.30
(m 2H), 2.20-0.80 ¥ 1.35

] . - 9 |_i).
Exanpl e 70 Synt hlesi s of Ood 128 10 A
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[err] ' The lactam1 (90 ng, 0.28 mmol) was dissolved in-

THF (3 m.) and cooled to -78 [err]C. This was foll owed_ by the
additi on of the phosphazene base (Fluka; 1Min hexane, 0.28 nmL, 0.28
mmol ). After stirring at -78 [err]C for one 15 ~ hour t.he epoxide was
added as a solution in 1 nL THF. " The reaction was then warned to 25 C
and stirred for an additional 3 hours. The reaction was then quenched
WD 97/ 27180 - 63 -PCT/US97/01610
- 247 - :
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by the addition of water and ektracted by et hyl

portion was then dried over

MSq err],

acetate.

The organic

vacuo. The crude oil was purified by silica gel chronatography,
eluting 5 with 1:1, ethyl acetate:hexanes, this provi-ded fhe two
maj or products (HPLC.indicated two conponents for each’ =~  “isotate).
B.- [err] To the el aborated lactam 1 (40 ng) in 2:1,

THF: H err]0 (5 10

stirred at 40 [err]C for

16 hours.

m.) was added Li OH (2 &% )-
TLC indi cated the

The reaction was then
formati on of a

filtered and concentrated in

new conponent. The reaction was dil uted by ethyl acetate, after which
t he organi c portion masaL Separated, drtred-qgver vgsSderry], rrrreredjand
concentrated 15 #vacuo. to yiel @pfoduct 2 as a m xt
di ast er eomners. [erf]H NVR ( CDC igﬂ 1) : d}7.10-7.50 ¢
5.90-6.15 (m 1H),} 3.90-4.40 (m b, 3.209-3.70 (m
(m 2H), 2.60-2.7T0 (m 2H), 2.2 60 4 , 1.60- 20
1.40 (q, 15H), 1}20-1.40 (m 8
’d .":- -
%@K
141 Q
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VO 97/ 27180 PCT/ US97/ 01610

- 248 - ' .Exarere Z1 ., .. Synthesis of
Conpound 259 [err] JLRE rattapn,l: (9011 rm.t.)i) ‘was
di ssolved in dry THF at -78 [errj‘.C ang.t o..thi §,s0f,utiqne was added
Phosphazene Base 5 P4-t-Bu (Fluka, 1.0Min hexane, . 0.12 mml) After
stirring 15 mnutes the anion solution was added vi a cannula to a
sol ution of epoxide 2 (0.11 mmuol) - 65 -

145

146 Q _ . IPO\%

147 | | Q pO\NH

148 . @\ p/@\w

5 149 Q p@NH

N
- 2
0 0

150" _,, @\ n p@NH
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dissolved in dry THF at -78 [err]C and the reacti on was
warmto roomtenperature and stir overnight.
diluted with water

| ayer was washed

and extracted

10

al lowed to
The reacti-on was then

With ethyl acetate.-The organic

sequentially with saturated aqueotrs NaHCG3 and

bri ne, foll owed by drying (MgSO™), filtration and concentration
in vacuo. The crude residue was taken up 15 i n dichl oronet hane and
filtered through a plug of silica get ®uting with 5% MeOH in
di chl or onet hane.. Product containing fractions were concentrated in
vacuo and the resultant residue further purified by preparative
HPLC (col um: Deltaigitk 18 15nm 100[err] 20 19x300 mm . Gradient: 2D%
to 100% acetonitrfil €7 n wat er yh 0.1% THA. Flow r 20 m/mn.
WD 97/ 27180 HCT/ Us97/
- 249 - Detectioh: 214 nm to yield 12 jng of pLe Ha TLC
Rf = 0.50 (8% MeQH/ CH er ' = 12.8 mn (OGN ;
MALDI - TOF M5 mf z |541 (M MR (CDC [lerr]) d 7.35-7.16 m
5 H), 586 (br s,{ 1 H, 3.49- 5 3.22 (m 4 H, 2.B9
(br s, 1 H, 2.5 (m 2 , 1H), 2.14-1.11 (m 22.H),
1.38 (s, 9 H.
152 p
L
’0.5..0 NH2
153 p
(L
’o..s..o NH3
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5 155 p
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Exanpl e 72 'Synt hesi s of Conpound 260 [err] - In an

oven-dried 25 nlL round-bottoned flask, -triazole 10 - lactam.1 (124 ny,
0.358 mmol) was dissolved in 5 nL of + THF. (S)-Epi chlorohydrin (50 uL,
0.639 mol ) was added. P-4-tBu phosphazene base (370 uL of.*1. 0M
solution in hexane, 0.370 mmol) was added dropwi se via syringe
dnitially producing a dark orange-brown col or 15 that faded. The

m xture was stirred for 30 m nutes at - éroem tenperature and the
decahydr oi soqui nol i ne am de . (124 ngy, 0.525 mmol) was added. The

m xture was refl uxed overnight. The solvent was evaporated and

the residue was PurTITeq by preparative APLC tofafford 20 the triazolje

DH Q | actam (189}1 ¥ 84% . HPLC Qretention times 12. 94, 14.22

mnutes at 99% purity. ‘ ,©\
/NTS NHa
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WO 97/ 27180 ' PCT/ US97/ 01610

- 250 - [err]HNVMR : dl.3-1.4 two singlets in a 1:1 ratio; 1.4-3.1
(several overlapping multiplets, 1.4-2.3 {(several -~ overlapping
mul tiplets), 2.45-3.35 (several overlapping . mul.tiplets);:3:2-4.2
(several nultiplets), 5.4-5.6 5 (multiplet), 6.1 and 6.45 (two broad
singlets in a 1:1 ratio), 5.9, 6.0, and 6.3 (three broad singlets in
a ratio of 4:4:1 ratio), 7.1 (double1)687;2-7.5 (mul tiplet).
MALDI -MS: calc'd (-DH Q: 401.2; found 403.6 (M- DHQ+ 2H). 10
Exanple 73 Synt hesi s of Conpound 129 [err]
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In a hea\}y-\A/aIIed screw-top test tube, the al kyne . lactam 1.(83 ny,

0.164 mol ) was dissolved in 5 nL of xylene. Tributyltin azide (200
ng, 0.602 mmol) was 15 added, the tube.was seal ed and-heated t-0o 205[err]
C overni ght. The dark brown solution was cooled-and - directly
chromat ogr aphed using a gradient fromCHerr]C[err] to 50% '
Et CAc/ MeCH to afford the triazole product 2 (14 ng, 2.5% as a |ight
yellow oil. HPLC. retention tines 20 of_ 01, 12.44, 13.01, 13.22 :
mnutes in an 8:4:1:1 ratio at 99% puri‘ty. MALD -Ms: calc'd (-DH Q:
550. 4; found 552.9 (M + 2Herr]) WO 97/ 27180
PCT/ US97/ 01610 : 251 _
Exanpl e 74 Sysnghe@ s of Compou 227 [drr] _
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To a cooled solution (-78 C) of lactam 1 (0. 10g, 0.46mmmol ) in
anhydrous THF (1.0nL) was added 5 phosphazene base P4 t-butyl solution
(1.0Min hexanes, 0.46n,0.46mol) with stirring. After -a 15 mn.
stirring period, epoxide 2 (0.173g, 0.46nmpol) was added _: . i'n one portion
and the reaction was allowed to slowy warmto rt. After 0.5h at rt,
1.0M HO (10.0nmL) was 10 added and the solution was diluted with ethyl
acetate (60nmL). The ethyl acetate was wgshed with sat. NaHCO err]

(1 x 10nmL), brine (1 x 10OM) dried (MgSOerr]), filtered, - and
evaporated to give a brown foam The crude acetonl de (0 2709,

L.4.0\

0. 46mm|) was di spotved—Tmi5 sopropanet—{tiopt—and—treated

HCl  (3.0nl) atl?s . [After 2.0h. e sol uti )n was adj sted to pH 1]
with 3.0N NaOH and extradqted with etacetate E@ The et hyl
Targ o

acetate was dri ed(Ngsq enr]) and exaporateg ‘to giveN e product
whi ch was purified by col At ogr aphy: net hyl

chl ori de/ met hanol 98/ 2) i t Re produg¢t as an off white solid
(0.090g, 36%. MY crudejacetoni¥e: 617, WD 97/ 27180
PCT/ US97/ 01610 -

176 )_ |
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- 252 - product: MtNa = 577 [err]H NVMR (CDCl [err]) 0.90(m 6H);
1.15(m 1H); 1.40(m 1H); 1.50-1.80m 2H); 1.90(m 1H); .2.18(m

2.25H); 2.30-2.50(m 1H); 2.60(m 0.75H); 2.80-3:10{m -~ . -4H) ;" 3.30(m
2H); 3.60(m 1.25H); 3.80(m 1.75H); 5 - 3:95(m 1H);-4.25(m .1H); 4.40(m
0.75H); 5.00(m - 0.25H); 5.25(m 1H); 5.95(d, 0.25H); 6.10(d, 0.75H);
7.00-7.40(m 14H) Exanpl e 75 Synt hesi s of Conpound 232 [err]

10 Prepared using the procedure outlined im Exanpl e 24. The
acetonide was purified by colum chromat ography: 60/ 40 hexane/ et hyl
acetate. M5: MrNA = 647. The product was purified by colum

chromat ogr aphy: ¢8727
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CHerr]C[err]/MeOH Ms: MH = 585 [err]H NWR (CDCl [err]) 1.70(m-2H); 15

1.80(m 1H); 1.90(m 1H); 2.10(m 1H); 2.40-3.10(m .- - 10H); 3.60(s,
3H); 3.75(m 1H); 3.90(m 1H); 4.0(m ;. AH); -4.30(m: 3H);- 5.30(m 1H);
6.10(d, 1H); 7.00- 7.40(m 14H). - WD 97/2780 o -
PCT/ US97/ 01610 - 253 -
Exanpl e 76 Synt hesi s of Conpound 231 [err]
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Prepared using the procedure outlined in Exanple 24. The acet oni de was
purified by colum chromatography: 5 298/ 2 CHerr]&[err]/ MeOH M. MH =

642. The product was purified by tolum chromat ogr_abhy:-.--;96/'4
CH err]C[err]/ MOCH - MS: MkH = 602 [err]H NVR (CDEt{erry) -1.50-2.50(m
6H); 2.50- 3.40(m 6H); 3.50-4.40(m 7H); 5.25(m 1H); - 5.95(m
1H); 7.00-7.60(m 18H). 10 Exanpl e 77
Synt hesi s of Conpound 216 [err] - 790.97/ 27180
PCT/ US97/ 01610 - 254 - Pr epar ed
using the procedure outlined in Exanple 24. The acetoni de was
purified by col uprmr—ctrometograpty- 5650 rexamerethyt—acerare. V5]
M:NA = 645. The probRt was p@ed by c¢l um chr%t onggzphy: 96/{4
ta
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5 CHerr]d[err]/MeOH MS: M¢NA = 605 [err]H NIVR(CDCI[err])

1.10-1.40(m 2H); 1.70(m 2H); 1.80-2.10(m 4Hy; 2, 35(m 0.5H);
2.50(m 1H); 2.65(m 0.5H); 2.80-3.10(m. 4H); 3.20(m B ‘2H)

3.30-3.55(m 3H); 3.70(m 1H); 3.80-4.00(m 4H); 4 25('m 1H) 4.37(m
1H); 5.27(m 1H); 6.15(d, 1H); 10 7.10-7.40(m 14H).

Exanpl e 78 Synt hesi s of Conpound 221 [err]

Prepared using the procedure outlined in ExagplLe 24. The acet oni de
was not purified by colum 15 chromat ography. Ms: (crude) MtH = 644. The
product was purified by colunn chronatography 96/ 4

CHerr]Cd[err]/ MeSH: s IVTFI_I—UU‘-i- Lmljrll\llvr(\\,uu[wrj)

A4

1.40-2.20(m 6H)| Z2\D(m 3 40(m 9H); 3.Y5(m 2H);
4.00(m 1H); 4.25{m 5. 30( 6.3%(d, 0.5H)/\;7_<@ﬁt'ﬂ, 0. 5H);
7.00- 20 7.40({m 14H); 7 50(m 2H) N8N\50( m ._H). ,g,,s\o
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WO 97/ 27180 PCT/ US97/ 01610

- 255 - Exanpl e 79 _ Synt hesi s of
Compound 223 [err] ' Prepared using:the procedure outlined
i n Exanpl e 24. The acetoni de was not purified by-celum 5..°
chromat ography. Ms: (crude) MtNA = 670. The product was purified by
col um chromat ography: 97/3 CHerr]d[err]/ MeCH. M5: MENA = 630
[err]H NVMR (CDCl[err]) 1.40(m 1H); 1.30-1.. 83 m 2H); 1.95(m 1H);
2.10(m 1H); 2.25(m 2H); 2.30- . :
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3.40(m 7H); 3.60-3.80(m 2H); 3.85(m1H); 4.00(m 1H); 10  4.25(m 1H);

4.45(m 1H); 5.30(m 1H); 5.80(m 1H); ., .o 6:15(d, 1H); 7.10-7.40(m 14H).
WD 97/ 27180 - : PCT/ US97/ 01610 ~
- 256 - Exanpl e 80 Synt hesi s of Conpound 230 [err]
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Prepafed using the procedure outlined in Exanple 24. The acet oni de was
not purified by colum 5 chromat ography. MS: (crude) N%NA = 746 The

product was purified by col um chronatography 97/ 3 -
CH err]d[err]/ MeCH M5: M:NA = 706. e Exanple 81
Synt hesi s of Conpound 224 [err] WO 97/27180
PCT/ US97/ 01610 _ - 257 - Pr epar ed
usi.ng the procedure outlined in Exanple 24. 77 - The acetoni de was not
purified by colum chromat ography. Ms: (crude) MENA = 673. The
product was purified by col um chromatography: 96/4
CHerr]d[err]/ MgOH:
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5 M5: MiNA = 633 [err]H NVMR (CDCl [err]) 0.090-1.30(m 4H);
1.90-2.35(m 3H);
3.25(m 3H);
4.75(m 0.5H);

1.80(m 4H);
2.70-3.10(m 6H);
4.35(m 0.5H);

7.10-7.40(m 14H).

Synt hesi s of Conpound 225
procedure outlined in Exanple 74.
chr omat ogr aphy. MsS:

col um

2.45 (m 1H): 2.
5.25(m 1H);

[err]

3. 60- 4. OO(m 6H) ;-

65( m
4,

6. 20( ]

1.40-
1H) ;

25( m- Ay
lH) sma co.

Exarrple 20 ee es

Pr epar

was purified by colum chromat ography: 80/20 ethyl

ed using the

Ihfaa£eton|de was not purified by
(crude) 2M+NA = 1179. The product

15
acet at e/ hexane.

M5: MHH = 539 [erf (COCITerr]Jy U. 55 (m TH),;, 0. ob59m IA),
0.95(m 1H); 1.0 (m31fH) 1. 75(m 2H) ; 195(m 1H) 4 30 (dd, 1
2.65(dd, 1H); 2.700- 3.10{m 6H); 3.20( H; 65(dd 1H) 5m 2H):
20 4.25(t, 1Hf 5.25(f 1H); 5.95(d, ©7.10-7. 40(m 14H) .
QO “ "NHtBu
MeO. i
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WO 97/ 27180 PCT/ US97/ 01610

- 258 - Exanpl e 83 Synt hesi s of Conpound
226 [err] : : Prepared using the procedure outlinedetn
Exanmple 24. The acetonide was purified by.-colum 5 ; = - =rs e
chromat ogr aphy: 60/ 40 hexane/ ethyl acetate.  M5: MrNA = = *666. *Thee* product
was purified by colum chronmat ography: 40/ 60 hexane/ et hyl acetate. Ms:
MtH = 604 [err]H NWVR 1. 55 - 79 - '
318 Q
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F
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(m 0.5H); 1.70m 0.5H); 1.95(m 1H); 2.50 (m 1H); 2.70-3.10(m
7.5H); 3.15(dd, 1H); 3.30(m 1H); 3.40(m 10 ~ 1H); 3.75(m 1H);

3.80-4.10(m 2H); 4.25(m 2.5H); 4.45(m_0.5H); 5.25(m. 1H. .6.15(m
1H); 6.45(d, 1H); 6.55(q, 1H); 6.70(q, iH); 7.10-7.40(m 16%),"",
WO 97/ 27180 PCT/US97/016T0 -~ **
- 259 - Exanpl e 84 Synt hesi s of
Conmpound 229 [err] - 80 -
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Prepared using the procedure outlined in Exanple 74 The acet oni de was
purified by columm chromatography and the 5 di asterioners were isolated
separately. Ms: (isoner 1) M:NA = 642; (isonmer 2). MtNA = 642,°*.The

i ndi vi dual di astereoners were deprotected and purifjed by toJtym
chromat ography: 98/2 CH err]C[err]/MeOH to give iséner "1 antd ** °*isoner
2. Ms: (isonmer 1) MtNA = 602; (isoner 2) M¢NA = 10 602. [err]H NWR

(cbd[err]) isomer 1: 1.05 (d, 1H); 1.35(-ss81 - 3H); 1.45 (s, 3H);
1.75(m 1H); 1.90-2.20(m 3H); 2.65(m 1H); 2.70-3.10(m 8H); 3.70(m
1H); 3.95(m 2H); 4.20(m 1H); 4.35(m 1H); 5.25(m 1H); 6.05(d,
1H); 7.10-7.40(m 14H). [err]H NVR (CDCltasg)2i soner 2: 1.10 15 (d,
1H); 1.40(s, 3H); 1.50 (s, 3H); 1.75(m 1H); 1.95(m 1H); 2.15(m
1H); 2.50(m 2H); 2.80-3.10(m 6H) ; 3.35(ml 2H); 3.65(m 1H); 3.80(m
1H); 4.00(m 2H); 4.25(m 1H); 5.25(@HI1HR"5.95(d, 1H); 7.10-
7.40(m 14H). WO 97/ 27180 _
PCT/ US97/ 01610 %0 -
cupd. A | =t |z
No.
5 78 —~Ph w OH
f_{ Bn N H
Ay Y
0
79 ' HNN"Ph H M
*rN\ ' . Bn \n'N
80 ~Ph ' g o
%/q'(“\ . Bn \n’N'*
X o)
81 th Bn n M
: HN TSN N. A
. . o
82 ﬂ,»x,,,, Bn " o
v RRa!
. o 0
10 83 ~Ph Bn H QH
n.
Ph o
o]
84 ' ph Bn q
N Y “'8
s, ©
0o




Exanpl e 85 Synt hesi s of Compound 261 [err]

Prepared using the procedure outlined in Exanple 74. The acetoni de
was purified by colum chromatography: 5 60/ 40 hexane/ et hyl acet-gte and
the diasterioners were i sol ated separately. Ms: (isomer 1) :MeH = 658;
(i somer 2) MtH = 658. The individual diastereoners were - e
deprotected and purified by colum chromat ography: 40/ 60 hexane/ et hyl
acetate to give isoner 1 and isoner 10 .-282Ms. (isonmer 1) MrH = 618;
(isomer 2) MENA = 640. [err]H. NVR (CDCl [err]) isomer 1: 1.75(m 1H);
1.90-2.20(m 3H); 2.70(s, 3H); 2.75-3.15(m 6H); 3.75(m 1H); 4.00(m
3H); 4.25(m 1H)f 4.65(f IH,; 5.25(m 1IH); ©6.0p(d, TH);, 6.55(dd,
2H): 6.70(m 1H} 7290-1.40(m 16 \[err]H Bn hoOH
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15 NMR (CDO [err]) isomer 2: 1.70(m 2H); 1.95(m 1H); 2.25(m
1H); 2.55(m 1H); 2.70(s, 3H); 2.80-3.10(m 8H); 3.35(dd, 1H);
3.40(dd, 1H); 3.75(m 1H); 3.80(m 1H); 4.05(m 1H); 4.25(m:-1H);
4.55(t, 1H); 5.30(m 1H); 6.05(d, 1H); 6.70(m 2H); 7.10-7:46({m
17H). . WD 97/ 27180 ' e T s e
PCT/ US97/ 01610 - 261 -
Exanpl e 86 Synt hesis of Conpound 22845 _ [err]
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The benzyl triazole from Exanple 80 was purified (and di astereoners
| sol ated) by col um chronat ography: 97/3 5 CHerr]C[err]/ MeOH M
M:NA = 706. The individual benzyl protected di astereoners: were

di ssol ved in MeCH and conbi ned with 20% Pd/ C (cat ). Each- sol-ut i on

was hydr ogenat ed under pressure(50 psi) at rt-for 5 -da»ys s» e and
the resulting crude product was purified by colum 10 chr omat ogr aphy
96/4 CH err]d[err]/MeOH to give isoners * 8ad- 2. Ms: (isoner 1) M+H
= 594; (isonmer 2) MrNA = 616. [err]H NI\/R(CDO[err]) I somer 1:
1.60(m 1H); 1.80(m 2H); 2.40(s, 2. 60 3 15(m 10H); 3.65(m
1H); 3.80(m 1H) 0 4. 00(m IH); 4. ZO(m TH 25(rr 1H); 6.90(m
15  7.00-7.40(fn 2%H) .| [err]H NWVR [err]) |soner 1. 30(sm ¥
1H); 1.75(m 1H){ 1.95(m 2H); 2.35( 1HN2.8Q- 3. 1Q(m
8H); 3.25(d, 1H}] 3.65(m 1H); . 88 (m 1 405(rr 1H) ;6 4)\30(m 1H);
4.50(m 1H); 5.25(m 1H); 6.45( 1H) 7.10-7. 40(m 14H).
WD 97/ 27180 Meosg,ﬁ\/?‘\ PCT/ US97/P1610
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- 262 - . Synt hesi s of Compound 219 [err] | somer 1:
Prepared using the procedure outlined in Exanpl e 24. The acetoni de
was purified by colum 5 chr omat ogr aphy 30/ 70 hexanefethyl acet,at,e M
M-NA = 645. The product was purified by -col um chr gmat ogr aghy:,
30/ 70 hexane/ethyl acetate M5: MtNA = 605 [err] H NVR ©o(CDCr err])
1.45(m 1H); 1.70(m 1H); 1.80-2.05(m 4H); 2.25 (g, 1H); 2.35(q,
1H); 2.65(m 1H); 2.75-3.10(m 10 8H); 3-688m 3H); 3.75(m 1H); 3.85(m
1H); 3.95(m 2H); 4.25(m 1H); 5.25(m 1H); 6.05(m 1H); 7.10-7.40(m
14H) . | somers 2,3:(Chiral center within THF ring has opposite
configuration to [mat or[rsoner L above). Prepargd 1b using the
procedure outlined PA4Ex nple 74. Thﬁiﬁmu acet nldglmai puri f ined®
drvi

(di ast ereoners ispl at ed) 0/ 70 ne/ et hyl
acetate M5 M-NA = 645 Thg in ual di astereoner{s were p fied
by col umm chr omatjpgr aphy: 30/7 Z an thyl acetate 20 MS: (i r 2
MENA = 605 (isonmey 3) MrNA g+qNNR (CDa[grr]) (isoner 2)
1.45(m 2H); 1.90(m 2H ] 2. 10(n1

chronat gr aphy

215 Bn oH
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217 ‘Bn OH

5 218 [::l\ Bn w QM
N 32
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1H); 2.30 (m 1H); 2.35(m 1H); 2.45(m 1H); 2.75- 3.10(m 6H);

3.25(m 2H); 3.65(m 3H); 3.75(m 3H); 3.95(m 2H); 4.25(m 2H);
5.25(m 1H); 6.10(m 1H); WD 97/ 27180 - S

PCT/ US97/ 01610 . - 263 -:
7.10-7.40(m 14H). [err]H NVR (CDCl[err]) (isomer -3)- 1.15(m-- -+ "&fH);
1.80(m 1H); 1.95(m 2H); 2.10(m 1H); 2.25 (m 1H); 2.40(m 1H);
2.60(m 1H); 2.75-3.10(m 8H); 3.40(m8elH); 3.60-4.00(m 6H); 4.25(m
1H); 5.25(m 5 1H); 6.05(m 1H); 7.10-7.40(m 14H).

Exanpl e 88 Synt hesi s of Compound 233 [err]
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Prebar ed using the procedure outlined in Exanple 74. The acet oni de

was purified (diastereoners isolated) by 10 col unmm chr omat ogr aphy 45/ 55
hexane/ et hyl acetate MS: M:NA = 692.- The individual _diastereoers
were purified by columm chromat ography: 35/65 hexane/ethyl--acetate

MS: (isomer 1) MrH = 630 (isomer 2) MrH =630 [err}H NVR =o~» -(sCDGI'[err])
(isomer 1) 1.75(m 1H); 1.95(m 1H); 2.10(m 15 2H); 2.75-3.10(m 8H);

3.15(d, 2H); 3.30(m 2H); 3.80m 2H) ;- 806 m 2H); 4.25(m 1H);
5.25(m 1H); 6.00(m 1H); 6.20(d, 1H); 6.60(t, 1H); 6.95-7.40(m
18H). [err]H NVR (CDCl [err]) (isoner 2) 1.75(m 1H); 1.95(m 2H) ;
2.15(m 1H); 2.54 (ﬂsil- ; 2. /9-3.10(m &8H); 3.730- B WO 97727180
PCT/ US97/ 01610 - 364 7 W

227 oH

Z X
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3.50(m 4H);
1H); 5.25(m
18

Conpound 234
I n Exanpl e 74.

3.75 (m 1H);

1|'|)

[err]

6.10(m

M5: M+H = 593.

PCT/ US97/ 0161

1H);

3.85(m 1H) 4. 00(m 1H);

6.30(m 1H);

6.56(t,

Exanple 89 -
Prepared usi ng 't he procedure out-T I ned
The acetonide was purified by-coel um-cheematogtsaphy:

4,25(m 1H);

-~ Synt hest s _-of

4.35(m
1H); 7. 10- 7. 40(m

97/3 CH err]dJerr]/MeOH M. MtH = 633. The product was not 10 purified.
WD 97/ 27180 - 88 -
0
232 Bn w OH
o] |
MW
233 ' Q Bn y OH
N
234 : BEn h
N H
A%
235 Q Bn n OH
_ P
:: Wo 8
0 o
Me0” N N~
H-
2386 @\ Bn H °=H
N
Fsc‘s*
_ 3%
237 Q Bn  GH
N 2

AMENDED SHEET



- 265 - Exanpl e 90 Synt hesi s of

Conmpound 235 A [err] A mxture of the trans

i somer of the |actam above 5 (0.125 g,- 0.27 mmol) and 60% sodi tm
hydri de (0.010 g, : 0.25 mml) in dlnethylfornanlde (4 L) mas’stlrred
under a nitrogen atnosphere for 30 mn. The epoxi-de: -f6. 113 g++"0. 30
nmmol ) was added and the m xture was heat ed at 60 [err]C for 4h. The
m xture was re-charged 10 W th 60@6sodLug?hydride (0.015 g, 0.37 mmol)
heat ed at 60 [err]C for an additional 1.5h, and stirred at ambi ent
tenperature for 18h. The m xture was diluted with di chl or onet hane,
washed with brin P ch-te (I‘v’gSOf, erirel coRreentatetr-r—reacteo—Hre
resi due was purifi eB&y |15 chroma aphy onjsilBoa ggl, eIu i og W th
hexane: et hyl acetdte (7:3) -the t h hexanpe: et hyl acetaﬁFN§§3f) td

239 Bn H QH
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girve 0. 11g (48% of product as a brown oil. NS AP+,
A solution of the acet©ni.de (0.711g, 0.13

AP-
nmol )

874 (Md).
in 2-

WD 97/ 27180

- 266 -

neutralized with 2N sodi um hydroxi de, and éxfPact ed wi th diethyl
ether. The -extracts were dried (MgSOerr]), filtered, and
concentrated in vacua.to give 0. 040 g 5 (58% vield of the crude
product, which wa$ w thout further pugifiggtiop. Ms E >+, 55(
(M+Na) and FS-, 562 (M+d ). C. 1. A solution ofsthe am ne
(0.14 g, 0.27 mmol), 10 met hylichl rmate (¢.023 nL, 0.3 and
Et 3N (0.05{nL, 0.36 mmol ) Nn di chlsoronmet hgne (2 nmi) was ©
stirrred at anbi ept terrperatureer ﬂi\trogen at nospher or 18h.
The vol atiles wer¢ renovgd in N\g
245 Bn n O
F Q YN :
i Q
N?N\
246 g OH
Q Q Bn \n’N
7 o}
247 ., oM
Bn. N..
Q r 8
i Q
5 248 QH
QN = NG
4 N
g
249 Bn

propanol (7 nL) and concentfated.hydrochl oric "acid, (3

B. 20

862 (M+Na) and

- ""PCT/ US97701610°
m.) was stirred at anbient tenperature for 3h,
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vacuo, and the residue was purified by reverse phase 15 preparative HPLC

to give a tan oil. Lyophilization gave 0.012 g (89, .of, the product
as a white solid. Ms: ' ES+, 608 (MtNa). [err]H NVR (CBCl{err]) .+ 71 (m
1H).; 1.96 (m 1H; 2.11 (m 1H); 2.26 (m1H); 2.71-3-05 (m" 8#); 3.50
(s, 3H); 3.65 (m 1H); 3.82 (m 1H); 4.00-4.39 (m 5H); 20 5.28 (m 1H);
5.43 (s, 1H); 6.40 (d,1H); 7.08-7.33 (m - 91 44H). WO 97/ 27180
PCT/ US97/ 01610 - 267 - Exanmpl e 91
Synt hesi s of Conpound 239 [err]
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Prepared as described.in Exanple 74 with the exception ~that water,

rather than 1.0 N HO was used to quench 5 the reaction.- M- (AP-) of
t he acetonide = 660 (M1). M5 (AP+) of the product =644 "(MkNa)e.
[err] HNMR of the product (CDCl[err]): d '1.68 (m 3H" 2,07  (m
3H), 2.54 (m 2H), 2.92 (m 6H, 3.43 (m 1H), 3.78 (m 1H), 4.00
(m 2H), 4.50 (m 1H), 5.34 (m 1H), 6.10 2@nT 1H), 6.70 10 (m 1H),
7.24 (m 18H) Exanpl e 92 Synt hesi s of
Conmpound 238 [err] WO 97/27180

PCT/ US97/ 01610 256 :

Bn  OH
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- 268 - Prepared as described in Exanple 74 with the exception

that water, rather than 1.0 N HO was used to .quench ., the reaction. M
(AP+) of the acetonide = 684 (M-Na). MS (APR+)" of the product ,=,644
(MtNa). HNWR of the 5 product (CDCl[err]): d1.:62 (m 34, 2.08 (m
3H), 2.50 (m 2H, 2.80 (m 6H, 3.30 (m 2H), 4.00 (m 2H), 4.34
(m H, 5.33(m 1H), 6.14 (m 1H), 6.30 (m 92Hy, 7.24 (m 18H)
Exanple 93 . 10 Synt hesi s of Conmpound 240 [err]
Prepared as described in Exanple 74 with the exception that water,
rather than 1.0 N Hq(ﬁ/as used to quench the rgactipn. M5 (AP+) o
the acetonide = 691 Ng) . VS +) of the product{= 651 I\/R'I\la )
[err] HNMR of the 15 prjoduct (CDCl ): d .66 (m BH), ‘ir 3H) ,
2.59 (m 2Hj, 2.95 1H), 3.85,(m [H), 1
(m 2H), 4.27 (m]|1H), 5. , 6.73
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(m 1H), 7.25 (m 18H). WD 97/ 27180

PCT/ US97/ 01610 - 269 -
Exanpl e 94 Synt hesi s of Conpound 241 [err] T DR
Prepared as described in Exanple 74 with the exception - *:tshat water,
rather than 1.0 N HO was used to quench
_ - 94 -
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-5 the reaction. M5 (AP+) of the acetonide = 645 (M+l). M5 (AP+)
of the product = 627 (MtNa). 1HNWR of the . pro duct (eDCt 3): d 1.:70 (m
3H), 2.00 (m 3H), 2.58 - (m-2H), 2.97 - (m 6H), 3.40 (m- 1H),-3:-85 (m
1H), 4.10 (m 2H), 4.32 (m 1H), 5.33 (m 1H), 6. 30-:(m-~+1H)-> 680 10
(m 1H, 7.25 (m 17H), 8.01 (m -1H). WD 97/ 27180
"PCT/ US97/ 01610 ' - 95 270 -
Exanpl e 95 . Synt hesi s of Conpound 208 [err]
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A The lactam (1.20 g, 2.69 mmol, 1 eq) was dissolved in 5

anhydrous di net hyl f or mam de (8 ni) under Argon and ~cool ed vmth ,an

| sopropanol dry ice bath to .-40 [err]C. A - - sol utlon @f sodi um

bi s(trimethylsilyl)amde (I.OMin THF, 2.69 mk; 2. 69 ~pvol |, -1 e-q) was
added dropw se via syringe and the reaction was stirred for 15 mn.
10 mai ntai ning the bath tenp between -4096 -50 [err]C.

D hydro-5(S)-[[[ (trifluoronethyl)sulfonyll oxy]nmethyl]-

3(R) - (phenyl net hyl ) - 3(2H) - furanone (J. Med. Chem, 1994, Vol. 37, No.
21, 3443-51; 1.00{gq, % o mmol, IT°T eq) wa$ added ap a sol1d and tHje
reaction was stiri ec12 % vi gor ousl y or 10 mn{ a t hep quenc;he&”vmth
sever al drops of gllaci al aceti ii d. The feaction fr xt u-r."eN
evaporated in vaclio to a |resi du part-ltloned . belween cet

acetate, saturated aqueods bri n watef. After peparati t he

| ayers, the aqueofis | ayer 27180

PCT/ US97/ 01610 :

285 Q Bn H QSH

286 Bn ' b oM
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.
%
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- 271 - was back-extracted with ethyl acetate. The conbi ned

organic layers were washed with saturated aqueous . brine, drired over
anhydr ous nagnesi um sul f at e, evaporated in vacuo- and purlfled by
flash silica gel 5 chronatography eluting with ethyl acgtate : hexane
(3:7). Fractions containing the alkylated |actamwere conbi ned,
evaporated in vacuo to provide 0.883 g (527¢ /§ of product as a foam
M5 (ESI): MtNa = 657. B. 10 The butyrol actone (1.202 g, 1.89
mmol, 1 eq) from gtep e polent—t-enperatiiein
di met hoxyet hane (R0 280 dnd cool agow an ice watergn bat h. AgpeousL
lithium hydroxidej (1.0 N} 4.75 nL, 4 mpl, 2.5 €q) mas:hdded Vi
pi pette and the nj xture 15 was st for 0.p h. Theg reacii ¢ S
warmed to apbi ent tfenpera e and stirred for:an additiofal h.
Aqueous citric acld (10%w v) 0 reachf an acidic and the
m xture was evapofated if vacuo. e e was pgrtitioned between
~ethyl acetate : djethyl 20 et her (4; _ itric acid (10%
wv). After i r _was back-
extracted with ethyhgqce%ate e conbi ned organj c pp | ayers wef e washed
"wth water, saturpted aqueousbac ne, dri ed over anhydrous“na neS|uT
sul fate, evaporatged in 2% ® i ed under high vacuuﬁnT ovi de
the acid (.32 g, [106% asafI\/S(A 1): M- |1 = 681,
C. The aci{d (1.28 in5 nL
anhydr ous di net hyj f or mam
292 y oo
N. A
¥ 8
293 W
N
TB
5 294 : OH
Y 8
295 : QH
Y 8




WO 97/ 27180
272 -

Agueous |ithium

m xture was evaporated in vacuo.
acetate and aqueous sodi um

et hyl
separating the la
et hyl acet af

sat ur.at ed aqueous
evaporated in vac
protected acid (1
D. The sily

C i n anhydrous di fret hyl fc

consecutively wt
eq), 1-

ch
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hydroxybenzotriazole (0.244 g, 1.81 mml, 1.05 eq),
(1S,2R) -(-)-1-am no-2-i ndanol (0.283 g, 1 90 mol , L
1- (3-di net hyl am nopropyl ) - 3- et hyl car bodi i m de- : hydroehlorlde (0,347 g,
'1.81 mmol, 1.05 eq). After 25 stirring at anbient tenpereture for'3 h,
the reaction m xture was evaporated in vacuo, and partitioned

bet ween et hyl acetate, saturated aqueous bri ge, -and wat er. After
separating .the layers, the aqueous |ayer was back-extracted with

1.1 eq), and

et hyl acetate. The conbi ned 30 organi c | ayers were washed with saturated
aqueous V[)gg/27 80
PCT/ US97/ 01610 P 273 - brine,
dri ed over anhydrdus nagneki um sul N evapor at ed |ﬂ acuo and
purified by flash S|I|ca g I c rmat ogr aphy {el uti ng vagugl hy!
acetate : hexane ) . Fractionf containing the product were
conbined, 5 e d{§ ed I'n vacuo and aTled und Al gh vacuumt o
provi de the prote¢t (1.06 g, 69%" as a fo%nl VS S (ESI): M-Na
920. E. e br ot ect ed wrige (1.035 ¢, 1.15 mﬁéf 1 eq) from
10 step D was ¢lissolved in trif etic aciqd (15 nm) gP nuse
o
101 @/ — “ph Nr—s
NYN\ 7 r
(o] 07 “NHtBu
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and stirred under Argon for
vacuo and trituratated with diethyl
resi dual
partially deprotected product.
di ssolved again in trifluoroacetic acid (15 nL
The reaction m xture

not her |i quor,
provi de a 15

m n. under Argon.
residue and tritur
filtered, 20

t he

at ed

shed with hexane and dried under

15 mn. The reaction was evaporated in
et her/ hexane. .Af.t.er decanti.ng the
solid was dried under hi.gh vacuum t.o
Thecrudé’ mat’eri al Was

and stirred for 20
Ss~evaporated in vacuo to a
wi t h hexane/di ethyl ether. The slurry was

high vacuumito

provi de the deprotectf@ganﬂne (0. 60 ,gﬁMBSWQ as a trlfl oroacetic
acid- salt. M5 (ESI|)): Ml =(542. he am ne @ 025 g, 0.03B
mmol, 1 eq) fromdtep E wa$ 25 |hed with dif sopropyrét yl am ne
(0.0146 nL, 0.038 mopl , 2.2 eq) in dlchloro t hane (10 yeu under
Ar gon. : The gotutromr—yers—treat-et—n—t—net nyl efretoforrete
(0.0028 L, 0.0364 miAq 0195 eq). Aftepwstlrrlng for ~approxi mat el ly
10 min., the reactfion m xtfire was appl d WO 97/ 2%
PCT/ US97/ 01610 qu,?“» - R74 - directly o
a 20x20 cm (500 uNl silicalgel GF) o 07 NHBu
107 Ph ,—S
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preparative thin |layer chromatography plate and el uted with 95:5

di chl-oronet hane : net hanol. The product band was renmoved from?the

pl ate and the product was washed 5 fromithe silica gel ‘with 85.1%

di chl or onet hane : met hanol (10 nlL). The sol ution was ‘&Vaporat&d in
vacuo, triturated with hexane, evaporated in vacuo, and dri ed under
hi gh vacuumto provide the carbamate as a~ 101 -white solid (0.0164 g, 72
% . The product was 10 | yophilized fromacetonitrile : water (1:1). M
(APCI) : M+ Na = 622 HNW (CDA3 + NaOD): 1.66 (m 1H):

1.90 (m 3H); 2.2p (my31H)} 2.64 (m 1H.2.92 (m 7H); 3.18 (m 1H;
3.40 (m 1H); 3.5p (s, 3Hf{; 366(m 1 3§85 (m 1I—,5_398(m 1H) ;
4.26 (m 1H); 5.2 (m 1H), 6. 07 « 1H, J=7.8); 7.1’40;m 6H); 7.28
(m 8H). nple 9¢ . widesi s of
Compound 236 [er@\’N The am nonet hyl :
pyrolidinone (0.0R5 g, 0.Q338 mmol ;"1 M~eq) wa$ conbined with

di i sopropyl et hyl ajri ne (0. Q146 L, 20 c{s&; 038 nmmmol, 2.2 eq) in

di chl or onet hane (p~5——ant- e oot-et—to—r8—fer+i-C—v -
acetone bath. The] 114 sdlution was treatkgd withjtrifluoropet hane sul f ofi ¢
anhydride (0.0064}n, 0.038 mml, 1 eq) i chl or ot \ptane (0.5 ni).

The reaction m xtlbre was
O” “NHtB8u
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WD 97/ 27180 PCT/ US97/ 01610

. 275 - then allowed to warmto roemtenperature ard - applled~
d| rectly to a 20x20 cm (500 uM silica gel .GF) preparatlve_‘thl n | ayer
chr omat ogr aphy plate and el uted with 95:5 dichl oromethane © net hanol .
The product band 5 was renoved fromthe plate and the product was washed
fromthe silica gel with 85:15 dichl oromethdf@ - nmet hanol (10 nml).  The
sol uti on was evaporated in vacuo to a residue and |yophilized from
acetonitrile : water (1:1) to provide the desired product as a white
10 | yophile (0.008 g, 31. % . MS (APCl) IABME:SNa = 696. H NVR
(CDA3 + NaOD):  1.64 (m 1H); 1.98 (m 3H); 22 (m 1H); 2.72 (m
1H); 2.91 (m 8H); 3.47 (m 1H); 3.78 m 1H); 3.97 (m 1H); 4.09 (m
1H; 4.31 (m 1H); 5.23 (m 1H); &l7 F J=8.7); 7.21 (m 14H).
15 Exanpl e 97 “Synt hesi s of Conpound 211
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WN\ 1Or g\o
. 0 :
119 Ph Bn H
| NO
AN :f)r g
Cy™
o]
120 ' Bn H
U Ay
jor 0 '\o
121 ~Ph Bn /: o
\ L R
NG 0 %
Ph :
(o]
10 ©122 Ph Bn H
. ] AOS
w‘ ¢ S
S
o Q
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The am nonet hyl pyrolidinone (0.030 g, 0.046 mol, nmbi ned
with dPCBOPEDPYOEELY! ami ne (0.0175. L, . 0.10 "“_‘4"_ g@fi’%ﬁrﬁo

3- (R -Vyritex yPh £imiadydt DAL anidt . 20t &hydroxysuccrmrﬁ ,3 QHQ e
(WOO3-0if84ét . 0. ¥1P595 pcT  0.046 mmol, 1 eq) in di éq ?'“&r&hga.ne- g-5 n)
and allowed to stir for 16 h at anbl t enper 8 pi

- di chl or onet hane was renoved in vacuo and re aced with 1¢ g 5ag£@on|trrle

(2 nmL). The m xture was heated at refl ux ?g1%§@25é8312 ) PES
PCT/ US97/ 01610 - 276 -

mn. and then cqg% g Ang. evaporated in vacuo. The residue was

di ssol ved i n dichl oronethane (~0.5 nlL), applied directly to a 20x20
cm (500 uM silica gel.- GB compournst eqmcmdm the famysia chy onat ogr aphy
plate and eluted 5 with 9:1 dichloronethane : nethanol. - The- product"

band was renoved fromthe plate and the product was een,{e Med
the silica gel with 85:15 dichl oromﬁ?hane ; R’ rret hanol Wa‘?ﬁmi] IIII i

sol uti on was evaporated in vacuo

R5
Y\ Vg
~x N . n
5
(n)
wherein:
each Z is
E? ( G
RN | ® N| ?
! v or -~ \(ll .
~ - ]
- X ) Pis tﬂrs SHEET HAS BEEN |
R REPLACED

wherein any Z is optionally fused with Rs;

each X and X’ is independently selected from the
group consisting of -C(0)-, -C(O)C(0O)~-, -S5(0)- and -
S(0)y;

each Y and Y’ is independently selected from the
group con51st1ng of -(C(R Ya2)p=s -NR2- -(C(Rz)z)p-M—,
>C=C(R )2, and —N(R ) =CHz=;

each Rl is independently selected from the group
consisting of hydrogen; R®; C1-Cg alkyl; Cy-Cg alkenyl;
C,-Cg alkynyl; C3-Cg cycloalkyl optionally fused with
R6; Cg~Cg cycloalkenyl optionally fused with R®; wherein
any member of R1 is optionally substituted by one or
more Rz;

weoose AL



to a residue and | yophilized fromacetonitrile : water 10 (1:1) to
provi de the desired product as a white . | yophile (0.022 g, 73 %9. M
(ESI): M+ Na = 678 pb; Replaced NVR (CDOI 3 + NaOD): . J65_(m_dH): 1.93 (m
5H):  2.32 fhs ARG5S (m 1H): 2.90 (m  7H)|: THIS SHEEMHASHREEN] 37
(m 1H); 3.54‘“ ‘ (m 4H); 3.97_§gg_lkb; 4,22 ﬁgqﬁ§59n1 1H); 5.11
(m 1H); 5.27 NEgH A (g 14, Z879); 1—2o—fm—i

Exanpl e 98, Synt hesi s of Conpound 215 .

[err] _ Thgcht & t { H0i £ISHd1EdaHt€lBy Vis] dtierl NEbr ol cvé gigh 20
procedures outlingd in Exanples 11 and 12. Coupling wi th the epoxide
fol lowed the proRotoFitfes A4 F2-Cs 21ERRNpreC22Ce alkynyl: Ggreg/ 27180

'PCT/ US97/ 01610 cycloalkyl optionally fused with R®; C5-Cg cycloalkenyl
optionally fused with Rs;'and when two R2's are

P44 W T e’

attached to the same geminal atom, the Rz's together
with.their attached geminal atom form a ring system;
wherein any member of R2 is optionally substituted by
one or more R>; |

each R3 is independently selected from oxo, OR9,
NiR%),, NR%-x-R%, N(R%)-x-or®, N@r%-x-N(R%),, sR®, x-
r%, 0-x-N(R®%),, c(0)N(R®),, halogen, NO,, CN, coor? and
RG; . |

each R4 is independently selected from from the
group consisting of OR9; 'N(Rg)z; X-Rg; C(O)N(Rg)z; Rs;
-C1-Cg alkyl; C3-C4 alkenyl; C3-Cg cycloalkyl optionally
fused with RG;'C5—C6 cycloalkenyl optionally fused with
RG; wherein any member of R4-is optionally substituted
by one or more groups independently selected from R9 or
R3; _

each R5 is independently selected from the group
consisting of H, OH, O and Rl; _

each R6 is independently selected from the group
Consisting of C6-Cl0 aryl, C3-C8 carbocyclyl and
C3-Cll heterocyclyl, wherein said aryl, carbocyclyl or
heterocyclyl is optionally substituted with one or more
groups selected from the group consisting of oxo, ~0R®,
-®%, -Nr% ®%), &% -x-8%, srR®, -x-rR%, -o-x-N(R%),,
-r%-0r%, -cn, -co,R®, -x-N(r% (rR?), halogen, -NO,, and
-CFjy;

each R7 is.independently selected from the group
consisting of hydrogen, OH and O;

each R'3 is independently selected from the group
consisting of hydrogen, Cl1-Cl0 alkyl, €2-C10 alkenyl,
C2-C10 alkynyl, C6-Cl0 aryl, c3-c8 carbocyclyl, and

wosseer |



- 277 - Synthesis of Conpound 242 [err] 0. 3g of

t he prot ected |nter as]gee Qép%gaed i n Exanpl e 98..was treated with 10
nmL of TFA over tenperature The reacti-on was quenched by
renovi ng the resultlng crude treat ¢ f_

e i

sodi um car bonat er for 10_mogutes. The H SHEEoHR8 nBRE
renoved, product extract ed bet ween et hyl acet at p/ wat eRE,Pmmgﬁnl Cs
conblned dried with magnesi um 10 sul fate, renoved | n vacuo,—atd

purified by prepﬁBaCtﬂeheterocYElﬁl,result|ng |n 0.15g (76.79% of product

2. [err]H NMR 3,930 err (10H,

m, 7.05 (5H, n?acé By ’(%\ MgépéWi ¢ 31H"'e ewﬁ ‘g ?)ngsé’%‘? drdh (1H,

t, J:?.Q) 3.53 ¢ansisring. 88 @dkogen, 2CDECIGH1REL, CAYJCLlQ. 8Dkémyl 2H),

2.54 (1H dd), 2.17 H 92 ' 1H, L V)

resol ution M5 n18}5gi&1alﬂ}nyi(Nﬁ?{%%?]??y#;e£%§%%zz%ﬁé§%¥%igl’ E8%11
heterocyclyl, C1-Cl0 alkyl substituted C6-Cl0 aryl ,
Cl1-Cl0 alkyl substituted C3-C8 carbocyclyl and Cl1-C10
alkyl substituted heterocyclyl, wherein any member of

R9 1s optionally fused with R and wherein any member

of R is optionally ‘substituted by one or more groups
independently selected from -or®, -N(RS)Z, -CN, -NOjp, -
x-R%, x-N(&%), -c(0or®, -N(r®) -xN(R%),, or halogen;

each Q is independently selected from the group
consisting of CH and N;

each M is independently selected from the group
consisting of NH, —NRZ—, -0-, -8-, -5(0)- and -S(0),~;

each. n is independently 1 or 2;

each r is independently 0, 1 or 2;

each p is independently 1 or 2;

each g is independently 1, 2 or 3; and

each G is independently selected from the group
consisting of -NH-, -NR®>-, -0-, -S-, -S(0)-, S(O),,
-¢(0)-, -and -C(R?) -

2. The compound according to claim 1, wherein:
each Y and Y’ is independently selected from the
. group consisting of ‘(C(Rz)z)p', —NRZ-, -(C(Rz)z)p~M-
and -N(R?)-CH,-; and
each R3 is independently selected from oxo, ORg,

N(RY),, NR%-x-R%, N(R%) -x-0r%, sR®, x-R%, o-x-n(r’),,

c(0)8(R% ,, halogen, NO;, CN, COOR’ and R°.

3. The compound according to claim 1 having the
structure of formula IA:

N 0 O P

AMENDED SHEET



WO 97/ 27180 PCT/ US97/ 01610

- 278 - - Exanpl e 100 . Synthesis of
Conmpound 243 [err] A solution of 20 ng (0.0Q39. of ot h
urea obt ai ned Exanple 99 in 1 nL DVF was treated mﬁt%éssgg?ﬁ;Bmm Em od
but oxi de (26.3 ng, 0.234 mml, 6 equiVv) andgg. equi li braim EE‘IH% 1[
tenperature for 10 mn. Next, 6.3 ngo?3qﬂcmylcm
DMF was added and the reaction quenched after 20 m n. Solvent were
t hen _ renmoved and the residue purisfied oqureparative RP 10 HPLC
resulting in 14.2 ng (60.20% of the duct R"[egr1H NVR
(d6-acetone, 400 MHz) [err] 8.57 (d, T J= ,E§.42

Y‘X’N nZ! THIS SHEET HAS BEEN

RR REPLACED
(1A)

wherein:

each R12 is independently selected from the group
consisting of R6; C1-Cg alkyl optionally substituted
.with RG; C,-Cg alkenyl; Cp-Cg alkynyl; C3-Cg cycloalkyl
optionally fused with r®; Cs~Cg cycloalkenyl
optionally fused with R6; wherein any member of R12 is

optionally substituted by one or more RZ.

4. The compound according to claim 1, wherein n
is 1.

5. The compound according to claim 1 having the
structure of formula II:

6. The compound according to claim 1 having the
structure of formula III:

N L



(s, 1H), 8.01 (d, 1H, J=8.0), 7.80 (t AH, J=5.9), 7.20 (m 14H)
6.92 (d, %HL“J:§L§)1 5.23 (m 1H), 4.29 (d,- 1H, J=16.2), 4.29 (m
1H), 4711 (d, 1A, 7J=16.2), 3.98 15 - (m -2H), 3.48 (dd, 1H), 3.18 (m 2H
3.00 (mlsﬂéﬁuanasseenk k%8 (M 3H), 1.93 (m 1H), 1.88 (m 1H, 1.66 (m LH).

Low reso 605.4 (MrH err]), meo®27.4 (MtNa[err]). WO
_ PCT/ US97/ 01610 .

97/ 27180
- 279 - _ Exanpl e 101 Synt hesi s of Conpound
244 [err] Thi s con%?und was synthesized USI%‘$ he_pr ot oco
R 1 SHEET HAS BE
| R’%—( H R REPLACED Z
(n)

7. The compound according to claim 1,
wherein:

X is -C(0)- or -8(0),~; and

Y is - (C(R%)5) p-M-.

8. The compound according to claim 1,
wherein: '

X is -C(0)- or -S(0)y-; and

Y is (-C(R%)p-)p.

9. The compound according to claim 1,
wherein: |

X is -C(0)-, -C(0)C({0)~- or =-S(0)y-; and

Y is -N(R?)- or -N(R®)-CH,-.

10. A compound according to formula IV:

R R
R’-%———( H o
4
(v) R

* [ L M S *
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outlined for Exanple. 100 starting from51 ng (0.1 mV) 5 of cyclic urea
and 3-net hyl benzyl bromde (18.5 ng, 0.1 . . mol, 1 equiv), resulting in
2 ng of the pro du’EltlsfSheetHa epekeﬁv@lpar ative HPLC purification. [err]H

6.

NMR ( d6- DVBO, 4""’@ Iﬂm 68(1H d, J=8.5), 724(19H m, 5.18
(1H m, 426(1H .
3.79 (2H,

J=15. 7)3 4. 01 (1 Eﬁz“@ﬁfﬁ?"m,

2.24 (s, 3H) 1 80 (1H m.,  1.38 (1H m. Low rnsolu ERhAGED m e §18. 2
(MtH err]). rein: Exanple 102 Synthests O
Conpound 245 [ eFPfreins WD 97/ 27180

PCT/ US97/ 01610 X and X' are independently--280)= or -S(0O)7his

conpound was synt hesi u5| 2he otoc out] e 100
starting fromb51 ng'(ée? (CIR ? )pg éycl é ur%ﬁ’andbgnfquoro enzy )

brom de (18.9 ngCHR-1 and mmol, 1 equiv), resulting in 7.6 ng of the
product each Rl, Rz, R7, R4, p and M is independently as defined

in claim 1.

11. A compound according to formula V:

wherein:

X is -C(Q)- or -5(0),-;

Y is -(C(RY) 2) =M=, -(C(R?) )=, -N(R%)- or -N(R®)-
CHy=;

R is 0 or Hy:

each R11 is independently H, OH or O, wherein both
r1? are not simultaneously hydrogen; '

7 is a structure of formula VI:
(ﬁt——43 ~
8

//PL\Q
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5 after preparaiive HPLC purification. . [err]H NWR (d6-DNBC2 300
MHz) [err] 7-71( asgegs)ﬁe 120624 ‘(19H, m), 5.18" (1H, m, 4.28 (1H
m, 4.19 (1H, d, - -d, J=15.7), 3 82, (2H m, 3.33
(1H, dd), 3.05 (6 80 (m 2H), 2.59 (2 {4+ ,
1.38 (1H m. 10 on M5 me &22. 1 (M+'—|J[-|’é|5r$|')EET "HAS BEEN.
Exanpl e 103 SyntheS|s of Conpound 262  [erf] REPLACED

ot ai ned followi ng the protocol outlined for Exanpl € TOO0 usI ng

2-picolyl chlorifrdin any @i¥adddrer Klf Gemula VI isWOpEdchAldy fused

PCT/ US97/ 01610

with an aryl, carbocyclic or heterocyclic ring and is
optionally substituted with 1-3 substituents
independently selected from Rz; and ‘¢

each Y, R%, R’, rR%, R®, p, @, G, M, Q and X' is
indepéndently as defined in claim 1.

12. The compound according to claim 11, wherein

Rlo and R11 are 0.

13. The compound according to claim 12, wherein:
q is 1;

G is S; and

X' is -C(0O)-

14. The compound according to claim 13, wherein r?

is t-butylamino.

15. The compound according to claim 12, wherein:
X is -C(0O)-:

Y is —(C(Rz)z)p-; and

R’ is H.

16. The compound according to claim 11, wherein:
X and X’ is -C{0)~-

Y is -(C(R%) ;) -

R7 is H;

Rlo is Hy; and

11 11

one R is H and one R is OH.

17. The compound according to claim 16, wherein R2

within the definition of .Y is selected from hydrogen,
R® or C1~Cg alkyl optionally substituted with r3.

wooose= [N



- 281 - Exanple 104 . Synt hesi s of Conpound
213 [e aln follow ng the protocol ‘outlined for

Exanpl e 1001@ e t hoxybenzyl chl ori de. . [err]H NWR
(DVMsO d[err] 1.35 I
(s,6H), 3.8 (m2

t,1H), 2.45 (m2H), 2.62 Cr2H)

2.28  _{p.2H), 5 ws(w&m)méa.a&éw(s, 2H),
6.93-7.38 (m 16H) . 68 (d 2H), LC/ M5 M—|[err] 604. REPk&CHD e 103 10
Synt hesi s of Conpound 246 ~[err]

18. The compound according to claim 17, wherein R?

within the definition of Y is selected from hydrogen,
-N(Rg)zr_or heterocYclyl, which may be optionally
benzofused, and wherein said heterocyclyl may be
optionally substituted with one or more groups selected
from the group consisting of oxo, -ORQ, —Rg, -N(Rg)(kg):
-N(r%) -x-rR?, srR®, -x-R®, -0-x-N(r%),, -R%-0R%, -cw,
~co,r?, -x-N(R%) (R%), halogen, -NO,, and -CFj.

19. The compound according to claim 18, wherein at
least one R2 within the definition of Y is selected
from the group consisting of: '

Q\&/ QN/ 9 | N
peslesineagpea
Oy o OC

H HC Me
g A O o

\\||\||\ \\\l\\ I||l| \\I\I \\ \Il\
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(bt ai ned foll ow ng the protocol outlined for Exanple .100 using
4 am dobenzy[ ‘chl ori de. . [err]H-NWR (DI\/ISOd[err]) 1.35 (t,1H),1.78
, 2. 4 huSheetI-ﬁliTE?z 92“6‘2 (m (s,6H, 8.8 (m2H), 4.1(q,2H), 4.28
V\D 97/ 27180 PCT/ US97/ 01610
- 282 - \\l 8 (m2H), 6 45 (fo42H) . 6.93- 71188 SHBET6MAS BEEN
7.68 (d, 2H), err] 694. | e 106 ynt heﬂEpL,m‘EDCOrrpo nd
257 —
N/ N I N/ XN N/
H H . I\!Ae
Z N
S | . O\ 4 I CHy - |
YN R AN SN
Me Ve H &y, H
Z N
s~ [ | - g | ~ |N
A 0 O A ¢
CHy | ' '
Me CHy Me CH; Me
S | | l
| ] g ~
X T'/ N N X |
Me
| | | N
7 - 4
@ g I | |
N X X
o~
p _
gaRga aQ
N s\/
=41
oo S LI




[err] -5~ Fol'rowing the procedure outlined in Exanple 21 the

desired ket msge%t%%e&%@g@@d as a white fluffy solid-. after
purlflcatlo ase HPLC. M+H 504 | F.
1.48 (9H, s) w m ﬂ “ , 3.72 and 3.73 (3 T SSﬂEBIHASrrﬁEEN
3.8(1H m, 4. 8(3H, Mqsr. 2- 7. 4( H n . RmmeEDCorrpl B X
NVR si gnal s due to rotatlonal | soners, dIaStereunela arrer

ket one- hydrat e equil l'ibria. Exanpl e 107
Synt hesi s of Compound 258 [err] WO 97/ 27180 '
PCT/ US97/ 01610 g3 -

N

{04
BB &R

OH

NA
Y A NN F
oY F N F N F

20. The compound according to claim 17, wherein at
least one R? within the definition of Y is aryl
optionally substituted with one or more groups selected
from the group consisting of oxo, —ORg, —Rg, -N(Rg)(Rg),
N -x-r%, sr®, -x-r%, -0-x-n(r%),, -rR%*-0R’, -cw,
-co,R?, -x-N(R%) (R%), halogen, -NO,, and -CFj.

21. The compound according to claim 17, wherein at

least one R? within the definition of Y is C,1-Cg alkyl
optionally substituted with R3.

oD A



The procedure wasfolTowed as described: in Exanple 21 . except that

i nstead of thiopr gy 8fetudBtai/Raghcde pbeing: 4 coupled.to.the ket oacid 1,
t hi opr ol i ne-di net hy gyl ami de 2 was-used. Hes tHad-wa
made by 5 treatl \“‘ mlﬂa sol ution of N BOC 4-} ﬁ'é 19_ Efr HA&EBEEN
(Sigma, 2.0 g, 40 m.) wighes - di j_sopr GiEPLASEDY| am re
(4.5 m., 26 mml) foIIovved by dropwi se addition of | soburyt
chloroformate (1.1 mi, 8.6 mmvl) via syringe. The reaction was
stirred for 30 10 Zrinu’fee com@ojred rddedrsdiorge tde driopvd Ise vitelrdimom tof
90% 1,1-dipe ,

After stirring foré% ﬁﬁgpiﬁf g')(;im e%eé%%ﬂl%q{tﬁ]on o’?—y %.s rqgéh&%s
concentrated in t'at:@mlﬂhwxmlial;e J(sXﬂcazolylrnip)yramﬁ.deI,erp)(ﬁBmﬂLyl,V\ere
added to the re : er rti . The organic
| ayer was dri ed%@i‘fdﬂ@m% harﬁz%ﬁat%m}%ﬁl ttﬂ E='l(]’ﬁgloncentrat ed in
vacuo. The crudethh@méokmb twearimmkyh,ectmrazmyl @Mmmmane (20

m) and treated gl | ti i h

reaction was sti rr%%%éﬁ é‘f* J S (e\al%gcchﬁ%st({ ﬁ%e{gﬁ L el acet ate

(70 nm) andukskituenys rm:le@tl:eieircm HORLO%-sPodl uM(@aﬂUﬁnat’e- to

pH 7. The | ayer o it (ch r _nd_kg¥er_mas dried

over sodi um sul %‘I)@? _afger é(fzn (f% %cgng féf edi n&sacuoaﬁ’lzl ash

chr omat ogr aphy 0@2&5 -X-N (R 9dRgel @Elmghexanﬁ%t hghdacEFagt e) gave ani de

2 as a white foam M (ES+) = 199 (M+1l). Coupling of - ketoacid 1

(300 ng, 0.854 mol) with amde 2 (170 ng, 0. 854 mmol ) gave ket03am de

3 (84 ny, 0.211 nmol ,235%he comp%ﬁrtcbraqnmrmm&amélgelwm:em

ethyl 30 acetﬁ&i&%h =8 {0 P WA orith

[er 7] HWR (OO [et7]) 6 (S 3H) 1. 63% optibes

.37 (d, 1H), 2. g,gbqtmtq}?d VQltgj'Q ](-rﬁ MStJQ:I.ert(snselected from -OR '

-R%, -N(R%) (®7), -N(R ) -X-R° a SRQ, -x-r%, -0-x-N(r%),,
-r%-0r?, -cN, -co,R®, -x-N(R%) (R%), halogen, -NO,, and

~CF;3.

g 2H),

24, The compound according to any one of claims |
17-23, wherein r? is benzyl; and Z is

25. The compound according to any one of claims |
17-23, wherein r: is benzyl optionally substituted with
1-3 substituents selected from —ORQ, -N(Rg) (Rg), SRg,
-x-r?, -R%-0r?, -cN, halogen, -NO,, and -CFs.

AMENOE SEE] ||II|II| |||II| III|| ||I|I || lII|



WD 97/27180—wm~mwm . PCT/U597/01610
52(m 1H) .- 383(m AH), 4.22 (1 -2H), 4.44 (m

h 1H, 6.57 (d, 1H), 7.1.(m ..
| Exanpl e 108 5 Syf s anpound

4 gih ii‘j‘ﬁi
263 [err ‘ | Prepar ed using t@g procedur ¢ it I$MEH'HNSE%E!lIe
The acetonide was purified by col'umm chronat raphﬁfPLACEo 65 1)
hexane/ethyl acetate. Ms: MtNa = 643. The product was
col utm chr omat ogr aphy2640f88 compound according to claim 25, whereln z

is

27. The compound according'to claim 25, wherein R
is benzyl optionally substituted with 1-3 substituents
selected from the group consisting of OCH3, OH and NH,

28. The compound according to claim 27, wherein 2

is

29. A compound according to formula V, wherein

wosose ([N



hexane/ethyi acetate M5: MiNa = 603 [err]H NVR.(CDCl [err])

1 05( 1 10 40 m 6H); 1.50-1.75(m- 4H); 1'805-" ©2.00(m 2H)

2. 45( rn 4H); 3.20(m - -+  2H): 3. 30(n1 AH); 3. 45(5 1H);
3. 65(n1 II 1H); 3.90(m 1H); 4.25(m ] 4—S0{-Mm

5. 27(m OO(d 1H); 7.10-7.40{308 -14H) . 'ﬂ”S Sﬁﬁfﬁmsmm
PCT/ US97/ 01610 - 285 REPLACED

Exanpl e 109 Synt hesg s of Conpound 206 - A Terr]

each R™ is independently selected from the group
consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is
optionally substituted with one or mbre groups selected
from the group consisting of oxo, -ORg, —Rg, —N(Rg)(Rg),
-N(Rg)-x R, SR9, X R?, -o-x-N(rR%),, -R%-0r®, -cw,
-co,R?, -X-N(R ) (%), halogen, -NO,, -CF3, -O- (CHp) 4 -RS,
—O—(CHz)q-OR s+ 2,3-methylenedioxy and 3,4-
methylenedioxy; and
each X, X', Y, ¥', z, 8%, ®r?, &%, &%, R%, R’, R%, &Y, o,
M, n, r, p, 9 and G is indepehdently as defined in
claim 1. |

30. The compound according to claim 29, wherein RZ
within the definition of Y is selected from hydrogen,
R3 or C1-Cg alkyl optionally substituted with R3.

31. The compound accordihg to claim 11, wherein:
X and X’ is ~C(0)=; | |

Y is -N(R%)-;

R7 is H;

R is Hy; and

11

one R is u and one R™™ is OH.

32. The compound according to claim 11, wherein:
X and X' is -C(0}~-;
Y is -(C(R?),)-M-;
M is 0O;
R’ is H;
10

R™ is Hp; and

11 11

one R is H and one R is OH.

* c L L 5 *
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A sol ution of 22 39 (:0.147 nol,- 1 equiv) of §(-)-2- 5

Am no- 3- phenyl - o anoI |n 30 mL. THF, cooled to O was treated

with 25.5 nL (0 1 ehf DI EA,- L falll e dy of
11.7 nmL (0.2147 mmol l of chl oroacetyl ar=} hr at
room t enper at 16 mol) ofsgpot assi buf oxi de
was added at 0 C, the reactlon war nmed up to _ roon1tenperature and
all owed ta proceed for 15 mn. Sol vents were then renoved and the
crude residue RAL trh@n@@mb@hwaeacebbmhngcebaw/a\mt er,, hakgagi esedri ed
over MgSO4 resultln in 23. 85% of the desired 15 product [err]H
NMR (CDCL[err], ﬁHf)e Pér%f’ ?luée KM i5H), 6.67 (s, 1H), 4.15 (m
2H), 3.75 (m 1H) 3 86 ,(dd, 1H, J=11.6, 3.7), 3.55 (dd, 1H, J=11.6,
6.3), 2.82 (m 2H). R\ Low regblution M5 me 192.1 (MrH err]) B.
20 A sol ution of 7 2. H1 ﬁQU|v) of the mor phol i none
above in 1 nL of anhydrous DVF|was {reated ~wWith 12 ng (0.5 mmol, 0.2
equi v) of sodium hydride Y_ ,N%gnsn
PCT/ US97/ 01610 _ X _ ). ¢ - 286 -
(XII)
wherein:

X and X’ are independently -C(Q)- or =-S(0),-.

34. The compound according to claim 37, wherein R4
is l-amino-2-hydroxyindanyl.

35. The compound according to claim 1, having the
structure of formula XIII:

R? Rl
7 ' 1
9 E
Y\X/N X,/N\ 9
(X1)
wherein:

X and X’ are independently--C(O)- or =-S(0),-.

36. The compound according to claim 39, wherein:
X' is -C(0) -
Y is —(C(RZ)Z)- or -N(R?)-; and

R7 is H.

wwenoeo seeet | NN R



(95% at -Oferr]C. “The reacti on was centi.nued at. room tenperature for

10 mn,. down to O[er£]C, . ., . fol | oned: by addition of

0. 813901’h R Al e”%m‘%gi v) of - lepoxi‘de in.l1.m. PM~—TFhe reactjon was
then ca mE luﬁln at 50[err]C for 5 h. Fol | ow nd &t$\SHESE At atmpd er
extract , ics were combined andqdgied ~resBEpiigcgpin 1. 18 ¢
of crude product, used further w t hodf purific ; on
M5 me 539.0 (MtNa[err]). 10 C. A solution of 1.18g (2.287
nol, 1 equiv) of the abhovehe compélindleaddoidiflg A EDUS 4G Was dirpat ed
with 0.44qg (3.43 pol, 1.5 equiv) of D EA followed by 0.907g (3.43
mmol, 1.5 equiv) of TRDOME T¢{P)ateandfter 1 h at room 15 t enper at ur e,

t he product was puriffegson(§km?p$.gel (R[err]=0.26, 1:3 ethyl

acet at e/ hexane), yielding 0.85g o the TBDMS ether (59.0% . [err]H

NVR (CDCL[err], 300 MHz) [err] 7.50 (d, 2H, J=8.9), 7.24 (m @
o o 120 e ol iy o i Sl 67
=0. , . . S, ' m . m . m 1]
(m 1H), 3.00 (nyiBpsn Eh?ﬁ?g}nliﬂ?nfgolt (' squ)eptﬁ@gfrom %‘Yd( ey
Sty 62 (51 3hh " Cow TEA ko et S 0%k
631.1 (MHerr]). 25 D A sol ution of 0.12g (0.19 nmol, 1 equiv)
of the ' L Preeur s09aboe éompoindladtbrdtsg cumlcﬁn_;hﬂ(no 475 dbeardin |R)2 y
added 0. : mo equi v) i um | ri Si am de
(1M sol ution in *f ?nA’f%%rdﬁf)l%’O{lgnrﬁ%wdﬁ)ﬁ]rﬁ_‘:t(ﬁzé??%%roﬁ requi v)
of benzyl brom de(R”),, or heterocyclyl, which may be optionally

benzofused, and wherein said heterocyclyl'may be

'3.17

optionally substituted with 1-3 groups selected from

the group consisting of oxo, -ORQ, —Rg, -N(Rg) (Rg), -

N(R%) -x-r%, sr®, -x-r?, -0-x-n(r%,, -r%-0R%, -cv,
-co,R?, -x-N(R%) (R%), halogen, -NO,, and -CFs.
40. The compound according to claim 43, wherein at

least one R2 within the definition of Y is selected
from the group consisting of:

Qﬂ./ Q“’ A "
ResBsclngaiiea

I
e S



WO 97/ 27180 - . PCT/ US97/ 01610

- 287 - S eegﬁng q,e lgégtl on al l.owed to proceed at room
tenperature for a Purlflcatlon on silica -- . gel (mxture
of -di ast ereoners, .51 in 1:3 et hyl ‘acet at e/ hexane)

provi ded 44 ny (32 TBDMVS: g g ptected ution
MS me 1464.6 (2|VHrNa[err]) me 721, (IVHrH[er > SHEET HAS BEEN A
solution of 40 ng of the silylated product above in REPIACED THF yas
treated with O. 3 mL of TBAF in THF 10 for 25 mn at ToonTtenpe+at ure

and purified on a sili col , resulti ior 30 ng of xhe final
pr oduct . Rl err]=0.34 and 0. 34 (I2/5/0.3 dthy|| acetate: eiﬁne:
met hanol ). [err]H NWMR [err], ) sh ot h =ASt er eoner s
and integrates as expected. Low 15 resolution Ms;nme 629.3 (MrNa[err]).
Exanpl e 110 _ -Synt hesi s of Conpound 205
2 l Z SN =
H H |
Me
Z N
S f d | z I b = |
T‘/ NN N N NN
Me Yo H H
CHs
&
| Z G = Z SN
NN | ~ l o
by B Y Y il
| Ve CHy  Me Me

i
4
4

@
B

aarcoen seeET | [ VR DR
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[err] WO 97/ 27180 o
PCT/ US97/ 01610 T S - '288..3

A
_ SOI lf‘ﬁnk%et@iasﬁeeﬂ-aﬁ& 19 mm| 1 equi V) Ofthe o rEHRE ﬁ?rgﬁn;rmcégng

ssolved in 1.5 mL THE and sﬂﬁﬁéaﬂ
co s IFRMAEY 1

equi v) of ‘i thium hisggtrimethylsilyl RERLABED( 1M
solut F) at -78 [err]C. After 20 mn, 0 023 nLC (0266—mTot

1.4 equiv) of allyl brom de was added, reaction al | oned to warm up to
the roomtenperature and carried out for ' addi tional 1 m The reaction
was then quenched with i '
di astereoners 10 sepa
di astereoner (1:3 ethyl >
-excess of TBAF (1M in g 6 in at Y t enper/jat
by another silica ' puri fi cation, which pro¥iged gfM+he desired
15 allylated product. [err]H NVMR (CDCL[err], 300 MHz) 6 7.73 (d,

2H, J=9.0), 7.24 (m 5H), 6.99, (d, 1H, J=8.9), 5.84 (m 1H), 5.12
(m 2H), 4.27 (m 1H), 4.10 (m 1H), 3.86 (s, 3H, 3.84 (m 3H), 3.58
(m 1H), 2.8-3.3 (m 7H), o 2.62 (m 2H), 2. (m 1H), 460 (m 6H),
1.24 (m 2H). 20 Low r lution M6 me 579.3/(M+Naferr]l)y, me 1135.4
(2MtNaf err]).

mL

re, foIIovved

N~ oM~ o UM~ N~

QB EB
Q4 A

41. The compound according to claim 42, wherein at
least one R® within the definition of Y is aryl
optionally substituted with one or more groups selected

from the group consisting of oxo, -ORg, —R9, —N(Rg) (Rg),

RN DY Avoewoe sveer



WO 97/ 27180 _ PCT/ US97/ 01610

. 289 - This Sheet Has Been Replaced Exanpl e 111 . .Synthesis of
Conmpound 207 [eriuul Iln‘ I" A solution of -0. g.of the

nmor phol i none descri anple 20 (0.35 ITHIS @@EEVX*AB”B@ﬁI\P
anhydrous DWVF 5 was cooled to O [err] C3and added{9.6 ”Haﬁﬂc nmol

equiv) of NaH After 1/2h 0.13g (0.32 nmmol) o

was added and reactjon cagriedy out aty roomtenp%rature9 g for 10 h,
quenched with 1ANKRI [ eXrR™arffRpuri¥iRed o®-X-N(R"),, ~R"-OR", -CN,

-co,R?, -x-N(rR%) (R®), halogen, -NO,, and -CFj.

42. The compound according to claim 42, wherein at
least one R?® within the definition of Y is C;-Cg alkyl
optionally substituted with R3.

43, The compound aécording to claim 46, wherein at
least one R within the definition of Y is pyridyl,
triazolyl, oxazolyl, isoxazolyl, pyrimidyl, pyrazolyl,
pyridazinyl, thiazolyl, imidazolyl, thienyl
thiadiazolyl, oxadiazolyl, triazinyl or pyrazinyl
wherein said R3 may be optionally substituted with 1-3
substituents selected from —OR9, -Rg, —N(Rg)(Rg),
N(R%)-x-R%, srR®, -x-R®, -0-x-N(R%),, -R%-0R®, -cN,
-co,R?, -x-N(R%) (%), halogen, -NO,, or -CFj.

mL
1

44. Trhe compound according to claim 46, wherein R3'

within the definition of Y is aryl optionally
substituted with 1-3 substituents selected from —OR9,
-&%, -~r% R, -nr%-x-rR®, srR®, -x-rR®, -0-x-N(R%),,
--Rg-OR9

, -cN, -co,R?, -x-N(R%) (R?), halogen, -NO,, or
~CF5.

45, The compound according to any one of claims
42-48, wherein:

each Rl is benzyl; and

each R9 not within the definition of Y is 2-
hydroxyindanyl.

46. Tre compound according to any one of claims

42-48,_wherein each Rl is independently selected from
benzyl optiosnally substituted with 1-3 substituents

A )RR D AMENDED SHEET



pr eparative-RP-HPLE—Yi-eld 70 ngy (36.5% . Low 10 resolution M5 nle

622.1 1221.1 (2M+Na[err]) . '
i [ﬁaSB]egnRemced Usi ng the et hods descri bed

Exanple b.'Pennington et al.
and Par (supra), we obt ai ned i nhi biti gnyyy for
t he foI ds of this i nvegyj on: 3 SHEET BE
Conpound K[ err] (nM RERLACED

160 180 20

3* selectedliﬁﬁm) -or?, -n(r%) (%), smr®,5%tx- -rR%, -R ?_or? , -

>10, 000 \M%97/27180

PCT/ US97/ 01610 alogen, -NOy, and -CFj3. - 290 -

6* >10, 000 7

g* 47 ng comgﬂpnd according to claim Sofswhereln

each R not within the definition of Y is 2-
hydroxyindanyl.

48. The compound according to claim 50, wherein
each Rl is independently selected from benzyl
optionally substituted with 1-3 substituents selected
from the group consisting of OCH;, OH and NH,.

49. The compound according to claim 52, wherein

each R9 not within the definition of ¥ is 2-
hydroxyindanyl.

50. A compound according to formula XIII, wherein:

R? Rl
7 1
Y\X/N X/N\'g
(X1I1)

each R6 is independently selected from the group
consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is
optionally subétituted_with one or more groups selected
from the group consisting of oxo, -ORg, —Rg, -N(Rg)(Rg),
-N(r% -x-R%, sr®, -x-r®, -0-x-N(R%),, -R®-0R®, -cN,
-co,R%, -x-N(R’) (%), halogen, -NOp, -CF3, -O- (CHy)y-R%,

T R—

At



5

11

>10, 000
14.

550

17

15

20

>20, 000
23

350 20
26

3, 000

30

390

33

950

36

>20, 000

>10, 000

Thls Sheel H%ﬂ;@;:en ... 12 _
- 225
l 10 THIS SHEETL$IAS BEEN
-315 - REPLABED
19 3,000 15
-0-(CHy) gy~OR™ , 2, 3ﬂméthylenedloxy and 3,4- 21

methylenedioxy; aﬁ%O 600

eaChX,X,Z5Y,Z R[R,R’R]RIRIﬁ RIQI
M, n, r, P, q Egd 5815 independently’ as defig§801n

claim 1.  >15, 000 25 31
32 . 160
1, 100 34

51. The 35mpound according to claim 54, wBerel3f R2

w1th1n the de%ingggn of Y is selected from h§3roge&7
R or C1-Cg alkyl optionally substituted with R

52. The compound according to claim 40, wherein:
X is -C(0)-; and
Y is -N(R?)-.

53. The compound according to claim 40, wherein:
X is -S0,-; and
Y is -(C(R%),)-.

54, The compound according to claim 40, wherein
X is -S0,-; and |
Y is -N(R?)-.

55. The compound according to claim 11, wherein:
R0 is Hy; and

11 11 .,
one R™ is H and one R™™ is CH; and

Z is selected from the group consisting of:

A N



mo 97/27180
heet Has Been Replaced

Il

>20 4““'

120

46

20 10
51~

1, 100
55*

280

- 58*

>8, 000
61*

120

64*
2,900 25
67*
>10, 000

39 s,
>20, 000 : .
42
>10, 000
45
>10, 000
is as0defined in claim 1.
90
54*
30 15

and R2

-316-

PCT/ US97/ 01610
o 600
4],

44

330 5

THIG SHEET HAS BEEN
18BPLACED

92%
12
56*

56. Th%é%g@gound according to tlaim.%égowherein Z

is selected fro@0*the group consisting of

S
N d H
_ an /;N
O ®) NHtBu
_Rlo is Hy; and
one Rll is H and one Rll is OH.

170 20
62*
- 200
65*
1, 300
68*

57. The compound according to any one of claims

16-32, wherein Z is selected from the group consisting

of:
2 2
S es
_N oy N
ofLNHtBu 0% “NHtBu
and R® is as defined in claim 1.

w0t SR 0




69* ~* 510, 000 70*
790 30 This Sheet HadBeen R, +--2, 500

eplaced - R
72* S S AC Iy
190 WO 97/ 2 I",ml I, THIS SHEET HAS BEEN
PCT/ US97/ 01610 -317- - 29%€p| ACED
74* 1, 200 A
250 77* _ 560
78 58. The comp@unB according to any on&96f claims
gg; 000 '16-32, wherein Z8%§ selected from the groupsgqnsiéting
0.50 : of: 85* ' 2,600 10
87* 15 ; 88*
270 220
91* H 12 H 92* (isoner 1)
3.0 15 | (i somer 2) S 300
93 l Iff20 q
_N and /;N
O4J\THﬁBu 07 “NHitBu

59. A compound according to formula I, wherein:

(h

Z is selected from the group consisting of —X'R4,
-N(RY) -x"-R%, -N@®}Y)-N(RY)-x'-R?, and formula VI;

G

(I\I?q_—' R

-~ \Q/is
X

Ly
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95? 10 | 96+

heet Has Been Replaced 98+ S SN >10.000 20
S
>10 109* THIS SHEET HASOBEEN
1115 >10, 000 -318- ,REALACED
8,600 25 113* : 16669
114> >1, 000 _ 115*
>10, 000 wherein any structd®e ¢ifsfoemuly VI is optionallgOfused

800
125* (i somer 1pptionally substi@gted with E3omenirege independently

PCT/ US97/ 01610 sa]ected from R2 .- 293 -
125+ (isoner ) >STected from Rifognd . 126% ¢
86 eachX,X'lz’ﬁY'R,R,R,R,R,R,I@zR,R,Q,

128* 9
200 M, n, r, p,lgognd @ §s independently as dé%gged in

123* (isomer 2).itn an aryl,lfigﬁgfggkég af heterocyclic r%éégaﬁﬁsfger

claim 1.

60. A compound selected from the group
consisting of compound numbers: 1, 2, 3, 4, 7, 8, 9,
13, 14, 16, 17, 18, 20, 23, 24, 25, 26, 32, 35, 38, 44,
45, 46, 47, 48, 49, S0, 51, 52, 53, 54, 62, 63, 72, 75,
76, 78, 80, 82, 83, 91, 92, 94, 95, 96, 101, 102, 109,
121, 122, 123, 124, 126, 127, 128, 129, 131, 132, 133,
134, 135, 137, 138, 140, 141, 145, 146, 147, 149, 150,
155, 156, 160, 161, 162, 164, 165, 170, 171, 175, 176,
177, 179, 180, 185, 186, 190, 191, 192, 194, 195, 200,
201, 208, 219, 220, 228 and 264, as shown below in
Tables A, B, C, and D:

TABLE A

OH

No. - A Z

HIIIIII Il IIIM Hl!l H llll

1)



131* (isoner 1)

131* (isoner 2)

1)

52 This Sheet H 60 10
133* (isomer 1) ”"m“l ll”mm _133% (isaner 2)
120 THIS SHEED®AS BEEN
209* 2,200 - -319- REFLAQED
100 15 211* 57600
212* 5,900 213*
3, 100 1 214% 240
215* 10, 00020 216*
1, 000 NN >@Eﬂﬁ°
218* 7008 Mg A 219 (i sonef
20 219* (isoner 2) 0 0 54 25
219* (isorer 3 336 wam
7 2 221* —en "
223* ]}?ﬁN 4*
90 30 225"y~ 370
226* 290 *227*
100 WO 97/ 27140 NHtBu
PCT/ US97/ 01610
: 3 ‘_.-—Ph
A/NﬁN r
~
TOr NHtBu
4 } ;‘l‘\r ~"“ph ; 7
NG CMe
(ol o]
7 —Ph
%\/q‘mx &jw.
o Ns
o0
8 - :__..-—Ph M.
/\4\“\ N “H
o -~
OJ‘NHtBu'
9 —Ph
/\/C;}“\ r
(o] NHtBu
13 ~Ph p
ﬁ OMe
N __N
H3C* ~
Y AL
oo
14 e (C7
N N\ CMe
¥ A
o7
||II|II| |||I|| III\I IIIII ll llll AMENDED SHEET



- 294
229%
500
233+
270

[l

Exanpl e 113
we nmeasured th

this invention;

([err]M 15
45

1.0

92 (isoner 1)
5 _

123 (i somer
0.74

1)

Usi ng the M4 cett—assay Tettod—supra),
anjLvi actirvity ftor the TollTow ng conpounds gf
" Compourd ;:7 | J er|r]
" ) ' . OMe 1 G
930 N~ N .§4©/
83 o o 00. 32
- 02120 95
17 96 Ph 40
0.90.1 123, (i soner| 2)
e o
HaC - Mg
o o' o
18 Ph
l p OMe
Et ’QN = N .SO
‘0 ¢ o
20 —Ph
\ é;:7 CMe
Ph _/Q\N ~ AN 7_8/0
o o o
23 Ph
o p e
HO \)\/@N i O
'S
. (e} oo
24 Ph
o 1 p OMe
° \)\/QN ~ N ,@
0 o 's"o
25 Ph
. O
W3- 51
'S
o o o "
26 o Th
-0 o OMe
[o] N
. ] oo
2 7 Plh p
HN . OMe
’\hf‘ ~ N O
-8
o o o
Hllllll l\ll\! ||I\| \lI\I \\ \Ill * AVENDED SHEET

is Sheet Has Been Replaced

il

I nhi bition constant neasured at pH 6.0.

28

233* (isoher

1200
236*

228*

1

-320-

232

*

16

23 5
235*

THIS SHEBT 6IAS BEEN
REPLACED




127
1.0
131 (isomer 2)

PCT/ US97/ 01610
214
0.4

219 (isoner 3)

0.10
224
2.0
227
0.48
232
3.7 15
236

0.85 25 .
Tlns Sheet H{gfﬁ%en Sorrer 1) .

0.75 WO 97/2

130
2.4
132

[",” m, I 2Té-%s SHEET HAS BEEN
2. 15 -915EPLAC§Q}r 1)
219 (isoner 2) 1.7
32 6.0 5 220
223 Fih ?3 "
2. gy ) .
226 §:2E;N\ 3N§J1;T
. 0’228
229 079
35 2.47  pn 3 (isomer 1)
233 (ippes 2 ?63' "
Lol Lo
Hse I -7
38 1&
HNN rg:y OMe
E:}Wm\ ’NEJ::r
o o0
45 o 2:)
LQN\ ) OMe
HaN I /N:s“,©/
o o
46 Ph p
|
4 OMe
©\/N,;-\N‘ /N~s’©
oo o0
47 1h é:y
oy OMe
d S
48 7h ):7
OM ¢
oo %o
49 Ph
] Hf |
.N\ /N H
°° OJ‘NHtBu

HIIIII! IIIIII IIIII IIIII ll IIII
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The abovewd_é-{'é-'_s'hdw“t_—r"\ét “each of the tested conpounds inhibits HV

aspartyl Been Replaced : Wil e we have described a nunrber- of
20 s invention, it is apparent that our- - "Basic
constructl ered to provide other - enbodi ment's’ whith**

utilize the products and processes of 4 hi's i nygst S9EET fmgrgftﬂre, i t
w | be appreciated that t he scope o? this mvenU@LA&Dto defi ned
by the 25 appended cl ai s, rather than by the specifd
enbodi nents whi ¢h hszwe been presented by way of exanpl e. -
296 - CLAI M5 1. A con°p6t:nd accgrding to fy0 la 1: [err]

51

52

53

54

62

63

* [ L M S *
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V\,hereln Replaced each Z is . [err] . ..or

[ er Tis Sheet Has Been Replacec, "o\ 20077 i optional Iy fused with Rlerr]: ..1%."
each j“ﬂhmmml\m dependently selected fromthe .. group. ;:on$1 s‘t,j,'ng of
-0 -S(O- and - S(OJerr]; each Y and
Y' is independently selected fromthe - 323 -grouq
(C(R[err])[err])[err] NR[err] - (C(R[err])[err]?ﬁgﬁéﬁkﬂw’xéﬁﬁw
>C=C(R[err])[err] _and - N(Rlerr])-CHerr]-. a%lkﬁqﬁperr] S
i ndependent|ly gel egted{fromthe gr o§§ onsi sting of '

Rlerr]; derr]-4Cerr] plkyl; derr err] al Kenyl ; H.
al kynyl; Cerr]l-Cerr] cycloal Kyl nonal |y flused with

Cerr]-Cerr] dycloal kéenyl op nal |y /fused wifth Rl err]N érein ’ any
menber of R[err]] is optionall bs{i t\it ed by jone ar O-J_\Nmrggre R errf;

B S B

NYN

123\@
SN

—

76

124

126 Q

IIIIIIII IIIIII |I|l| IIIII H IIII
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- 297-
C[ er rr

err
cycl o
attac
attached gem nal

rI-fB

Al

each R[err]
Cerr]-Cerr] alkenyl;
‘kyl optionally fused Wi th R €
|1y fused with Rerr];
gem nal
atomforma ring systenm wherein any nenber of R err]

d

atom the R{&M-]'

and wh

i s independently selected from hydr ogenr R[ err]

Clerr]. al kynyl ;.

Enl%hﬁ;gﬁgt hei r

pget heftE

errj-

st

optionally substituted by one or nore Rlerr]: geach Rlerr] js

i ndependently gelegted from oxo, err], N(Rjerr])[err],
N(R[err])-X-Réerr], N(Rerr])-X- rr], N(R érr])-X-N(H. )lerr]
SRlerr], X- Regrr], OX-N(Rerr] ], C(ON(R err])[err] T+al ogen
NOJerr], CN, CPOR[err]{ and Rerr]; each Rlerr] is"wndependent!y
selected fromfiromthe{ group q nsrst ng of ORJlerr];: N(R Ml*é{.err]; _
X-Rerr]; CCOMNRerr]p[err]; = err]{C err] al kyl err]-C ¢

- al kenyl ; C[err]-C[err]_cycIoaI kyI tlonally flused with Rierr];
Clerr]-Cerr] ¢ycloalkienyl aoptionally fused wilth Rlerr]:

‘of Rlerr] is optippgllly substituted by one or |nore groups jQdependentl
selected fromiKRerr] ofr Rerr]; each Rfjerr] is ingg dently
sel ected from the group consisti H OH O and Rerr each
Rlerr] is independentlly selected fromthe groyp consist+hg of C6-CLO a
C3- C8 carbocyclyl and IC3-C11 heterpc rei n sai d g#yl,.,carbocyg
or heterocyclyll is opt}onally one or nore groups sele

is

=

r]

enber
Y

ryl,
| yl
ct ed

N

fromthe group consi sty ng of -Rerr], -N(R[err])(Rerr]
-N(R[err])-X-Rierrl, err], N(Rlerr])[err].
-Rlerr]-ORlerr], 140N rCJerr]Rerr -X—N(R[err])(R[err]) hal ogen,
-NJ err], and -CF{err] Q ' H.
. /N H
O)\NHlBu
131
132 Q
N—Q
)\,)\/%\\
133

1A

I AU
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each R err]

i s independently selected fromthe group consisting of

hydr ogen, OH and O a rr] i s independentty sel ected from'the
group consi sti ng 10 al kyl, C2-C10 al kenyl, C2- ClQ’a‘I ‘kynyl ,
C6-C10 aryl, u "
- 298 - C3- Cll h : each s |ncqrp|egr e d from
the group consisting of hydrogen Cl- ClO €2 Clgd %A% - C10
al kynyl, ©6-Cl0 aryl, C3-C8 carbocyclyl, C3 Cll h fernB : C1-dio al kyl
substituted CB LU{a ——Cr-cro—af Kyr' SuUbStTguted—C3- and
Cl1- C10 al kyl stibsti% utjed heter 0CY G wherei n any nenb Rierr] ig
optionally fused with |R err] and ern any menber of is optiognally
substituted byjone or jnore graqups i d pendent lly sel ectech fgdim -OR[ err],
-N(Rerr])[err], -CN, |-NJ er err] -X-N(Rerr])[¢grr],
-C(OOR[err], tN(Rerrf])-XNR , or Ihal ogen; o” Ngaeh Qi s :
i ndependently $el ected fromthe grou consi stifng of CH and N, ea¢h M
i s independently seledted fromthe ¢¥f oup consifsti ng of NH, -NRerr]-, |-O,
-S-, -S(O- a [err-, cach T 5 Taependentty 1O 4, each
ris independeﬁtll;g 1 or 2 chpis |ndependent'_1 or 2;
each q is inde)endently 1, 2 or d
= I~ NHtBu
|
137
-.-.' ,N H
Q 9\ oHowsa
N .
-
138 Q
H
140 Q
2 4
'%N/?‘\
141
Q H| l
. -:. ,N ".H
~ .
™ I M?‘\ OJ\NHQBU
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each G |s |ndependently selected fromthe group consi sting of -NH,

and C(R[err])[err1~:

-NR[err] -
2. The c

0Xo0,
X-Rerr],
COOR[ err]

the structure (df

[err]

O X-
and

-S-,

-S(O) -

Al

-N(R[err])-CH err] -
ORlerr],

S(Qflerr], -C(O-

968 to claim1, wher ei n:
romthe group consisting of

each Y and Y

I 6o

-NRlerr]-, -(C(Rj r])[err] I apet
and each R err] ?é I ndepé¢n e%ts'ggé%%réc%@ f rom
N(R[err])[err], N(Rlerr])-X-R, N(Rf érr])- ER Ds err],
Eﬂ wgrr JTerT], QO NRErT])Tgrr], narogen, NJerr], N,
3. T onmpound laccor di ng((j}) claim1 havj ng
formula I A ' - 299 -
® "L’-S-p‘""z
N
146 Q p
) AN :s_’@n Hy
0 &
147 Q p
l RS ' ) /N°~s’°C ~N Hy
Z
B Q 5
i ’NTSQNHZ
el o
Z /Nj_s/©\m42
| oo
X
y A :s_’@rmz
L e
XN
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wher ei n:.
consisting of Rerr

"R er rThis Be edalkenyl; Cerr]-Cerr] alkyn
cycloam :ﬂ l fused with Rerr]; Jerr]-d
option h R err]; wherein anys3ppober o

The co

substituted by one or
1, wherein nis 1,

each R err]

I s independently selected fromthe group _.

Cerr]-Clerr] alkyl optionally:sgbstituted with -

nore Rl err] 4.

.....

. errl-Clerr]e-, »

ETHIS SMEETOHAR eBREN
| Rl erggpi Agerpptional 1y

AW W7

claim

UuTigd  aoeovuorarry

5. The conpound according to claim21 having the

structure of far I
toclaim1l havﬁngy§§e

[err]

5t ruct ur e ofE:Equla 111
N ? -
]

%N/?‘s

6. The Cfnpound accor di ng

o0

160

O

ta

161

N

&%

Sy

162 -

) P(GINHQ

&%

164

N

&%

oo

165

e

&%

ey
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300 [err]

wher ei n Xis
(C(R[err])[err])[e%}ﬂ
wher ei n Xis

(-(Rerr])[err]-)[er

or
et HasB e

I" lm rr] :and
OO

he com@ynd ac

7 The conmpound accord| ng to clai m 1

[err]-; and . _
l*‘ceq’he conpound accardi ng t,0. cl ajme ;I1

cmlg q’gq oS BERN |,

wher ei n: Xis -C(O- or -S(O[errfl- PLACEDY i s
-N(Rerr])- or N(R[err]) CH[ err]-
' 170
Q e
. s N @l
- | *
X
171 |
LS S
& ’N) <©’
175
g\ Jasy
i x o’sb ke
N/
176 : :
CLg- o
177 ' Q )_
N,
N <2 @N"&v
| =
179
- Q foo
Nea's o

| AMENDED SHEET

g



10 A corrpound according to forrrul alV

3%5 sﬁﬁﬁiﬁé@hi@
i nd

formul a V:

aced

rr]) M, -(C(Rerr])[err])[err]-
; and each Rlerr], Rerr],
eflnedln claim1. -329-

X and X' are independently - C(O)

[err]

0r~-"S(O)feFF]
N(R[err]) '

Rlerr], p ana.'i\/lls

1 THléf”éHt‘é“%sa%Eﬁ\f

T2 | 4o

TG Lo
-

BRI fool
O

+e . @k | f]@f

R Lo
G0

[
N, <©
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wher ei n:

“(Q(R er1]) [er1]) [ okfd ponshk RehRidabed 07 - N(RLerr

is Oor Herr];
Rlerr] are not
VI : [er

- structure of fornmula VI

i ndependent | y
Rerr], R err
claiml.

Xis-C(O- or -S(O

< o YRR

[err]-

s i ndepend
gen;

Y i
1)-
ently
is

C(R[err])[err]) M,
1-:. ‘Rrerr]
or O vvherel A both

H
a structure of fornul a

n any
is optionally fusecsJ with an H;: §ng %Q@@Eﬁc or
het erocyclic ring and is optionally substituted with_1-3 RERBAGHD Lent
>elleé:£fe fromR errJ, anu €acnh R err], Rerr], RerrjJ,
g, G M Q S independentl as flned I n
12 THe conpound d| ng to|claim 11e| n Rerr} and

Rlerr] are O

195 -
A% |

200 , Q | /5‘(@”"2
B

201

)—. NH,
) <©
-2

s

RO R
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13 The corrpound accordl ng to claim12, wherein:

and
-vvherel n R[erﬂ‘

qis 1,

Gis S

14. The corrpound accordl ng to clai m.13

IC0 . : 15. The conpound accord;ng to-’ci aim
12, wherein: ; Yis -(CRerr]
Ris H. und accor di ng 330 - cl ai m {iHIS AS BEEN X and
X is -O- Yis -(C(Rerr])[err])- Rilerr] iREPEACED R[err]
is Herr]; and one Rlerr] is H and one Rlerr] Ts—OH: 7
conmpound accordaﬁbdt Ia|m16 rein Rerr][fwtdint definition 01 Y
is sel ected from hydroge Rlerr] "or err]-Cerr] al kyl optionally
substituted with ¥err]. : _
78 —Pn _ ' y
N,;N\ Bn YN8
(o}
o
80 —Pn ' gy OH
A/QN\ Bn YN :
X o
82 ,——T"‘\Ph Bn M OH
El ,NYN\ \rNa
Q o
83 ~Ph Bn no oM
. N
o]
91 Bn ) H OH :
N
<y 8
N~
o”s\‘o
92 C_<': Bn y O
N
\g 8
cd ‘ "
x N
o
94 Bn H OH
( E N
Ir 8
@/@“

HIIIIII |||I|l I|I|| ||I|| Il
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- 303- -18:--TFhe--conpound according to claim17, wherein R[err] w thin
t he def|n|t|on of Y i.s sel ected from hydrogen, -N(R[err])[err] L

het efh s Be cefinay be optionally benzofused, and: vvhereln,sard

het er optionally substituted with one pr—noré gidups*® ‘Sel'éct ed
from |sting of 0x0, -OR[err] .5 R err],| THGREKEET] JARBEERT) . -
-N(R[err])-X-Rlerr], SRerr], -X-Rerr], 82)(N(R[err])[erR|E]:LACED
-Rlerr]-ORerr], -CN, COZR[err] -X—N(R[err])(R[errJ), Ilaluu\,, N err],

and -CF[err]. T TITe COMpUUTTU aCcCor dr Myt o_char [ 18— wherern

| east one R err] 9t5h| n the definit of Y is|sel®B@ted from theogroup
consi sting of: [err] ¢ 304 - [err] YN"" :
o 8

96 Bn
_ WA
N

Q :
Vel a

Z X

22X

219 Q : Bn o é

220 ' Q Bn y OH
N= 3 T

<X

228 | on
E 1 Bn
H . ::. Y 8
o~ .

R O 0 i
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This Sheet Has Been Reilaced
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20. The conpound according to claim17, wherein at |east one Rierr] within
the definition of Yis aryl optionally substituted with one or m)re groups
sel ected fromthe group consisting of oxo, -OR[err], —-R[err] . ve e
-N(R[err]) R[err]) -N(R[err])-X-Rlerr], SRerr], -X—R[err] et
--OX—N(R[ ])[err] -Rlerr]-ORerr], -C_l\§3¢CCIerr]R[err]

- X-N(R[ ery ]gge,)RPpn@gdogen -NdJ err], and -CF[err]. 21. The
corrpound aim17, wherein at |east one Rerr] within the
definitio l{ﬁ“ﬂﬂm C[err] al kyl il ly substituted with Rlerr].
- 306-
OH
A Z
S [ THIS SHEET HAS BEEN
REPLACED
Cmpd No. A '
101 . r__l_,.f-\Ph N,—S
El 'NTN\ - / r
© 0% “NHtBu
7
ph_/q‘N\ O“ “NHtBu
o}
K /Nr
phjg\N\ O“ “NHtBu
o}
IABLE D
OH
A Z
1
121 —Ph | Bn : o
. . .
A T
Ph
o
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.22. The conpound acctording to claim?21, wherein at | east one Rlerr] within
the definition of YTM?&B:&LQ |, triazolyl, oxazolyfl, i.soxazolyl, pyrimdyl,

pyrazol yl , pyridazinq u Y iﬂmm?hidazolyl,thienyr t hi adi.azol yt:,,"
wherein said R e i t] Iy
mu IMLeI ect-eggsfor om - OR[ EW‘]SWWEE'EEE;%E%

oxadi azolyl, triazin
substituted with 1-3

-N(R[err])(Rerr]), - N(Rerr])-X-Rerr], SRerr], -X—H%NRﬁ
-OX-N(Rlerr])[err], -Rerr]-ORlerr], -CN_ -COerr]Rerr],

-X-N(Rlerr])(Rergb), halogen, -NJerr], andf-Ciglerr{. - 23. The
conpound accorHing to dl aim21, wheref™h Rierq] wthiph the fefdnition ¢f Y
is aryl optionplly substituteg™wth—{-3 substituents| sel e€tydd Trpm
-ORlerr], -Rlefr], -N(Rlerr]) N~ -N(Rlerr])-X-Rlerr], SR®rr],
-X-Rerr], -OK-N(Rerr]])[err], -Rper]-ORlefr], -€N -CJerr]Rerr],
-X-N(R[err])( rriatogem, —NSerr—amd—CFerri 24 —Fhe
conpound according to any one of clains 17-23, wherein Rerr] is benzyl;
and Z is [err] 25. The conpound according to any one of

claims 17-23, whereigy R @bkl cbitpBBAaYbsORLLOAALLY SUBSEELU! Bdoi the
group consisting of compound numbers: 2, 7, 8, 9, 14,
18, 20, 25, 26, 32, 38, 45, 47, 48, 49, 50, 51, 53, 54,
62, 63, 72, 82, 83, 91, 92, 94,.95, 96, 123, 126, 140,
141, 219, 220, 228 and 264.

62. The compound of claim 61, selected from the
group consisting of compound numbers: 7, 8, 9, 20, 45,
50, 51, 53, 54, 82, 83, 92, 94, 96, 219, 220, 228 and
264. '

63. A pharmaceutical composition comprising an
amount of a compound according to claim 1 effective in
inhibiting aspartyl protease and a pharmaceutically
acceptable carrier, adjuvant or wvehicle.

64. The pharmaceutical composition according to
claim 67, wherein said pharmaceutical composition is
orally administrable.

65. The pharmaceutical composition according to
claim 67, further comprising one or more additional
agents selected from the group consisting of other

anti-viral agents and immunostimulators.

66. The pharmaceutical composition according to
claim 69, wherein said other anti-viral agent is a

R L L



1-3 substltuents selected from-ORlerr], -N(Rlerr])(Rerr]), SR[erM
-X-Rerr]7 -Rerr]-ORerr], -CN halogen -NgJerr], and - -CFlerr]. -
- 307- nsmwngﬁsaﬁhemanﬁpound according to claim 25, mhereln Z s, [ePhlr

“ﬁ m! ording to claim25, wherein Rlerr] is benzyl optlonally
substi substituents sel ected om t he cqgmp B8l

OCH[erm errj. 28. The con‘3(§)€nd accorldi ng hgpﬁé-%tgmﬂ%\f’
wherein Z

protease inhibitor or a reverse transcriptase

inhibitor.

67. The pharmaceutical composi%ion according to
claim 70, wherein said protease inhibitor is a HIV

protease inhibitor.

68. The pharmaceutical composition according to
claim 71, wherein said HIV protease inhibitor or
inhibitors are selected from the group consisting of
VX-478, saquinavir, indinavir, ritonavir, nelfinavir,
palinavir, U-103017, XM 412, XM 450, BMS 186318, CPG
53,437, CPG 61,755, CPG 70,726, ABT 378 , GS 3333, GS
3403, GS 4023, GS 4035, GS 4145, GS 4234 , and GS 4263.

69. The pharmaceutical composition according to
claim 70, wherein said reverse transcriptase inhibitor

is a nucleoside analog.

70. The pharmaceutical composition according to
claim 73, wherein said nucleoside analog is selected
from the group consisting of zidowvudine (AZT),
dideoxycytidine (ddC), didanosine (ddI), stavudine
(d4T), 3TC, 935U83, 1592U89 and 524W9l.

71. The pharmaceutical composition according to
claim 70, wherein said reverse transcriptase inhibitor

is a non-nucleoside analog.

72. The pharmaceutical composition according to
claim 75, wherein said non-nucleoside reverse
transcriptase inhibitor is delavirdine (U90) or

nevirapine.

HlI\lI\ \l\Il\ III\I l\I\l \\ lIl\ W20 §



is [err] e 29. A conmpound according to fornula V, wherein:
[err] -308- - - - each-R.aiT] is

i ndependent |y seIecF consi sting of aryl,: carbocytlwl*.and
het er ocycl yl, mherel ﬂfﬂ rbocyclyl or heterocyclyl"'% oﬁTiﬁhaIIy
substituted with one i selec e from tThes gLp %Sngf ng of
oxo, -ORlerr], -Rerr], -N(R[err])(R[errI '-N(R[=rrﬁ %ﬁgﬁ ] E@ err],
R[err

-X-Rerr], -C)X—N(R[err])[err] -Rerr]- CR[err]
- X- N(R[err])(R[err])—/,3 ha%kpé;gﬁ? n{\%%]e‘?{ l]C' %rrd_,té_ %gé[cgr@l)nbertg R[err]
r

-C)(C}{err])[errﬂ erer ene I OXYy " an
aim 67, wherein sald pharmaceutical composition

further comprises an agent capable of inhibiting the
metabolic effects of one or more cytochrome Py5q enzyme
subtypes.

74, A method for inhibiting aspartyl protease
activity comprising the step of contacting an aspartyl
protease with the compound according to claim 1.

75. A method for reversibly binding an aspartyl
protease comprising the step of contacting the aspartyl
protease with the compound according to claimll, said
compound being covalently bound to a solid matrix.

76. A method for preventing HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutical composition according to either

claim 67 or 68.

77. A method for preventing HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutical composition according to claim
69.

78. A method for treating HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutically effective amount of a
pharmaceutical_composition according to either claim 67
or 68.

79. A method for treating HIV infection in a
mammal comprising the step of administering to said

e s | R 0 Y
. * [+ L ] S *



nethylénedioxy, and each X, X, Y, Y, Z Rerr], Rerr], Rerr], Rerr],

Rerr], ; Rl er r] QM n, r, p, @ and: Gis |ndependently as
def i ned P eplaced 30. The conpound according to cIa|n129 mhereln
Rlerr] w |t|on of Y is selected from hydrogen,” R ert] or
Jerr]-Cd |onaIIy substltuteg3§nth R 31. The
conmpound accordl ng to claim 11, wherein: X andTh(S SHEETG{AD BEEN Y
is -N(Rlerr])- Rlerr] is H ' Rlerr] is |H errREPATED one
Rlerr] is H andné&ﬂ@aﬂ[ﬁrlﬁﬁah&a&ﬁtlcal comé’a’islt-ﬁhﬁi to
claim 11, wherej Xand X is -C(O-; Yis

(QNeHD[mrélM Mis O Rerr] is H, Rerr] is
Herr]; and one Rlerr] is Hand one Rerr] is OH

-309- _ .
80. The method according to either claim 80 or

82, further comprising the step of administering, to
the mammal one or more additional agents selected from
the group consisting'of other anti-viral agents and
immunostimulators via a single or multiple dose.

81. The method according to claim 84, wherein
said other anti-viral agent is a protease inhibitor or

reverse transcriptase inhibitor.

82. The method according to claim 85, wherein

said protease inhibitor is an HIV protease inhibitor.

83. The method according to claim 86, wherein said
HIV protease inhibitor is selected from the group
consisting of VX-478, saquinavir, indinavir ,
ritonavir, nelfinavir, palinavir, U-103017, XM 412 , XM
450, BMS 186318, CPG 53,437, CPG 61,755 , CBG 70,726,
ABT 378, GS 3333, GS 3403, GS 4023, GS 4035, GS 4145 ,
GS 4234, and GS 4263. |

84. The method according to claim 85, wherein
said reverse transcriptase inhibitor is a nucleoside
analog.

85. The method according to claim 88, wherein
said nucleoside'analoq is selected from the group
consisting of zidovudine (AZT), dideoxycytidine (ddC),
didanosine (ddI), stavudine (d4T), 3TC, 935U83, 1592U89
and 524W91.

A



33. The conpound- accordlng to claim1, having the structure of fornula Xl

[err] X and X are |ndependently C(C» Foosa
-S(C»F et s Been K% The conmpound according to clai‘m-33, mhereln ReEsr]
is 1-a HHIHHMIH ndanyl 35. The conpound according' to cl'aim 1,
havi ng of formula XIII: -339- [erfIHIS SHEET HAS BEEN

' REPLACED

86. The method according to claim 85, wherein
said reverse transcriptase inhibitor is a non-
nucleoside analog.

87. The method according to claim 90, wherein
said non-nucleoside reverse transcriptase inhibitor is

delavirdine (U90) or nevirapine.

88. A method for treating or preventing of wviral
infection comprising the step of administering to said
mammal a pharmaceutical composition according to either
claim 67 or 68.

89. A method for treating or preventing HIV
related disease effects, including tumors, CMV
retinitis, candida infections, maternal fetal
transmission, or AIDS related dementia, comprising the
step of administéring to said mammal a pharmaceutical

composition according to either claim 67 or 68.
90. The composition according to claim 69,
wherein the additional anti-viral agents are 3TC and

zidovudine (AZT}.

91. The composition according to claim 69, wherein
the additional anti-viral agent is 1592U89.

92. A process for preparing a compound of formula
XIV:

Hll\ll\ \l\l\\ III\\ \\Ill \\ lIIK
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wher ei.n: X and X' are independently -C(O- or -S(OfJerr]-

. .36.
The compound according. to cIa|n135 wherein: " X s -CO- LS
(QNeHﬂIHH) or -N(Rlerr])-; and Rlerr] is'.H ‘."” eet e’
310 - TmsﬂmmPﬁHB% mReplacednpound accordlng to claim36, wherein: Xis
CXC» a C(R[err])[err]) 40 - 38. The conpound accordi ng
to clalm rr] within the de inition of Y is selected from

hydr ogen, err]-Cferr] alkyl optionally s Luted with
Rlerr]. 39 The conpound according to claim 38 THISeSRERT R[\SrBﬂEN

or
het erocycl yl, which may be optionally benzo '
het er ocycl yl nmay be R6

o

XV

wherein R1 and R6 are defined as in claim 1,
comprising the steps of: |
(1) reacting a compound of formula XV:

r1

NBoc
o

XV

wherein R1 is defined as in claim 1,
in an inert solvent with a base;

(2) reacting the product of step (1) with an
aldehyde of RSCHO followed by an optional treatment
with a dehyréting agent, wherein R6 is defined as in
claim 1 to give a compound of formula XVI:

R1

R = NBOé

Xvi

wherein Rl and R6 are defined as in claim 1;

MESIE



optional Iy substituted with 1-3 groups selected fromthe group consisting

of oxo, -ORerr], -Rerr], -N(R[err )(R[err]) - N(F{err]) X-R[err]

SRlerr], )Gﬂew]nm&w- rr], -Rlerr]-ORlerr], .
-CJerr]Rerr], -%& halogen -NJ er i CF[err]

40. The corrpound acc m 39 \M&ﬁ ein at le Hf&)SHEH ans ] gammthi n
the definition of Y |s se ected fronlthe ap consisting cﬁHthgﬁr%

- 311 - [err] - 312-

[err] (3) reacting the product of step (2) in an inert

solvent with hydrogen gas in the presence of an
hydrogenation catalyst followed by treatment with an
anhydrous acid to give a product of formula XIV.

93. A process for preparing a compound of formula
XVII:

Vii

wherein Rl and R2 are defined as in claim 1,
comprising the steps of:

(1) reacting a compound of formula XVIII:

o
Xvill

wherein R1 and R2 are as defined in claim 1,
in an inert solvent with a base, then
bromomethylacrylic acid;

(2) reacting the product of step (1) with an
oxidizing agent}

(3) reacting the product of step (2) in an inert
solvent with thioproline t-butylamide and suitable
amide-bond coupling reagents to give a product of
formula XVII.

weooser |IIELTD
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94, A process for preparing a compound of formula

XIX:
R1
Cr/N\T//
NH
O
XX

wherein Rl and r are defined as in claim 1,

! THIS SHEET HaS BEEN
REPLACED

comprising the steﬁs of:

(1) reacting a compound of formula XX

RrR1
O/"\T,/
ljl/NpG

XX

in an inert solvent with a base, then a bis-leaving

group alkane of formula XXI:

- LG
LGW
XXl

wherein LG is selected from halo, arylsulfonate esters
and alkylsulfonate esters, and r is defined as in claim
1, to give a product of formula XXII:

mawy
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41. The conpound according to claim 38, wherein at |east one R err]
within the definition of Y is aryl optionally subsii ML ﬂg or- nore
groups selected fromthe group consisting of oxo, , L
-N(Rferr])(Rerr]), ﬁﬁmm
-N(Rerr])-X-Rerr], SRerr], -X-Rerr], =53¢ N R e

-Rlerr]-OR[err], -CN, -CJerr]Rerr], -X-N(R[err]) (Rlerr]), halogen
-NJerr], and -CF[err]. 42. The conpound according to claim 38,
wherein at |east one Rlerr] within the definition of éﬁi s CJerr]-Cerr]

al kyl optionally substituted with Rerr]. Cr/N\T/z

NPG

LG f : THIS SHEET HAS BEEN
3 - REPLACED

XX

wherein Rl_and PG are defined as in formula XX and LG
and r are defined as in formula XXI;

(2) reacting the product of step (1) in an inert
solvent with a base, to give a product of formula
XXIII:

———
-t

il

wherein R' is defined as in claim 1 and PG is a N-
protecting group:; _

(3) reacting the product of step (2) in an inert
solvent with a reagent suitable for removal of the N-

protecting group PG to give a compound of formula XIX.

95. A compound according to formula I:

N (h

R UL



43. The conpound according to claim42, wherein at |east oné R3 mﬁthin ‘the
definition of Y is pyridyl, triazolyl, oxazolyl, isoxazg} r
pyrazolyl, pyridazinyl, thiazolyl, imdazolyl, thlenyl s£h¥“@¥B‘m lmmd
oxadi azolyl, triazinyl or pyrazinyl wherein: sald R may bH m "I
~ substituted with 1-3 substituents sel ected3fgom-ORerr],

-N(R[err])(Rerr]), - N(Rerr])-X-Rerr], SRerr], -X-R[err]

-C)X—N(R[err])[errf -Rlerr]-ORerr], -CN, -CI{err]R[err],

-X-N(Rerr]) (R e nhalogen hKIerr], or -CF[err]. 44. The

conpound accordi ng t @admizni42, wherein R err] within the definition of Y

is aryl optionally substituted with 1I-3 substituents selected from

-OR[err], -Rerr], -N(Rerr])(Rerr]) 1 N(Rlerr])-X-Rerr], SRerr],

-X-Rerr], -OX-NRerr])[err], R[er OR[err], -CN, CQerr]R,

-X-N(Rerr])(Rerr]), hal ogen, - (ék or - [err]. 45. The

conmpound according to any one of QL&I wher ei n: each Rerr]

i s benzyl; and each R err] not wwtHtn the definition of Y is 2-
hydroxyindanyl. 46. The conpound according to any one of clains
38-44, wherein each R err] is independently selected from benzyl optionally
substituted w t®Whérdiaubsikt UBBESnally fused with RY;

Q, X, X', Y, Rl, R4, R5, R7 and r as as defined in
claim 1; and
provided that when Y is -NR2 or —(C(R )2) r P is 1, X is
=C(0)-, Q is N and r is 1, then X' is not S0,.

96. The compound according to claim 95,
having the structure of formula IX:

Y R!
Rgr—fji/‘*’
l
Y_ _N N. RrR*
X <
0
(X)
wherein: THIS SHEET HAS BEEN
X is -S(0),-. | | REPLACED

g

ALTTRID SHEEY
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3&4- selected from-CRlerr],

AR BT TTREFLACEVENT GHETRI 086N,
conmpogNeksaes@idi fiGed 0. GhbahdFed ...

Of lﬂsc%mx)’dr. Yo%k og 'pa?ed.*é‘t?l
S . Aased Ndependent | y
sub ttﬂ#ﬂ t -3 S ent g
err an‘ é'r“r g -----

mhe eln each not

mln th

Qi ek

50. A drn -o -f-or muJ

1.

wherein:

each Z is

AN vl o

N(Rlerr]) (Rerr]),
ANJerr], and -CF[err].
erein each RO not wit
48. The conpound accqgr
sel ect fron1benzy| oft
sel et “fromthe groygp
49. The conpound accor

P REPLACEYENTT SHEET

crl

t he defrTnrti
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ijonal l'y

ng to claim48,

n
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e def on of Yis 2-
| a Xﬁk&giﬁkereln

A compound according to formula I:

or

wherein any Z is optionally fused with R6:

each X and X’

group censisting of -C(Q)-

S(0) 57
each Y and Y’

group ccnsisting of -(C(Rz)z)p-, ;NRZ—,

-C (O)C (O) Iy

>C=C(R2)2, and -N(Rz)—CHz—;

each R1

hydr oxyT ndary+-
[er

is independently selected from the
-S({0)- and -

is independently selected from the
- (C(R%) 5) =M~

is independently selected from the group

consisting of hydrogen; Rs; C1~Cg alkyl; Cy-Cg alkenyl;

Cy-Cg alkynyl; C3-Cg cycloalkyl coptionally fused with

RG; Cg-Cg cycloalkenyl opticnally fused with Rs; wherein

any member of R1

nore R2;

AR

Date

is optionally substituted by one or

~ 1 0CT 1998
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each R err] is independently selected fromthe group consisting of aryl,
.~carbocyclyl and heterocyclyl, wherein said aryl, carbocyclyl or
het erocyclyl is optionally substituted with one or nore groups sel ected
fromthe group consisting of oxo, -ORlerr], -Rerr], -N(Rerr]) (Rerr]),
-N(Rlerr])-X-Rerr], SRerr], -X-Rerr], -C>X-N(R[err])[err]
-Rlerr]-ORlerr], -CN, -CJerr]Rerr], ﬂ@9M(R[err]) (Rlerr]), hal ogen,
-NJerr], -CF[err], -C)(C}{err])[err] Rlerr], -C)(C}{err])[err] OR[err],
2, 3- nethylenedloxy and 324- nethyl enedi ox
- 315- each X, X eagh W’ iy lﬁ?éP?Tg éyrfeP?$E$?]fr??ePY?roﬁfErr]

Rierr], Rerrg’; REpre) aQyM oy~ ﬂ;ké}uﬂf}d Gcs Bndependentreas defined
in claim 1. 51. he conpound accqrding te claimb50, mhe ei n f{err]
within the deFYﬁi?thYbfORtignééﬂgcﬁéﬁe rUﬁFﬂyHrog%h CRIYT} O%ikeny

Clerr]-derr]optkyha®pyi enabliywsthskPiubed whéh Rb@rﬁ's are 52. The
conpound accordlng to claim 36, wherein: Xis -C0O-; and Yis
-N(R[err])-. attached to the same geminal atom, the R™'s togethe
with their attached geminal atom form a ring system;
wherein any member of R2 is optionally substituted by
one or more R3;
each R3 is independently selected from oxo, OR9,
N(R%),, NR%)-x-R%, n(Rr%)-x-0r%, W(r®)-x-N(rR%),, sR®, x-
R%, 0-x-N(R%),, c(0)N(R%),, halogen, NO,, CN, COOR® and
RG;
each R4 is independently selected from from the
group consisting of OR9; N(Rg)z; X-Rg; C(O)N(Rg)z; R6;
-C1-Cg alkyl; Cp-C, alkenyl; C3-C4 cycloalkyl optionally
fused with RG; C5-Cg cycloalkenyl optionally fused with
RG; wherein any member of R4 is optionally substituted
by one or more groups independently selected from R9 or
R3;
each R5 is independently selected from the group
consisting of H, OH, O and Rl;
each R6 is independently selected from the group
consisting of C6-Clb aryl, C3-C8 carbocyclyl and
C3-Cll heterocyclyl, wherein said aryl, carbocyclyl or
heterocyclyl is optionally substituted with one or more

groups selected from the group consisting of oxo, —OR9,

&%, -nR%) R%), -N@®r%)-x-R%, sR®, -x-r%, -0-x-n(rR?),,
-CF3;

each R7 is independently selected from the group
consisting of hydrogen, OH and O;-

each R8 is independently selected from the group
consisting of hydrogen, C1-C10 alkyl, C2-Cl0 alkenyl,
C2-C10 alkynyl C6~-Cl1l0 aryl, C3-C8 carbocyclyl, and

Thiz is the replacement sheet
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53. The conmpound according to claim 36, wherein: Xis -Sgerr]-; and

-~Yis -(C(Rerr])[err])-. 54. The conpound according to claim 36,
wherein Xis -SJerr]-; and Yis -N(Rerr])-. 55. The
conmpound according to claim 11, wherein: R is Hz; one Rerr] is
H and one Rerr] is OH and Zis selected fromthe group consisting
of : [err] and [ eRP3 - and Rlerr] is as defined
in claima1l,

C3-C11 heterocyclyl;

each R9 is independently selected from the group
consisting of hydrogen, C1-Cl0 alkyl, C2-Cl0 alkenyl,
C2~-C10 alkynyl, C6-Cl1l0 aryl, C3-C8 carbocyclyl, C3-Cll
heterocyclyl, C1-Cl0 alkyl substituted C6-Cl1l0 aryl ,
C1-C10 alkyl substituted C3-C8 carbocyclyl and C1-C10
alkyl substituted heterocyclyl; wherein any member of
R9 is optionally fused with R8 and wherein any member
of R8 is optionally substituted by one or more groups
independently selected from —ORB, *N(Ra)z, -CN, =-NOj, -
x-r%, -x-N(&%, -c(oyor®, -N(r®)-xN(R%),, or halogen;

each Q is indepéndently selected from the group
consisting of CH and N;

each M is independently selected from the group
consisting of NH, -NR*-, -0-, -S-, -S(0)- and -S(0),-;

each n is independently 1 or 2;

each r is independently 0, 1 or 2;

each p is independently 1 or 2;

each g is independently 1, 2 or 3; and

each G is independently selected from the group
consisting of -NH-, -NR%-, -0-, -S-, -5(0)=, S(0),,
~C(0)-, and —-C(R%),-.

2. The compound according to claim 1, wherein:

‘each ¥ and ¥’ is independently selected from the
group consisting of —(C(Rz)z)p-, —NRZ—, -(C(Rz)z)p-M-,
and —N(RZ)—CHZ-; and

each R3 is independently selected from oxo, OR9,
N(R%),, N(R%)-x-R?, w(R®)-x-0rR®°, sR®, x-R%, o-x-N(R%),,

c(0)N(R%),, halogen, NO,, CN, COOR® and R®.

3. The compound according to claim 1 having the
structure of formula IA:

- S . e b e B N PN
Ve e g rauiEesment shast

o

Daia:



- 316- 56. The conpound according to claim11l, wherein Z S

.~selected fromthe group consisting of [err] and
[err] Rlerr] is Herr]; and one Rlerr] is H and one
Rlerr] is OH 57. The conpound according to any one of clains
16-32, wherein Z is selected fromthe group consisting of:

: - 299 -

wherein:

each R12 is independently selected from the group
consisting of R6; C1-Cg alkyl optionally substituted
with R6; Co-Cg alkenyl; Cy-Cg alkynyl:; C3-Cg cycloalkyl
optionally fused with R6; C5-Cg cycloalkenyl
optionally fused with Re; wherein any member of R12 is
optionally substituted by one or more R2.

4., The compound according to claim 1, wherein n
is 1.

5. The compound according to claim 1 having the
structure of formula II:

;
R R1
Rl_iﬁ_____rf R R g
"Y. N
X7 Z
7
(ny R

6. The compound according to claim 1 having the

structure of formula III:

I e
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[err] and [err] and Rlerr] is as defined in claiml
-~ 58. The conpound according to any one of clains 16-32, wherein Z is

sel ected fromthe group consisting of:

-317- [err] and [err]

-300- .

7. The compound according to claim 1,
wherein:

X is -C(0)- or -S(0)3-; and

Y is - (C(R%) ;) p-M-.

8. The compound according to claim 1,
wherein:

X is -C(0)- or -5(0),-; and

Y is (-C(R®)y-)p.

8. The compound according to claim 1,
wherein:

X is -C(0)-, -Cc(0)C(0)- or -5(0),-; and

Y is -N(R®) - or -N(R?)-CH,-.

10. A compound according to formula IV:

R R
RZ!BT_____r’ H o
4
1 .
(1Iv) R

e This 15 the H}pia{;emeni_‘ 5}‘}69@
[T

N SR
e i DOT AR



59. A conpound according to formula I, wherein: [err]
++Z Is selected fromthe group consisting of -X Rerr], -N(Rerr])-X-Rerr],
-N(Rlerr])-N(R[err])-X -Rerr], and formula VI; [err] wherein
any structure of formula VI is optionally fused with an aryl, carbocyclic
or heterocyclic ring and is optionally substituted with 1-3 nenbers

i ndependently selected fromR[err]; and301-

wherein:

X and X’ are independently -C({0)- or -S(0)y-;

Y is —(C(R%) ) M-, -(C(R}) )~ -N(R®)- or -N(R®)-
CHy-; and
each Rl, R2, R7, R4, p and M is independently as defined

in claim 1.

1l1. A compound according to formula V:

R R
7 11
N
Y\X,N VA
!10
(V)
wherein:

X is -C(0)- or -5(0)y-;
. 2 2 2 2
Y is -(C(R7)2)-M~, -(C(R")3)p-, -N(R")- or -N(R")-
CH,-; ‘
R is 0 or Hop s
each g1l is independently H, OH or O, wherein both
R11 are not simultaneously hydrogen;

Z 1is a structure of formula VI:

EEZ——{3 RS
At \Q/is

TRz o ine raptacement shegt
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-318- each X, X, Y, Y Rerr], Rerr], Rerr], Rerr], Rerr], Rerr],

~Rlerr], Rerr], Rerr], Q M n, r, p, q and Gis independently as defined

in claiml1l. 60. A conpound sel ected fromthe group consisting
of conmpound nunbers: 1, 2, 3, 4, 7, 8, 9, 13, 14, 16, 17, 18, 20, 23, 24,
25, 26, 32, 35, 38, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 62, 63, 72,
75, 76, 78, 80, 82, 83, 91, 92, 94, 95-¥B- 101, 102, 109, 121, 122, 123,
124, 126, 127, 128, 129, 131, 132, 133, 134, 135, 137, 138, 140, 141, 145,

146, 147, 149, .150, 155, 156 60, 161, 162, 164, .165, ,170, 71,...175, 176,
179 176 TsowhrsgingRy §eguctife perrorgRia§l i3o3ptifhalily sty S0
228 and 264, adit®heawnabelowcambbalic@s cAorBhe€erangclic ring and is

TABLE A optionally substituted with Eggrgubstituents
independently selected from R2; and
each Y, R?, R’, R, R%, p, 9, G, M, Q and X' is

independently as defined in claim 1.

12. The compound according to claim 11, wherein

Rlo and R11 are O.

13. The compound according to claim 12, wherein:
q is 1;
G is S; and

X' is -C(0)-.

14. The compound according to claim 13, wherein R4
is t-butylamino.

15. The compound according to claim 12, wherein:
X is -C(0)~-;
Y is -(C(R%) )~ and

R7 is H.

16. The compound according to claim 11, wherein:
X and X’ is -C(0)-;
Y is - (C(R%) ) -;

R’ is H;
R is Hy; and

one Rll is H and one Rll is OH.

17. The compound according to claim 16, wherein R2
within the definition of Y is selected from hydrogen,
3 . .
R™ or C;-Cg alkyl optionally substituted with R3.

This is the replacement sheet

) O O pate: = 7 OCT 1998



-

Cnpd. No. A Z 1
~[err] [err]

- 319 - 2 [err] [err]

3 : [err] [err]

- 303 -

18. The compound according to claim 17, wherein R2
within the definition of Y is selected from hydrogen,
—N(Rg)zl or heterocyclyl, which may be optionally
benzofused, and wherein said heterocyclyl may be
optionally substituted with one or more groups selected
from the group consisting of oxo, —ORQ, —Rg, -N(Rg)(Rg),
-N(R%) -x-r%, sr®, -x-R®, -0-x-N(r%),, -rR%-0R®, -cn,
-co,R?, -%-N(R”) (R%), halogen, -NO,, and -CFj.

19. The compound according to claim 18, wherein at
least one R? within the definition of Y is selected

from the group consisting of:

Q. Q.
gesSecihcalies
o Oy o0 OC

N

B L L L

atel .7 oacT mon



~[err]
[err]
[err]

[err] [err]
[err]
[err] 9
13 [err]
304
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™ N/ N N/
H H
4 'N /l ~ CH
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Me H
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Me CH; Me
A~ CHs | I
| Z l Z
x>
- WU
Me
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@ SN
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[err]
[err]
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14 _ [err] [err] 16

~[err] [err] - 320 -
17 [err] [err] 18 [err]
[err]
-305-
CH NH, OH
H;

HO .
OH
N— X
OH .
N N M F F
51 . L
X F X F N F

20. The compound according to claim 17, wherein at
least one R2 within the definition of Y is aryl
optionally substituted with one or more groups selected
from the group consisting of oxo,.—ORg, -Rg, —N(Rg)(Rg),
-N(R%) -x-rR%, srR?, -x-rR?, -0-x-n(r%),, -R%-0R%, -CW,
-C02R9, -X-N(Rg)(Rg), halogen, -NO,, and -CFj.

21. The compound according to claim 17, wherein at
least one R® within the definition of Y is C41-Cg alkyl
optionally substituted with R3.

This is the repla-cem’eni sheet
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20 [err] [err] 23 [err]
-~ [err] 24 [err] [err] 25

[err] [err] 26 [err] [err]

27 [err] [err]

-306 -

22. The compound according to claim 21, wherein at
least one R3 within the definition of Y is pyridyl,
triazolyl, oxazolyl, isoxazolyl, pyrimidyl, pyrazolyl,
pyridazinyl, thiazolyl, imidazolyl, thienyl
thiadiazolyl, oxadiazolyl, triazinyl or pyrazinyl
wherein said R3 may be optionally substituted with 1-3
substituents selected from -OR9, —Rg, —N(Rg)(Rg), -
N(R%)-x-R%, srR®, -x-R°, -0-x-N(r%),, -R%-0R®, -cN,
-co,R?, -x-N(R%) (R%), halogen, -NO,, and -CFj.

23. The compound according to claim 21, wherein R3
within the definition of Y is aryl optionally
substituted with 1-3 substituents selected from -ORg,
—Rg, -N(Rg) (Rg), —N(Rg)—X—Rg, SRg, —X-—Rg, -O—X-N(Rg)z,
-r%-0r’, -cN, -co,R’, -x-N(R®) (%), halogen, -NO,, and
-CF3.

24. The compound according to any one of claims

17-23, wherein Rl is benzyl; and Z is

25. The compound according to'any one of claims
17-23, wherein R1 is benzyl optionally substituted with
1-3 substituents selected from -or’, -N(®R%) (R%), sr®,

-X-Rg, -Rg—ORg, —-CN, halogen, -NO,, and -CFj.

| |!I|I c L L} S *
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32

~ - 321 -

[err]
[err]

35

[err] [err]
[err] 38

[err]
[err] 45 [err]
- 307 -
26. The compound according to claim 25, wherein Z
is

Ao

H

27. The compound according to claim 25, wherein R1
is benzyl optionally substituted with 1-3 substituents
selected from the group consisting of OCHj3, OH and NH,.

28. The compound according to claim 27, wherein Z

is

29. A compound according to formula V, wherein:

R R
R
Y\X/N Z
o
(V)
Tees poaha renlacadent
- 7 0CT 1998
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4é~ [err] [err] 47

~ [err] [err] 48 [err]

[err] 49 [err] [err] 50
[err] [err] _

- 308 -

each R6 is independently selected from the group
consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is
optionally substituted with one or more groups selected
from the group consisting of oxo, —ORg, —Rg, —N(Rg)(Rg),
—N(Rg)—X-Rg, SR9, —X—Rg, —O—X—N(Rg)z, —R9—OR9, -CN,
-copR®, -x-N(R%) (R%), halogen, -NO,, -CF3, =O-(CHyp)q-R%,
-0~ (CHy) -OR” , 2,3-methylenedioxy and 3,4-
methylenedioxy; and
each X, X', ¥, Y', z, RY, ®?, &%, %, R®, R/, R%, R% o,
M, n, r, p, 9 and G is independently as defined in

claim 1.

30. The compound according to claim 28, wherein R2
within the definition of Y is selected from hydrogen,
R® or C1-Cg alkyl optionally substituted with R>.

31. The compound according to claim 11, wherein:
X and X’ is ~-C(0)-:

Y is —N(Rz)-;
R' is H;

R is Hy; and

1 is OH.

one Rll is H and one R1
"32. The compound according to claim 11, wherein:
X and X' is -C(0)-;

Y is - (C(R%),)-M-;

M is O;

R’ is H;
R is Hy; and

one Rll is H and one R11 is OH.

This is the replacement sheat

J1TRLTEL LT —

~ 7 0CT 1998



- 322 - 51 [err] [err] 52
- [err] [err] 53 [err]
[err] 54 [err] [err] 62
[err] [err]

-309 -

33. The compound according to claim 1, having the

structure of formula XII:

R: r! _
R’%—“f HoR
4
Y\X /N 5 /R
( X1I)

wherein:
X and X’ are independently -C(Q)- or -S(0),-

34. The compound according to claim 33, wherein R4

is l-amino-2-hydroxyindanyl.

35. The compound according to claim 1, having the

structure of formula XIII:

R R
7 1
Y\X/N . X./N\ 9
(XIII)
wherein:

X and X’ are independently -C(0)- or -S(0),-

36. The compound according to claim 35, wherein:

X' is -C(0)- .
Y is -(C(R%),)- or -N(R%)-; and
7

R" is H. Thiz is the replacement sheet
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63 [err] [err] 72
~[err] [err] -
323 - 75 [err] [err]

-310-

37. The compound according to claim 36, wherein:
X is -C(0)-; and
Y is - (C(R?),)-.

38. The compound according to claim 37, wherein R2
within the definition of Y is selected from hydrogen,
R3, or C1-Cg alkyl optionally substituted with R3.

39. The compound according to claim 38, wherein R2
within the definition of Y is selected from hydrogen, -
N(Rg)zl or heterocyclyl, which may be optionally
benzofused, and wherein said heterocyclyl may be
optionally substituted with 1-3 groups selected from
the group consisting of oxo, —OR9, -Rg, —N(Rg)(Rg), -
NR%)-x-r%, sr®, x-r%, -o-x-n(rR%,, -R%-0R®, -cy,
-co,R’, -x-N(R%) (R%), halogen, -NO,, and -CFs.

40. The compound according to claim 39, wherein at

least one R2 within the definition of Y is selected

from the group consisting of:

@Sf %"’ s
ResNoolnge

L
1

e es

™ o
> X - |
N X
SRS )
HC  Me

fhiz is thi renlacament chegt
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76
Terr]

[err]

127

[err] 124 [err][err]
126 [err]
[err] [err]
311
RN ™ . \_
7 =z N ~
XN N X N S >
H H hlﬂe
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- 324 - 128 [err] [err] 129

. lerr] [err] 131 ' [err]
[err] 132 [err] [err]
-312 -
NH,
| I
4
aNgaih
N
% N
OH OH
S 5\/N\ oM~ <

98 T2
24 42
A4 A

41, The compound according to claim 38, wherein at
least one R2 within the definition of Y is aryl

optionally substituted with one or more groups selected

from the group consisting of oxo, —OR9, —Rg, —N(Rg)(Rg),

This is the replacement sheet
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133 [err] [err] 134
~ [err] [err] -325 - 135
[err] [err] 137 [err] [err]

-313 -

S
-N(R%) -x-r%, sk®, -x-Rr%, -0-x-N(r%),, -R’-OR®, -CN,
~co,r?, -x-N(R%) (R%), halogen, -NO,, and -CFj.

42. The compound according to claim 38, wherein at
least one R within the definition of Y is C1-Cg alkyl
optionally substituted with R3.

43. The compound according to claim 42, wherein at
least one R3 within the definition of Y is pyvridyl,
triazolyl, oxazolyl, isoxazolyl, pyrimidyl, pyrazolyl,
pyridazinyl, thiazolyl, imidazolyl, thienyl
thiadiazolyl, oxadiazolyl, triazinyl or pyrazinyl
wherein said R® may be optionally substituted with 1-3

substituents selected from —OR9, —Rg, —N(Rg)(Rg).

N(R%) -x-R%, srR®, -x-r®, -0-x-N(r%),, -R%-0R®, -cN,

—COZRQ, —X—N(Rg)(Rg), halogen, -NO,, or -CFj3.

44. The compound according to claim 42, wherein R3
within the definition of Y is aryl optionally
substituted with 1-3 substituents selected from —OR9,
&%, -nR%) (%), -N(R%)-x-R?, sR?®, -x-R%, -0-x-N(R%),,
-r%-0r®, -cN, -co,R®, -x-N(R) (R%), halogen, -NO,, or
~CF3. '

- 45, The compound according to any one of claims
38-44, wherein:
each Rl is benzyl; and
each R9 not within the definition of Y is 2-
hydroxyindanyl.

46. The compound according to any one of claims
38-44, wherein each R1 is independently selected from
benzyl optionally substituted with 1-3 substituents

Triz is ihe ranlacsmen shest
* C L M S *

Tnda e
EIE, I Y S



138
« [err]
[err]

[err] [err] 140 [err]
141 [err] [err] 145
[err]

-314-

9 9

9 9
selected from -OoR>, -N(R”) (®%), sr®, -x-r%, -rR%-or’, -

CN, halogen, -NO,;, and -CFj.

47. The compound according to claim 46, wherein
each R9 not within the definition of Y is 2-

hydroxyindanyl.

48. The compound according to claim 46, wherein
each Rl is independently selected from benzyl
optionally substituted with 1-3 substituents selected
from the group consisting of OCH3, OH and NHj.

49. The compound according to claim 48, wherein
each R9 not within the definition of Y is 2-

hydroxyindanyl.

50. A compound according to formula XIII, wherein:

7 1

R R
7 1
g
Y\‘X/N X./N\ 9
( X1 )

each R6 is independently selected from the group
consisting of aryl, carbocyclyl and heterocyclyl,
wherein said aryl, carbocyclyl or heterocyclyl is
optionally substituted with one or more groups selected
from the group consisting of oxo, —OR9, —R9, —N(Rg)(Rg),
-N(R%)-x-R?, sR?, -x-R?, -0-x-N(&%),, -R%-0R®, -cN,
-co,R°, -x-N(R%) (%), halogen, -NOj, ~CF3, -O-(CHy) R,
—O—(CHz)q—OR9 + 2,3-methylenedioxy and 3,4-

methylenedioxy; and
. This is the replacement shest
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- 526 - 146 [err] [err] 147 [err]
. [err] 149 [err] [err] 150 [err]
[err] :

7 8 .9
each X, X', Y, ¥', z, R}, r?, &%, r%, ®%, R', R®, R o,

M, n, r, p, g and G is independently as defined in

claim 1.

51. The compound according to claim 50, wherein R2
within the definition of Y is selected from hydrogen,
R® or C1~C¢ alkyl optionally substituted with R>.

52. The compound according to claim 36, wherein:
X is -C(0)-; and
Y is -N(R?)-.

53. The compound according to claim 36, wherein:
X is -S0y-; and
Y is ~(C(R%),)-.

54. The compound according to claim 36, wherein
X is -505-; and
Y is -N(R%)-.

55. The compound according to claim 11, wherein:
10 ,
R™" 1s Hjp;

11

one Rll is H and one R is CH; and

Z is selected from the group consisting of:

2 2
/’N and /;N\\//J
0] NHtBu (34J\74Hﬁi1

and R2 is as defined in claim 1.

This is the repiscement sheet
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155
[err]

- 327 -
[err]

[err] [err] 156

160 [err] [err] 161

-316 -

[err]

56. The compound according to claim 11, wherein %

is selected from the group consisting of

H H S
H H
/N and /N
0] NHtBu 0 NHtBu

RO is Hy; and

one R11 is H and one R11 is OH.

37. The compound according to any one of claims
16-32, wherein 2 is selected from the group consisting
of:

2 2
R (//\\NJJ{

/,N and /,N
0) NHtBu 8) NHtBu

and R? is as defined in claim 1.
58.
le-32,

of:

This i oh

The compound according to any one of claims

wherein Z is selected from the group consisting

e vy e &
& raniaceaman sheet
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1éé [err] [err] 164 [err]

[err] 165 [err] [err] 170
[err] [err]
- 328 -
-317-
H H S
H H
/N mﬁ‘/N

59. A compound according to formula I,

wherein:

(1

Z is selected from the group consisting of —X'R4,

N -x-rRY, N RY-N(RY) -x'-R?, and formula VI;

(Nq /GkRS
/ ,
S
X
R4/
(V1)

wherein any structure of formula VI is optionally fused
with an aryl, carbocyclic or heterocyclic ring and is
optionally substituted with 1-3 members independently

selected from R2; and
S This is the replacement sheet
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171
~[err]
[err]

[err] [err] 175 [err]
176 [err] [err] 177
[err] 179 [err] [err]

-318-

7 8 _9
each X, X', ¥, v' rY, &%, ®r®, ®r?, ®%, R% R’, R® R% o

M, n, r, p, 9 and G is independently as defined in

claim 1.

60. A compound selected from the group
consisting of compound numbers: 1, 2, 3, 4, 7, 8, 9,
13, 14, ie6, 17, 18, 20, 23, 24, 25, 26, 32, 35, 38, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 62, 63, 72, 175,
76, 78, 80, 82, 83, 91, 92, 94, 95, %96, 101, 102, 109,
121, 122, 123, 124, 126, 127, 128; 129, 131, 132, 133,
134, 135, 137, 138, 140, 141, 145, 146, 147, 149, 150,
155, 156, 160, 161, 162, 164, 165, 170, 171, 175, 176,
177, 179, 180, 185, 186, 190, 191, 192, 194, 195, 200,
201, 208, 219, 220, 228 and 264, as shown below in
Tables A, B, C, and D:

TABLE A

OH

Cmpd.
No. A Z

NI s e renecemert e
* 4 L M S *
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186 [err] [err]

w- 329 - 185 [err] [err] 186
[err] [err] 190 [err] [err]
-319-
2 —Ph
/\/N N\
4
' N /\E]
?\/NYN\ N
o 07 NHtBu
4 NN Ph
N\ OMe
oo

W?N:Ph . p jof e

N
>0

L
)
.—Ph NTNF
. § 7
/\/QN g N
O o

NHtBu

13 —Ph
\ om
| et dom
)

o cum 5
N N\ .
¥

16 Ph
- ' p OMe
H3C QN -~ ,N ‘SO
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19\.1 [err] [err] 192 [err]
~[err] 194 [err] [err]

-320-

17 Ph
' OMe
H3C
H3C ; N~ N ‘S’©/
S ‘ g

18 Ph
I OMe
EI/QN§ /les©/

(o] o0
20 ~Ph -
X OMe
N 9
Ph‘/q > s
o) o ‘o

23 Ph
o (Q oMte

24

25 Ph
AcO J OMe
A (o
-8
0 o '

26 Ph
© |
) o\)\/g\N\ N @
)

27 Ph
HN’\"'.I p OMe
(A o
o

z I~ B

A
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195

[err] [err] 200
~ [err] [err] 201 [err]
[err] TABLE B [err]
- 321 -
35 F|’h p
HN OMe
. (T
HaC <~ 8
o [o M e}
38 Fj‘h
HN’\..,-- ©/0Me
o [ Js
45 ~Ph p
\ OMe
L (o
o) < s
o 0
46 Ph
f—\"j p OMe
S (I
K3 < ST
[oJ o) O 0O
47 Plh p
[o) OMe
O:Pv\ N D/
78
o (e o)
48 Ph
..-! p OMe
SYan (T
.o"s'o /o"s'o
49 l;’h
.S
oo
50 —Ph
N
Ph ~
o}

T
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Cnpd. A R err] Z No. 78

« [err] Bn [err] - 331 -
80 [err] Bn [err] 82 [err]
Bn [err]

-322 -

51

52

53

54

62

63

72
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83“ [err] Bn [err] 91 [err]

= Bn [err] 92 [err] Bn [err]
94 [err] Bn [err] 95 [err]
Bn [err]
-323-

75
H,
| ”~
o7y

A ’

(o]
123
H,
b -
N .
| . 07 NHBuU

E

127 '
H.
2, 2
: ”
NG \/?\ . OJ\NHtBu

T
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- 332 - 96 [err] Bn [err] 208

w [err] Bn [err] 219 [err]
[err] 220 [err] Bn [err]
-324 -
128
Q H: |
B /N .".H
( h\ o] NHtBu
129 .
Q H; )
H\N—N A "
MW\ 07 NH1BY
131
g\ &Q
N H
N==
6M\ 0 NHtBu
132
Q H.,
AN ”hH
w
‘/ ) (o] NHtBu
133 )
H,
E 1 Y
- ' OJ\NHtBu
Me
134
Q M.
“d /N s
K l —_ 07 NHtBu
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228 Lerr] Bn [err] 264
~ [err] Bn [err]

- 333 - TABLE C
[err]
-325-
135
Q,
| /N H
~—— (o] NHIB
“
Ny
137
Q ",
_N H

oy
P

T
T

138 :

z

&
z
/
° \

xI

140 :

z
T

z
74K\
[o]
P-4
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%

141

145 Q p@\NH
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Cnmpd No.

~[err]

[err]
[err]
TABLE D
[err]

Z 101
[err]
[err] 109 [err]
109 [err] [err]
rr] 121
Bn [err] 356%
147 Q p
:\: AN "L.‘.S_’o: “NH3
P ~—
149 :: (S:?
/N T,S_QN Ha
o -
& /':J?S.g@\NHz
N
NN /"o:s.;©\NHz
’ "N N@\
156 Q ;}
(/NEI /lt.sb(:LNHz
N N/?\

I
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- 334 - 122 [err] Bn [err] 61. The

» conmpound of claim60, selected fromthe group consisting of conpound
nunbers: 2, 7, 8, 9, 14, 18, 20, 25, 26, 32, 38, 45, 47, 4,8, 49, 50, 51,
53, 54, 62, 63, 72, 82, 83, 91, 92, 94, 95, 96, 123, 126, 140, 141, 219,

220, 228 and 264. 62. The conpoqugof claim6l, selected fromthe
group consi sting of conpound nunbers 9, 20, 45, 50, 51, 53, 54, 82,
83, 92, 94, 96, 219, 220, 228 and 264. 63. A pharnaceutical

conposi ti on ceApH-sHig—aR—ahthi—ei—a—conpeupd—aceore

ol
ARl JT A% UUII'\J LAY | AU UUT Ul Ilgi U A\ | ul ||| .l:

effective in jinliébiting aspartyl ot ease anf a phar utically acceptable
carrier, adjuvant or{vehicle. Ei21964. The pharnace caINﬁonp05|t|on
according to {cl aim 63, wherein s har macelit i cal |on is ordlly
admi ni strabl g 4

Q| S

o

162 Q ;3@,%

- g\ | &j

165 )

170

o
AL

(IR T e e rovtacement sheet
* ¢ L M 5 *
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65. The pharmaceutical conposition according to claim63, further

» conprising one or nore additional agents selected fromthe group consisting

of other anti-viral agents and i nmmunosti nul at ors. 66. The
pharmaceutical conposition according to claim65, wherein said other
anti-viral agent is a - 335 - pr ot ease
I nhibitor or a reverse transcriptase i nh34s 1 or . 67. The

pharmaceutical conposition according to claim66, wherein said protease

inhibitor is WW
conposition accariding to claim67 wherein said HV p@ease i nhibitqgr or

i nhibitors arge selected fromt heup consi $ting of 478 ywSaqui navir,
i ndi navir, rigonavir,| nelfinavir,Xxpa\inavir, | U 103017 12 XM 45d, BMS
186318, CPG 583, 437, €PG 61, CPG 70, 726, ABT 378 ¢ 33, G5

N

RS oo

N

176 @\ N)_{@\NHZ

S\ o)

179

180

A L.

R A 0 e is 1 raplacament shest
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34b3, GS 4023, GS 4035, GS 4145, GS 4234 , and GS 4263.

69. The

-~ pharmaceutical conposition according to claim®66, wherein said reverse

transcri ptase inhibitor

i s a nucl eosi de anal og.

70. The

phar maceuti cal conposition according to claim®69, wherein said nucl eoside

anal og is selected fromthe group consi
di deoxycyti di ne (ddQ),

1592U89 and 524V@1.

§5§ng of zidovudi ne (AZT),
di danosi ne (ddl) tavudi ne (d4T),
71. The pharnaceutlcal

3TC, 935U83,

conposition according to

Cl a| m 66, V\th C: ) f}u. ('aLfCVSr Se- %LanS\.u I‘[JI. oSt i (Rl lJI LUI | S—a—1ohr= ITUbI rYOSi de
anal og. ¥2> The phar maceutial conposjtion acc dlng to claim?71,
wher ei n sai d jnon- nuc| eosi de rev transcrijptase i n I s del avijrdi ne
(W90) or nevilrapi ne. y 73. The
phar maceuti cgl conpopition ording to
N I —
186 Q )_
9 <©NH2
g «9\
190
S\ o
& /N) <©,
191
QL o
. 4T
192 '
Q, e
A Q
N .
! 2 I~
194
Q o
\ AT

A

This is the replacement sheet
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cl aim 63, wherein said pharnmaceutical conposition further conprises an

i« agent capable of inhibiting the netabolic effects of one or nore cytochrone
P450 enzyne subtypes. 74. A nmethod for inhibiting aspartyl protease
activity conprising the step of contacting an aspartyl protease with the
conmpound according to claim1. met hod for reversibly binding
an aspartyl protease conprising the step3 “contacting the aspartyl
protease with the conpound according to claintl sald conpound bei ng

coval ently boprd—te—g—sed—ratrie —A-fethed—or—prevent+ng H V
infection in g @il conpri sing step of admnisteying to said ngmual a
phar maceuti cal conpogition accor to eith r claim -] 77. A
met hod for preventing H V infecti ND a ma conprm the step df

adm nisteringjto said ma z iceut i cal conp05| n accordlng tjo

cl ai m 65. 78. |A net le or ting HiV |nfect|on in a manmal
conprising the step qf adm n to said{manmal a pharnmaceutical lly

ef fective anmopunt of g pharmadeutic conposi §i on according to either jclaim

63 or 64. 79 A et hod. faor trpath%L | TRV nfection in a

200
2| o
AT
el

! g\ @3%

/N /KS\O

TABLE B

Crpd.. _ A R 4
No.

78 —Ph oH
M Bn

H
N~
WNEN\ \[Or 8
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manmal conprising the step of admnistering to said
conposition according to cl ai m®65.

- 337 -

manmal

a pharnmaceuti cal

80. The nethod according to either claim76 or 78,
step of adm nistering,

transcri ptase
wherein said

The met hod ac¢ordi ng
selected fromthe grd

to the mammul
fromthe group consisting of other  anti -
via a single or.multiple dose.
wherein said other anti-viral agent is a protease inhibitor or reverse

one or

81

further conprising the

nor e addi ti onal

agents sel ected

g&gﬁl agents and i mmunosti nul ators
: e nethod according to clai m80,

+Ah-bi-ret— S2—Fhe—rethed—aceorairg—to—cta-m8%
proB@ase inhibitor is .am HV prgtease inhibitor, on
to claim82/~pherein saild H,y prpteasg inbbitor
up consiBtihgNef VX-478, saquinayir, ilditavir
° &
82 ~“Sph Bn H OH
N__N N. A
. ¥ ZEE
(o] o
83 —~Ph . Bn w M
\ N, A
yeR Y
o]
91 Bn
Q
ﬁrN--. A
O
&
Vs 8
N N~
0%
92 Bn
no oM
\n,N.... .
N y o 8
— I 5
S N
(¢]
94 ’ Bn
Q |
YN. g
- Q
85 Bn
Q
YN :
..‘\# o 8
N—
o o}
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S
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ritonavir, nelfinavir, palinavir, U 103017, XM 412 , XM 450, BMS 186318,

. CPG 53,437, CPG 61,755 , CPG 70,726, ABT 378, GS 3333, GS 3403, GS 4023, GS

4035, GS 4145 GS 4234, and GS 4263. 84. The nethod according to
claim 81, wherein said reverse transcriptase inhibitor is a nucl eoside
anal og. 85. The nethod accordi nggﬁg claim 84, wherein said

nucl eosi de analog is selected fromthe up consisting of zidovudi ne
(AZT), dideoxycytidine (ddC), didanosine (ddl), stavudine (d4T), 3TC,
935U83, 1592U89—anrd—p24 D= 338

86. The nethod a&Tor{ing to cl ai, wher ei h sd&rd reverse traascri ptlase

I nhibitor is fa non- pucl eosi de ag g. 87. Theg a cordlrg to
cl aim 86, wherein sajld non-nucl eosige reversg transcrii pta |b|tor S

del avi rdi ne (JU90) or|nevirapine. —
NC\QN\
208 WO
. ( 1 Bn N, A
\9; 8

Z X

219 Q | Bn o é

220 Bn y oA
o

X

228 H Q N o é

Z2Xx

264 Q * Bn . é

“III"’ mm "l" "m " lm This is the replacement sheet
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]

88. A nethod for treating or preventing of viral infection conprising the

‘. step of admnistering to said manmal a pharmaceuti cal conposition according

to either claim®63 or 64. 89. A nethod for treating or preventing
H V rel ated di sease effects, including tunors, CW retinitis, candida

i nfections, maternal fetal transm ssion, Al DS rel ated denenti a,
conprising the step of adm nistering to‘§§§ﬂ manmmal a phar maceuti cal

conposition according to either claim®63 or 64. 90. The conposition
according to claim®65, wherein the addk%#gﬁﬂg anti-viral agents are 3TC and
zi dovudi ne (AZT). 91. The conpost ccording to claim®65, wherein
the additional anti-viral agent is 1592U§8 92. A process for
preparing a conpound of fornula X V: H
- 339- A 7
Cmpd No. A pA
NN -
Qi X
o OZ “NHtBu
102 —Ph s
N r
ph_/QN\ O™ “NHtBu
o]
109 —ph s
. N r
ph_/g\N ~ O7 “NHtBu
o)
TABLE D
OH
A Z
1
; Nor
Ph—/j;;k\ °© ~o
o]

A R This i the ropiacement sheet
* c L " sI " ,!II
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[e}r] wherein Rerr] and R err] are defined as in claiml

ssconprising the steps of: (1) reacting a conmpound of formula XV:
[err] wherein Rerr] is defined as in claim1, in an inert sol vent
Wi th a base; (2) reacting the product of step (1) with an al dehyde of

Rlerr] CHO fol |l owed by an optional treatnment with a dehyrating agent,
wherein R err] is defined as in clain11'¥%4give a conpound of fornula XV
[err]

122 Ph Bn H
| N__O
Lo Yy
,N\ O '\O
.S,
(o o’

61. The compound of claim 60, selected from the
group consisting of compound numbers: 2, 7, 8, 9, 14,
18, 20, 25, 26, 32, 38, 45, 47, 48, 49, 50, 51, 53, 54,
62, 63, 72, 82, 83, 91, 92, 94, 95, 96, 123, 126, 140,
141, 219, 220, 228 and 264.

62. The compound of claim 61, selected from the
group consisting of compound numbers: 7, 8, 9, 20, 45,
50, 51, 53, 54, 82, 83, 92, 94, 96, 219, 220, 228 and
264.

63. A pharmaceutical composition comprising an
amount of a compound according to claim 1 effective in
inhibiting aspartyl protease and a pharmaceutically
acceptable carrier, adjuvant or vehicle.

64. The pharmaceutical composition according to
claim 63, wherein said pharmaceutical composition is
orally administrable.

65. The pharmaceutical composition according to
claim 63, further comprising one or more additional
agents selected from the group consisting of other

anti-viral agents and immunostimulators.

66. The pharmaceutical composition according to

claim 65, wherein said other anti-viral agent is a

P e TR i ThE repiscamiens sheet
LT —
NRIRRY NN RiA 11 e CT;ggs



wherein R err] and R err] are defined as in claiml;

*.-340- (3) reacting the product of step (2) in an inert solvent with
hydrogen gas in the presence of an hydrogenation catal yst foll owed by
treatment with an anhydrous acid to give a product of formula Xl V.

93. A process for preparing a conpound og3§ornula XVII: [err]

protease inhibitor or a reverse transcriptase

inhibitor.

67. The pharmaceutical composition according to
claim 66, wherein said protease inhibitor is a HIV

protease inhibitor.

68. The pharmaceutical composition according to
claim 67, wherein said HIV protease inhibitor or
inhibitors are selected from the group consisting of
VX-478, saquinavir, indinavir, ritonavir, nelfinavir,
palinavir, U-103017, XM 412, XM 450, BMS 186318, CPG
53,437, CPG 61,755, CPG 70,726, ABT 378 , GS 3333, GS
3403, GS 4023, GS 4035, GS 4145, éS 4234 , and GS 4263.

69. The pharmaceutical composition according to
claim 66, wherein said reverse transcriptase inhibitor

is a nucleoside analog.

70. The pharmaceutical composition according to
claim 69, wherein said nucleoside analog is selected
from the group consisting of zidovudine (AZT),
dideoxycytidine (ddC), didanosine (ddI), stavudine
(d4T), 3TC, 935U83, 1592U82 and 524W9l.

71. The pharmaceutical composition according to
claim 66, whereiln said reverse transcriptase inhibitor

is a non-nucleoside analog.

72. The pharmaceutical composition according to
claim 71, wherein said non-nucleoside reverse
transcriptase inhibitor is delavirdine (U90) or

nevirapine.

A e
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wherein R err] and Rlerr] are defined as in claim1, conprising the steps
s.of: (1) reacting a conpound of forrmula XVIII:

[err] wherein R err] and R err] are as defined in claiml, in an
inert solvent with a base, then brononethyl acrylic acid; (2) reacting
t he product of step (1) with an oxidizingﬁggent; (3) reacting the
product of step (2) in an inert solvent "Wfth thioproline t-butylam de and
sui t abl e am de-bond coupling reagents to give a product of fornmula XVl

73. The pharmaceutical composition according to
claim 63, wherein said pharmaceutical composition
further comprises an agent capablg of inhibiting the
metabolic effects of one or more cytochrome Pyg5q enzyme

subtypes.

74. A method for inhibiting aspartyl protease
activity comprising the step of contacting an aspartyl
protease with the compound according to claim 1.

75. A method for reversibly binding an aspartyl
protease comprising the step of contacting the aspartyl
protease with the compound according to claim 1, said

compound being covalently bound to a solid matrix.

76. A method for preventing HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutical composition according to either

claim 63 or 64.

77. A method for preventing HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutical composition according to claim
65.

78. A method for treating HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutically effective amount of a
pharmaceutical composition according to either claim 63
or 64,

79. A method for treating HIV infection in a
mammal comprising the step of administering to said

R R O his s the replacement sheet
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r341' 94. A process for preparing a conpound of forrmula XIX [err]
Wherein Rlerr] and r are defined as in claim1, conprising the steps of:

(1) reacting a conmpound of forrmula XX [err]
in an inert solvent with a base, then a bis-I|eaving group al kane of formula
XXI -

-337-

mammal a pharmaceutical composition according to claim
65.

80. The method according to either claim 76 or
78, further comprising the step of administering, to
the mammal one or more additional agents selected from
the group consisting of other anti-viral agents and

immunostimulators via a single or. multiple dose.

81. The method according to claim 80, wherein
said other anti-viral agent is a protease inhibitor or

reverse transcriptase inhibitor.

82. The method according to claim 81, wherein

said protease inhibitor is an HIV protease inhibitor.

83. The method according to claim 82, wherein said
HIV protease inhibitor is selected from the group
consisting of VX-478, saquinavir, indinavir ,
ritonavir, nelfinavir, palinavir, U-103017, XM 412 , XM
450, BMS 186318, CPG 53,437, CPG 61,755 , CPG 70,726,
ABT 378, GS 3333, GS 3403, GS 4023, GS 4035, GS 4145 ,
GS 4234, and GS 4263.

84. The method according to claim 81, wherein
saild reverse transcriptase inhibitor is a nucleoside

analog.

85. The method according to claim 84, wherein
said nucleoside analog is selected from the group
consisting of zidovudine (AZT), dideoxycytidine (ddcC),
didanosine (ddI), stavudine (d4T), 3TC, 935U83, 1592U89
and 524W91.

* c L M s * '
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[err] wherein LGis selected fromhal o, arylsul fonate esters and

*.al kyl sul fonate esters, and r is defined as in claiml1, to give a product of
formula XXII: - 342 - Jerr] wherein
R and PG are defined as in formula XX and LG and r are defined as in
formula XX ; (2) reacting the product _of step (1) in an inert solvent
wth a base, to give a product of for mula@3%xi 11 :

86. The method according to claim 81, wherein
said reverse transcriptase inhibitor is a non-

nucleoside analog.

87. The method according to claim 86, wherein
said non-nucleoside reverse transcriptase inhibitor is

delavirdine (U90) or nevirapine.

88. A method for treating or preventing of viral
infection comprising the step of administering to said
mammal a pharmaceutical composition according to either

claim 63 or 64.

89. A method for treating or preventing HIV
related disease effects, including tumors, CMV
retinitis, candida infections, maternal fetal
transmission, or AIDS related dementia, comprising the
step of administering to said mammal a pharmaceutical
composition according to either claim 63 or 64.

90. The composition according to claim 65,
wherein the additional anti-viral agents are 3TC and
zidovudine (AZT). '

-91. The composition according to claim 65,
wherein the additional anti-viral agent is 1592U89.

92. A process for preparing a compound of formula
XIV:

This is the replacement sheet
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[err] wherein Rerr] is defined as in claiml1 and PGis a N
:_protecting group; (3) reacting the product of step (2) in an inert

solvent with a reagent suitable for renoval of the N- protecting group PG

to give a conpound of formula X X 95. A conpound according to

formula I: [err] - 343- wher ei n:
each Z is [err] -339-

R6 NH

0O
XV

wherein R1 and R6 are defined as in claim 1,
comprising the steps of:

(1) reacting a compound of formula XV:

r1

NBoc

XV

wherein R1 is defined as in claim 1,
in an inert solvent with a base;

(2) reacting the product of step (1) with an
aldehyde of RGCHO followed by an optional treatment
with a dehyrating aéent, wherein R6 is defined as in

claim 1 to give a compound of formula XVI:

R1

RE, NBoc

XVi

wherein R1 and R6 are defined as in claim 1;

) ) O
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wherein Z is optionally fused with Rerr]; Q X X, Y, Rerr],
R err], Rerr], Rerr] and r as as defined in claim1l; and provided that
when Y is -NRerr] or -(C(Rerr])[err])[err], pis 1l Xis -CO-, Qis N

and r is 1, then X is not SOerr]. 96. The compound accordi ng
to cIa|n195 having the structure of formula I X [err]
wher ei n: Xis -S(Oferr]- - 340 -

(3) reacting the product of step (2) in an inert
solvent with hydrogen gas in the presence of an
hydrogenation catalyst followed by treatment with an

anhydrous acid to give a product of formula XIV.

93. A process for preparing a compound of formula
XVII:

r1
S
0O
R [
N
R2
O
© o NS
xvii

wherein R1 and R2 are defined as in claim 1,
comprising the steps of:

(1) reacting a compound of formula XVIII:

Rr1
R2

R2
O
Xviit

wherein R1 and R2 are as defined in claim 1,
in an inert solvent with a base, then
bromomethylacrylic acid;

(2) reacting the product of step (1) with an
oxidizing agent;

(3) reacting the product of step (2) in an inert
solvent with thioproline t-butylamide and suitable
amide-bond coupling reagents to give a product of

formula XVII. e '
g i e replacedeny sheet
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94, A process for preparing a compound of

Rr1
0
9
\;
XIX

wherein R1 and r are defined as in claim 1,

formula XIX:

comprising the steps of:

(1) reacting a compound of formula XX

R1
O//\\T// ,
L\IF,NPG

XX

in an inert solvent with a base, then a bis-leaving

group alkane of formula XXI:
e A
L r
XXi

wherein LG is selected from halo, arylsulfonate esters
and alkylsulfonate esters, and r is defined as in claim
1, to give a product of formula XXII:

This is the replacement sheet
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LG g

wherein R1 and PG are defined as in formula XX and LG
and r are defined as in formula XXI; |

(2) reacting the product of step (1) in an inert
solvent with a base, to give a product of formula

XXITII:
R1
o/\/
ng/wpé
(Y
XXl

wherein R? is defined as in claim 1 and PG is a N-
protecting group;

(3) reacting the product of step (2) in an inert
solvent with a reagént suitable for removal of the N-

pProtecting group PG to give a compound of formula XIX.

95. A compound according to formula I:

o e e e e Thig is the replacement sheet
‘TR 00 A baie - 7007
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wherein:

each Z is

///«DK\XK)/RA

wherein 2z is optionally fused with R6;

Q, X, X', Y, R1, R4, R5, R7 and r as as defined in
claim 1; and
provided that when Y is -NR? or —(C(Rz)z)p, p is 1, X is
-C(0)-, Q is N and r is 1, then X' is not S0,.

96. The compound according to claim 95,
having the structure of formula IX:

R7 Rl
O
Y N N_ _R*
0% X0
(IX)
wherein:
X is -5(0) 2=,

Thg ig the roplacemen: shees
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{57y Abstract

This invention relates R} R & 0]
to a novel class of compounds R’..S‘—’-(Rs
of formula (I) that are aspartyl Y Z
protease inhibitors, In one X ™
embodiment, this invention
relates to a novel class of
aspartyl  protease  inhibitors
characterized by specific

structural and physicochemical

features.  This invention aiso

relates to pharmaceutical by
compositions comprising these & ¢ (a)
compounds. The compounds /( ;.x./k

and pharmaceutical compositions T

of this invention are particularly
well suited for inhibiting HIV-1
and HIV-2 protease activity and

Y (e
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R ® (g
X
/N\x/ n‘ 7/

consequently, may be advantageously used as anti-virzl agents against the HIV-1 and HIV-2 viruses. This invention also relates 1o
methods for inhibiting aspartyl protcase activity and methods for treating viral infections using the compounds and compositions of this
invention, A compound according to formula (I) wherein each Z is (a) or (b) or {c) wherein any Z may be optionally fused with RS; each
X and X is independently selected from the group consisting of C-C(0)-, -C(0)C(0)-, -S(0)- and -S(O)a; each Y and Y’ is independently
selected from the group consisting of -(C(R2)2)p-, -NR2-, -(C(CR*1)p-M-, C=C(R2),, and -N(R2)-CHy-.




