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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates to a novel
class of vaybdgxgmym des which are aspartyl protease inhibiteesusdansode
enbodi nent, this invention relates to a novel class of H'V 10 aspartyl
protease inhibitors characterized by specific structural and
physi-.cochem cal features. This invention also relates to pharmaceutical
conpositions conprising these conpounds. The conpounds and pharmaceuti cal
conpositions of this invention are particularly well suited for inhibiting
15 HV-1 and HI V-2 protease activity and consequently, may be :
advant ageousl y used as anti-viral agents against the HHV-1 and H V-2
viruses. This invention also relates to nmethods for inhibiting the
activity of HV aspartyl protease using the conpounds of this invention
and net hods for screening 20 conpounds for anti-HV activity. BACKGROUND
OF THE I NVENTI ON The human i nmunodeficiency virus ("H V') is the causative
agent for acquired i munodeficiency syndrome 25 ("AIDS") -- a disease
characterized by the destruction of the i nmmune system particularly of CD4'
T-cells, with attendbhPNSMERRINBIBITORS QOBphOrARAY Bt PROTHABEL i ons -- and
its precursor AIDS-related conplex ("ARC') -- a syndronme characterized by
synptons such as persistent generalized 30 | ynphadenopat hy, fever and

wei ght Poss. WD 99/ 65870 PCTIUS99/ 13744 2 As in the case of several other
retroviruses, HV encodq§ckﬁ%C@&p@q@&kpgmoﬁﬁ% RERESe i ch carries out
post- transl ational cl eavageof—precursor—potypeptirdes—tn a process
necessary for the fofiet boesehti nhaenitdos vieliedes 5o( 8. nCvawf cldset odl ., "A

Del eti on N%Eﬁ%%%@mﬁ@e%h%h§hhpﬁ&% ggpartyl protease inhibitors. In one

embodiment, this invention relates to a novel class of HIV

10 aspartyl protease inhibitors characterized by specific
structural and physicochemical features. This invention
also relates to pharmaceutical compositions comprising these
compounds. The compounds and pharmaceutical compositions of
this invention are particularly well suited for inhibiting

15 HIV-1 and HIV-2 protease activity and consequently, may be
advantageously used as anti-viral agents against the HIV-1
and HIV-2 viruses. This invention alsc relates to methods
for inhibiting the activity of HIV aspartyl protease using
the compounds of this invention and methods for screening

20 compounds for anti-HIV activity.

BACKGROUND OF THE INVENTION

The human immunodeficiency virus ("HIV") is the
causative agent for acquired immunodeficiency syndrome
25 ("AIDS") -- a disease characterized by the 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

30 lymphadenopathy, fever and weight loss.



t he pol Gene of Mol oney Mirine Leukem a Virus Blocks Proteolytic
Processing of the gag and pol Polyproteins”, J. Virol., 53, p. 899
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RNA- dependent DNA pol ynerase 10 (reverse transcriptase), an endonucl ease,
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15 EMBO J., 4, p. 1267 (1985); L.H. Pearl et al., "A Structural
Model for the Retroviral Proteases", Nature, pp. 329-351
(1987); M.D. Power et al., "Nucleotide Sequence of SRV-1, a
Type D Simian Acquired Immune Deficiency Syndrome
Retrovirus", Science, 231, p. 1567 (1986)).

20 A number of synthetic anti-viral agents have been
designed to target various stages in the replication cycle
of HIV. These agents include compounds which block viral
binding to CD4" T-lymphocytes (for example, soluble CD4),
and compounds which interfere with viral replication by

25 inhibiting viral reverse transcriptase (for example,
didanosine and zidovudine (AZT)) and inhibit integration of
viral DNA into cellular DNA (M.S. Hirsh and R.T. D'Aqulia,
"Therapy for Human Immunodeficiency Virus Infection", New
Eng. J. Med., 328, p. 1686 (1993)). However, such agents,

30 which are directed primarily 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



5 infectious virions by interfering with the processing of viral
pol yprotein precursors. Processing of these precursor proteins requires
t he acti anp©b/es8h¢ us- encoded proteases which are essenti alpcirarsoy/exhd cati on
(Kohl, N.E. et al. "Active HYV Protease is Required for Viral Infectivity"
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demonstrated using peptldal 1nh1b1tors Such peptidal

compounds, however, are typically large and complex
molecules that tend to exhibit poor bicavailability and are

15 not generally consistent with oral administration.
Accordingly, the need still exists for compounds that can
effectively inhibit the action of viral proteases, for use
as agents for preventing and treating chronic and acute
viral infections.

20
SUMMARY OF THE INVENTION

The present invention provides a novel class of
compounds, and pharmaceutically acceptable derivatives
thereof, that are useful as inhibitors of aspartyl

25 proteases, in particular, HIV aspartyl protease. These
compounds can be used alone or in combination with other
therapeutic or prophylactic agents, such as anti-virals,
antibiotics, immunomodulators or vaccines, for the treatment
or prophylaxis of viral infection.

30 According to a preferred embodiment, the compounds
of this invention are capable of inhibiting HIV viral
replication in human CD,” T-cells. These compounds are
useful as therapeutic and prophylactic agents to treat or

prevent infection by HIV-1 and related viruses which may



simlar disease of the imune system It is a principal object of this
invention to 5 provide a novel class of sul fonam des which are aspartyl
prot ease iwthédaskfer s, and particularly, HV aspartyl proteaper/usiniziist ors.
The novel sul fonam des of this invention are those of formula l: D 10 1 A
(BXNCCCNSX EH I (1) (GXOR P15 wierein: Ais selected fromH
H; -R-H; -RL-Cl1-C6 alkyl, which is optionally substituted with one or
nore groups independently selected from hydroxy, Cl-C4 al koxy, Ht, -0- Ht,
(NR CO-N (Bgkuok 1605 M(RR) ginar RL- C2rOBrabkenyhnsuhieheia 20ngptional Iy
substituted wth one of nore groups i1 ndependently “selecte rom hydr oxy,
Cl- C4 al koxyARE') /- acApirefRinmanofeRIFienoy s@OINERR) 2"AGPSRY; each Rl is
i ndependentk ¥ egt ONk- ) = = -, -C(0) -C(0) -, -0-C(0)
., -0S (0§5§}§$ﬁﬂg§§9?é§ §?,E§%R&@m5%§c$?%§g@-or _NR2-C (0) -C (0) -: each
Ht is independently $&él &é8tedpfinaiodl CGebggctoabkyhisChnCeZteyul dbal kenyl ;

C6- C14 qaryl,; - t - .unsat urated_het ero | e,
cont ai n?ngﬁrgﬁgdgrgn%?ggﬁg?géggtgﬁsgégkgg?géd rom f\l?ﬁl\fﬁﬁ)?sﬁé‘éygnd 30
S(0),; whepPephesaedinhybibersai antiepervtycleris, oplvVoaabhytyliusedtéas€ and

wher ei n any, gegb f saj ] ' | substjtuted with one_or nore
substi tuent¥2 mdg%g%denﬁ‘g H%‘é%%c%@#?ﬁ%%%?%,o- }SS@YeQEﬁ?D-?\F?R‘) (R2)
, -R-0OH, tiese oCOERMUR(D -N (RY) 2, -S(0) --N(R) --, -N(R2) -C (0)
-R-', -C(0) -R2, WD 99/65870 PCTIUS99/13744 5 -S (0) r,-R2, -OCF3, -S
(0) (8 met hyl enedi oxy, -ND(R2) -S (0) 2 (R2) ,
1
H
A———(B)X—N C C C N SO,—E
| H ' H, | (1)
(Gy OR’ D'

15 wherein:

A is selected from H; Ht; -R'-Ht; -R'-C;-C¢ alkyl,
which is optionally substituted with one or more groups
independently selected from hydroxy, C;-C, alkoxy, Ht, -0-
Ht, -NR°-CO-N(R’): or -CO-N(R?),; -R'-C,-C¢ alkenyl, which is

20 optionally substituted with one or more groups independently
selected from hydroxy, C;-C, alkoxy, Ht, -O-Ht, -NR*-CO-
N(R°): or -CO-N(R?%),; or R’;

each R! is independently selected from -C(Q)-,

-$(0):~, -C(0)-C(0)-, -0-C(0)~-, =-0-S(0),, -NR®’-S(0),~, -NR*-
25 C(0)- or -NR°-C(0)-C(0)-;

each Ht is independently selected from Cs-C-
cycloalkyl; Cs-C; cycloalkenyl; C¢-Ciy aryl; or a 5-7
membered saturated or unsaturated heterocycle, containing
one or more heteroatoms selected from N, N(R?), 0, S and

30 S(0).; wherein said aryl or said heterocycle is optionally
fused to Q; and wherein any member of said Ht is optionally
substituted with one or more substituents independently
selected from oxo, -OR°, SR*, -R°, -N(R?) (R?*), -R°-OH, -CN,
-CO.R*, -C(0)-N(R%);, -S(0).-N(R*)., -N(R%) -C(0)-R’, -C(0O)-R?,



halo, -CF3, -NO2, Q -OQ -OR, -SR7, -R', -N(R2) (R) or N(R) 2; each
R2 is independently selected fromH, or CI-C6 5 alkyl optionally
substi t ut\wwe owskgto Q or Ri o; B, when present, is -N (R2) - Cpdfd)sog135440) -;
each x is independently O or 1; each R3 is independently selected fromH,
H, C-C6 alkyl, C2-C6 alkenyl, C3-C6 gycloal kyl or C5-C6 cycl oal kenyl ;

10 wherein any nenber of said R3, except H is optionally substituted with
one or nore substituents selected from -OR2, -C (0) -NHR2, -S (0) -N (R2)
(R2) , H,_ R2, 2R NR2- C ; h, n_isniznd deptly 1 or
2; 15 G V\hse@&p“r g\fént ?C%' zﬂaoc)t“e ’f%n%%)rﬁ?%dg?&&- mle(Rastl?,épzo@?)\ﬁhen G
is Cl-C4 ah&yd, SEnd WP:ar@, bo0fd t6RoneSRinot-Rer eNtRer (Rfiirectly or

t hrough a QTUQ?,JJ nker to forma heterocyclic ring; or when Gis not
present (i.e., when x in (GQ,, is 0), 20 then the nitrogen to which Gis
attached i s bound dieach|R itso iidepRndgnddy ise LeOREfident e condontt ant

di spl acene - r ; i S~S ihed fromQ@Q G -C6 al kyl,
whi ch i%s %ip]fﬂ)no ?%O%%%ﬂsl?iwse%{%{éo%%%@ rﬁ% ?{gfoups selected from 25
C3- 6 cycl oal kyl, -OR2,wh&h HiresdR8;, -13 QMNIR'Q-CCR T4 @l®enyl , which is
optionally substitut igh, one or more gr S | ected from-0OR2, -S-Ht,
-R3, -OQor Q C3- ég%%{/mc’% oa kjyl?c,g)ep%élecrhtgllg%é)p?rl Zlﬁ’al |y substituted with or
fused to Q or C5-Céeadyd odlskaemylepentietit liys sefteicaral [frosubist iHttyt €d-@it h or

satur at od, - PSTY1 a1y oAt LPAL el of WinSALAPArEd L BAr bocyel Tk g System or
a 5-71lfenberece satanateshbeparf isdiy Kat exated 6 ussatptraned llyet er ocyclic
ring WO 994115581:7101:1%%—% Uv\islg% 103n7e44or more substituents selected from

-OR?, -C(0)-NH-R’, -S(0),~N(R?) (R?®), Ht, -CN, -SR?, -CO.R?,

NR®-C (0) -R%;

each n is independently 1 or 2;

[
wr

G, when present, is selected from H, R’ or C;-C
alkyl, or, when G is C;-C, alkyl, G and R’ are bound to one
another either directly or through a C;-Cs linker to form a
heterocyclic ring; or

when G is not present (i.e., when x in (G), is 0),
20 then the nitrogen to which G is attached is bound directly

to the R’ group in -OR’ with the concomitant displacement of
one -ZM group from R’;
D is selected from Q; C;-Cg¢ alkyl, which is
optionally substituted with one or more groups selected from
25 C3-Ce cycloalkyl, -OR?, -S-Ht, -R?’, -0-Q or Q; C,-C; alkenyl,
which is optionally substituted with one or more groups
selected from -OR?, -S-Ht, -R>®, -0-0Q or Q; C3-Ce cycloalkyl,
which is optionally substituted with or fused to Q; or Cs—Cs
cycloalkenyl, which is optionally substituted with or fused
30 to Q;

each Q 1s independently selected from a 3-7
membered saturated, partially saturated or unsaturated
carbocyclic ring system; or a 5-7 membered saturated,

partially saturated or unsaturated heterocyclic ring



6 containing one or nore heteroatons selected fromO, N, S, S(0)r; or
N(R2); wherein Qis optionally substituted with one or nore groups

sel ected &g@g@g@ OR, -R), -S02R2, -S2-N (RZ) 2, -N (RBdrdeonM4 R ) -C
(O -R CN, COR 5 C(O) -N(R) 2, haloor -CF3; D is

sel ected from-OR 10, -N=R10 or -N (RL0). -R1-R3; E is selected fromHt;
OH; H-H; -0-R3; -N(R2) (R3) ; Cl-C66aI kyl, which is optionally
substituted with one or nore groups sel ect ed fromR4 or H; C2-C6 al kenyl,
10 WhIChI ubstitute or r sel.ected from
R4 or %\3}8%181 %dg?:ar%o% r(\Dmaﬂ Iﬁs sefgé?l%ng??y suglgh%ijt ed with
one or m)rs (groups Ns(e1 ect ez(fiefrlecnm QR4soothLpnaﬁ_l@SsGBsmmmtedaWedh one

car bocycl e, vvhg)ch iso Ogtl(e)T %%ds bstltut ed % n}f){e gr oups

sel ected fPonto1s RaCdP He ¢ %S |n%lépe éntly ser8efed from-oR
-SR -so%scasmzm»”cmmz 2/C—(\T®R )--NHR2 -RG( OR“NOR2) 2CN; CG-COR™ NR (OR)
, I—g{g 7 é , -N(R2) 2 or -CN;, each R7 is
|ndependent eII\Ié éd Prom ﬁydr géh 20 ZMO CHz A---iY Z(MX or CHz
QR XM X wher ei n eachlé/l 5516 pdependent Lyr ¥l eot-ad’ 25rfnpr(rRFP J5'~rRA, K,
My, Ca, Ba, -N(R2)4, Cl-Ci2-alkyl, C2-Cl2- alkenyl, - R6; y\,hereln l1to 4
-CH2 radicals of th@a%ﬁyﬁeléﬁt%@kéﬁ‘ym BE oupTHbt hidk- Iﬂﬁan PhR/-CH2 that is
bound to Z, .0 ac r QY S8 friiom O,
S, S (0) , Nk%éz?pg e?lé%lﬁrzl?&)l %g‘l%e?esrﬁ’tp?ﬁ?%ﬁﬁ%gen |t§ec§gc|%réleg'6tgl | kyl |
al kenyl oroRe 5 BRI¢onaPPysSreplackddwfromaR’ aubdttit Yenfes salleer el from oxo,
-OR, R2, ) r

S(O)ZN( R2) ZMENQ 2s &béf?l)l §l¥22Rsutg% §@Lsd u@?@& @ne%fol}toré\l é&z& 2 RN
(R2) - (0§eQe@F§y frgg|% or GR3, CGorC:Ngpturated carbocycle, Wthh 1s

optionally substituted with one or more groups selected from
R' or Ht; or Cs-C. unsaturated carbocycle, which is
optionally substituted with one or more groups selected from
15 R® or Ht;
each R* is independently selected from -OR?,
-SR°, -SOR", -SO,R?’, -CO,R*, -C(0)-NHR?’, -C(0Q)-N(R?),, -C(O)-
NR® (OR") , -S(0).-NHR*, halo, -NR°-C(0)-R?’, -N(R?), or -CN;
each R’ is independently selected from hydrogen,

ZM
20 | 0

, |
LCH—oO04+—vy—2zm),  ©F AfCHz—O (R, M
L iy H X X

11

wherein each M is independently selected

25 from H, Li, Na, K, Mg, Ca, Ba, -N(R%),, Ci-Ci,~alkyl, C-Ci:-
alkenyl, or -R°; wherein 1 to 4 -CH;, radicals of the alkyl
or alkenyl group, other than the -CH; that is bound to Z, is
optionally replaced by a heteroatom group selected from O,
S, S$(0), S(0;), or N(R®); and wherein any hydrogen in said

30 alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, N(R?),, N(R?);,
R°OH, -CN, -CO;R", -C(O)-N(R%)., S(0):~N(R?);, N(R?)-C(O)-Ry,
C(O)R", =-S(0).,~R?, OCFs;, -5(0).~R°, N(R?)-S(0):(R?), halo,
-CF;3;, or -NO:;



WO 99/ 65870 PCT/US99/13744 7 M is H, Cl-Cl2-al kyl, C2-Cl12-al kenyl, or
-Rb; wherein 1 to 4 -CH2 radicals of the alkyl or al kenyl group is
optional | YYQ ¢4458Wed by a het eroatom group sel ected from OPCBUSE/IGH S
(02) , or N(R2) ; and wherein any hydrogen in 5 said al kyl, al kenyl or R6
is optionally replaced with a substitduent-selected fromoxo, -OR2, -R2, -N
(R2) -2, N(R2) 3, -ROH -CN, -QO2R2, '-C( O) -N(R2) 2, -S(0) 2-N
(R) 2, -N(R) -C(0) -R2, -C(0) R, -S(0)-R, -CCF3r -S (0) -Re,

-N(R2) -5(0)2(R2) , Wdlas HCFE;-0f,-al®),1Q,ZCi,salkeBy1N( B2) 2r°pr, when M

t S, . X 0 S; i 2 , 0
INs(g) pre rEL‘\EATIr?(-gTrne|ln\£vcx>/|m§aln 99{ r%‘jlclf?soﬁ(rﬁ:h%; ggg}ﬁﬁiglrsl?%?ﬁéng%ggo%nbergg

sat ur at ed, l[saropitalolnyallsfatrlepabeédolbyulasalteltléab%doﬁla@b@@yﬁ IsleQ e@ft hietreacycl i c
ring syst m or 8- nbere t ur at artiall satur ated or

unsat ur at ed’ bi éyga!a& ﬂ&ggys?]érﬁg @ﬂer ér’r‘iieﬂﬂﬁprcﬂlrbaﬁ MR AT ¢ ring
syst ens5 cors'raaldnaldnye oalmh@lhaﬁ:eRéaigmsptzgo;sgipptggpig@@aowlﬁh S S (0) ,
or N (R2) hl%n%.\glner in gn¥ said ring ?#igtems opti onal | y coznt ains 1to
4 substit uBRPE HEBSeRGef ItﬁdséFQE‘t 8d°fro Er- A kgt N (BJet- 04 al kyl
or -OC (0yré@; GAcra) kyto,RR1L0- C$o$eN¢Rf)gd fsam) CinER? 3l kyl CZ C6 al kenyl,
C6-Cl4 25 gr b ﬁ% V\/nerel n R10 opti onally contal ns up to three

subst i t uent %é il y S Ect eaSfPomR R3-OCEN -BRB)»~E'SOR, - SO2R5,

-SR-NR 5- C- (m)zz eNREB%‘ ( SRR1oRS-CFG (6 NERS) 2, -C(S)N(RS)2,
'5(0)é R5) 2, - R% - C(S)R6, - N( R5)2 “NR5 - (0) R5, -NR5-C (0) ORS,
-NR5 N%0) N (R5) 2, 4 KB5S C§S)Nrfz§ 2/ NRS /30/NET( &) IGRHOL NEERSEN(tS) N (R5) 2r
“NR5-C [=N (R5) | - Ny(R5)p20r- N C [=N-NO2] - NH2, -NH-C [=N-N02] -OR5, -N
(R8) 2- C(O) RB, -OC (0) R, -OC (0) N (RS) 2, _0C (S) N (R5) 2, wherein
any one of the -cH2 ¥ 15 or S;

R is C(R%),, O or N(R%*) ; and wherein when Y is S,

Z is not S; and
15 R* is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partially saturated
Or unsaturated bicyclic ring system; wherein any of said
heterocyclic ring systems contains one or more hetercatoms
20 selected from O, N, S, S(0), or N(R?); and wherein any of
sald ring systems optionally contains 1 to 4 substituents
independently selected from OH, C;-C, alkyl, -0-C;-C, alkyl
or -0-C(0)-C,-Cq alkyl;
Ru)is selected from C;_Cg alkyl, C,-Cs alkenyl, Ce-Cag
25 aryl or Ht, wherein R' optionally contains up to three
substituents independently selected from -R®, —-CN, -SR®,
-SOR®, -SO;R°, -SR-NR’-C(0)R®, -NR°-(50,)R%, -C(0)N(R®),,
~C(S)N(R%)2, -S(0).N(R%,, -C(O)R®, -C(S)R®, -N(R®,, -NR°-
C(0)R’, -NR°-C(0)OR®, -NR’-C(O)N(R®),, -NR®-C(S)R°, -NR°-
30 C(S)OR®, -NR°-C(S)N(R®),, -NR°-C[=N(R®)]-N(R®),, -NH-C[=N-NO,]-
NH;, -NH-C[=N-NO,]-OR®, -N(R%) ,-C(0)R®, -OC(O)RS,
-OC(O)N(R®),, -OC(S)N(R®),, wherein any one of the -CH,
groups of said alkyl or alkenyl chains of R'® may be
optionally replaced by O, S, SO, SO,, C(0) or NR®;



groups of said al kyl or al kenyl chains of RIC may be optionally replaced
by 0, S, SO SO, C (0) or NR5; W) 99/65870 PCT/US99/ 13744 8 wherein each
R5 is |nd@6€Wﬁ§ﬁWIy sel ected from hydrogen, Cl- C8 al kyl, REVEPEPKny|
C2-C8 al kynyl or H, wherein each R5, except for hydrogen, is optionally
substituted with -CF3, -PO3R3, azido or8halo. 5 1t is also an object of
this-invention to provide pharmaceutical conpositions conprising the

sul fonam des of formula (1) and nmethods for their use as inhibitors of HV
aspartyl prbegase. eQOhDETAi&EID@EﬁEmwéﬁtIYJiﬁlééﬁédP@E@ﬂtmyﬁt@gﬂmde@rthat

t he i nvent {-on i n~-desc g, | der st.Q f klomnng
detail ed dgsc??f¥?oﬂc ?% é%?gggrfh “I'H thkgg ch% EE %%e %qFo%P§&h§§ ter
are enployééehérébm hYErUgbess1exppésshylayaseustmtuhedcwmtharQFBthe terns
"-502-" and C)§KO afMsed herein refer to a sulfone or sul fone
derivative (i.e ab appen ed groups linked to the S), and not a

sul findte ester. ForIthesc@&pouadsobﬁetbrnﬂlahts andennuennbdiatesidéo

t her eof S ed re [ Q qn th
adjacent cgﬁggﬁgggg%?% EE gﬁ%culcgﬁékg?a %ﬁ% éﬁl%x g%ée852|g zag
repr esent atbponulsudh) asnﬁhaetdodmnfborthemnpoaedasf1ﬁbihmtarb)oflHIUoth OR7
and D re5|g§ ggtkge r8%g583|de of the plane defined by the extended
backbone of °B Eonpoun the stereochem stry of OR7 will be referred to
as "syn". If OR7 and D reS|de on opp05|te si des of that pl ane, the
ﬂem(wanﬂrym GUﬂM ;tam"mkW"

al one or in conblnat|s- o : 6-a straight-chain
or branch-chain satmnabedealtpbatthehyﬂveﬁatb@nhéadtﬁaﬁeeoﬁtﬁealmgythe

be more fully understood, the following detailed description
is set forth. 1In the description, the following terms are
employed herein:

15 Unless expressly stated to the contrary, the terms
"-80;-" and "-S(0),~" as used herein refer to a sulfone or
sulfone derivative (i.e., both appended groups linked to the
S), and not a sulfinate ester.

For the compounds of formula I, and intermediates

20  thereof, the stereochemistry of OR’ is defined relative to D
on the adjacent carbon atom, when the molecule is drawn in
an extended zig-zag representation (such as that drawn for
compound of formula I). If both OR’ and D reside on the
same side of the plane defined by the extended backbone of

25 the compound, the stereochemistry of OR’ will be referred to
as "syn". If OR’ and D reside on opposite sides of that
plane, the stereochemistry of OR’ will be referred to as
"anti".

The term "alkyl", alone or in combination with any

30 other term, refers to a straight-chain or branch-chain
saturated aliphatic hydrocarbon radical containing the
specified number of carbon atoms, or where no number is
specified, preferably from 1 to about 10 and more preferably

from 1 to about 8 carbon atoms. Examples of alkyl radicals



speci fied nunber of carbon atons, or where no nunber is specified,
preferably from1l to about 10 and nore preferably from1 to about 8 carbon
atons. ExaNPPY¥ES8H al kyl radicals WO 99/ 65870 PCT/ US99/ 137£¢T/US92§137%c| ude,
but are not limted to, nmethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, sec-butyl, tert-butyl, pentyl—, 9 i—soarryl, n- hexyl and t he Iike. 5
The term "al kenyl" alone or in conbination wwth any other term refers to
a straight-chain or branched-chain nono- or poly-unsaturated aliphatic
hydr ocar bonizadidal bebmae maotg 1imeisepecidi ederybereoiyarboprapwns, or
where no n s, specified, preferaply from2 to about 18 carbon

atons and m%%?@%ra%mutff’onf?%%t% Lﬁe%q@éﬁ%}g ot ut%f('a@?réfs]jdf

al kenyl radizadmsylnctttexybuindrehaatikémted to, ethenyl, propenyl,

i sopropenyl, 1,4-butadienyl, pentenyl and the like. 15 The term "al koxy"

refers to an al kyl ether radical, wherein the term"alkyl" is defined
above. 5Exarrp| es of sIhd abdmn alme@heralm oot Sin ﬂﬁdwﬁla@iﬁn ag¥€ch not

limted to, t hoxy 0X i sopr.o ,. N o] toxy,
sec- but oxy,al%yerﬁf ka%'t\ Ei/mél(nd]'}etﬂeelp .3/ Sztoraﬁh%h‘{)"e‘?%l’%r%% %‘?\*ée% br?

combi nat i onavid-h camypom-l’lﬁfsattﬁln‘até’cefﬂfpﬁajtlac aaFdbasyciben armeddc radi cal
(such as ph . or_napht hsyl nt \B#g t he_specified nunber of carbon
atonms, pref e?rér%ﬁplfr}%%l %]oerfi R U e r b P § M %B- 10
calr bon at ?rra;mhcépi i(smiadkple/clsﬁmtédl tptteeﬁbralmﬁw ﬁll;]tﬁn oz; ﬂmregx;mbﬁﬁgl td&l’ﬁcﬁl(f

sel ect rom Cl 0X or a met hox nitro, hal ogen or
exanpl ggchl eo%ﬁﬂ@t ndeTﬁPI%y?dr%(y)F Bitarfol G Rsm a?rfﬁmsr -adi cal s
i ncl ude, blEtxa’irr;ﬁLdH)toﬂ iamiety 1t o phenyls naphidy] bdndenyino30 indany! |

azul enyl, fl uor ant hracenyl and the |ike. "The term "heter ocyclyl™ or
"het er ocycl&” r%?ér’%y o Propenyl, lsopropenyl, 1,4-butadienyl, pentenyl

and the like.

15 The term "alkoxy" refers to an alkyl ether
radical, wherein the term "alkyl" is defined above.
Examples of suitable alkyl ether radicals include, but are
not limited to, methoxy, ethoxy, n-propoxy, isopropoxy, n-
butoxy, isobutoxy, sec-butoxy, tert-butoxy and the like.

20

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 more

25 preferably from 6-10 carbon atoms, optionally substituted
with one or more substituents selected from Cl-6 alkoxy,
(for example methoxy), nitro, halogen, (for example chloro),
amino, carboxylate and hydroxy. Examples of aryl radicals
include, but are not limited to phenyl, naphthyl, indenyl,

30 indanyl, azulenyl, fluorenyl, anthracenyl and the like.

The term "heterocyclyl" or "heterocycle" refers to
a stable 3-7 membered monocyclic heterocyclic ring or 8-11

membered bicyclic heterocyclcic ring which is either



a stable 3-7 nenbered nonocyclic heterocyclic ring or 8-11 nenbered

bi cyclic heterocyclcic ring which is either WO 99/65870 PCTI US99/ 13744 -
10 sat ur MEW6s870unsat ur at ed, and whi ch nmay be optional | y PEEHSYAEEd i f
nonocyclic. Each heterocycle consists of one or nore carbon atons and from
one to four heteroatons selected from tthe-group consisting of nitrogen,
oxygen and 5 sulfur. As used herein, the terns "nitrogen and sul fur

het er oat ons" i nclude any oxidized formof nitrogen and sulfur, and the
quat er ni zedaturatefl anyubaaturatédogeﬁd whibrteaoCyel ypriaducal may be

attached a n I c__carbon or_heteroatomwhich results in the
creation o e%9¥63 ? e é?PBEYE & priEfefs éagﬁ§?8Y62§cF8§sgﬁEFuéé 8n¢

menber ed nnnomycélcahbberatymbeSnanderlﬁnﬁEﬂbef@drbh@ﬁékbétoﬁgterOCyC|eS

Exanpl es of u cl ude i m dazol i m dazol i noyl, i m dazolidinyl,
qU|gglyI |§g§§E8 y? A hggl9F0u?n8%96f§¥ln9nﬂgz%¥Fﬁ899Py oxygen and Y
perhydﬁbpysuﬂﬁmyl aAs pyeddﬁéyélnpythéyter@yrv@iyfog@urg@@|thfur

pyrrolidin I azol,yl razin lnoxo peridi nyl, pyranyl,

pyrazol i nyl"; t%r§%£89Fnyfhcg§??n?H ny¥ 1 b§?¢d5§¥%y$f NHBFPHBRI AYF,

t hi amor phobubybr, faamdl thé hqg%t/%rni ﬁ%@zﬂéﬁﬁhi oftﬁmw@éy%@l ﬁﬁf?@béx{?%"
enzof urano i amor phol i nyl sul f one,

tetrazolyl hlazol n¥

oxazol yl , ﬂE%&%ﬁ%Y%I a%k%%}p%?Yd@%y?tt%Q%%?r?Bl?%Yn?md@Qbﬁ%éﬁlnyI

azepi nyl , csﬁk@ﬂobylhetéﬂb@t@mOWNichfﬂ@§@§@§|1n EE%V@PMQEPQMV§PY$
tetragxprofuraf p t hi azolyl, thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl,
benzodivoxof §#2 %5 GFERFRF ST, ?ﬁ?%%ﬁ%%?lhe?%ﬁ?%ﬁ@hﬁ%th$%%%@ﬁyg Tsul fol anyl ,

di oxanyl , ﬂe@%@f@@yﬁonééi@hy@rﬁ%t@fﬁ% e Of @30 membered bicycli
tetrahydr ranodi h drofuraqg di hydr opyr anyl , tetradyrofurofuran ? and
t et rahydr 81%?%%%%‘? A1 . EXITHeS (@F nfuph i reigeut ikl uge émb@ﬁQﬂesznDunt "

refers to afi@meMin®yf ecihV@adl {d6@f1 NAn@d YT ¢S, 1 I 8ELA oMy,
indolyl, indazolyl, indazolinolyl, perhydropyridazyl,

15 pyridazyl, pyridyl, pyrrolyl, pyrrolinyl, pyrrolidinyl,
pyrazolyl, pyrazinyl, quinoxolyl, piperidinyl, pyranyl,
pyrazolinyl, piperazinyl, pyrimidinyl, pyridazinyl,
morpholinyl, thiamorpholinyl, furyl, thienyl, triazolyl,
thiazolyl, carbolinyl, tetrazolyl, thiazolidinyl,

20 benzofuranoyl, thiamorpholinyl sulfone, oxazolyl,
benzoxazolyl, oxopiperidinyl, oxopyrrolidinyl, oxoazepinyl,
azepinyl, isoxozolyl, isothiazolyl, furazanyl,
tetrahydropyranyl, tetrahydrofuranyl, thiazolyl,
thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxolyl,

25 dithiclyl, thiophenyl, tetrahydrothiophenyl, sulfolanyl,
dioxanyl, dioxolanyl, tetahydrofurodihydrofuranyl,
tetrahydropyranodihydrofuranyl, dihydropyranyl,

tetradyrofurofuranyl and tetrahydropyranofuranyl.

30 The term "pharmaceutically effective amount"
refers to an amount effective in treating a virus infection,
for example an HIV infection, in a patient either as
monotherapy or in combination with other agents. The term

"treating" as used herein refers to the alleviation of



for exanple an HV infection, in a patient either as nonotherapy or in
conbi nation with other agents. The term "treating" as used herein refers
to the al WIS En of WD 99/ 65870 PCT/ US99/ 13744 - 11 syFpt/BH18T144a
particular disorder in a patient or the inprovenment of an ascertainable
measur enent associated with a particu arl éi sorder. The term
"prophylactically effective anount"” refers to an anount effective in
preventing a virus 5 infection, for exanple an H 'V infection, in a patient.
As used héveptomsheft er matpatciudatr" disbedert dnaanmpamdlent orclchedi ng a

human. ~ Th [ "HLV _prate "and "HV aspartyl 10 protease" are used
interchanggg%ﬁgqgﬁ H?e gr%%o%%%§r§§p§P5§F mﬁ?SPgéggngnégégglﬁge?hglﬁ nman
i mrunodef i ei pacyiviudias typerdleror ZThel neamprefrephedaentedilnent fabcthive

i nvention, " r refer _to the _hunman inmunodeficien virus.type 1
aspartyl p?@?ggge.E%§g$ﬁe%9e?%la?ﬁ?B&aFggﬁﬁFége 98f8F§V98%§8ﬂp8uNd§%g
cont ai i nginfiectdneti dnal egroppeNaBSORI0. iGasbicnahi, ons af pathshit uenss and
vari abl es nyi.si.oned his i,nvention are only those that result in

t he fornatﬁgﬁgo eg g Yetgén%Sﬁﬂdspa ﬁgngerﬁF§§F§b¥8"? B8MMgded herein,
refers to conpodnds whhohapossess stability sufficient to allow

manuf acture and adm nistration to a manmal by nethods known in the art.
Typi cal ly, such 25 conpounds are stable at a tenperature of 40C or less, in

the absence of noistuhe oermsherIvhprbeakky"reagt irmev agpdi-tiyons, for at

Ieastlﬂ)mee§. This"inventioa algo envi si ons the quaternization of anx
basi ¢ ' t r8§8hEE3hHt afhFngS§FoupseEF Fﬁ@eégiﬁoﬁﬁﬁsre§9rdF§cFB§e§5RéFEY . The

basic nitrpgeneeas becquatiebpi zrd WikbnalymageatsiknemByt 9itheseypt 1
ordi nary Skl|£ in_the art . .
or 2. In a preferred embodiment of this invention, these
terms refer to the human immunodeficiency virus type 1
aspartyl protease.
15
The term "thiocarbamates" refers to compounds

containing the functional group N-S0,-0.

Combinations of substituents and variables
20 envisioned by this invention are oniy those that result in
the formation of stable compounds. The term "stable", as
used herein, refers to compounds which possess stability
sufficient to allow manufacture and administration to a

mammal by methods known in the art. Typically, such

25 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.

This invention also envisions the quaternization
of any basic nitrogen-containing groups of the compounds

30 disclosed herein. The basic nitrogen can be quaternized
with any agents known to those of ordinary skill in the art
including, for example, lower alkyl halides, such as methyl,
ethyl, propyl and butyl chloride, bromides and iodides;
dialkyl sulfates including dimethyl, diethyl, dibutyl and



i ncluding, for exanple, |ower alkyl halides, such as nethyl, ethyl, propyl
and butyl chloride, brom des and i odi des; dlalkyl sul fates |nclud|n

di met hyl WP¥e®YW | di butyl and WD 99/ 65870 PCT/ US99/ 137441’01@59%13&ml

sul fates; |ong chain hal i des such as decyl, lauryl, nyristyl and stearyl
chlorides, brom des and i odi des; and- BZa+kyI hal i des i ncl udi ng benzyl and
phenet hyl brom des. WAter or oil-soluble or dispersible products may be
obtained 5 by such quaternization. The novel ' sul fonam des of this

i nventi ondazeyt hegefabésf otomd achaiml hél)i@e$ Bgatm &:sc:d@cw SRakrdl H2 1 (1)

(Ox R Q, e ced romH ClC6aIkyI
which is O%?IOH I%Q%U€E%§¥%fe§h£ one %Foml?%sg?oup%Odl%%%bend%ntIy

sel ected ar@hkhydMQkyde£ﬂlmﬁuumkmgybemtyl dad HhhendEh P GRx {2y . 2 or
-C0-N(R2) 2; . -R1-C2-C6 n 0 opt onaII substlt ed w th one
or nore g&%ﬁ%@ Thde %@nﬁ%h@?ye %%I%%?% ?f% %&§t b%l#% ?é
-0-Ht ,5 - NRR-OOrIN (R jeomiz&O M (R2) 2; or R each Rl is |ndependently
selected from-C(0)-, -S (0) 2-, -C(O) -c(0) -, -0-C(0) -, -0-S (0 2,
-NR2-S (0) 2-, -NR2- 25 C(O- or -NR2-C (0) -C (0) -; each Ht is
independently sel ectied foom GBulFdnamydevab Kythi £5:1G7e 0y Tdi0ad ke nyhos££6- Cl4
aryl; or red saturated or unsaturated heterocycle, containing
one or nn?g ﬁ%{%gﬁ%tﬁhs selected fromN, N(R2), 0, S and 30 S(0),; wherein
said aryl or said heterocycle is optionally fused to @ and wherein any
menber, of said H is optioRally

"
J;

A——(B)— C C N SO—E
X H H, ‘ 2 (1)
D

oO——Ox

(G)y R’

15 wherein:

A is selected from H; Ht; -R*-Ht; -R'-C;-C¢ alkyl,
which is optionally substituted with one or more groups
independently selected from hydroxy, C;-C, alkoxy, Ht, -0-
Ht, -NR°-CO-N(R?), or -CO-N(R?®).; -R'-C,-Cs alkenyl, which is

20 optionally substituted with one or more groups independently
selected from hydroxy, C;-Cs alkoxy, Ht, -0-Ht, -NR*-CO-
N(R*). or -CO-N(R?),; or R’;

each R! is independently selected from -C(0O)-,

-5(0),-, -C(0)-C(0)-, -0-C(0)~, -0-S(0);, -NR’-S(0),-, -NR’-
25 C(0)- or -NR*~-C(0)-C(0)-;

each Ht is independently selected from Cs-C-
cycloalkyl; Cs-Cs cycloalkenyl; C¢-Ciy aryl; or a 5-7
membered saturated or unsaturated heterocycle, containing
one or more heteroatoms selected from N, N(R’), O, S and

30 S(0).; wherein said aryl or said heterocycle is optionally
fused to Q; and wherein any member of said Ht is optionally
substituted with one or more substituents independently
selected from oxo, -OR?, SR?, -R®, -N(R% (R?), -R%°-OQH, -CN,
-CO:R", -C(0)-N(R*)z, -S(0):~N(R®);, -N(R®)-C(0)-R?, -C(O)-R?,



substi tut ed vvith one or nore substituents independently selected from oxo,

-OR ~, -N(R2) (R2), -R2-OH, -CN, -C2R, -C (0) -N(R2) 2, -S
(0) N (Rz)V(Q”/ﬁSRT(ORz) _C(0) -R2, -C (0) -R2, WD 99/ 65870 PRETUENGPME744 -
13 -S(0),,-R," 0 n-R2, -OCF3, -S(O,-Q nethylenedioxy, -N(R2) -S (0)

2 (R2) , halo, -CF3, -N®2, Q -0Q -f]?Vii =SR, -R, -N(R2) (R) or -N
(R) -2; each R2 is independently selected fromH, or Cl1-C6 5 alkyl
optlonally substltuted with Q or R1O; B, when present, is -N (R2) -C (R3)
2-C (0) -:-S &tk i sOFAdepehtienty GethylenedihxR3 & Rﬁde@é@detﬁ Dy

sel ected f}g H, é—t;, C}\I-C6 al ky hb CgRC6 agﬁeenyk Gy yfgl ogl kyl or C5-C6

cycl oal kenyl "’ 10 V\?nerel A anS/ of’ sal'd’R3, exce , | S opt| onal |y
substltute'oN(/Rth one or nore substltuents sel ected from CR -C (0)

-N#R2, -S (0) n- hl(ggghiﬁa é?h eg§€nt§§ﬁsel%%%R2 from e go)ﬁ ; eaCh

nis |ndependently 1 or When pres $81 &&C84 Frr S
Cl-C4 Sal I@ylkylorOmermEY SSL@15t04tLatté@Iw1t@1 a@thRRlére bound to one anot her

either directly or t Vﬁtse%&tllng dgb?z (g@}erocycllc ring; or

when G is not presen en x ‘Hen' t he ni trogen
to which Gis attactmthsxtnwmd@hpe&ciérytlyd)tdte R7 group in -OR wth the

CLGo &l Kyl , “whtch 1EClogtT SRalTy e EaBaP Tt el SWPER o6nd "6 Hor Etgr Gupes
sel ect ed faml,zizea—amlkgnybal ®yHCs empaisyl’dt or- B3 Csr 0yQ10a1Qene2-;CA
rom Lo MGkt BRI eY SR R ek By 35 GRECATPS Gnt i onal Ly
substitut&dmmuﬂtuﬂedlwmﬂhtdnégonnmdfb(ﬁhbstltuents selected from
-OR?, -C(0)-NH-R?, -5(0),-N(R%® (R?), Ht, -CN, -SR’, -CO,R’,
NR’-C (0) -R?;
each n is independently 1 or 2;
15 G, when present, is selected from H, R’ or C;-C,
alkyl, or, when G is C;-C, alkyl, G and R’ are bound to one
another either directly or through a C;-C; linker to form a
heterocyclic ring; or
when G is not present (i.e., when % in (G), is 0),
20  then the nitrogen to which G is attached is bound directly
to the R’ group in -OR’ with the concomitant displacement of
one -ZM group from R’;
D is selected from Q; C;-Cs alkyl, which is
optionally substituted with one or more groups selected from
25 C3-C¢ cycloalkyl, -OR?’, -S-Ht, -R*®, -0-Q or Q; C,~C; alkenyl,
which is optionally substituted with one or more groups
selected from -OR?, -S-Ht, -R®, -0-Q or Q, Cs3-Cs cycloalkyl,
which is optionally substituted with or fused to Q; or Cs-Cs
cycloalkenyl, which is optionally substituted with or fused
30 to Q;
each Q is independently selected from a 3-7
membered saturated, partially saturated or unsaturated
carbocyclic ring system; or a 5-7 membered saturated,

partially saturated or unsaturated heterocyclic ring



cycl oal kenyl, which is optionally substituted with or fused 30 to Q each
Q is independently selected froma 3-7 nenbered saturated, partially
sat ur at edWEY9%%6P858t ur at ed carbocyclic ring system or a 5-PCTAEBE3I744
saturated, partially saturated or unsaturated heterocyclic ring WO

99/ 65870 PCTI US99/ 13744 - 14 containildg -one or nore heteroatons sel ected
from0O, N S, S(OS, or N(R2); wherein Qis optionally substituted with
one or nore groups selected fromoxo, -OR-, -R, -S02R2, -S2-N (R) -N
(R) 2, -NoR2)ini@)rneR2r mk2eOet-c@NatoiB2ReleddedCf@orNOR2NZ, shal o or

-CF3; D i el from.- CRlO N=R10Q .0 ( I.S sel ected
from Ht; -(@;n §I§ ﬁI?R O‘f%ﬁ JNri(c?-?Z])S %mn%lll cé‘)%ﬁ%ut%ﬁ&ﬁ

optional | prsulste toutoeghswistel ecarel @ronbeogr oURS, sekect-exb,RFpm R4 or Ht;
C3-C6 al kenyl iC soptl a bstituteed with _one or_nore groups
sel ect ed f?%m ilgcfr N §\]0 ﬁagééy gr'bo ycloé{ whiteh ¢8> detl onal |y
substidut ed (@ )th((Rnev,orhammengr-QlEgs selected from R4 or Ht; or C5- CG

unsaturated carbocycle, which is optional by substituted wi th one qr nore
groups sel ected from 15 RELEFLAC T888hRE s Tiieperdentl s)eT%C'tPed from

-OR2, -SR-SOR, -S@2R 0 N N 3 2, -C(0) -
NR2 (OR2) , -S (0) gﬁi%ré’e@%g%gd R o ht 68%t th?‘ﬁz OCB )CN each(R)7 is
i ndependentl (R seReot &d—Fr oﬁlﬁ}myh'r dgfémCh JZ@ CZEMJC@nally CEWZbﬂMLZ(M wd oy CH

O(R)é?f B RS 4 Ao CL8 B ey el bl ReyT Y6r " BB Vet ein 1 Lo

CH@)rauhéghsl§fopﬁéoaak}N substltuted with one or more groups
selected from R® or Ht; C;-C¢ saturated carbocycle, which is

optionally substituted with one or more groups selected from
R* or Ht; or Cs-C¢ unsaturated carbocycle, which is
optionally substituted with one or more groups selected from
15 R* or Ht;
each R’ is independently selected from -OR?,
-SR%, -SOR’, -SO;R°, =-CO,R?, -C(0)-NHR?, -C(O)-N(R?),, -C(0O)-
NR‘ (OR?) , -S(0),-NHR?, halo, -NR?’-C(0)-R?, -N(R?), or —CN;

each R’ is independently selected from hydrogen,

20 " .
|

-CH; o}x}\l( 2, or —{CHFOJX—“‘(R")XM' ;
Q

wherein each M is independently selected

25 from H, Li, Na, K, Mg, Ca, Ba, -N(R%),, C3;-Ci—alkyl, C,-Cis-
alkenyl, or -R®; wherein 1 to 4 -CH, radicals of the alkyl
or alkenyl group, other than the -CH; that is bound to Z, is
optionally replaced by a heteroatom group selected from O,
S, S(0), S(0:), or N(R°); and wherein any hydrogen in said

30 alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, N(R?),, N(R?)s,
R*OH, =-CN, -CO;R*, -C(0)-N(R%*),, S(0O),-N(R%),, N(R?)-C(0)-R.,
C(O)R", -S(0),~R’, OCF;, -S(0O >n—R6, N(R®)-S(0):(R?), halo,
-CF3, or -NO,;



or al kenyl

group, other than the -CH2 that is bound to Z, is optionally
repl aced by a heteroatom group selected from0O, S S (O , S (02) , or

N(R2) : aMNPWS8®in any hydrogen in said 30 al kyl, al kenyl PEFURE/13H4

optionally replaced with a substituent selected fromoxo, -OR2, -R2, N

(R) 2r N(R2) 3, ROH -CN -C02R,--T5(-0 ) -N(R) 2, S (0) 2-N (R2)

2r N-(R2)
(0) 2 (R2)

-C(0) -R2, C(0) RS (0) n-R, OCF3r -S (O r,-R6, N(R2) -S

, halo, -CF3, or -NO2; WO 99/65870 PCT/US99/13744 - 15 M

is

H O -Cl2-al kyl, C2-¥12ialKengi-C:orallRpl, @hereialKenyl 4 oxXCHRT;adi cal s of

nyl . gr gup~.-1 s..optjonal |y .repl aced by a -heter.oatom group
‘8%%1%&81? g t% %)O)CI,{2 %a(%fj)acl?s (?rfylﬁh(%fal) q%yqaﬁ%r lg(reer%ynl a%fur?gdrogen
in 5 said abkgptiah&kkhyl replibed sbppsilvaadtyatepl acedp wséheategubsomt uent

t he al kyl
sel ected f

selected f
( 0) -N(

)5 5105 (YO R) o ReER R oy el e, S (0

'-C

n-R, S00F3aidXalRvyln-&bkenyN ¢RA® 1S @Dt i2naR)y remdlared GEXh or - NO2; 10

8S R 55 U TERR FrBY oRina Ther ey vRBRHY 7688 7 s not S

and 15 R6 +R°CH,5-ENyemue,RY, sat (v)atreR?)partsad) y-N &y at ed or unsat ur at ed

Zis 0, S,
and RO is

car bocycl i
partially

AU SR G kAP R o BGTRT o (P ry <ysRnT fwner ot n any o

said het erl¢BQIHSO i, B’ sy i€, CaH.ai BE 6Ne,pr nore heteroatons 20

sel ectl%d f

systens optionally c

romO, N, S.S(0)_n N (R2) ; and wherein any of said ring
nt 2 éfs Sl tl\g{RAf) % gﬁ??f}tseﬂect ed

subStit URRARS™ FRdRPEND

fromOH Cl-C4 alkyly :OKEl£Asalkyl or -OC (0) -Cl-C4 alkyl; R1O is

selected f

15

20

25

30

rom Cl_Cg )?l;@'lo OCrZ-SC;G 5Aé<enyl , C6-Cl4

R’ is C(R%);, O or N(R?)) ; and wherein when Y is S,
Z 1is not S; and

R® is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partially saturated
or unsaturated bicyclic ring system; wherein any of said
heterocyclic ring systems contains one or more heteroatoms
selected from O, N, S, S(0), or N(R?); and wherein any of
said ring systems optionally contains 1 to 4 substituents
independently selected from OH, C,-C, alkyl, -0-C,;-C, alkyl
or -0-C(0)-Cy-Cq alkyl;

Ru)is selected from C;-Cg alkyl, C,-Ce¢ alkenyl, Ce-Cis
aryl or Ht, wherein R'® optionally contains up to three
substituents independently selected from -R®, —-CN, -SR%,
-SOR”, -SO,R°, -SR-NR®-C(O)R®, -NR®-(S0,)R®, -C(O)N(R%),,
-C(S)N(R%);, -S(0).N(R*),, -C(O)R®, -C(S)R®, -N(R®),, -NR°-
C(O)R®, -NR°-C(0)OR®, -NR’-C(O)N(R®),, -NR°-C(S)R®, -NR°-
C(S)OR®, -NR°-C(S)N(R®),, -NR°-C[=N(R®)]-N(R®),, -NH-C[=N-NO,]-
NHz, -NH-C[=N-NO,]-OR®, -N(R®),-C(0)R®, -0OC(0)R®,
-~OC(O)N(R%),, -OC(S)N(R’),, wherein any one of the -CH,
groups of said alkyl or alkenyl chains of R!° may be

optionally replaced by O, S, SO, S0O,, C(0O) or NR®;



25 aryl or H, wherein RLO optionally contains up to three substituents
i ndependently selected from-R3, -CN, -SR5, -SOR S02R5, SRRNR -C(OR,
-NRS- (SOPRBSBIOC(O)N (R5) 2, -C(S)N(R3)2, -S(0)2N(R5) 2,PCIYIpmpTa4
-C(S)R6, -N(R5)2
-NR5-C (S) R5, -
(R5) -2, -NHC [=
(0) R6, -OC (0) N(R5) 2, -OC (S) N (R5) 2, wherein any one of the -CH2
groups of sai dwaldeylinoreabkedyl s chatigsenfie i Dy ney1 bete@ptional Iy repl aced

by 0, S,
each R5 i

, -NRS - (0) R, -NRS-C (0) ORS, -NR5-C (0) N (R5) 2i
NR5 30 C (S) OR5, -NRS1G (S) N (R5) 2, -NR5-C [=N (R5) ] -N
N-N02] - NH2 r -NHC [=N-N021 -OR5, -N (R6) 2-C (0) R8, -OC

or. NR5; WD 99/65870. PCT/ US99/ 13744 - 16 wherein

gg’i’dﬁg’%&g&%g%? Bt ¥elot dd £ ot KHYBt oden Cec2 L keBY Al RYI HE c2- CB

al kenyl, @ReCial kypryl RO; &kcepwhesei Ry€ReHelRd, i €X68PLohOT1RYdr ogen, is

optional | substituted with _-CF3, -PO3R3, azido or. halo; 5 Preferably, at
| east one%ﬁbisglg %t@’dt\lgrc#rm'o"?@

o)
(L)

/% Nwez , -
-tyrosine, O

SIE e F 9P PE-MBL%i zcO0- NN O\ CH3 O
(Lprelfgsianey, - BEBNadstOon@ & rsNAGeMN-eN Nebm POSMyr  H -
NH 10 -PO3 (NH4) 2, -CH2-OP03Na2, N N z, - (L) -serine,

0]
0 CH, O (N7, _A_o -
/U\,N\) I \/\O 7
o O/\/

{
—H.C— N
2 \CH3 4
/(J)\/\ O
-~ X NM
o -(L)~-lysine, -PO:Na,, //k\O/A\V/ ®2
o 0
/J\N/\/NHAC, )L’/\NH o
H - (L) -tyrosine, Nt 7 34y
O
10 -PO;(NH;),, —-CH.-OPO;Na., N

-50sNa,,

N NH o
~CH:-0S0:Na;, -CH,-0S0;(NH,),, N ~">~"2 NH
O 2

o N
/)k\/O\//\O/\\,OMe, \jg' \/A\“/\NHZI

O

15 N NT acetyl, N, A~ _

N_

H + -(L)-serine,

o)
@]
A \/\R,Ae/\,NMez, -S0sMg, -S0;(NH,),,

O

o)
H A

N
“UINH,

(L)-valine,

- (L)-glutamic acid, -(L)-aspartic acid,

O
- (L) -y-t-butyl-aspartic acid, /ﬂ\O<J:~>’

o)

O
- (L)~ (L)-3-pyridylalanine, -(L)-histidine, -CHO, /kCF3
4



HO -SNa2, |'-j~ON~N---,,Nwe2, -SB8My, -S03 (NH4) 2, M 0 HN -CH
-OSMBNa:, -CH2-0s03 (NH4) 2, N~~NH2 Or NH2 OO T NN ,~,0,,--,0OnvOw
r NHz 0 "WON9%8870 Q| 0 O 15 | "N~ acetyl, A ,- , , - (L) - \PATYYRE9/13744
-(L)-glutamc acid, -(L)-aspartic acid, OO0 -(L)-y-t-butyl-aspartic acid,
0.40 0 -(L)-(L)-3-pyridylal anine, -¢LL7histidine, -CHO ACF3 WD 99/ 65870
PCT/US99/ 13744 - 17 O f1 HHO OO OAc A~-OHOQAc PNH3 + OOAc HOO
00 nuwu P,0NWwW3+0, PI'O_/ -00- O 0-, PO3K2, PMCa, 5

PO3- sperm ne, P03- (s;ﬂfrrridi ne) # PO3- (megl am ne) 2.

O/\/\/O H

0 (o} OAc p NH. +
¥’ e A

0 , OAc H , O ,
9 9 2

P. NMe, + :N B
- \O/\/ €3 /\O \O- /\O %

0. , o O., POsK;, POsCa,

5 PO:;-spermine, PO;- (spermidine), or PO;- (meglamine),.

It will be understood by those of skill in the art
that component M or M’ in the formulae set forth herein will
have either a covalent, a covalent/ zwitterionic, or an

10 ionic association with either Z or R’ depending upon the
actual choice for M or M. When M or M’ is hydrogen, alkyl,
alkenyl, or R°, M or M’ is covalently bound to R’ or Z. If
M is a mono- or bivalent metal or other charged species
(i.e., NH;"), there is an ionic interaction between M and Z

15 and the resulting compound is a salt.

When x is 0 in (M)x, Z may be a charged species.
When that occurs, the other M may be oppositely charged to
produce a 0 net charge on the molecule. Alternatively, the
counter ion may located elsewhere in the molecule.

20 Except where expressly provided to the contrary,
as used herein, the definitions of variables A, R'*-R%, R°-R?,
Ht, B, x, n, D, D', M, Q, X, Y, Z and E are to be taken as
they are defined above for the compounds of formula I.

According to a preferred embodiment, the compounds

25 of this invention are those represented by formula II,

formula III or formula IV:



It wll be understood by those of skill in the art that conponent Mor M
in the formulae set forth herein will have either a covalent, a coval ent/
ZWi tteri oM@9%63870an 10 i onic association with either Z or POI/HEPWEATKWNng upon
the actual choice for Mor M. Wien Mor M is hydrogen, alkyl, alkenyl,
or R, Mor M is covalently bound to R9186r-Z. If Mis a nono- or bival ent
netal or other charged species (i.e., NH4), there is an ionic interaction
between Mand Z 15 and the resulting conmpound is a salt. Wen x is 0 in
(MX, Z may be a charged speci es. WhQ5R§h§& occurs, the other M may be
oppositely charged to produce a net:Charge on the nol ecul e. :
Alternatively, the counter ion nHy | tedNelSsewh&re in the nolecule. 20
Except where expressly provi dedVto tthe c ntrary, as used herein, the
definitions of variables A, R -R4, R6-R9 H, B, x, n, Db D, M Q X Y,

Z and E are to be taken as they are Udg d above for the conpounds of

formula I. According to a preferred e ent, the conpounds 25 of this
invention are those represented by formg a1, fornula IIl or fornmula IV:
WD 99/ 65870 PCT/US99/13744 - 18 HOR7T D AN,,,,,/NS02-E(IT1) HOR7 D
ONH-(CH2)x S®2-E OR3 (II') R3 R OR7 D A~ )INHN-SO02-E N
}II OR’” D
0 N\/\)\
Hi—(CHJ% \f SO,—E
O E
\\R3
(III)
R3 R3' OR7 ll)'
A\ITI>'\”/NH\5/'\/N—*S()2—-E
H 0 X :
5 (IV)

wherein A, R’, R’, Ht, D, D', x, E are as defined
above for compounds of formula I. For ease of reference,
the two R® moieties present in formula IV have been labeled
R® and RY.
10 For compounds of formula II, more preferred
compounds are those wherein:
A is ~-C(O)Ht;
D' is -0O-R%¥;
E is Ce¢-Cio aryl optionally substituted with one or more
15 substituents selected from oxo, -OR?, SR?, -R?, -N(R?),,
-R*-OH, -CN, -CO;R?, -C(0)-N(R?),, =-5(0),-N(R?),, -N(R?)-C(O)-
R®, -C(0)-R?, -5(0),-R?, -OCFs;, -S(0),-Q, methylenedioxy,
-N(R*)-S(0).(R®), halo, -CF;, -NO,, Q, -0Q, -OR’, -SR’, -R’,
-N(R?) (R”) or -N(R"),; or a 5-membered heterocyclic ring

20 containing one S and optionally containing N as an



HO ""~o0 (I1V) wherein A, R3, R7, Ht, D, D, x, E are as defined above for
conpounds of fornmula |I. For ease of reference, the two R3 noieties present
i n fornul ¥Q9%/458We been | abeled R and R 10 For conpoundBCHUSTIIB™M4 a. |1,
nore preferred conpounds are those wherein: Ais -C(COH; D is -OR'O;
Eis C6-CO aryl optionally substituted weth one or nore 15 substituents
selected fromoxo, -OR, SR2, -R2, -N (R2) 2, -R2-OH, -CN, -Q02R2, -C (0
-N(R2) 2, -S(0) 2-N(R2) 2, -N(R2) -C(0) - R, -C(0) -R2, -S (0)
n-R2, -OCR3ddilSidy], h@;emhyrhﬁnﬂdémm saN{ RYteS W1 2 (RA)g,idal o,
- CF3r - R7) or -N(R7
5- menberedd%t% %@y%l?q%ﬁﬂbﬁ% o a?rhé Ré‘g é} O §%91W%pﬂ%%ﬂ‘§/elg%]ﬁf ai ni ng
N as an WG OB 658F0F RGT/ 14899/ R3744r #A9. additional heteroatom wherein said
het erocyclic ri is tionally substituted wt 0 two groups
i ndependent | y %%e%?éedlpf‘ft%ﬁ L@l\f%3 L i Cﬁﬁ ”}ﬁqb %? eﬁ U4ttables are as
defined for fornula Anothdnathefepread emiest edrodi menttforedhenformul a |1
conmpounds are t d;e Merﬁiogﬁ% is a 5-nmenbered heterocyclic ring containing
[

one S and BHIBHET 137 T 75 an additional heteroatom wherein

sai d heter ocycIH: cig IJlgB-irSerﬁtﬁﬁémaiétyel‘&ﬂﬂﬁdlJIthLQLdlgﬂ-Q:dMﬁamrerlﬁg tdhd W groups
i ndependentr%% sel ect from- and all_ other variables are
r

as defined¥DroRorRALEY . C%traelrblrréq é}t rae?j aé"r eadéﬁfytld?natlhehq*iﬁrrﬁ,ﬂtém} 1

conpounds wis@te frorddi domesrovhesei  Rhg Nis Pk ichalPX s e e L£ (0)

CJ-lZOCJf%CJ—lZCKg—IZCJ—lZO and both R7 in -N(R7)2 are H wherein .
one twO groups 1ndependently selected from -CHs;, RY,

or Ht; and
all other variables are as defined for formula I.
More preferred are any of the formula II compounds

set forth above, wherein R’ in -OR’ is -PO(OM), or

15 C(0)CH,OCH,CH,OCH,CH,0CH; and both R’ in -N(R’), are H, wherein
M is H, Li, Na, K or C,;-C; alkyl; or wherein R’ in -OR’ is
C(0) CH,0CH,CH,0CH;, one R’ in -N(R"), is C(0)CH,OCH,CH,0CH; and
the other is H.

20 According to another preferred embodiment of the

present invention, there is provided compounds of formula
(V) :

R’ OR'°

|
\S——E
7 N\

HIIIIIO

?

O
1

25

wherein:



Mis H, Li, Na, Kor ClL-C4 alkyl; or wherein R7 in -OR7 is C (0)
CH2OCH2CH20CH3, one R7 in -N (R7) 2 is C (0) CH20CH2CH2OCH3 and the ot her
is H 20 mxwwa8tg to anot her preferred enbodi ment of the P@F/ESWAB744
invention, there is provided conpounds of formula (V) : ORT OR0O A F N
~SE 0 C' 25 wherein: WD 99/65870 PCTpHS99/ 13744 20 A is C6-Cl4 aryl
optionally substituted with one or nore groups independently selected from
the group consisting of Cl1-C8 al kyl or hydroxy, or OR4, wherein R4 is

Cl-C8 al kyl, C3aCisycl-aal kyl CbtCBralikyl ssuhstituted Wit dehs G4 nde- C14 5
aryl optional lIé sub%tel tu%%d with C1-C8 al kyl, heterocyclyl or
het er ocycl §T8PKRYI 1RECPENERRELY SFVRCToPL T orral e seibRept GPeal fF ¢ RJ 0Pk or

nore groups,;-s®l £Tked & oydtd£®, OXWORG k@ete idMRI0; s BYdr 0XyR{1 NO;
het er ocyclﬁ(’;yl op%jsonﬁlfl substituted with one 10 or nore gr ogis sel ected
fromthe group THTSTS ¥1%{ of 1 REtd iKY SAPsEIRBEA v thd: s Rydr Sy &ami no or

N( CO) OGH3; aRED @preli b2 BI ¢ @sbshef sl abome; c Qi3 PhGT MaeeMl F S d W1 or
acceptabl e derivative thereof. 15 According to yet ‘another preferred
enbodi nent L8 FRFECHEL BV} ded conpounds of Formula (MI): CONH2 O OR OR10

N OS-E (V) R5ahereinaryl, optionally substituted with one or
more groups selected from nitro, oxo, alkoxy, amino,
hydroxyamino; heterocyclcyl, optionally substituted with one

10 or more groups selected from the group consisting of nitro,

oxo, alkoxy, amino, hydroxyamino or N(CO)OCHs;

10 7 .
R and R are as defined above;

or a pharmaceutically acceptable derivative thereof.

15 According to yet another preferred embodiment,

there is provided compounds of Formula (VI):

CONH,

25 wherein:

R’ and R'® are as defined above for formula I;

E is C¢-Ci4 aryl, optionally substituted with one or
more groups selected from the group consisting of nitro,
oxo, alkoxy, amino, hydroxyamino; heterocyclcyl, optionally

30 substituted with one or more groups selected from the group
consisting of nitro, oxo, alkoxy, amino, hydroxyamino or
N (CO) OCHs;

Oor a pharmaceutically acceptable derivative thereof.



R-7 and RlOare as defined above for formula I; Eis C6-Cl4 aryl, optionally
substituted with one or nore groups selected fromthe group consisting of
nitro, owo9aksoxy, am no, hydroxyam no; heterocyclcyl, aui/assalisiss30
substituted with one or nore groups selected fromthe group consisting of
nitro, oxo, alkoxy, am no, hydroxyamngqor. N (CO OCH3; or a

phar maceutical |l y acceptabl e derivative thereof. WO 99/65870 PCTI US99/ 13744
21 According to yet another preferred enbodinment, there is provided a
conpound of Formul a AMdJn4i R1G %Yt Iﬂn‘ét%e'ﬂ:: (p\fjelf)err-ecp rbRiieeriei n: A E
R7 and R10 are as defined in forrmula (I); pharmaceutically accept abI e
deri vati vé&heaie dof prm’l%bradlqmln%l%tofarf@mmlapréﬁérred embodi nent ,

there is provided a conmpound of formula (MIIl1): R3RLRS OR7/ N H=
(VIT1) So E Owherein A, R, R3, R7 and E gfe as defined in fornula (1) .
15 According to yet another EI’TbO-ﬂI ment cj/ﬁﬂe present invention, there are
provi ded conpounds of s_lhe f or fgRa:

: |
i N
A\\”//N\\\///ﬁ\\\w/// \\\s - -
: 7N

O
1
O

5 wherein:

7 . .
A, E, R and R10 are as defined in formula (I);

or a pharmaceutically acceptable derivative thereof.

10 According to yet another preferred embodiment,

there is provided a compound of formula (VIII):

RS R'—R?
OR’ N
H |
" N
/\\\1(//JV\\\\*////A\\\\\v//// \\\\S\\. - I
O : & o

wherein A, R', R’, R’ and E are as defined in formula

15
According to yet another embodiment of the present

invention, there are provided compounds of the formula:



WD 99/ 65870 PCT/US99/13744 22 X |/ NO ~1 \ 5\ / NH,, ' S02 R7~ CF3
wherein X- is a pharmaceutically suitable counterion; 10 R7 R7 R7 1 N

N'O O' Nypobgdd7d1 OO / NNONN -0OO0R7i'"~, OH S IHCHUS9AIU4 N O O

S// '7T R 0~-ORT OSONH NNR7'-, RFT ONN OO HOO dOO7
(X R7 - R WD 99/65870 PCTIUS99/13744,23 R OOS

<
. %/@\NH/S%\@\
N
R7/,' X CF;

wherein X  1is a pharmaceutically suitable counterion;

10
R7
R’ R’ I
|
O SSeeH
|
~ N N o__N N
ji o) OG/ T o*>o
07 NH o ©
é7

15

15



NO NNNNHYOONHO OR70NR2 OO0 N NNN 11 HOONH R11 CH3
ORS (NHHXR7 R10-1 XI S OH3C CH3 5 H3C wherein RO is selected from
i sopropyl wayosmggloopentyl; R' is selected fromNHR or OR pcwysdid3mad G are
as defined above; and X- is a pharmaceutically acceptable counterion. 10
The conpounds according to the inventigm contain one or nore asynmmetric
carbon atons and thus occur as racemates and racem c m xtures, single
enant-ioners, diastereonmeric mxtures and individual diastereoners. All
such isoneric fornms of these conpounds are expressly 15 included in the
present invention. Each eogeni c carbon nmay be of the Ror S
configuration. Although specific conpounds exenplified in this
application may be depictgd inRa particular stereochenical configuration,
conpounds fiavfing WO QKZEZ;Q POTI Up98( 13744 24 either the opposite
st er eochemisir 0 LVER._C L%am enter or mxtures thereof are al so

re oynd

envi si oned. prefeH co s\of formula (I) of the 5 present
set forth b& ow i nSTahe

i nvention areg

=
RN |
NS
CH,
. OR’ 7
R10z’ﬂ\);j[ R (NH)xR
0]
S
O He CH,
5 H4C

wherein R'® is selected from isopropyl or cyclopentyl; R!! is

selected from NHR’ or OR’; x, R’ and G are as defined above;

and X* is a pharmaceutically acceptable counterion.

10 The compounds according to the invention contain
one or more asymmetric carbon atoms and thus occur as
racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures and individual diastereomers. All
such isomeric forms of these compounds are expressly

15 included in the present invention. Each stereogenic carbon
may be of the R or S configuration. Although the specific
compounds exemplified in this application may be depicted in

a particular stereochemical configuration, compounds having



Table 1 OHOR1I0 ANN// Y %-EO=0 10 Conpound ARIOE 1, ~ONH 2
, >0>NH2 N2 3 H ~-ON N4 H 1-511 NH 5 N~\O'" M H N W 99/65870
PCT/ US99/woodhss7@5 ~O 6 (10Me 7 0 COVe 8 0 0 ~ H CN HrprT/ésod13944

_24_

either the opposite stereochemistry at any given chiral

center or mixtures thereof are also envisioned.

More preferred compounds of formula (I) of the

5 present invention are set forth below in Table 1.

Table 1
OH (I)lrz10
H )
\H/ : d_ ¢

Compound
1

O
pd
I

N

®)
I =z zZ
T I

O
pd 21 2
™
O

Y Y Y Y YT
g




~Oa 10 / NH2 H2 11 N2 ~O012 Ov -- O MO OV H N\ O 13 MeooC O\ b
t-NO 14 N HOt-N 15\ Owve WO 99/65870 PCTI US99/13744 26 16 O Ove Ow
18 0 Ove wbdofdsg7oOVE 20 O\ Ove 0 21 O PCT/US99/13744

_25_
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36 HO ccrhOHO 0 0 HO ,
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Rio OPOBH2 0 Al NNS E 0Ol O 10 Conpound A RI0O E 100 HO NH2. H 0 WO
99/ 65870 PCTIUS99/13744 45 101 HO, HO W 119 HO NHMv O HO 143 H

0 HO 144MO0 965870 ' 0 O H 0 Most preferred conpounds of tRE/PFAeHH
invention include the follow ng: (3R 3aS, 6aR) hexahydrofuro [2, 3-b]
furan-3-yl N-( (1S, 2R) - 5 - 44 -

1- benzyl - 3- (cycl opentyl oxy) [ (3-[ 2- (di met hyl am no) et hyl ]

am nophenyi ) sul f onyl ] am no- 2- hydr oxypr opyl ) car bamat e; (3S, 3aR, 6aS)
hexahydrofuro [2, 3-b] furan-3-yl N ((1S, 2R -

1- benzyl - 3- (cycl opent yl oxy) [ (3-[ 2- (di nmet hyl am no) et hyl ]

am nophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) carbamate; 10 (3R, 3aS, 6aR)
Hexahydrofuro [2, 3-b] furan-3-yl-N ((1S, 2R) -

OH N4R8
S
\”/\g/\/\S—-—E

H /
o) £ o

5
Compound A R® E
80 ! .
> D QL
| OMe
81 .
- OMe
10
OPOIH, (I)/R
A N i N
\[r \/\/ \S//—E
4
o} £ o)
10
Compound A R E

100 H




1- benzyl - 3- (cycl opent yl oxy) (2- [ (et hyl sul f onyl ) am no]
benzi m dazol - 5-yl sul f onyl ) am no- 2- hydr oxypr opyl ) carbamate; (3R 3aS, 6aR)
hexahydr oo /45870 3-b] furan-3-yl N (1S, 2R) -3- PCT/US99/13744
[ [ (3-N-net hyl am nophenyl ) sul fonyl ] (cycl opentyl oxy) am no] -1- 15
benzyl - 2- hydr oxypr opyl car bamat e; WO 99/ §§870 PCT/ US99/ 13744 46
1, 3-Di oxan-5-yl N (1S, 2R)- 1-benzyl - 3-[ (cycl opent yl oxy)
(2-{ (et hoxycarbonyl )am no] - 1H benzi m dazol - 5-yl sul f onyl)
am no] - 2- hydti oXypr opylcar bamgg e,O(BR, 3as, 6aRy) hexatydrofuro—{2,3- b]
<3

furan-3-y] N (1S, 2R < ! :
benzyl - 2- hydroxy-3-[[ (4 phe | fonyl|] (18 ydr o-

2H pyran-4-yl oxy) am 10@ opy) carbamat'e; (3R,| 3aS R) hexahydrafuro [ 2,
3-b] furan-3-yl N (15, BR 0O3- OMe

[[ (3-am nophenyl ) sul f pnyl ] (cycl opent yl oxy) am no] - 1- benzyl - 2-

hydr oxy priepytecarbarate—10-{(3R—3aS,—6 hydrofuro [2 3-b] fluran-3-yl
N[ (1S, 12J - 1-beng (F'cycj ope | oxy) [ 3- (2 thOWI-(lm%t hyl )lam no] - 2-
oxoet hyl am no) phenyl ] 5 ; no)@%ﬁoxypr oy srbanate; ((3R, 3aS,
6aR) hexahydrofuro [2 f'uy anq 3- N [ (1S, 15

1- benzyl -j/4- (cycl opent y| ox¥) 02 ydit oxy- 4- ( 6- qui|noxakyn sul fonyl ) butyl]
carbamat g; (3R, 3aS, pa hexahydrofuro [2, 3-b] furan-3-yl N ((1S, 2R -
1- benzyl -[3- (cycl opent yl oxy) [ (4- net hoxyphenyl ) sul f onyl ] am no-

2- hydr oxylp¥opyl ) carbpmate; HO 3R S, 6aR) [hexahydrofuro [2, 3-b]
furan-3-yl N[ (1S, 2 s @’/ > O

1- benzyl -|3- ((cycl opent yh oxy) [ 3- (21 yl sul flonyl o] 2

et hyl am no) phenyl ] sul f onyFam po) - 2- hydr oxypropyl ] \gar bagat€; (3R, (3aS, 6aR)
hexahydrdfuro [2, 3-b] fHra®3-yl [N (1S, 2R) |-3- O

[[ (3-N-mgt hyl am nophenyl ) sul fonyl ] (cycl opent yljoxy) am no] - 1- 25

benzyl - 2-Mygdy oXypropyf car bangte _phosphate—ester;—(3R—3aS—6aR)
hexahydrqfuro [2, 3-Db] g- 3,0 —2R) |- 3§
[[(3-am rophenyl)sulfod/l] C open y)am 1

Most preferred compounds of the present invention
include the following:

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3-yl N-((18,2R) -

5 l~benzyl-3—(cyclopentyloxy)[(3—[2—(dimethylamino)ethyl]
aminophenyl) sulfonyl]amino-2-hydroxypropyl)carbamate;

(35, 3aR, 6asS) hexahydrofuro[2, 3-b] furan-3-yl N-((1S,2R)-
l—benzyl—3—(cyclopentyloxy)[(3—[2—(dimethylamino)ethyl]
aminophenyl)sulfonyl]amino-2—hydroxypropyl)carbamate;

10 (3R,3a5,6aR)Hexahydrofuro[2,3—b]furan—3—yl—N—((lS,2R)—
1-benzyl-3-(cyclopentyloxy) (2-[ (methylsulfonyl)amino]
benzimidazol—5—ylsulfonyl)amino—Z—hydroxypropyl)carbamater

(3R,3as,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(1S5,2R)-3-
[[(3—N—methylaminophenyl)sulfonyl](cyclopentyloxy)amino]—l—

15 benzyl-2-hydroxypropylcarbamate;



hydr oxypr opyl car bamat e phosphate ester; (3R 3aS, 6aR) hexahydrofuro
[2,3-b]furan-3-yl N (1S, 2R - 30

3-[[ (4- amwyapplsesyg! ) sul fonyl ] (cycl opent yl oxy) am no] - 1- benzy#GT/US99/13744

2- hydr oxypropyl carbamate; (3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-yl -
(1S,2R) - 1- benzyl -3-{(1-ethyl propoxy)[ (f hydroxyphenyl)sul f onyl ] am no} -

2- hydr oxypropyl carbamat e; WO 99/ 65870 PCT/ US99/ 13744 - 47 (3R, 3aS, 6aR)
hexahydrofuro [2, 3-b] furan-3-yl (1S, 2R) - 3-

[ (1, 3- benzodi oxpl f | (-1 ArQRQX YA Nof Ls

benzyl - 2- hydr oxﬁ'p?ﬁ)%% b%r}yalt el\;( H?Fé%fs)asl, 6aR ﬂhej))}a%g/%b?co]?otﬁeont[yzl,oxé/-)b]
furan- 3-yl %;{[mq@kgxzy@rboqyl amino]-1lH-benzimidazol-5-ylsulfonyl)

)
3-1(1, 3- benzodi oxolxpyyd skl f I nt yl oxy) am no] - 1-

benzyl - 2-( phosp]%noo%) pxr%}oﬂpy ca%{%yﬁﬁagc%e'( 3R, 3aS, 6aR) hexahydrofuro [2,
3-b] furan-3-yl (ASaPRaR)fhexahydrofuro(2, 3-b) furan-3-yl N-(1S,2R)-1-

[ (1, 3-hkhen i )| 5 5- onyl) cl l,0X m -1- _
benzyl ?2_ ﬁ@%%ﬁ@p% glp‘%c}rcs:ozgr}{)?naﬂt [eéf—%xtft%%?%he&g)ﬁ surlojflonyl] (tetrahydro

(3R, 3aS, 6aRjtrexaydr-of oxof) 2 8-y Ifnrcany 13 apb aded tel;, 3-

benzodi oxol - 5-y].sul fonyl ) (tetrahydro- 2H pyr.an- 4-
yl oxy) ami no] - | L%%z{ﬁﬁzé%é)&edﬁﬁy Ucré)r[%rﬁép’é;fu(r@'%é@, NalRyS: 2R) =3
ge??gyg r gf ur md{_aznir%;gier}‘mlaiu&oﬂl )y(ll\}k(cilyc(lb‘i’»enfc@lo;<y>_ami]no 11 —11—§>enzyl—2—

- , 3-benzodi oxol - 5-yl sul f onyl ) (cycl opent yl oxy) ami no] - 1-

benzyl - Z-MW&%%WE’WPJ%W bamate; or a pharmaceutical |y acceptable
deri vabi ve there,.3a e RoBQUNAS e pregent- Afiventi on [cary be) readi ly
prepared by techni ques known in the art. Schene | 20 il'l'ustrates a gener al

synt het i ¢ Y& o TonpatimaPestty ogwmilPa (@v) nedhoret @atéy 19 whigenad of
formul a (ldxoeAGLREing dren3ahen®B fon O%gﬁ%k L@Lﬁ&d¥6%4§§§ﬁ%lw

hydr oxypht halimde is reacted with -Br or R1O-OH un di'spl acenent or
M t sonobu-33fETedwdi ti ons respectively, 25 followed by hydrazinolysis in

5Er??ggdt?npr0dM9@:£$§;éﬂﬁﬂH%xaﬁyd?aﬁﬁﬁo%2Wb#%ﬁ%%?a%ﬂ3t%&”ﬁh%(ﬁk%2%§-f“rther
15 1-benzyl-4-(cyclopentyloxy)-2~hydroxy-4-(6-quinoxalinyl
sulfonyl)butyl] carbamate;

(3R, 3a8, 6aR) hexahydrofuro(2, 3-b] furan-3-yl N-((1S,2R)-
l-benzyl-3-(cyclopentyloxy) [ (4-methoxyphenyl)sulfonyllamino-
2-hydroxypropyl) carbamate;

20 (3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-[(1S,2R)-
1-benzyl-3-((cyclopentyloxy) [3-(2-[ (methylsulfonyl)amino]
ethylamino)phenyl]sulfonylamino)-2-hydroxypropyl]carbamate;

(3R, 3aS, 6aR)hexahydrofuro(2, 3-b] furan-3-yl N-(1S5,2R)-3~
[ [ {3-N-methylaminophenyl)sulfonyl] (cyclopentyloxy)amino]-1-

25 benzyl-2-hydroxypropylcarbamate phosphate ester;

(3R, 3a8, 6aR)hexahydrofuro[2,3-b] furan-3-yl1l N-(1S,2R)-3-
[[ (3-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-1-benzyl-2-
hydroxypropylcarbamate phosphate ester;

(3R, 3a8, 6aR) hexahydrofuro [2,3-b]furan-3-yl N-(1S,2R)-

30 3-[[(4-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-1l-benzyl-
2-hydroxypropyl carbamate;

(3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (1S,2R)-1-
benzyl-3-{ (l-ethylpropoxy) [ (4-hydroxyphenyl)sulfonyllamino}-
2-hydroxypropylcarbamate;



two synthetic routes, Path 1 and Path 2. Path 1 30 Step 1: Am ne of fornula
(I') is reacted with a sulfonyl chloride of formula (A to produce

sul f onam we wfssg7bornmula (11'). Step 2: Sul fonam de of for mdrUSIPMIM4i S
reacted with intermediate of formula (B), which bears an am ne protecting
WO 99/65870 PCT/ US99/ 13744 48 group Ry such as t-butoxycarbonyl, to
produce conpound of formula (I111"). Suitable am ne protecting groups are
described in nunmerous references, including T. W Geene and P. G M

Wits, Protectiy8rR(BaYPSaRNNELIADkEOBYPLNESESY ) 20y 2nEd.yy ] k| ey_and Sons
(1991); L. Fieser andpwf Eieser? %ieseg andbkfggg?'g éa32§f§§}o¥ Organi c

Synt hesi s! (JoRRPeRFPEyOBAH-BoKsspidoryl) s4hdethyPagorexe) avdno Entycl opedi a

of Reagepesz{or2OnganbsySYhbDeshsoadohd; Wley and Sons (1995).  Exanpl es
of such am no protecting groups Include, but are 10 not |limted to, Cbz or

Alloc. Step 3: (&BnpddnBaBthesphutlaofure (3, Bsbt Aenanedcyedv- Wi t h, 2RL;
wher eign LiL i Lol I f.formul a . A
o LoLs (8 Lesbongsaun. Loy s oot L ST ELA: A

| eaving group I's an atom of gro ace
an appr oppPREEl afi hehosprhsngoky bpaopde] cSubambte; | eavi ng groups woul d be

hydroxyl 5. car bayT ot ec-AHAERATY Btr T0 bor saner Per) Usbor a7 - 4o
SCHEME | O(1. 3R Brdbox &l €6Hy 1 $u M disphpobaly e Trh &3t 9 Nam Zno NHRNH2 /Bt OH
(1) Path genzyl—2—hydroxypropylcarbamate;

10 (3R, 3285, 6aR) hexahydrofuro[2, 3-b] furan-3-yl 3-[(1, 3-
benzodioxol—S—ylsulfonyl)(tetrahydro—2H—pyran—4—
yloxy)amino]-1l-benzyl-2-hydroxypropylcarbamate;

(3R, 328, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-[(1S,2R)-
3—[(l,3—benzodioxol—5—ylsulfonyl)(cyclopentyloxy)amino]—l—

15 Dbenzyl-2- (phosphonooxy)propyl]carbamate;

or a pharmaceutically acceptable derivative thereof.

The compounds of the present invention can be

readily prepared by techniques known in the art. Scheme I
20 1illustrates a general synthetic route to compounds of
formula (V), a preferred sub-genus of formula (I).

According to Scheme I, commercially available N-
hydroxyphthalimide is reacted with R'°-Br or R*%-on under
displacement or Mitsonobu-type conditions respectively,

25 followed by hydrazinolysis in ethanol to produce the amine
of formula (I). BAmine of formula (I) is further utilized in

two synthetic routes, Path 1 and Path 2.

Path 1
30 Step 1: Amine of formula (I) is reacted with a

sulfonyl chloride of formula (A) to produce sulfonamide of
formula (II’).
Step 2: Sulfonamide of formula (II’') is reacted with

intermediate of formula (B), which bears an amine protecting



Step 1 NH. E-S02Cl1 path 1 P~ v~J (A Step | ROoONHSXR-E CH (I11) pNH,,
,-,~NHORlo .,ONH Step 2 (Il) 1. CF3COOH Step 2 Step 2' 2. AL (B)

(B) E OHwaRbess70A) OH p,NH , IN -SO2-E A/NH > NH-ORL o 6(Pclingsophdiay Step
3 Step 3 1. CF3000H cvlation 2. A-L OHORIO ulfonvlation A NH _ --,,NS
@-E OR7 ORI0O S E 02\ / (V) WO 9962870 PCTIUS99/ 13744 50 Step 4.
Compound of formula (1V) is then converted to conpound of forrmula (V) by
functional transformation of the hydroxy group. 5 Path 2 differs from Path
1, omY i ngtBepseaueneR b cLBAB5RYSaPABhOY P Ieh OpEORNEL! ERPBAHA% ST formula

formula (III'). Suitable amine protecting groups are

described in numerous references, including T. W. Greene and
P. G. M. Wuts, Protective Groups in Organic Synthesis, 2d
5 Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser,

Fieser and Fieser’s Reagents for Organic Synthesis, John

Wiley and Sons (1994); and L. Paquette, ed. Encyclopedia of

Reagents for Organic Synthesis, John Wiley and Sons (1995).

Examples of such amino protecting groups include, but are
10 not limited to, Cbz or Alloc.

Step 3: Compound of formula (III') is then reacted
with A-L, wherein L is a leaving group, to produce compound
of formula (IV). A leaving group is an atom or group which
is displaceable upon reaction with an appropriate amine or

15 sulfonamide. Suitable leaving groups would be obvious to
one of skill in the art and include but are not limited to

hydroxyls, carboxylates and halides.



conpound of forrmula (IV). The synthetic approach illustrated in Schene |
can 10 be readily extended to produce ot her conpounds of the present
i nvention. The above synthetic schenme is not intended to conprise a
conpr ehenQ®/¢5B%x of all nmeans by which conpounds descri BEDUaMWA3E44ai ned
inthis application may be synthegized. Further methods will be evident to
15 those of ordinary skill in the art. As discussed above, the novel S
conpounds of the present invention are excellent |igands for aspartyl
prot caseSCHEME] cularly H V-1 and H V-2 proteases. Accordingly, these
conpounds are capable of targeting and 20 inhibiting | ate stage events i.n
HV replication, i.e.po the pROtBswiRigOWf the viral polyproteins by HV
encoded prot easeh conpMasedebu nhi bit the proteolytic processing of
ik

viral polyprotein 07 88r s—oy ot ng B&9artYk protease. Because
aspartyl protease is @ssentiZaNHBIf/dtOtHhe prodcti on of mature virions,

inhibition of that processing effectively bloc S e spread of virus by
i nhibiting the production of infectious~irions, ticularly from
chronically infected cells. Conpound accordi nq s nventNan -
advant ageousl y inhi bit ERO28Y abi Lify pf the H M-1.41rus to~iRfect
immortalized human T cellAp over Sgpperi od of daysy as determ ned by an
assay of extracellular p2 ntigen -- a specifij¢ marker of vi r@y (B)
replication. Oher anti-»ral assays have confifmed the potenc f these

conmpounds. WO 99/ gﬁ%ﬁ%@/_ S99/ 13744 - 51 The ggnpounds of this
[

i nvention nmay be a conventi onal NﬁnnerN}Lor Rt“;'ue treat nent of

viruses, such as H V@nhd HTLV, which depengr’on™4dspartyl proteases for

obligatory events in their life cycle. Such netheds of 5 treatnent, their
dosagpe/N*ev/ékg/ a qguiirenments may be
‘ Step 2
(1) 1. CF3COOH
2. A-L
OH ?R‘° A) OH
b _NH (\/N—SO2E A _NH ANH-——ORw

& S

(I
Step 3
1. CF3COOH Step 3 ,
1. acylation

2 AL OH OR10 2. sulfonylation

: E‘ 2 1
A/NH\_/\,N—sozE (E-502€)

av)



sel ected by those of ordinary skill in the art from available nethods and
techni ques. For exanple, a conpound of this invention nmay be conbined with

a phar nac‘g?tgg,gsas%y acceptabl e adj uvant for adm nistrati opdrassse/13744
virally-infected 10 patient in a pharmaceutically acceptable manner and in

an anount effective to | essen the sevepity of the viral infection.

Al ternatively, the conpounds of this invention may be used in vaccines and
nmet hods for protecting individuals 15 against viral infection over an

i thor al one. 5FSPoUet nEP UL ERCobRGr CEBROBLIGL! of ot hEEPT ROBHETBRC) Foa

manner copsmpbent wift iotheleonvenbiyofiahcttbhazatirensobrmptobrase thbi bitors

in vaccin | e, a compound of 20 this invention may be conbi ned
with pharﬁggggg&cgﬁsgg'acceptabIe adj uvants conventionally enpl oyed in

vacci nes and admnistered in prophylactically effective anmounts to

prote i ndi vi dual s over ,an. ext ended per.i ime . against HV infection. As
such,q%he novel pro %ggeziaﬁ?%?F8r§r8$ %ﬂ?g %SO?%Veh?i Re capapence ot
adni ni st eredgastagemp3ofed toeabhngrorcoppenedtbngrétMiiafeciion in a

manmal . The_co unds_of forn |, especially those having a nol ecul ar
wei ght of gggggﬁaﬁgaBSE?ggﬁgyéﬁﬁnle, may be readily absorbed by the

bl oodstream of mamal s upon oral 30 admi nistration. Conpounds of formula I

havi ng a nol ecul ar Twei ghhthétlesspphancabout 16002 géa0l e aeBem®st ddkely to

denonstrate oral.availagbility, This surprisingly inpressive oral

avaiﬁzbi???yrﬁﬁﬁ%gysﬁé e%gﬁ%oﬁﬂdgr%ﬁ%%?l%F?eég%$#%0¥%?sVEfQ@?%SS?O

PCT/ US99/ #8&4dnt 52nvenal by : admhai sbeveds i eas Feat s Anshdr ey et on regi mens

agai nst HV, infg%t'on. The.congounds of this invention nmay be adm ni stered
I p

to a heal tRAYOrSH V21 RPRRE £3° pat TR i e ket Vasl 55si agl @l 1 means by

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

As discussed above, the novel compounds of the
present invention are excellent ligands for aspartyl
proteases, particularly HIV-1 and HIV-2 proteases.
Accordingly, these compounds are capable of targeting and

20 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

25 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 advantageously inhibit the

30 ability of the HIV-1 virus to infect immortalized human T
cells over a period of days, as determined by an assay of
extracellular p24 antigen -- a specific marker of viral
replication. Other anti-viral assays have confirmed the

potency of these compounds.



5 agent or in conbination with other anti-viral agents which interfere
with the replication cycle of HV. By admnistering the conpounds of this
i nventi onywy dolyspoher anti-viral agents which target diffegepys@Menys in
the viral 1life cycle, the therapeutic effect of these conpounds is 10
potentiated. For instance, the co-admnistered anti-viral agent can be one
which targets early events in the life~"cycle of the virus, such as cel
entry, reverse transcription and viral DNA integration into cellular DNA

Anti-H 'V agents tarqgﬁing such earky %Lfe.c§cle.events 5 include,, .
di danosi ne (ddl), al&t&BFREUFHacyS 415 21d60GdPRe ™ erRdPYSH £8t ed
pol ysacchar icdeyensTéngdohahhe rCHd), tB3ECLreQ3bLBE, 0T592W8S 5248 h, as

i cl ovi di tidiine, . trisodi h f te, efl i thine,
DAt i VaggE BULT T MPGRE RRPEFROPBnoERA-tVinEROLFaRaTe o80

Ri bonucl eobildgatedyckeasatsninbithens stu¢h agchydr oxywheackBydsabso be used.
Addi ti nalg%,tnon-nu%¥eosi e inhiEitoES of . reverse transcripgase, such as
el LUEF :

TI BO, RETCL0SCoF CREFPFapFiEL SniPIhECHBEd T hSt BAYi BFe the ef fect

of the cerpeunds bfy thosei BYeBrHOAarassAAY 1Vihakhungeat ifrgm25 i nhi bitors,

i nhi bitors_of, tggns-aghiéatihg gro ei,ns such_as tat gr rev, or inhibitors
of the vi PYPIALEGr BEENCB0RBPNEEFBRIEHEFapi EST aB&8MEiLRg £oCPRPSUPRvent i on

exert a symergist iavehteeh mayi pbi bbihbngell Withepl paatihaBeubeeause each
conponent _a en% BE thg.conbin tion acts on a, 30 different site of H.V
replicati BACCPhEPUSe 267 "¥aRh EORDPARLIORSTaF$6malPant X§E604ly 1 PERGERY t he

dosageo of patighvenancanpaathenalitabkiiyekee¥ptablagRphnwhi sRavwed! dnbe
required for a _desired. therapeutic or prophylactic effect as_conpared to

p :
when t hat 2RGERE FEISGRENPster e8588TatD 59765878 PETFYSOYA18%44 - 53
nonot her apyirethese.conbi nati ons may reduce or elimnate the side effects

of conventi onal single anti-retroviral agent o
lternatively, the compounds of this invention may

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

The compounds of formula I, especially those
having a molecular weight of less than about 700 g/mole, may
be readily absorbed by the bloodstream of mammals upon oral

30 administration. Compounds of formula I having a molecular
weight of less than about 600 g/mole are most likely to
demonstrate oral availability. This surprisingly impressive

oral availability makes such compounds excellent agents for



therapies while not interfering wwth the anti-retroviral activity of those
agents. These conbi nations reduce 5 potential of resistance to single agent
t her api esWOWI65850 i ni m zi ng any associ ated toxicity. TheRCTAHNBDIWAEi ons
may al so increase the efficacy of the conventional agent w thout

i ncreasing the associated toxicity. knsparticular, we have discovered that
t hese conpounds act synergistically in 10 preventing the replication of HV
in human T cells. Preferred conbination therapies include the

admi ni st r atriadn y-atimd ndenpewdd tekathies ti BMaNbreRent i BnAZEgifldhs ddC or d4T.
Al ternativel h 0 unds of this invention may also be co-adm nistered
with othngﬁﬁbsﬁrgggagg FAhitBftors 15 such as Agenerase (VX-478, Vertex),
saggiggvir,AEg 3Th8959mg§0ﬁhﬁéofk;ﬁ$§é$3g§gNﬁgggﬁggghkiggmﬁﬁ?sE%E?dNPrCk)
A- 80, 987 tt MK r - , ott),

1343( AgouF8n}, gﬁﬁ;ﬁ?i 8&3é§ﬁﬂn§/@f23ﬁ?, PXME2BO EDLRPENES REFERYICBMS 186318
(Brist®l - MegearsobqunbbpmbABIt348 (AbhobtheZ20aand- PG 53a43KtEGihackei gy) to
increase the effect of %Eerag% or grophylaxis agai nst various viral

mut ants ofMCREAGEFsWAFRothAEr TRPYIRASP sPEEL8SOT VI Br ef BY administering the

conpounds ag@fhihhkSeri A¥eAhEORCABo&hAY! 8 2ERNESiAVehPiSEANRE PAL bEReW th
retroviral 25 reverse transcrlgtase i nhi bitors, such as derivatives of

AZT, or ofREF HLY2aspIrEyF pPRotBaterpfki Bifopsentvepentaven that vikel

co-admi ni st Fat ton1ef the enmpappdsieof cthist bAVERLEON-¥hbHuhELT oyiral
reverse transcrlgtase inhibitors or HV aspartyl protease inhibitors may
exertth sBBSEBALPEFI30 EPhelBrsenecef FRet COTASRERYS prESEneRAYTViral

substanti abbyt tedUBkN@neOWheBAPLELgLYsebhm pabiogtyifAal chpfectivity and
its aSSOC|at?d S tons. The congounds of this invention can al so be
adm ni st eF88-Fn°CoRBFNELFBA, WPEAR| AFUABRDIENBY Br STEBSHSE WO 99/ 65870

PCT/ US99/ §34A4crdftion and viral DNA integration into cellular DNA.
Anti-HIV agents targeting such early life cycle events

15 include, didanosine (ddI), alcitabine (ddC), d4T, zidovudine
(AZT), polysulfated polysaccharides, sT4 (soluble CD4), 3TC,
935083, 1592089, 524W91, ganciclovir, dideoxycytidine,
trisodium phosphonoformate, eflornithine, ribavirin,
acyclovir, alpha interferon and trimenotrexate.

20 Ribonucleotide reductase inhibitors such as hydroxyurea may
also be used. Additionally, non-nucleoside inhibitors of
reverse transcriptase, such as TIBO, delavirine (U90) or
nevirapine, may be used to potentiate the effect of the
compounds of this invention, as may viral uncoating

25 inhibitors, inhibitors of trans-activating proteins such as
tat or rev, or inhibitors of the viral integrase.

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

30 different site of HIV replication. The use of such
combinations also advantageously reduces the dosage of a
given conventional anti-retroviral agent which would be
required for a desired therapeutic or prophylactic effect as

compared to when that agent is administered as a



bropirimne, anti-human al pha interferon antibody, IL-2, GW CSF

nmet hi oni ne enkephalin, interferon al pha, diethyldithiocarbamate, tunor
necrosi s Wax6s870nal t rexone, tuscarasol and rEPO; and amRGTVMWO/IZH4(e. g.,
pentam dine 5 isethiorate) to prevent or conbat infection and di sease-
associated with HV infections, such-as3AkDS and ARC. Wien the conpounds of
this.invention are admnistered in conbination therapies with other
agents, they may be adm nistered sequentially or concurrently to the
patient. hBnAthernpyi.velliesphavmacantioak meyprephykacti elenimaset thas
according tg thig inven%ion may be ¢ ris?d of .a_ Cﬁnbinathon of an
aspartyl profe&s&eFhRi Brt 6P P FRPREL| RVBALFoRRERATSHOPREF 2L ha&PEREUt i ¢ or

prophyl actheragest. wAk L bongh thtserfsyenti nnthoenseanen-tbervseref the 15
conmpounds di§clgsed hghein for Qreven%ing and tregtin HI infection, the
conpounds36FYATE PAvERCPBn2ESRT Al sol BESHisEa™P AR ARPBI F6FYCEgent s for

ot her %irpsesnvhethodependseansento kangaspagekyt prnetepses, fwhidbl i gatory
events in_their Life cycle. These viruses include, as well as other
Ale-likeméﬁlﬁﬁééageQHXaaééacb?t?gtF8§?Fb ¥s, ShERSaSCEPAfIgRions may

i munodef ktkeneycyeasseshebytfacecnob sl takt edntent HBLYi! agedt WItMoht. In
addition, .the congougds of this igventlon may _al so be used to inhibit

ot her aspiPEYFaprofeh8BsasangiphedpaPicuFdr, ORhBRT htfRh2AspYErtJfVe

prot easesdikBelEdengtheti Bhdbe aBempsRALEYhcRr 8 8a8E8st hak 1 pyoELSS
endothlin recursors. Pharmaceutical conpositions of this invention
conprie BRGVEBFIPRetEBnpBRAUSE bt ORhel pRe¥ent RHURRtL T ofclAfd

phar maceubireaklycaceepbabheisal teetHer 69 in¥i the 2PN e PHALABEEHLECEH!Y
acceptabl e _carrier, adjuvant or vehicle. 30 Pharmaceutically acceptable

carriers, QAdfuvaRPSUBAdC Y ek Ef ednVEREE CTrayl B £88d ALt hddphaF ndttuti ca

conposi tions of Abtsrnknvealionthactydsouldt 8Fechot | hebhedod Onad 0N
exchangers al um na, alum num stearate, lecithin, serumproteins, such as
human serﬁ%?%lBﬁn?ﬂ?a%ﬂ¥ﬁé?t§5%§tﬁhE%sogﬁ%ﬁ BEV protease inhibitors

15 such as Agenerase (VX-478, Vértex), saquinavir, Ro 31-8959
(Roche), L-735,524 (Merck), XM 323 (Du-Pont Merck) A-80,987
(Abbott), MK 639 (Merck), ABT 538 (A-80538, Abbott), AG
1343 (Agouron), XM 412 (Du-Pont Merck), XM 450 (Du-Pont
Merck), BMS 186318 (Bristol-Meyers Squibb), ABT 378 (Abbott)

20 and CPG 53,437 (Ciba Geigy) to increase the effect of
therapy or prophylaxis against various viral mutants or
members of other HIV quasi species.

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

25 reverse transcriptase inhibitors, such as derivatives of
AZT, or other HIV aspartyl protease inhibitors. We believe
that the co-administration of the compounds of this
invention with retroviral reverse transcriptase inhibitors
or HIV aspartyl protease inhibitors may exert a substantial

30 synergistic effect, thereby preventing, substantially
reducing, or completely eliminating viral infectivity and
its associated symptoms.

The compounds of this invention can also be

administered in combination with immunomodulators (e.g.,



WO 99/ 65870 PCTI US99/ 13744 - 55 phosphates, glycine, sorbic acid,

potassi um sorbate, partial glyceride m xtures of saturated vegetable fatty
aci ds, WNON/65%8Its or el ectrolytes, such as protam ne sURATAWY 137} sodi um
hydr ogen phosphate, potassi um hydrogen phosphate, 5 sodium chloride, zinc
salts, colloidal silica, magnesium +r$4&i+icate, polyvinyl pyrrolidone,

cel | ul ose-based substances, polyethylene glycol, sodium

car boxynet hyl cel | ul ose, pol yacryl ates, waxes, polyethyl ene-

pol yoxypriopyp enembhegckapol yiEtisn Podryetind enee iy colt anski 10 woad, fat- The

har naceut.ical c ositions of this invention ma be adm nistered orally,
Barent eraﬁ‘gg/ﬁ %@&nﬁ%}%?i%rhk%%%n’ tjdbﬁec??ﬂléﬁﬁn r%]éfkéﬁ’l y, nasally, buccal I>/y,
vagi nal | ydostvybdathiocptlsarite I esaiaoinec s i efertof alnaotiddustg,ati on or
15 admnistration i nj ion. The pharmaceutical conpositions of this
i nventi ont%%gla%%%?ghpcgﬁé@mﬁé]cﬁf%& .G 9 pdntamidine
phar maceut s €iath 1 yr @tcee pt @l L= wat i | @F Ssondsh tUviaiieictoron et d Bseaskhe term
parenteral as used hert[eﬁ Qﬂ'\pcjlggéjes subcut aneous, _intracutaneous,
i nt r avendt3SOFH reLdt dfE SHORSr U &5 AT &S
intrasternal, imniat hgealcompdidad esi anals ant;ditiracran aldn it eatdrem or
i nfusi on techni ques. ,%;rrh%aérphar,naceu,ti cal conpositions may be in the form of

5

a steril e iidRtdmE LRR G Wt SEIRH @98 Sy Y 1239 nj ect abl e

aqueous cadol reagl ess SAERension.y B Scoiitsmréntﬁiwrtd%hebgqétﬁféﬂaﬂ_ ated
accoaﬂl ng, o techni ques known in the art using suitable dispersing or
g

wet t MU %s Phadie csnslad, CrnddP Rl asid S FFaRh id adent s. .
The steridecordjregtap! iy eparatd h My HsSehpra sderdd  injectable 30
solution or suspension_in a non-toxic parenterally- acce di l uent or

tabl e
sol vent, 3 ; e, 0T ERAREGN BEP LeR SR BatdkEdios .Ofirﬁihlgf t he
accept ablimweatt idresaraNredndnttherapeutic or prophylactic agent.

Although this invention focuses on the use of the

15 compounds disclosed herein for preventing and treating HIV
infection, the compounds of this invention can also be used
as inhibitory agents for other viruses which depend on simi-
lar aspartyl proteases for obligatory events in their life
cycle. These viruses include, as well as other AIDS-like

20 diseases caused by retroviruses, such as simian
immunodeficiency viruses, but are not limited to, HTLV-I and
HTLV-II. 1In addition, the compounds of this invention may
also be used to inhibit other aspartyl proteases, and in
particular, other human aspartyl proteases, including renin

25 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.

30 Pharmaceutically acceptable carriers, adjuvants and vehicles
that may be used in the pharmaceutical compositions of this
invention include, but are not limited to, ion exchangers,
alumina, aluminum stearate, lecithin, serum proteins, such

as human serum albumin, buffer substances such as



that may be enployed are mannitol, water, R nger's solution and isotonic
sodi um chl oride solution. In addition, W 99/65870 PCT/US99/ 13744 56 -
sterile, WX®Hs8I0l s are conventionally enpl oyed as a sol vePET/USR9/18Tdpendi ng
medi um For this purpose, any bland fixed oil may be enpl oyed including
synt hetic nono- or diglycerides. Fattysacids, such as oleic acid and its
glyceride 5 derivatives are useful in the preparation of injectables, as
are natural pharnaceutically-acceptable oils, such as olive oil or castor
oi |, espec;bladﬂsyheizt:ﬂe:*ehetjjlycpnh@',oxskfeztﬂsw& aéhceiii, Vglﬁﬁ,szihs)dﬂﬁl d;m Pm@é) d;ﬁél*ﬂhlailons or
suspensi ons, nay al so . contain ong- chai n al coho il uent or dispersant
such as 10gJPYf.:é/]f—feﬁi?/ T RUES Fi ?grs%ﬁ tbefé ISR TR SrelcEttY &1 Eomposi ti ons
of this inwendtonsabys de Oradtyo pghad sdiefrethd maiarimed | 3 eecept abl e
dosage forgi i ncl UM‘?YO but not limted to, capsules, tablets, and aqueous
suspensi ons HY E0 ST PR TRI e RATESHIE SV IIRD GaSRIEE carriers
whi ch &re sodimnl gh useihd ncd e sd Bed 058 ansh Gor s stiarLh.m digat i ng
agents, such as . rmtgnesi m stearate, are also typically added. For oral

admi ni st r ati o 1 i A CagUh & P mP YISt U Aot ugift sl 4 iR @ sqdhet ose and
dried corrswsistaitte e BEAGOMS 1Sl SPIBASd ONSs @0 admi ni stered orally, the
active ingredient is conbined wwth enulsifying and suspendi ng agents. |f

desired, cEttHHTE i Y SR 0 YRR aTE Sandvaste oo IR RS may be
added. Thegharnao | cale-0OMROsidd Btk f, WIS, diMeNHON A1 234l so be

adm ni ﬁt ered in_the formof suppositories for rectal adm™nistration. These
corrpo% ti P dfle prepared by m xing a conpound of this invention with a

sui tabl e non- irrifatdNgrexcd i enh Wirddbd s 130ld ¢ At ieomLpmarat WL, but

liquid at the rectal tenperature and therefore will nelt in 30 the rectum

to rel easé% W@%%W&%ﬁb’f?&dﬁé. PoyER bfdadrlival $y inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir. We prefer oral administration or

15 administration by injection. The pharmaceutical
compositions of this invention may contain any conventional
non-toxic pharmaceutically-acceptable carriers, adjuvants or
vehicles. The term parenteral as used herein includes
subcutaneous, intracutaneous, intravenous, intramuscular,

20 intra-articular, intrasynovial, intrasternal, intrathecal,
intralesional and intracranial injection or infusion
techniques.

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

25 injectable aqueous or oleaginous suspension. This suspen-
sion may be formulated according to techniques known in the
art using suitable dispersing or wetting agents (such as,
for example, Tween 80) and suspending agents. The sterile
injectable preparation may also be a sterile injectable

30 solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example, as a solution in
1,3-butanediol. BAmong the acceptable vehicles and solvents
that may be employed are mannitol, water, Ringer's solution

and isotonic sodium chloride solution. In addition,



i nclude, but are not limted to, cocoa butter, beeswax and pol yethyl ene

gl ycols. Topical adm nistration of the pharnmaceutical conpositions of this
i nventi onwWa9sgeci al | y useful when the WO 99/ 65870 PCTI URCI/USIPAAT44- 57
desired treatnent involves areas or organs readily accessible by topical
application. For application topicallggto the skin, the pharmaceuti cal
conposition should be fornulated with a suitable ointnment containing the
active 5 conmponents suspended or dissolved in a carrier. Carriers for

topi cal adferistratieadobitBeacenpeHREst 0bnki§ chpYEPLEORSI ACLYd@enbut are

not limted to, mneral oil, liquid ﬁetroleunl mhltengﬁtroleunl yl ene

: ; pro
glycol , P&l y8RYELRYPENBEHOIPoxypPBpHT&fePEBRPBANIZNE §P@yfh§eﬁa&l£0 and

water. Al mapnBei ¥RbYoybheipbanaRegutSehe €0APRASHGE0Pr §281becFonayl at ed
with a suitable |Iotion or creamcontaining the active conpound suspended
or di ssol VB4 Wn25188r r PBFR 28uptabfedafr fofsiFRcPLUESTBEE are not |inited

to, niserdkriohtiveer brtansaPADSt £arRt Cpr PRLYSOIHAL 67 60n 68t Yb1 &S €4S 15
wax, cetearél al cohol , 2-octyl dodecanol, benzyl al cohol and water. The
phar maceufFEal2EBRPOSPRRBRACBEL AR &1V nvereP bRl fragl hf soSBENRt 3pi @BI TS

applied teitherl ewetornbes}i 83betiatly P% Eﬁ@i@'p§9989$é£9%¥aE@6”U|ati0“ or
pa

in a suitable enema formulation, Topically-transderna ches are also 20

i ncl uded YRTERPBSH nvEREFBNOL Theo bkl plat et | SASPeBFHORT t Farisab3ot hi s

i nvent i oncaRYaihea adhgl sh81£0a byoRasahi AEEQS0by 0&&;{9@@%(@%{ OB c1PUE
conpositions are prepared according to techniques well-known 1n the art of
phar neceubReali®t Br fhil at $HAL &dE ab§oRel prepared 25 as sol utions in saline,

enpl oyi ng ben2y|T@é»cﬁlh@fmgée@{f‘@él_é&ﬁé@@i@i&ﬁ@sﬁfv@kﬂé’e v&%ﬂﬁptxﬁé&?
pronoters to enhance bioavailability, fluorocarbons, and/or other
sol ubi | i ZPRgOBRL 1 ¥i 3PBIRT PEcERRNR Xpvwrrahly ecegptable dosage form

including, but not limited to, capsules, tablets, and
aqueous suspensions and solutions. In the case of tablets
i5 for oral use, carriers which are commonly uséd include
lactose and corn starch. Lubricating agents, such as
magnesium stearate, are also typically added. For oral
administration in a capsule form, useful diluents include
lactose and dried corn starch. When agueous suspensions are
20 administered orally, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain
sweetening and/or flavoring and/or coloring agents may be
added.
The pharmaceutical compositions of this invention may
25 also be administered in the form of suppositories for rectal
administration. These compositions can be prepared by
mixing a compound of this invention with a suitable non-
irritating excipient which is solid at room temperature but
liquid at the rectal temperature and therefore will melt in
30 the rectum to release the active components. Such materials
include, but are not limited to, cocoa butter, beeswax and
polyethylene glycols.
Topical administration of the pharmaceutical

compositions of this invention is especially useful when the



Dosage | evel s of between about 0.01 and about 100 30 ny/ kg body wei ght per
day, preferably between about 0.5 and about 50 ng/ kg body wei ght per day
of the acWPW&6s&igr edi ent conpound are useful in the prev@GIUHAYHTd
treatment of viral infection, including HV infection. Typically, the

phar maceuti cal conpositions of this +nggntion will be WO 99/65870

PCTI US99/ 13744 58 admnistered fromabout 1 to about 5 tines per day or
alternatively, as a continuous infusion. Such admnistration can be used
as a chrodesioedacutetinbetapyvolThe anvastoofocaginyeréagdiedi ent that nmay be

mbi ned with_5. et terial d ingle.d f il
Vary depehdrRaciBon CheCHBSELr BHPCHCARIEne. Hart FB0 ro bos of

adm ni strabvpooallf typthal spiepathéi pharmbtecontal ncdmpess iabontsdSate® about

95% active c ound (ww),, Preferably, such preparations contain from

oot 2095E o ARBHE B0, Hebrve SE0r EBlS oaNH R Ehor ot HULRBNE RS SaC BAT 1 ent - &

condi t5 ongcomponahttepaspendeseonf dassonpetndn £oaPosiétr on Okr £08bs nat i on

of this ipvention may Qﬁ.ad jnistered, jf necessar ubsequently, the
TRk e

dosage or “PTeqUBht ﬁF%??a?foE?eo?OTRﬁYﬁgﬁa?ngh+%duced, as a

functi on ofivehbeosyiptonge, tOud hevehoatlwhi cddthe, impreved sondition is
ret ai ned en.%he ﬁgﬂgtons have been aileviated to the _desired | evel,
treat ment T SROUF PR ERS S Wpat PRAES RAYT O Fidfhe R OPYERRE r &L YRR er ni t t ent

treat mentpohyax00gy L €18 PaSYEx ZOr iPPle @O Yc o BEMin ENCEMOT s If 3§ 8vSy NPt oNs.
As tq skilled artisan. wll afgre0|ate, | ower or higher doses than those

reci ted apBYe"Hh§T be FrbBFRab! Ve Spect T PR EEWHCT F 2 MRTL F QR nens for

any partieghape pathenitdl ki ciepensuLipom & Vari &t Yo of cf &sh 0fsnt 4 1161 i ng
the 25 act|V|tg of the specific conmpound enpl oyed, the age, body weight,
gener al hERF t AC 5 %E uSOmReRNd gF etPeRiep @f dissolved in a carrier.

Suitable carriers include, but are not limited to, mineral
0il, sorbitan monostearate, polysorbate 60, cetyl esters

15 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

20 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

25 as solutions 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 0.01 and about 100

30 mg/kg body weight per day, preferably between about 0.5 and
about 50 mg/kg body weight per day of the active ingredient
compound are useful in the prevention and treatment of viral
infection, including HIV infection. Typically, the

pharmaceutical compositions of this invention will be



adm nistration, rate of excretion, drug conmbination, the severity and
course of the infection, the patient's disposition to the infection and

t he j udgmd¥¥ 99%581%he 30 treating physician. The conpounds oPCYVHPY/BMdenti on
are also useful as commercial reagents which effectively bind to aspartyl
proteases, particularly HV aspartyl protease. As commercial reagents, the
conpounds of this invention, and WO 99/ 65870 PCT/US99/13744 - 59 their
derivatives, may be used to block proteolysis of a target peptide or may
be derivatideihistdied fiom st@bt € tresdbowas 2 teidereed sibstarate for

affinity c ﬂpig?/ plications. These and ot her .uses which

char acteri%%g%q%%%mr ’aIaagsapacrcfri/ttlrburoo%sealsréﬁil%lhcirb‘l tr(;g?%c}%/vi |1 be evident to

t hose of crdhirarsgtskiidn igen hee arded Ass usecthariet mr tdwitconpoarudsy .accor di ng
to the i t] e defined to includ armaceuti cal | y accept.abl e

deri vat i vgl\s/r?%réng%rggr uogfsi %%%sgeofl.ngﬁe' plheanretrrgtc i iR 13 1P cjt%‘i)cféﬁatg“

deri vabi vethercadphisrmacetia s icald ytaqueptadd e imadraigio smpnstamy will

phar maceutjcal | cept abl e sal.t, .ester salt of ester,. or. other
derivati ve‘}%]%L aa/e geﬁrlp%lun Gk ﬁﬁ}%é q?ﬁfenﬁﬁe&t%iaﬂﬂ a{}ﬁoﬁ’%ﬁwlﬁrr &%n to a
reci pi ent ,off sacvaipaid ter 2of i qar ovizditng i« Ir eatdparart iigidiviact lapnta icormpeund of
15 this inventiaon ar_an inhihitorily active nmefabolite ar esi due thereof.
Parti cul arty’ Tavor ed detiVativedand © rﬁ%‘lﬂ%ﬁg e Whosé 1HAT dHdrease t he
bi oavai | abildit ypmofparhe: 1 cronuaintdsi roff tdd Sadoame raon svier U scerppawRds ar e

adm n'h terceod ta a manmal (e.g., by allowng an orally 20 adm nistered
conpound tO B Yot e readily absorbed into the blood) or which enhance

del i very of the parentirconpeuctht @@ a haliegitcal eomaaritognts (e. g., the
brain or |ynphatic syste el ative to the parent species. The conpounds
accordingﬁélﬁﬁﬁ?% eﬁ%ﬁ%%cﬂij36§m@ound, composition or combination
of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of
15 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, require intermittent treatment on a long-term basis
20  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
25 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
30 treating physician.
The compounds of this invention are also useful as
commercial reagents which effectively bind to aspartyl
proteases, particularly HIV aspartyl protease. As

commercial reagents, the compounds of this invention, and



25 used in the formof salts derived frominorganic or organic acids.

I ncl uded anong such acid salts, for exanple, are the follow ng: acetate,
adi pate, WMQIWE8®W, aspartate, benzoate, benzenesul fonat e, PGITESANIATAE,
butyrate, citrate, canphorate, canphorsulfonate, cycl opentanepropi onate,

di gl uconate, 30 dodecyl sulfate, ethanesudfonate, fumarate, flucoheptanoate,
gl ycerophosphat e, hem sul fate, heptanoate, hexanoate, hydrochloride,

hydr obr om de, hydroi odi de, 2- hydroxyet hanesul fonate, |actate, naleate,

net hanesul flomat ejer Pvataiphd halrenesod fisat eco et it eOpd id &£ panoate, WO

99/ 65870 PCT/ U 99/ 13744 60 ecti ate per | fate, phenyl propri onate
picrate, PIVaTate E)eroeploo%é?%fc% ccg ,l eéjtjtfroat%l Cfrﬁ%c%/ € tosylate
and undecaneaie.aftderetacdtis] SUEt @RcOXAIH GEfiwiide didtondtdemms) ves

phar maceutl C accept a enpl oyed .in th pr aration of salts
useful as % rﬁa]elr%ae 1{ bﬂ}}?so%t%lcg %3‘%& ana{d §hAnt i on and
t heir 5phardsmﬁratxt1aﬂala{$pa&c@ejpt;&bit€éa&£d ciraﬁdiitﬂm sélt1s peSad digedar ineed from

appropri at bases_include alk nmet e. sodi un), al kaline earth netal
(e.g., 10-Hagnesi 0 A J&ﬁ %/\Aa(%ereanm Cl_4 al kyl)

Physi ol ogi cal l'y accevpat absieej e rgf the Y HQERM AL UBQrdihg a8 NG Jr oup
i nclude salts qr, %}am C rboxylic acids such as acetic, lactic,

tartaric, TRISE lqns NG HOBEHKE FHE ERCEHiIiCadii £CsRiamle

sul foni ¢ amﬂs;mafeﬁml@mrh@wwie&@wc, exth'%\am%&lﬂ{afdyajtcl,caQq@zenesul fonic
and p- .tol uenesul f.onic aC|ds and inaqr nlc acids such as hydrochloric,

sul futfc, FHESPIRGHiT WTd "@hiifEm Craci YcéilqcfP&@@éﬁt able salts

of a comwmgh@aﬂy@r@xmk@r&%éﬂ%ﬂw %%@@Jt%l%f s%aﬂtd cerReund in
20 conbi natl onlg\{%lth a suitable cation such as Na+, NH4, N+ (wherel n

Wis a C1f SHPEL, PRarfRceutecdviay: 1xec ept afib|Cé>H§>@Mnsi iofcithdé sal ts

of invention which, upon administration to a recipient, is
capable of providing (directly or indirectly) a compound of

15 this invention or an inhibitorily active metabolite or
residue thereof. Particularly favored derivatives and
prodrugs are those that increase the biocavailability of the
compounds of this invention when such compounds are
administered to a mammal (e.g., by allowing an orally

20 administered compound to be more readily absorbed into the
blood) or which enhance delivery of the parent compound to a
biological compartment (e.g., the brain or lymphatic system)
relative to the parent species.

The compounds according to the 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,
camphorsulfonate, cyclopentanepropionate, digluconate,

30 dodecylsulfate, ethanesulfonate, fumarate, flucoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-
hydroxyethanesulfonate, lactate, maleate, methanesulfonate,

2-naphthalenesulfonate, nicotinate, oxalate, pamoate,



organi ¢ carboxylic acids such as ascorbic, acetic, citric, lactic,
tartaric, malic, maleic, isothionic, l|actobionic, p 25 am nobenzoic and
succi ni ¢ A #%658Tr gani ¢ sul phoric acids such as met hanesuPGRERH13744

et hanesul phoni ¢, benzenesul phonic and p-tol uenesul phoni ¢ acids and

i norgani ¢ acids such as hydrochlori e &ulphuric, phosphoric, sul pham c and
pyrophosphoric acids. 30 For therapeutic use, salts of the conpounds
according to the invention will be pharmaceutically acceptable. However,
salts of aoidsiantdages sifdtar q)hemnmfwrrm&tﬂej c@ilqraa;@c;ept abl e may

also find use,. for WO 99/ 65 0 PCT/ US99/ 13744 in the
prepar ati dit Gt P HERTBH Cpﬁ%é“ra%rf(fed_‘t r&flait)?'aég‘elﬁ l’f‘ln@t ¢énpound.
Preferred t&ﬁd}!&ﬂmdmﬁ&lmﬁdda&ad&ﬂmd dtm@aa duidisgchluath &s $aflurd,c, acetic,
succinic, citric and ascorbic a |d ferr d ester f. the co ounds

accor di ng "Fo- thé® i merntiSHErES i SN AdetYe GCEE RGN h83 0 PFowi ng

gr oups5s (Z@m}:ﬁ]&ﬁ)ﬂ@(wn Ctkmilpd:d-;&tr%l’t&o@lbto&l rs@d,tl@y usesher iafd aatteameofi atthe
hydr oxy group noi ety of the carboxylic acid

. |n Whi the non 10 c yl
portion of’t 3#5UﬁQW§QQ§d§eI§£F%§ fryRrddrgi RS dReranched chain

al kyl (f<yha®mynﬁutldamm@ybc ldhl@ adidouiddition Rabuyl), al koxyal kyl

(for exanple, nethox aralk (for exanple, benzyl), aryloxyal kyl

(for exanpl e, pheno §#§1vﬁ§ P @F6?°§%éﬁﬁﬁebaﬁﬁénﬁpcéﬁﬁﬁonalIy

substltutedJ@MJ_h@ﬁzuexaﬂ@ﬂe§OQQMQgenal@gl4@bk¢bmtgrmg%a4al@o§y or am no) ;
| f onat e est such as al kyl - or aral kyl sul fonyl (for exanple

2
ge%hai@suﬁ@@ﬁﬁ?ﬁ““{3)%ﬂ%QQ&Ugb@@desF@?s (WReFelRxUnpF eSi-t - %%#¥4 or
L-i sol eucHhyis iAo qikesphonraie prstalks s2Q tand £f( 5) nfeReyendiatodl ok bRhosphat e

esters. The phosphate  esters may be further esterified by, for exanple, a
amino group include salts or crganic carboxylic acids such
as acetic, lactic, tartaric, malic, isethionic, lactobionic
and succinic acids; organic sulfonic acids such as

15 methanesulfonic, ethanesulfonic, benzenesulfonic and p-
toluenesulfonic acids and inorganic acids such as
hydrochloric, sulfuric, phosphoric and sulfamic acids.
Physiologically acceptable salts of a compound with a
hydroxy group include the anion of said compound in

20 combination with a suitable cation such as Na+, NH4+, and
NW4+ (wherein W is a C;, alkyl group).

Pharmaceutically acceptable salts include salts of
organic carboxylic acids such as ascorbic, acetic, citric,
lactic, tartaric, malic, maleic, isothionic, lactobionic, p-

25 aminobenzoic and succinic acids; organic sulphonic acids
such as methanesulphonic, ethanesulphonic, benzenesulphonic
and p-toluenesulphonic acids and inorganic acids such as
hydrochloric, sulphuric, phosphoric, sulphamic and
pyrophosphoric acids.

30 For therapeutic use, salts of the compounds
according to the invention will be pharmaceutically
acceptable. However, salts of acids and bases which are

non-pharmaceutically acceptable may also find use, for



C _20 al cohol or reactive derivative thereof, or by a 2,3-di (C6_24) acyl
glycerol. In such esters, unless otherwi se specified, any 25 alkyl noiety
present aNMOAK6HIGeously contains from1l to 18 carbon at on®CTABOVIFM arly
froml to 6 carbon atons, nore particularly from1l to 4 carbon atons, Any
cycloal kyl noiety present in such estens-advant ageously contains from3

to 6.carbon atons. Any aryl noiety present in such esters 30 advantageously
conprises a phenyl group. Any reference to any of the above conpounds al so
i ncl udes @xagipdrenda ttheapplkaamaceovhi oal byracieptabheosakts thereof. WO

99/ 65870 ?%EQ%%%%@%%E%ﬁ%g-égégpﬁgﬁ%%gggﬁﬁggagﬁccording to the invention are

especi al | y 'use or d related clinical
condi ti ons such as ArBSerekdt edlcenmhexu@ARER ] tsprogmessifyemgeneral i zed

| ynphadengpat hy, (PGL), Kapasi'.s 5 sarcomm, thronbocytopenic purpura,
AIDS—reIagg . é&%SF&ﬁVCgPR%ESﬁSYtFSﬁ%lgucﬁugglﬂﬁﬁs %é%gﬁFiﬁnBonplex,
mul ti pbe selcerbsicsacadstropi cal paraperesis, and also anti-H 'V

ant i body- positive Qd Hl V- posi tive c?nﬁhtions, inéluding such cond%tions
in asynptomatic patf&htSZSToSPReASt BFt hBF SSPREPREF fRECFAVBAL FBnthRere
are proviidednthencarpoundspaadendingstoethed Avent the feniysengn nedi cal

t herapy particul ar for.the.treatnent or prophylaxis of viral infections
such as HP@OPRFeCé#%ngérﬁﬁég}aFnac% ﬁﬁgﬁﬁéroﬁgﬁgE?é PKe present invention

15 provi destaruetbedibar ofhentr RgtinBRYy grofpeyenhi PRiBh the nsyAPt oms or
effects of _a viral infectign jn an jnfected animal, for exanple, a nmammal
i ncl ngcﬁrﬁﬂﬁﬁﬁ,mﬂﬁﬁgﬁ SEoRpFi SaEDPKE £ Fngcidi BOBRiARI O Fheasster
t her apeut beabibyngef teetilvetaq0ERbnObt BaEgAROYALAEEEREHNGNE Ot REX{ NVenti on.
20 hecordig, 8, 3opRLtT SELE( TROLIER, OL LIS 2BEL-SLe Y,

alkoxyalkyl (for example, methoxymethyl), aralkyl (for

example, benzyl), aryloxyalkyl (for example, phenoxymethyl),

15 aryl (for example, phenyl optionally substituted by, for
example, halogen, Ci;salkyl, or Ci_salkoxy or amino); (2)
sulfonate esters, such as alkyl- or aralkylsulfonyl (for
example, methanesulfonyl); (3) amino acid esters (for
example, L-valyl or L-isoleucyl); (4) phosphonate esters

20 and (5) mono-, di- or triphosphate esters. The phosphate
esters may be further esterified by, for example, a
Ci-20 alcohol or reactive derivative thereof, or by a 2,3-di
(Ce-24) acyl glycerol.

In such esters, unless otherwise specified, any

25 alkyl moiety present advantageously contains from 1 to 18
carbon atoms, particularly from 1 to 6 carbon atoms, more
particularly from 1 to 4 carbon atoms, Any cycloalkyl
moiety present in such esters advantageously contains from 3
to 6 carbon atoms. Any aryl moiety present in such esters

30 advantageously comprises a phenyl group.

Any reference to any of the above compounds also
includes a reference to a pharmaceutically acceptable salts

thereof.



invention, the viral infectionis an HV infection. A further aspect of
the invention includes a nethod for the treatnent or prevention of the
synpt oms WO %8ksEets of an HBV infection. 25 The conpoundPCIAEEPEIMY to the
invention may also be used in adjuvant therapy in the treatment of H'V

i nfections or H V-associated synptons 62 effects, for exanple Kaposi's
sarcoma. The present invention further provides a nethod 30 for the
treatment of a clinical condition in an aninal, for exanple, a mamal

i ncl uding a human witheh cbmpbuaﬂqcoadbbkdmngincbudesethmseewhuoh have been

di scussed I r o] fore ses tre ting said
ani mal Mﬁthge%q%%éQab§%%$%%|&y %ggtl W? E a££§%p6HHH at 8Fagng to
WO 99/ 658%@1P¢Ebw89©¢>1357ﬂ40n63 sudie ereAIDsn.rénhetem emﬁdplle]l?(\/eEAROIﬂ, al so
i ncl udes for t he treat nent, or .prophyl axi s of _the .
af or enent on %Q RESEti IS %ﬁﬁ%ﬂt|%¥Q?H%4¥%£§§E§%Lw[%gﬁyaspgéPosfhé
present i seeabmen EhpombongOphﬁluspu@tuaaconpDBndeaeceadh?grbmogheal
i nvention | he manuf act ur canent for the men
ooyl o Rt TR £10E B Rek ekl O ot BEr FER e "B P e2hgi 6 ons.
It will berappbpmcaﬂeﬁath§Ere§1gpnaﬁunéff€fanE?FHtulanﬁh%o?QLbb51éib$ée

I and ot her protease inhibitors, reve
Erg%scrlp?ééefﬁﬂgWQﬁ%Qﬁve 5PPAOR ARt edS e & Per SBCE r £ HtRse 11

i nhi bi t orssgaptbratsedpanithesanuf acture of the above nedi canent.

Refer ce herein to.trea extends, to 5 prophylaxis as well as the
treatﬁgnt of establF%had%ufﬂ$§ﬁt?Bﬂchrogy%$?oh%g hECRHBYRT € 0B UNdS

accor di ngproviliedi hkentbepoands &8e€brdPh@r facent | Cabdyt ascepbabhee in

derlvatlvesdlcgl gherapy particularly for the treatment or
prophylaxis of viral infections such as HIV infections.

According to another aspect, the present invention

15 provides a method for the treatment or prevention of the
symptoms or effects of a viral infection in an infected
animal, for example, a mammal including a human, which
comprises treating said animal with a therapeutically
effective amount of a compound according to the invention.

20 According to a particular embodiment of this aspect of the
invention, the viral infection is an HIV infection. A
further aspect of the invention includes a method for the
treatment or prevention of the symptoms or effects of an HBV
infection.

25 The compounds according to the invention may also
be used in adjuvant therapy in the treatment of HIV
infections or HIV-associated symptoms or effects, for
example Kaposi’s sarcoma. )

The present invention further provides a method

30 for the treatment of a clinical condition in an animal, for
example, a mammal including a human which clinical condition
includes those which have been discussed in the introduction
hereinbefore, which comprises treating said animal with a

therapeutically effective amount of a compound according to



enpl oyed in conbination with other therapeutic agents for 20 the treatnent
of the above infections or conditions. Conbination therapies according to
the preseMO%9658Mt i on conprise the adninistration of at |REEVS¥A&44onmpound
of the formula (1) or a pharmaceutically acceptable derivative thereof
and at | east one other pharnmaceuticald yoactive 25 ingredient. The active
i ngredient(s) and pharnaceutically active agents may be adm ni stered
simultaneously in either the sane or different pharmaceutical formulations
or sequenthalinyvant iany. orter .prewereOunten tafort ke sactiinvg udergraediegmiods) and
phar macuet caII ctive agent the 30 relatiy i mngs of :
admi ni strati’on vﬁaq ebaetnge eCo[r( é;’ﬁorPr}]&'r]tfé(rl cfr é\fg e desired conbi ned
therapeut|afqﬁémgntloﬂ&dﬁxﬂﬁﬁdQﬂdﬁmecﬁonhnﬁ&ﬂUﬂwmgzherapy i nvol ves t he
adm ni stration of one ¢ cordi to the invention and .one of the
agents nenti oned heréiﬁ’ er eﬁﬁﬁﬁg%fﬁ'Pé?@u§§§$f§$ﬂinvenéionExanples
of such flp’ﬁdlardetshej‘rmjelﬂe @fagaempdm wde cagemies thahearievehfteeh ve for
the treat nt of A i nf ctlo or 00|at d conditions such as (1
al pha, 2 eﬂé@%ﬁ §§Hbt | 'SP AEBERYy PFguani ne 5
[2 (-) BHCG, ﬁﬁp&ﬂ,&bﬂdm @»fetaﬁ@ol Qdfn-t(Be( %,b%vléld &re(nlt)i@rn@ﬁymﬁltrﬁw )1'nfectllons |

oxet ano ine), ac i C | eosi des ..acyclavir val aci cl ovir,
famslclowoy C%E%QF ééf T, 3éﬁ61 PPPLE éégﬁ%ctﬁ@$l855Fﬁ€@8H8§5h8§ates
(e.g. (S)Fbrfulydr@iy- ZIIphosamqnyl et hoxyr qy! ) agxt esiene r( HBVRC) ,
ribon Ieotlde %gs;edu t ase |nh|b|tors such as 2-acetyl pyridine 5-[(2-
chlor n|I c&Fﬁ AASE tRPGCH S Sohy &rEF6e FrangsirdpLase

3' deoxythyﬂhﬂhﬁ@mshy@&omb%F&®cl@bEQ@e2re%ers@'@%@%ﬁ&%@b@@%@des such as
, 3' - di deoxy, adenosi ne, 2',3'-dideoxyinosine, 2',3

tidin ', 3" - dideox
15 di dehydPoth %é&n&un@apr&t€§§€ Fﬁhl%@t@P§U§&€ﬁu§§ 8GekBrasEOVe| ndi navi r |
ri tonavir medgldamaani.r, [3S-[3R*(IR*, 2S*)]]-

Reference herein to treatment extends to
15 prophylaxis as well as the treatment of established
infections or symptoms.

The above compounds according to the invention and
their pharmaceutically acceptable derivatives may be
employed in combination with other therapeutic agents for

20 the treatment of the above infections or conditions.
Combination therapies according to the present invention
comprise the administration of at least one compound of the
formula (I) or a pharmaceutically acceptable derivative
thereof and at least one other pharmaceutically active

25 ingredient. The active ingredient(s) and pharmaceutically
active agents may be administered simultaneously in either
the same or different pharmaceutical formulations or
sequentially in any order. The amounts of the active
ingredient (s) and pharmacuetically active agent(s) and the

30 relative timings of administration will be selected in order
to achieve the desired combined therapeutic effect.
Preferably the combination therapy involves the
administration of one compound according to the invention

and one of the agents mentioned herein below.



[ 3[[ (4-am nophenyl ) sul fonyl ] (2- met hyl propyl ) am no] - 2-

hydr oxy- | - (phenyl net hyl ) propyl ] -tetrahydro-3-furanyl ester (141V94),

oxat hi ol am® W6E8osi de anal ogues such as (-)-cis 20 PCT/US99/13744

1- (2- hydr oxynet hyl ) -1, 3- oxat hi ol ane 5-yl)-cytosine (Ilam vudine) or

ci s-1-(2-(hydroxynet hyl) -1, 3- oxat hi ol-am45- yl)-5-fl uorocytosi ne (FTC),

3' -deoxy-3' -fluorothym dine, 5- chloro-2', 3" -dideoxy-3"'-fluorouridine,

(-)-cis-4-[2-am no- 6-

(Cyclﬁpaopylaninﬁ)d@Haﬁ@ﬂbﬁ-%f%bhcﬁ-Gm&hﬁ@@ntﬁaeabeﬁﬁ?ba@@bnt35 [)ibavirin,h

9-[ 4- raxy-.2- ( hydr o ut i ne H2G , tat in itors suc

nsL 7- chi of ST B bRt k3 Bl dBaRbne snbrFoRst [RYS. S338) Fa

Z<ch|oro-ﬁniewthmdm?oﬁ-a@kHcpﬁmealcanbht3?né sfchenzodiiazepha, 22anLng. :
Ro24-7429), inter C S a-interferon, rena xcretion inhibitors

30 such abefPobengtPt= ndcl Gos Bt PURS OV E L TKHbr e Rben Agan e

di pyri 8sangl e Bﬂ@ﬂ@o&@#@MBum@, Nxacahpkeystei(Be 4t NAS) hyB&@Qyﬁbehpe

a-trichos nthln pho ﬁgonofornlc aci S |nnunonodu ators such as

|nterleuk|noﬁﬁt8P°§H§ E?ﬁlne@raﬁGVﬁgﬁFenHﬁ&?8ﬁﬁ§S§ d8I-8ny 2s¥FAAVaLT ng

factors, 199463870 rPCELHSI9N 33744 gan@5cl@ﬁYEhrQﬁﬁéﬁbmovinPb|e CD4 and
genetical ly eq i neered derlvatlves t hereof, or non- nucle03|de reverse

transcri pfasé-*+nhibi F8F§dFNNﬁ?FE?O§GEﬁSa§enQV|ﬁéblﬁe CBRYRECBE7Y T loviride

(a -APA) @n@s@abaymnmatn@x@ghéﬁyl agdo@mﬁ§phgpn§@5n1@l@@hdcléo@mee

1, 4-dj $ ydr 0- 2H- 3, Rzoxa2|n 2-ones NNRTIs such as (-)-

6- chl% £89§EF86F0ﬁ9 ePRYAYF ﬁuFP|FFu%r6ﬁ§?ﬁ9pyilﬁlﬁﬁh9dﬂéz‘

2H 3, 1- beah@&@@@ﬁlzlﬁaethho%é@b%ﬁ?lprtE&BcB@ﬁbnoﬁparagah80X§PhB@dMNRTlS
such as |%9prop¥ gZS -7-fluoro-3,4 ,

di hydr o- 22et RFPX3LHXBL 46 DRy - EM?HB%&PFﬁécaPBﬁﬁylafe3 10 (HBY1293). More

preferab'Mlh@@x?ﬁﬂ@ﬁ@@%h@@stBQE@DXS'Qvohveéldégﬁyégﬂlﬁhﬁéra@’Oﬁ’of one of
t he above nentioned agents and_ a conpound within one of the preferred or

parti cul aPr{epr¥PERFREIRED- 6 0dpsIhiEATHIROFREa €1) 345 described above.

15 didehydrothymidine, protease inhibitors such as agenerase,
indinavir, ritonavir, nelfinavir, [3S-[3R* (1R*, 2S*)]]-
[3[[(4-aminophenyl)sulfonyl] (2-methylpropyl)amino]-2-
hydroxy-1- (phenylmethyl)propyl]-tetrahydro-3-furanyl ester
(141W94), oxathiolane nucleoside analogues such as (-)-cis-

20 1-(2-hydroxymethyl) -1, 3-oxathiolane 5-yl)-cytosine
(lamivudine) or cis-1-(2- (hydroxymethyl)-1,3-oxathiolan-5-
yl)-5-fluorocytosine (FTC), 3’-deoxy-3’-fluorothymidine, 5-
chloro-2',3’-dideoxy-3’-fluorouridine, (-)-cis-4-[2-amino-6-
(cyclopropylamino)-9H-purin-9-yl]-2-cyclopentene-1l-methanol,

25 ribavirin, 9-[4-hydroxy-2-(hydroxymethyl)but-1-yl]-guanine
(H2G), tat inhibitors such as 7-chloro-5-(2-pyrryl)-3H-1, 4-
benzodiazepin-2- (H)one (Ro5-3335), 7-chloro-1,3-dihydro-5-
(l1H-pyrrol-2yl)-3H-1,4-benzodiazepin-2-amine (Ro24-7429),
interferons such as a-interferon, renal excretion inhibitors

30 such as probenecid, nucleoside transport inhibitors such as
dipyridamole; pentoxifylline, N-acetylcysteine (NAC),
Procysteine, a-trichosanthin, phosphonoformic acid, as well

as immunomodulators such as interleukin II or thymosin,

granulocyte macrophage colony stimulating factors,



15 Most preferably the conbination therapy involves the joint wuse of one
of the above naned agents together with one of the conpounds of fornula
(1) speci Wwagd/ésp7naned herein. The present invention furthRETUSYI3HSS t he
use of a conpound according to the invention in the manufacture of 20 a
medi cament for simnultaneous or sequenti gk adm nistration with at | east one
ot her. therapeutic agent, such as those defined hereinbefore. In order that
this invention may be nore fully wunderstood, the followi ng exanples are

set forth. eﬂr@ﬁ@opaét@xambaﬁbaéecbmaﬁ@%&%mpj did usdd@dd on only and
are not to be construed as limting the scope of the invention in any way.

WO 99/ 65878CPETAUSYEF 152842066 CEXARPIESClepnéfal T VEEROEs T AABSCHRAFEFBNS

Al tenperahdipstare remArdsg gacaeggeﬁéVQELﬁhﬂé (BP-AbLBshayeloviride
chr omat ogr aphy (TLC) was carried out using O. nn1th|ck E. Merck silica

gel 60 F254apraPas and dedtivomivinh (BHBPDndanatpuosphvenfosmsteacld
Detection of sthe,c s s,carried out by treaf] t he Iate th an
approprlath v?éuaﬁgﬂgﬁggaégm? su%ﬂzgxaib@6go?ﬁ?Fa&hg?Iﬁhﬁggﬁoﬁ%Iybﬁlc 10
acid in ethanbloopp-a- 6y¢@©p@bpyﬂenhghyh+mhydtfhu@ﬂoﬂéhh@b+1 4% a1 hpaeo- by
heating, apd/qr.b x gsure h odi n a mhen appropriate.
Thi ck Iaye?gs?rlcéege Xazﬁpo BSrégh 4gagzglg5 @%g $§é§0 dsing E. Merck
60 F254 phanasxélpneprRatss hchf af. bsopr8pydr (25 0- Tl b eknBss~ 15
Fol | ow ng deyvel.o t band f silica containing the
desired coﬁﬁEM%HQQE ﬂ ?eagg %?%ﬂttﬁﬁlﬁf¥ﬁ l%%c%ﬁﬁ?%%f?gfe sol vent .

Anal ytliccal (HBLT29Aa% . carrled out wusing a Water's Delta Pak, 5 ppMsilica,

C18 reversed- phase ol umm IDXx 15 cmL with a fIOM/rate of 1.5
nL/mn 20 usPng theﬁ?ﬁ?IBQFﬁﬁr?gg}egke comblnation therapy involves

the administration of one of the above mentioned agents and
a compound within one of the preferred or particularly
preferred sub-groups within formula (I) as described above.
15 Most preferably the combination therapy involves the joint
use of one of the above named agents together with one of
the compounds of formula (I) specifically named herein.
The present invention further includes the use of
a compound according to the invention in the manufacture of
20  a medicament for simultaneous or sequential administration
with at least one other therapeutic agent, such as those
defined hereinbefore.
In order that this invention may be more fully
understood, the following examples are set forth. These
25 examples are for the purpose of illustration only and are
not to be construed as limiting the scope of the invention

in any way.



Mobi | e phase: A = 0.1% CF3C2H in H2O B = 0. 1% CF3CO2H in CH3CN G adient:
T=0mn., A(95%, B(5% 25T =20 mn., A(0%, B (1009 T = 22.5
mn., A (3aeess70100% Preparative HPLC was al so carried muituss®iismgs Cl8
reversed- phase nedia. HPLC retention tines were recorded in mnutes. 30
NVR spectral data was recorded using_a Bruker AMX500, equipped with either
a reverse or QNP probe, at 500 MHz, and was taken in the indicated

sol vent. W have neasured the inhibition constants of each conpound

agai nst HI V-1 protease using the nethod, ri bed WO 99/ 65870 _

PCTI US99/ 13744 - 67 essentially by—M—ﬁnni ngton et al., Peptides 1990,
Gnmet, E and D. Andrew, Eds., Escom Leiden, Net herla{}ds I(1990); and the
met hod desgd Qeéjquseste,m I . is et al. J. Virol., 69, pp.
5228- 35 (1‘99’5) wnpo%sﬁuiryduutb/? ufjxallc%ﬁacgﬁ wer e tested for their antiviral
potency in sever aI \Alrlolfc@ﬁw}anafastsaﬁlsara neofardeas Jtrheimmnﬁslﬂfus hi s

i nvent gon t dic ) v
A e e e S R
treat ment 6f HINK Hfedfdsrk Sihdswm tasst $Qrke:, priediect ians caa‘luth@m@nmbxunds

e, T R NS R R AR ot Hhebusds ©

was carried out by treatlng the plate with an appropriate

visualizing agent, such as 10% solution of phosphomolybdic

10 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 Fjs,
plates ("prep plates”) of 0.5, 1.0, or 2.0 mm thickness.

15 Following development of the plate, the band of silica
containing the desired compound was isolated and eluted with
an appropriate solvent. Analytical HPLC was carried out
using a Water's Delta Pak, 5 puM silica, C18 reversed-phase
column, 3.9 mm ID X 15 cm L with a flow rate of 1.5 mL/min

20 using the following table:

Mobile phase: A = 0.1% CF3CO,H in H,0

B = 0.1% CF3;CO,H in CHsCN

Gradient: T =0 min., A (95%), B (5%)

T
T

N
w

= 20 min., A (0%), B (100%)
= 22.5 min., A (0%), B (100%)

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

compound against HIV-1 protease using the method described



, S, N OO0 NIL-isopropoxy-3-nitro-I|-benzenesul fonam de. To a cool ed _
solution (0C) of O0-isopropyl hydroxyphthalimde (4.10 g, 20 0.02 nol) in

anhydr ouswQ¥oe6gfe ML) was added anhydrous hydrazi ne(0.69 npcr/Osd9daz4qmnol )
with stirring. The solution was allowed to warmto RT and stir for 20.0h,

filtered and the ppt. was washed with anhydrous THF (20 ni).

To the

filtrate was added 3-nitro-benzenesul fonylchloride (4.86 g, 25 0.022 nol)
and diiosopropylethylamne (4.17 nL, 0.024 nol) at RT and the m xture was

stirred a T sql S _evapor a t resi S
parti onedtebelg;gween ﬁg,hf? BIZ?:“et %te(&aﬁ1 %%6% ct %E'Aq%% t R r?g%?\e?h :
organi ¢ | &yeangad vvé@ldéf@w Elisi, omsla@m (ZeXdBﬁ,rrN)ethﬁ%lAqu3G 1N8KICEB (2 X

S0, . B2t A8 o, OEL 80 CVGEOE ) V0,99,65670 PCT/ U39/ 13744 66

filtered, and evaporated to OW Oi he ~Oi

iéd by

col um chﬂorrﬁ’tl@fgrlaphﬁ‘_? h@panéﬂéBhyB geevate (80/20) to gl ve 32§%(39 (1E|;90/() of
th duct wh id. o HONMR m
7.05(s>1H) §S7a75<‘£5§‘ﬁ§}%§?zaf 4OVERF L EREvEke (ESS%T% 8 ‘“?E(Hr 1H). Step

2: 0 ~ b@wPdvomaBagOt4ntyHiN séVeraN vhrblNcha& NHanG

NoZ met hanol O

0 0 0O 3-am no-N1-i re enzenesul f.ona . 10 a P rr H2 10 vessel
cont ai ni ng 50 Pd/ Baz%% 89 éﬁgfgﬁ/agogﬁagada tﬁgﬁSI ?8@8%??0??125 n.) _of
N1-i sopr opbRy- 3onuhh@bht baeazespsuthonani de €Be5019, v8rQ435nnmeb)* at rt

under Ar atm

cells of human lineage, they are of evident clinical utility

10 for the treatment of HIV infection. These tests are

predictive of the compounds ability to inhibit HIV protease

in vivo.

Example 1
15 Step 1:

(@]
1. NHoNH,, THF, 1t
N—OJ\ : = [ /L -H\ /©\
o) S NOZ
@)

¢ Q\ THF, DIEA. 1 O‘"‘O
Ci~
S N

Nl-isopropoxy—3—nitro-l—benzenesulfonamide. To a cooled

solution (0°C) of O-isopropyl hydroxyphthalimide (4.10 g,
20 0.02 mol) in anhydrous THF (45 mlL) was added anhydrous
hydrazine(0.69 mL, 0.022 mmol) with stirring. The solution

was allowed to warm to RT and stir for 20.0h, filtered and

the ppt. was washed with anhydrous THF (20 mL). To the

25

30

filtrate was added 3-nitro-benzenesulfonylchloride (4.86 g,
0.022 mol) and diiosopropylethylamine (4.17 mL, 0.024 mol)
at RT and the mixture was stirred at RT for 20h. The
solution was evaporated and the reside was partioned between
ethyl acetate (200 mL) and Ag. 1.0N HCl (30 mL). The
organic layer was washed with 1.0N HCl (2 x 50 mL), 5% Ag.
NaHCO; (2 x 50 mL), brine (2 x 25 mL), dried (MgSO,),



The sol ution was hydrogenated at 45psi for approx. 1.0 h. The reaction
mxtire was filtered (1/2" celite pad) and 15 evaporated to give the
product awoy®léseny crystalline solid 2.90 g (96% . 'H NVR ¥CHAN®H37U4420 (d,
25H) ; 4.27 (m 1H) ; 7.05(s,1H); 7.75(1,1H); 8.22(d,lH; 8.48 (dd, 1H);
8.74(t, 1H). 20 Step 3: o\~ ~I HO.H¢(¢BUONN S I NHZ Cit ONs \ NHZ
H CH. 0 0 Phosphazene base (1)

tert-butyl-N(1S,2R)-3-[[(3- am' nophenyl )sul fonyl] 25 (i sopropoxy)

am no] - 1- benzyl gdhyékcpxaépg bfcm}ev o @ selytdon Ofrne o)
3- am no- Nliﬁi SO l}o oxy-1I - zene sul onalmede ge 20 V\0199/ 65870 oil was

PCT/ US99/ ied g @pluusainrastgtemithnber m%e/r@trmls)aceltat[e (29)
oxiran-2-y A I e 7 I r.ous THF
(10.0 m) {/\iliaos/%o dggc}?r%o\gé gzene ase Fggfizttqg)eugp]iompclst {HIEgna) (ﬂ@r%ql%

hexanes, THSMAL, CPC33 mbl?OWtﬁHéu%ri?ngnalHn TE0AfseFHB: Oh at rt, the
THF wag eva t edy)t,0 Qi rk g ygll rasi.d h di ssl oved in

et hyl gcet affeg?iz(glg{ Qélzeh slq?ol u8t|[gén %&s lﬁshﬁff/&ﬁ \(gﬁ@O'M HCL (3 x 20.0
m.), sat. NaHCOB(Bx 20 nmL) , brine (2 x 25 nm.) , dried (MJS™¥) ,

filtered, evaporated to give a yellow foam The crude 10 product was

purified by col'umm chromatography: nethylene chloride/ethyl acetate (95/5)

to give the product as a light yellow foam (3 61g, 0). Ms: product: M-Na
= 516 1H N (CD3 . 90( m>% BgHpn BgSB9- 3 1p(my 4 .60-3.85(m 2H);

4. 70(m 1H) 6 Qé OZ7. W O%U( .NH}S Exampl e 2

3-amino-N'-isopropoxy-1l-benzenesulfonamide. To a Parr H,

10 vessel containing 5% Pd/BaSO; (0.350g) was added a
methanolic solution (125 mL) of N'-isopropoxy-3-nitro-1-
benzenesulfonamide (3.50 g, 0.0135 mol) at rt under Ar atm.
The solution was hydrogenated at 45psi for approx. 1.0 h.
The reaction mixtire was filtered (1/2” celite pad) and

15 evaporated to give the product as yellow crystalline solid
2.90 g (96%). 'H NMR (CDCls;) 1.20(d,25H); 4.27 (m,1H);
7.05(s,1H); 7.75(1,1H); 8.22(d,1H); 8.48 (dd,1H); 8.74(t,

1H) .
20 Step 3:
O
/J\ H /E::L T E; tmm
-N_ N
(0] ‘lS“ NH, -
(CIRY) Phosphazene base

(1)

tert-butyl-N-(1S,2R)-3-[[ (3-aminophenyl) sulfonyl]
25 (isopropoxy) aminol]-1l-benzyl-2-hydroxypropylcarbamate. To a

solution of 3-amino-N'-isopropoxy-l-benzenesulfonamide (2.20



Step 1: O1. NH2NH2, THF, rt - NHZ \' | NO~ 2. THF, DIEA rt , NO2 O N 2
00 / AS is, N2 0 0 20 4-am no

- N1- i soprQieoxssyoni tro- 1- benzenesul f onami de.  Prepared umm/g@e/lpm@cedur e
outlined in Exanple 1. The crude product was purified by colum

chromat ogr aphy: 60/40 hexane/ethyl acegtqate to give the product as a yellow
solid (63%. '"HNW (DMSO 1.05 (d, 6 . 4.00(m 1H) ; 7.10(d, 1H) ; 25
7.65(d, 1H); 8.10(s, 2H); 8.40(s, 1H). Step 2: WO 99/ 65870 PCT/ US99/ 13744

70 H N N S b S50 ok WO 51 06 ethangle.0.5. 2, 10,010 0 50

psi, 1 h. I am no- N1-1 sopropox enzenes réd usi ng
t he procedlh@mtihmnmnat@p (2,. CBx anpl7e 6b. miridll\)ll\/RrB a(rmmm)ou]s OHEd, 6H) ;

2:58 (m oie 40,6, g (B30t oot Lyl 8GR 1
N HOtBUO®-N M in hexanes, 1.53 mL, 1.53 mmol) with stirring at rt.
5 After 8.0h at rt, the THF was evaporated to give a dark
vellow residue that was dissloved in ethyl acetate (200 mL).
This solution was wéshed with 0.50M HCl (3 x 20.0 mL), sat.
NaHCO; (3 x 20 mL), brine (2 x 25 mL), dried (MgSO,),
filtered, and evaporated to give a yellow foam. The crude
10 product was purified by column chromatography: methylene

chloride/ethyl acetate (95/5) to give the product as a light
vellow foam (3.61g, 95%). MS: product: M+Na = 516 ‘H NMR
(CD;0D) 0.90(m, 15H); 2.50-3.10(m, 4H); 3.60-3.85(m, 2H):
4.70(m, 1H); 6.90(d, 1H); 7.05(d, 1H); 7.10-7.30(m, 6H).

15
Example 2
Step 1:
7 N
/L\ 1. NH,NH,, THF, rt H k
N=O - )\ - N~
o '|S\‘ Nq
o 2. NH, THF, DIEA, rt o
Ci~ ( I
S NO,
OO0

20 4—amino—Nl—isopropoxy-3-nitro—l—benzenesulfonamide.
Prepared using the procedure outlined in Example 1. The
crude product was purified by column chromatography: 60/40
hexane/ethyl acetate to give the product as a yellow solid
(63%). 'H NMR (DMSO) 1.05(d, 6H): 4,00 (m, lH); 7.10(d, 1H);

25 7.65(d, 1H); 8.10(s, 2H); 8.40(s, 1H).

Step 2:



O,S, NHz Ip- HO O Phosphazene base OH O NHz 10 (2)
tert-butyl-N (1S, 2R)-1-benzyl -3-[[ (3, 4- di am nophenyl ) sul fonyl ]

(1 sopr opowo dgsgr@l - 2- hydr oxypropyl carbamat e. Prepared usimwmer/vspe/1prsaacedur e
15 outlined in Step 3, Exanple 1. The product was purified by colum-
chromat ography: to 40/ 60 hexane/ethyl agetate give the product as a dark
orange solid (910). Ms: MtNa = 531 1H NMR (CD30D) 0.90(m 15H);
2.50-3.10(m 4H); 3.60-3.85(m 2H); 4.45(m 1H); 6.40(d, 1H); 6. 70(d 1H)
7.00-7.30(m 20 6H). WD 99/65870 PCT/US99/ 13744 71 Exagple 3 -~ o -~S
NHz HC(CEt)s O tB N B £HbMNBadd OH N |l TEA/ Hz H (3) 5
tert-butyl (18, 2 [(1FL1?3_hen1%nlda%dL SN

yIsquonyI%ﬁ? #gmgﬁizgtamgnohn&hﬁﬁnzyl dex ropyl &&r bamate. To a
solution of tertclutyl N (1S02R) 1d- benzyl - 3-[ | # 4-di ani nophenyl ) sul f onyl ]

(1 sopropoxy) am no] - 2- hydr oxy propyl carbamate (0.70 g, 1.38 10 mmol) in
et hanol (10 nL) was added triethylorthoformate(0.64 nlL, 3.86 mmol) and TFA

(5.0 1) t tirring rt. After th eaction neutr lized
Win Al " Sa - SREeR e o R L e e T AT o1 e e due.  The
resi due waanl wgl yedceAuethylitacatat en(308pnk) Brempashed wit hneq.
5 (DMSO) 1.05(d, 6H); 3.95(m, 1H); 4.80(s,2H); 5.30(s, 2H);
6.50(d, 1H); 6.92(d, 1H); 7.97(s, 1H); 9.50(s, 1H).

Step 3:
(@]
NH, AL o 0
/,\ H © N N Zs NH,
N- 0 tBuO N N
o & NH2 H on o
0 0 Phosphazene base 7_ NH,
10 (2)

tert-butyl-N-(1S,2R)-1-benzyl-3-[[(3,4-
diaminophenyl)sulfonyl] (isopropoxy)amino]-2-

hydroxypropylcarbamate. Prepared using the procedure

—
w

outlined in Step 3, Example 1. The product was purified by
column chromatography: to 40/60 hexane/ethyl acetate give
the product as a dark orange solid (91%). MS: M+Na = 531 'H
NMR (CD;OD) 0.90(m, 15H); 2.50-3.10(m, 4H); 3.60-3.85(m,
2H); 4.45(m, 1H); 6.40(d, 1H); 6.70(d, 1H); 7.00-7.30 (m,

20 6H) .



15 sat. NaHCO3 (1 x 20 nmL), water (2 x 20 nL), brine (1 x 20 nL), dried
(MgSO4), filtered, and evaporated to give the crude product as a orange
foam TheywgsdéfigsAgr oduct was purified by col um chronat ogr@Pnyse9a97440
hexane/ ethyl acetate give the product as a white solid (0.60g, 85%9. 20
M5: MrH = 519 1H NWR (CD30D) 1. 00- 1. 40( 15H) ; 2.50-3.10 (m 4H);
3.60-3.85(m 2H); 4.60(m 1H); 7.20(m ; 7.80(s, 2H) 8.20(s, 1H)
8.40(s, 1H). WD 99/65870 PCT/US99/ 13744 72 Exanple 4 000 (CC130)2C0 CH
O .. NH2 . s/ N .s tBuOHNtBu HP&W@DEAH OHI O OHNHZ O- H
(4) 5 tert-butyl -N—((lS, 2R) - 1- benzy?—ér—"-ﬁy%r—exy 3-i sopropoxy[ (2-
oxo- 2, 3-di hydro-I H_1, 3-benzi m dazol -5- yl)sul fonyl]a
To a solution of t - butyI
N- (1S, 2R) - 1- bgnz [ o( 3, 4- di am nophenyl ) sul fgﬂl
(i sopr opoxy ) 2Ry mopyIHCm bamat etféo .

0.5h. , e TI-[$ was renoved

DIEA(02 8 nil n anhy@gpe

(0.136 g, O. 46 m’rtﬂ"') h” sthtering at rt After

in vacuo and the residue was dissolved in ethyl acetaté(100 nL). This

sol ution was washed with 0.5M HCL (2 x 25 nL), aq. sat. 15 NaHCO3 (2 x 25
m), brine (1 x25 nL), dried (MgSAH), filtered and evagporated to give the
crude product. The crude product was purified by col unmm chromat ography:
30/ 70 hexane/ ethyl acetate give the product as a yellow solid (0.63g, 86%
ME: MiNa £e337buliylivR-((CS3@B) -B-0d1¥-40BrbebZiinidaze6Q-520 3. 10(m 4H);

3'60-3'SSQHEu%@%ﬁyﬂ)5§ggbr%g%§yza%gggh—§U£énzyl—2—

hydroxypropylcarbamate. To a solution of tert-butyl N-

opr opyl ) car bamat e.

<88 ) and
o@l i phosgene

(1S5,2R)-1-benzyl-3-[[(3,4-diaminophenyl)sulfonyl]
(1sopropoxy)amino]-2-hydroxy propylcarbamate (0.70 g, 1.38
10 mmol) in ethanol (10 mL) was added triethylorthoformate(0.64
mL, 3.86 mmol) and TFA (5.0 pl) with stirring at rt. After
1.0h., the reaction was neutralized with Ag. sat. NaHCO; (50

ul) and evaporated to give an orange residue. The residue
was dissolved in ethyl acetate (100 mL) and washed with ag.

15 sat. NaHCO; (1 x 20 mL), water (2 x 20 mL), brine (1 x 20
mL), dried (MgSQ,), filtered, and evaporated to give the
crude product as a orange foam. The crude product was
purified by column chromatography: 30/70 hexane/ethyl
acetate give the product as a white solid (0.60g, 85%%).

20 MS: M+H = 519 'H NMR (CDs;OD) 1.00-1.40(m, 15H); 2.50-3.10 (m,
4H); 3.60-3.85(m, 2H); 4.60(m, 1H); 7.20(m, S5H); 7.80(s, 2H)
8.20(s, 1H); 8.40(s, 1H).



7.50(m 2H). Exanple 5 25 Step 1: HH O N O WO 99/65870 PCT/ US99/ 13744
73 N-net hanesul f onyl - 2- am nobenzi m dazol e. 2-am no- benzi m dazole (1.0 g,
7.5 mol ) wepsyed78sol ved in 15 nL of .anhydrous CH2C12 and gcfisesfiudr ous
DMF and cooled to - 0C. Trethylamine(l.6 nL, 1.5 eq.) was added foll owed
by an 5 addition of nethanesul fonyl chl 0{' de (580 L, 7.5 nmmol) over - 1

m nute. After 1 mnute at - 0C, the reaction was warned to RT. After 1
hour the reaction was quenched with water, and partitioned between a
saturated sodi um bicarbonate sol utigon and 2Cl12. The aqueous | ayer was 10
extracted with CH2C12 and the conbi %Mc | ayers were washed with
water (2 times), brine then dried over NaSO4, filtered_and the solvent was

renoved in vacuo t ive 455 ng of N methanesul fonyl am nobenzi m dazol e.
HPLC shows t he al to be Qly%pure, (ret. tiorey=

he '

tsharmes

£

i al d®. LGYS : obs. 15
MtH@ 212. 1 _anjl, IPag eLial nvas—ear++ed on vvgawélu,g J-Bt i
ONO C 2 Nhetthare @myl -BworEaer osul f onyl - 2-famni 'en
9.5 nm (20 eq., 1 ofNHael | stirred chlorosul fonic cid at -25C was
added N net hanesul fonyl -2- am nobenzi m dazole (1.5 g, 7.1 mol) in small
portions over 25 10 minutes with slight exotherm ng. The sol ution was
stirred at -25C for 3.5 hours, then was added dropwi se tld)a well stirred
m xture of ice and water. The aqueous sol ution

. n. Step 2:
Q?E@Zl Zdle. To

S5  tert-butyl-N-((1S,2R)-1-benzyl-2-hydroxy-3-isopropoxy[ (2-
oxo-2,3-dihydro~-1H~1,3-benzimidazol-5-
yl)sulfonyl]aminopropyl)carbamate. To a solution of tert-
butyl N-(15,2R)-1-benzyl-3-[[(3,4-diaminophenyl)sulfonyl]
(isopropoxy)amino] -2-hydroxypropyl carbamate (0.70 g, 1.38

10 mmo.) and DIEA (0.24 mL, 1.38 mmol) in anhydrous THF (10 mL)
was added triphosgene (0.136 g, 0.46 mmol) with stirring at
rt. After 0.5h., the THF was removed in vacuo and the
residue was dissolved in ethyl acetate (100 mL). This
solution was washed with 0.5M HCl (2 x 25 mlL), aqg. sat.

15 NaHCO: (2 x 25 mL), brine (1 x25 mL), dried (MgSQ,), filtered
and evaporated to give the crude product. The crude product
was purified by column chromatography: 30/70 hexane/ethyl
acetate give the product as a yellow solid (0.63g, 86%)

MS: M+Na = 557 ‘H NMR (CD;OD) 1.00-1.40(m, 15H); 2.50-

20 3.10(m, 4H); 3.60-3.85(m, 2H); 4.55(m, 1H); 7.20(m, 6H):

7.50(m, 2H).

Example 5
25 Step 1:



was slowy basified to pH- 7.5 with solid sodi um bi carbonate and extracted
with EtOAc. A precipitate formed 30 in the organic phase which was
filtered whf99ss810was washed WO 99/ 65870 PCTI US99/ 13744 - PLX/USHAINAH20 and
dried on the filter to yield 1.23 g of N )

met hanesul f onyl - 5- chl or osul f onyl - 2- am ngbenzi m dazol e. HPLC, single peak,
ret. .time =7.61 mn. M5 bs. M+ H@ 310.0 anu. 5 Step 3: U ~O-HNO
HO O=S \ NHS02Me H tert-Butyl-N((1S, 2R)-1-benzyl-3-(isopropyl oxy)(2- 10
L(gethylsuLhﬁnyhhgahmﬁbbgsznhﬂaﬁebeﬁzyhsg§§@$¥l)ggiamrag-

ydr oxypro carba But 1 R) - 1- benzyl - 3-

(i sopropypgﬁﬁgﬂéﬂﬁj% Shydr x9prg élW%ﬁéaﬁé?ed%gﬁoﬁﬁedolQSB%I?fwas

conbi ned wi nyl z d I ulLfonykoghl ori de-
(77 . or BRIt eI B OB o RO RS o abary e Aot
of N, N dTﬁethylamnnémyEBdmne 1Theegepckhona@sdstobl I reat by 0@m
tenperature overnight. The sol vent was evaporat ed under vacuum The crude
m xt ure wé@délFlLQ{le@If meEh@@SahﬁoméﬁéaorW@h HBPerland- brimel) Ggemi c
phase was d |ed g and sol vent vas renoved i n vacuo.

Purification By® Ei’ % pr efz&%@lﬂi@-@%ﬁ) RecbVere82661ay (379 of

product asagmewhtbdersol i AftEHPLC shovetht hee sat esh akas Oq@@naﬁg/@mw@n Ret .
time = 9.87 nmn. 1H NMR CDClS 7.12-8.04 (m 8H) 5(m 1H ,
4.47-4.51"¢ AT 2Hi Y BB h?n%ébbet@e%% gssagppateg, gad1n

bicarbonate solution and CH2Cl2. The aqueous layer was
10 extracted with CH2Cl2 and the combined organic layers were
washed with water (2 times), brine then dried over NaSOg,

filtered and the solvent was removed in vacuo to give 455 mg

of N-methanesulfonyl-2-aminobenzimidazole. HPLC shows the
material to be 91% pure, (ret. time = 3.70). LCMS : obs.
15 M+H@ 212.1 amu. The material was carried on without
purification.
Step 2:
Hchl)

=Rate

N-methanesulfonyl-5-chlorosulfonyl-2-aminobenzimidazole. To

20

9.5 mL (20 eq., 142 mmol) of well stirred chlorosulfonic

acid at ~259C was added N-methanesulfonyl-2-
aminobenzimidazole (1.5 g, 7.1 mmol) in small portions over

25 10 minutes with slight exotherming. The solution was
stirred at ~259C for 3.5 hours, then was added dropwise to a
well stirred mixture of ice and water. The aqueous solution
was slowly basified to pH ~ 7.5 with solid sodium

bicarbonate and extracted with EtOAc. A precipitate formed

30 in the organic phase which was filtered off and was washed



25 2.88 (m 3H , 1.75 (m 2H , 1.22 (s, 9H , 1.16 (d, 6H M5 (ES+):
obs. MtH @612.1 anu. WD 99/ 65870 PCT/ US99/ 13744 75 Exanple 6 Step 1:
OVe O HNW0%99%58702 5 N ' - (i sopropoxy) - 4- net hoxy- | - benzenesaydsopasvide. A
vigorously stirred solution of 2-isopropoxy-I|Hisoindole-1, 3(2H)-dione
[2.50 g, 12.2 mol, Synth. Comm, 22(1G)4 1427-1432 (1992)] in 35 nL of
t et rahydr of uran under an Argon at nosphere at anbient tenperature was
treated with anhydrous hydrazine 10 (0.421 nm_, 13.41 mmol). After 1.5

hours, 4- ethexybenaenessbpbanyhe Chi prbderf3y02fq0:  14. §3.ampl),
di chl oronet hane (20 nL) and N,N—d||sopropylet%ylan1ne_(6.38 m., 36.6 nmol)
was added & HRNESHH Toged ~strichdiorg suAfoay Llar - aadarbiesiaridagedes at ambi ent

tenper at ulkr,d, Ne iIrRAG iR kLS AEXT YrigWas 7ewapgn at edpisn waguomt @ & Resi due
and partitioned betweéen ethyl acetate and 1N hydrochloric acid. The |ayers
were separdtled &F# -t he aqueous |ayer was extracted again with ethyl
acetate. The conbined organic |ayers were washed wth 5% w v potassi um
carbonate and brine, dried over 20 anhydrous nmagnesium sul fate, filtered
and evaporS&te®d 3i'n  vacuo to a residue. The crude material was purified on
flash grade silica gel eluting with 30% ethyl acetate in hexane. Fractions
contai ning the product were conbi ned, evaporated in vacuo, and dried under
hi gh vacuum to provi 25 N - (i sopropoxy) - 4- et hoxy-| - benzenesul f onam de
(2.061 g, 69% as te solid. H-NWR (chloroformD3): 1.22 (d, 6H)

3.92 (s, 3H), 427 M 6.70 (s, 14, 7.05 (d, 2H), 7.90 (d. 2H. M
ESI) : 26/8[ .
(ESI) (gﬁﬂﬂi) e

}
o @: h\?_NHSOQMe
H

tert-Butyl-N-((1S,2R) -1~benzyl-3-(isopropyloxy) (2-

10 [ (methylsulfonyl)amino]benzimidazol-5-ylsulfonyl)amino-2-
hydroxypropyl) carbamate. tert-Butyl-N-((1S,2R)-1-benzyl-3-
(isopropyloxy)amino-2-hydroxypropyl)carbamate (86 mg, 0.25
mmol) was combined with 2-[ (methylsulfonyl)amino]
benzimidazol-5-ylsulfonyl chloride (77 mg, 0.25 mmol) in

15 anhydrous pyridine (1 ml) with a catalytic amount of N,N-
dimethylaminopyridine. The reaction was stirred at room
temperature overnight. The solvent was evaporated under
vacuum. The crude mixture was diluted in EtOAc and washed
with water and brine. Organic phase was dried with MgSO4

20 and solvent was removed in vacuo. Purification by TLC prep
(2% MeOH/CH2Cl2). Recovered 56 mg (37%) of product as a
white solid. HPLC showed the material to be 98% pure; Ret.
time = 9.87 min. 1H NMR (CDC13): 7.12-8.04 (m, 8H), 6.5 (m,
1H), 4.47-4.51 (m, 2H), 3.68 (m, 2H), 3.22 (s, 3H), 2.81-

25 2.88 (m, 3H), 1.75 (m, 2H), 1.22 (s, 9H), 1.16 (d, 6H). MS
(ES+): obs. M+H @ 612.1 amu.



30 Step 2: WD 99/65870 PCT/US99/13744 76 OV _OHO' 1A (6) tert-butyl
N-((1S, 2R) - 1- benzyl - 3-(cycl opentyl oxy)[(4 5

met hoxypheiaydo)sggsof onyl ] am no- 2- hydr oxypr opyl ) car bamat e. A pcaolssbiizma4 of

' - (i sopropoxy) - 4- met hoxy- 1- benzene sul fonam de (0.147 g, 0.599 nmmol) and
tert-butyl N-(1S)-1-[(2S)oxiran-2- ylL]-2=phenylethylcarbamate (75 ng, 0.285
nmml )} in anhydrous tetrahydrofuran (1 nL) under an Argon atnobsphere was
treated 10 with phosphazene base P<t/4>t-Bu (0.285 nL., 0.285 muol, 1.0 M
in hexane). After stirring for 30 ngpuhesedl anbient tenperature, the
reaction m xture was quenched with S'EVE'Ea'I—drops of glacial acetic acid
and evapordie® in vacuo to a residue. The crude product was purified on a
preparative 15 TLC plate (20x20, 500 M eluting with 35:65 ethyl acetate
hexane. Th roduct band was renoved, eluted with ethyl acetate, and
evapor at ed i nyvacgdo M residue. The crude product was purified again on
a preparatwg TLG ate (20x20, 1000 M eluting with 4:1 dichl oronet hane :
et hyl 20 acétage. “The product band was renoved, eluted with ethyl

acetate, and evaporated in vacuo. The residue was triturated with water and
the resulting slurry was stifred overnight, filtered, and dried under high
vacuumto provide tert-butyl N ((1S, 2R)-1-benzyl - 3- (cycl opentyl oxy)[ (4 25
met hox?phéﬁyl(}s§HFPBﬁW} afi-Rethokydi okeprepsENE Sphamade . (B?Vlggroe@% as a

1) 707 I d D e 2y S ST Pk O iy a4 gy [

3H), 4.50 [(Gm50LH), 12 (1’8n(nml 219ynth.1Tofm. ,5HR (1D)751427-1432 (1992) ]

in 35 mL of tetrahydrofuran under an Argon atmosphere at

ambient temperature was treated with anhydrous hydrazine

10 (0.421 mL, 13.41 mmol). After 1.5 hours, 4-
methoxybenzenesulphonyl chloride (3.024 g, 14.63 mmol),
dichloromethane (20 mL) and N,N-diisopropylethylamine (6.38
mL, 36.6 mmol) was added with continued stirring. After an
additional 2 hours at ambient temperature, the reaction

15 mixture was evaporated in vacuo to a residue and partitioned
between ethyl acetate and 1N hydrochloric acid. The layers
were separated and the aqueous layer was extracted again
with ethyl acetate. The combined organic layers were washed
with 5% w/v potassium carbonate and brine, dried over

20  anhydrous magnesium sulfate, filtered and evaporated in
vacuo to a residue. The crude material was purified on
flash grade silica gel eluting with 30% ethyl acetate in
hexane. Fractions containing the product were combined,
evaporated in vacuo, and dried under high vacuum to provide

25 Aﬂ—(isopropoxy)—4—methoxy-1—benzenesulfonamide (2.061 g,

69%) as a white solid. H1-NMR (chloroform-D3): 1.22 (d,
6H), 3.92 (s, 3H), 4.27 (m, 1H), 6.70 (s, 1H), 7.05 (d, 2H),
7.90 (d, 2H). MS(ESI): 268 (M+Na).

30 Step 2:



(m 2H). M5 (ESI) : 531 (MtNa). Exanple 7 5 Step 1: Q O N O au-
2- (cycl opentyl oxy) -l Hi soi ndol e-1, 3(2H) -di one. A m xture of
N- hydr oxy mdvedsésgiode (10.00g, 61.3 mmol ), cycl opentyl br om deci/@sqoB32dh i,
76.63 mol ), and 1, 8-di azabi cycl o[ 5. 4. 0] undec-7- ene (13.75 niL, 76.6 mmol)
wer e conbined under an Argon at nospherg.i n di nethyl formam de (50 ni). The
m xture was heated to 55C and stirred vigorously for 1.5 hours. After
cooling to anbient tenperature, the solvent was renoved in 15 vacuo and the
residue was partitioned between ethyl acetate and 1N hydrochloric acid.
After separating the phages, the a ueous | ayer was extracted again with
ethyl acetate. The conblged | ayers were washed with 5% w' v
pot assi um carbonate, cghtHra queous brine, dried over anhydrous 20
magnesi um s Niy*TeTediani evaporated in vacuo. The residue was

e, filtered, and dried wunder high vacuumto provide
NSOI ndol e-1, 3(2H)-dione (11.37 g, 80% . H -NWR
(chloroform D3): 1. 2H), 1.77 (m 2H), 1.97 (m 4H), 4.91 (m 25
1H, 7.73 (m 2H, 7. (m 2H). MS(ESI): 254 (M+Na). Step 2: WO 99/65870
PCT/ US99/ 13744 - 78 Owe ﬁ ~ HN-s \ Z N- (cycloent lox py
y) - 4- met hoxy- I-benzenesulfg am de.

triturated th
2- (cycl opentyl oxy) -1

tert-butyl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-

5 methoxyphenyl) sulfonyl]amino-2-hydroxypropyl)carbamate. 2
solution of Aﬁ—(isopropoxy)—4—methoxy—1—benzenesulfonamide
(0.147 g, 0.599 mmol) and tert-butyl N-(1S)-1-[(25)oxiran-2-
yl]-2-phenylethylcarbamate (75 mg, 0.285 mmol) in anhydrous
tetrahydrofuran (1 mL) under an Argon atmosphere was treated

10 with phosphazene base P<t/4>t-Bu (0.285 mL. 0.285 mmol, 1.0
M in hexane). After stirring for 30 minutes at ambient
temperature, the reaction mixture was quenched with several
drops of glacial acetic acid and evaporated in vacuo to a
residue. The crude product was purified on a preparative

15 TLC plate (20x20, 500 puM) eluting with 35:65 ethyl acetate
hexane. The product band was removed, eluted with ethyl
acetate, and evaporated in vacuo to a residue. The crude
product was purified again on a preparative TLC plate
(20x20, 1000 uM) eluting with 4:1 dichloromethane : ethyl

20 acetate. The product band was removed, eluted with ethyl
acetate, and evaporated in vacuo. The residue was
triturated with water and the resulting slurry was stirred
overnight, filtered, and dried under high vécuum to provide
tert-butyl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-

25 methoxyphenyl) sulfonyl]amino-2-hydroxypropyl)carbamate (87
mg, 60%) as a white solid. H1-NMR (methanol-D4): 1.22 (s,
9H), 1.24 (d, 6H), 2.52 (m, 2H), 3.07 (m, 2H), 3.68 (m, 2H),



m xture of 2-(cycl opentyl oxy)-1Hisoindole-1,3(2H)-dione 5 (3.00 g, 12.99
nmmol ) in anhydrous tetrahydrofuran (15 nL) at anbient tenperature under an
Argon at npgpdvasgrowas treated w th anhydrous hydrazi ne (0.¢dBuUsdo13M4. 29
mol ). After stirring vigorously for 1.5 hours, the resulting slurry was
filtered and washed wi th approxi matelLy 45 oL of anhydrous 10
tetrahydrofuran. The filtrate was conbi ned with 4- nethoxybenzenesul phonyl
chloride (2.95 g, 14.29 mvol) and N, N-diisopropylethylamne (2.72 nL, 15.6

mvol ). Aftergy stdrrimg, at, %bh@ntl enperad ung fchr ,apprxi mat GJP}’) 18; hpyrs,
the reaction nixture was evap orate |n vacuo to a 'resi’due 15 “and

partiti oned®betfveedetESA) aceft%]t e )N hydrochloric acid. The |ayers
wer e separated and the organic phase was extracted again with ethyl
acetate. The conbined organic |ayers were washed with 5% w' v potassi um
carbonate and brine, dried over anhdrwpdentgnesi um sulfate, filtered and
20 evap orgstteeg}ln vacuo to a residue. The crude material was purified on
flash grade silica gel eluting with 15:85 ethyl acetate : hexane.
Fractions c ai ni ng the product were conbined, evaporated in vacuo, and
dried under@%gh vacuum to provide N (cyclopentyl oxy)-4-nmethoxy-1 25
benzenesul f onam de (2 771 g, 799 as an oil. HLI-NVMR (chloroformD3): 1.61
(m 8H), 3.87 ¢s, 4.57 (m 1H), 6.67 (s, 1H), 6.99 (m 2H), 7.83 (m
2H . M5 (E N 94 (I\/H\la). 30 Step 3: WD 99/65870 PCT/ US99/ 13744 - 79
O OHOHNO2 0 (7)

2-(cyclopentyloxy) -1H-isoindole-1,3(2H) -dione. A mixture of
N-hydroxypthalimide (10.00g, 61.3 mmol), cyclopentylbromide

10 (8.21 mL, 76.63 mmol), and 1,8-diazabicyclo[5.4.0]undec-7-
ene (13.75 mL, 76.6 mmol) were combined under an Argon
atmosphere in dimethylformamide (50 mL). The mixture was
heated to 55°C and stirred vigorously for 1.5 hours. After
cooling to ambient temperature, the solvent was removed in

15 vacuo and the residue was partitioned between ethyl acetate
and 1IN hydrochloric acid. After separating the phases, the
aqueous layer was extracted again with ethyl acetate. The
combined organic layers were washed with 5% w/v potassium
carbonate, saturated aqueous brine, dried over anhydrous

20 magnesium sulfate, filtered and evaporated in vacuo. The
residue was triturated with hexane, filtered, and dried
under high vacuum to provide 2-(cyclopentyloxy)-1H-
isoindole-1,3(2H)-dione (11.37 g, 80%). H1-NMR (chloroform-
D3): 1.61 (m, 2H), 1.77 (m, 2H), 1.97 (m, 4H), 4.91 (m,

25 1H), 7.73 (m, 2H), 7.82 (m, 2H). MS(ESI): 254 (M+Na).

Step 2:



tert-butyl N-((1S, 2R)-1-benzyl -3-(cycl opentyl oxy)[ (4-

nmet hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) carbamate. A 5 sol uti on of

N- (cycl op@NI68879) - 4- net hoxy-| - benzenesul f onani de (1. 005 RET/B9Y134ol ) and
tert-butyl N (I1S)-1-[(2S)oxiran-2-yl]-2-phenyl ethylcarbamate (0.780 g,
2.97 mol ) in anhydrous tetrahydrofuran7¢5-1) under an Argon atnosphere
was treated with phosphazene base P<t/4>t 10 Bu (0.593 nm_, 0.593 mmol, 1.0
Min hexane). The m xture was stirred at anbient tenperature for 2.5 hours
and then quenched with several drops of glacial acetic acid. The solution
was evapor in vacuo to a residue and partitioned between ethyl acetate

and 1N hydroc Ior| Ple 15 After separating the phases, the aqueous | ayer
was extracted: mgffzgfhyl acetate. The conbined ethyl acetate |ayers were
washed with Hﬂ?@ . Xdfi ed over anhydrous magnesium sulfate, filtered and

evaporated in v&uo. The residue was purified on flash grade silica gel
eluting with 9:1 hexane ethyl 20 acetate (0.5 L), 85:15 hexane et hyl
acetate (0.5 L), and finally 4:1 hexane ethyl acetate (1.5 L). Fractions

Contaln'anFth@ﬂ@@@&Eyma&Q)GQﬁthﬁ@xyE!aB@h%E%@sh@f&ﬁ%ﬁgdea”dAdr'ed under
hi gh vacuumto provide tert-buty

((llfs 2R|)] Rhehmg h@,ﬁ d;%‘y%ﬂ%-ﬂéﬁ}?ﬂfdk%%}( 4 Etimndyphend ), 2R H) -dione R
sul fon a [e¥e¥oTe) 9

(chl orgforﬁ%% Vs e ) %ﬁt@%%ﬁ@uﬁ%@&% bRA" 2H) ,
3.92 (s, :ﬂq)bl%tﬁlt T atppre \mc@;’ @se?orq@@frlaﬂswm&mwa&o trkad®d m 1H)

7.02 (M ZH)6h Grdd drBusBydrk z66,d Mo 47 (&SI, (M), Exanpl e 5
Step 1: OPh O St Prdrazthe Mol i 2o ety (Mi:d
stirring vigorously for 1.5 hours, the resulting slurry was

filtered and washed with approximately 15 mL of anhydrous
10 tetrahydrofuran. The filtrate was combined with 4-
methoxybenzenesulphonyl chloride (2.95 g, 14.29 mmol) and
N,N-diisopropylethylamine (2.72 mL, 15.6 mmol). After
stirring at ambient temperature for approximately 18 hours,
the reaction mixture was evaporated in vacuo to a residue
15 and partitioned between ethyl acetate and 1IN hydrochloric
acid. The layers were separated and the organic phase was
extracted again with ethyl acetate. The combined organic
layers were washed with 5% w/v potassium carbonate and
brine, dried over anhydrous magnesium sulfate, filtered and
20 evaporated in vacuo to a residue. The crude material was
purified on flash grade silica gel eluting with 15:85 ethyl
acetate : hexane. Fractions containing the product were
combined, evaporated in vacuo, and dried under high wvacuum
to provide Af—(cyclopentyloxy)—4—methoXy—1—
25 Dbenzenesulfonamide (2.771 g, 79%) as an oil.'Hl—NMR

(chloroform-D3) : 1.61 (m, 8H), 3.87 (s, 3H), 4.57 (m, 1H),
6.67 (s, 1H), 6.99 (m, 2H), 7.83 (m, 2H). MS(ESI): 294
(M+Na) .

30  Step 3:



HO 6 H Tert-butyl N (1S, 2R)-1-benzyl-3-[(cycl opentyl oxy) (2-
[ (met hoxycar bonyl ) am no] - 1H benzi m dazol - 5-

yl sul f onyWpPD9688YP- 2- hydr oxypr opyl carbamate. Tert-butyl N RET/US99/13744

(1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy) am no] - 2- hydr oxypropyl carbamate (Step
1, Exanple 54) (1.73 g, 4.75 mol),- nmeohwy

N-[ 5-(chl orosul fonyl)-1H benzi m dazol -2- yl]carbamate (1.37g, 4.75 mmol),
anhydrous diisopropylethylamne (0.83 nm., 4.75 mmol), and N, N 15

di met hyl am nopyri di ne 70 mg, 1.42 mmol) were conbined in anhydrous
tetrahydrofuran (15 and anhydrous N, N- dinethylformam de (8 nL) in a 50

m. round bottoned fla undg idweogen. The reaction was stirred for 24
hours and concentratced . After the workup described in Step 20 3,
Exanpl e 54 p'r'od olated as a white foam (2.56 g, 4.14 mol)
and used db:g y wthout @zurther purification. 1H NMR (d6-DVBSO) S:
7.60-6.64 ( (d, J=6.1 Hz, 1H), 4.83 (bs, 1H), 3.81 (s, 3H),
3.54-1.42 (m 14H)5(s, 9H). MS(ES): 618 (M), 616 (M1). 25 Step
2: WD 99/65870 PCTI 9/ 13744 - 81 Ph O n OHNI1I1 N\>NH, OHONH 6
Tert-butyl N (1S, 2R)-1-benzyl-3-[(cycl opentyl oxy) (2-am no-

1H benzi m dazol - 5-yl3ul fonyl) am no] - 2-

tert-butyl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-
methoxyphenyl) sulfonyl ]Jamino-2-hydroxypropyl) carbamate. A

w

solution of Af—(cyclopentyloxy)—4—methoxy—l—
benzenesulfonamide (1.005 g, 3.71 mmol) and tert-butyl N-
(15)-1-[(2S)oxiran-2-yl]-2-phenylethylcarbamate (0.780 g,
2.97 mmol) in anhydrous tetrahydrofuran (5 mL) under an
Argon atmosphere was treated with phosphazené base P<t/4>t-
10 Bu (0.593 mL, 0.593 mmol, 1.0 M in hexane). The mixture was
stirred at ambient temperature for 2.5 hours and then
quenched with several drops of glacial acetic acid. The
solution was evaporated in vacuo to a residue and
partitioned between ethyl acetate and 1IN hydrochloric acid.
15> After separating the phases, the aqueous layer was extracted
with ethyl acetate. The combined ethyl acetate layers were
washed with brine, dried over anhydrous magnesium sulfate,
filtered and evaporated in vacuo. The residue was purified
on flash grade silica gel eluting with 9:1 hexane ethyl
20 acetate (0.5 L), 85:15 hexane ethyl acetate (0.5 L), and
finally 4:1 hexane ethyl acetate (1.5 L). Fractions
containing the product were combined, evaporated in vacuo
and dried under high vacuum to provide tert-butyl N-
((15,2R)—1—benzyl—3—(cyclopentyloxy)[(4—methoxyphenyl)
25 sulfonyl]amino-2-hydroxypropyl)carbamate (1.418 g, 89%) as a
foam. H1-NMR (chloroform-D3): 1.38 (s, SH), 1.70 (m, 8H),
2.98 (m, 4H), 3.85 (bm, 2H), 3.92 (s, 3H), 4.61 (bs, 1H),



hydr oxypr opyl car bamate. Tert-butyl N (IS, 2R)-1-benzyl-3 5

[ (cycl opentyl oxy) (2-[ (et hoxycar bonyl ) am no] - 1H

benzi m daXs 9%85§10sul f onyl ) am no] - 2- hydr oxypr opyl car bamat e PCBU8Y9/18744above)
(2.52 g, 4.08 mol) and lithiumiodide hydrate (2.60 g, 19.4 nmmol) were
di ssolved in pyridine (15 nlL) in a 50 gt round bottoned flask and heated
at 100C for 10 8 hours. The reaction was allowed to cool and then
concentrated in vacuo. After the workup described in Step 3, Exanple 54,
t he producd.sds(puriil) ed7 by2 sithj cargel 7 fiash, cdwomat ogs aphy asing a

gradi ent el uti of o] orm nethanol: water (90:10:0 to 10:3:0.5) to
yield a bé{l%éﬁ%@) po $ {D%L?)S g, 3.13 mol, 77%. 1H NMR (d6-DVBO 5: 7.50-

6.64 (m 9H), 5.07 (d, J=6.0 Hz, 1H), 4.80 (bs, 1H), 3.56- 1.40 (m 16H),

1.18 (s, 9H). MS(ES): 560 (Mtl), 558 (M1). Step 3: 20 OPh OO KN NCO I )
NNNJ HOHON 6 HO (8) Tert-b&ém&_ﬁ
N- (1S, 2R) -drdeneyl - 3-[ (cycl opentyl oxy) (2-[ (N- 25

nor phol i nocar bonyl ) - am no] - 1H benzi m dazol - 5-

yl sul fonyl ) am ng] -2 Jblr oxgpr opyl carhamate. Tert-butyl N WD 99/65870

PCT/ US99/ 13744 |82 J (1S, 2R}- 1-henzyl - &fycl opentyl oxy) (2-am no- | H

benzi m dazgl - ®yIsUl NonyN)y a - 2 oxypropyl carbamate (Step 2, above)
(300 ny, 0.2%6 r’mHI),opﬂ- éﬁDPp Rgcar bonyl chloride (0.08 nL, 0.643

mol ), and anhydrous 5 dili sopropyltet hylam ne (0.11 ni, 0.643 mol), were
conbined in anhydrousT‘rahydrofuran (8 nL) in a 25 nL round bottoned
flask under nitrogen. The/reaction was refl uxed

Tert-butyl N-(1S,2R)-1-benzyl-3-[(cyclopentyloxy) (2~
[ (methoxycarbonyl)amino]-1H-benzimidazol-5-
ylsulfonyl)amino]-2-hydroxypropylcarbamate. Tert-butyl N-

10 (1S,2R)-1-benzyl-3-[ (cyclopentyloxy)amino]-2-
hydroxypropylcarbamate (Step 1, Example 54) (1.73 g, 4.75
mmol), methyl N-[5-(chlorosulfonyl)-1H-benzimidazol-2-
yllcarbamate (1.37g, 4.75 mmol), anhydrous
diisopropylethylamine (0.83 mL, 4.75 mmol), and N,N-

15 dimethylaminopyridine (170 mg, 1.42 mmol) were combined in
anhydrous tetrahydrofuran (15 mL) and anhydrous N,N-
dimethylformamide (8 mL) in a 50 mL round bottomed flask
under nitrogen. The reaction was stirred for 24 hours and
concentrated in vacuo. After the workup described in Step

20 3, Example 54, the product was isclated as a white foam
(2.56 g, 4.14 mmol) and used directly without further
purification. 'H NMR (d¢-DMSO) &: 7.60-6.64 (m, 9H), 5.11
(d, J=6.1 Hz, 1H), 4.83 (bs, 1H), 3.81 (s, 3H), 3.54-1.42
(m, 14H), 1.15 (s, 9H). MS(ES): 618 (M+1),>616 (M-1) .

Step 2:



for 18 hours, allowed to cool, and concentrated in vacuo. After the workup
described in Step 3, Exanple 54, the 10 residue was purified by preparative
silica geWayB®se®i ng 90: 10 chl orof orm nethanol as an el uBGET/UBY/1g744e t he
product as a beige solid (70 ng, 0.104 nmol, 20% . 1H NWMR (d6-DVBO) = S:
7.54-6.65 (m 8H), 5.11 (d, J=6.0 Hz- 189, -4.81 (bs, 1H), 3.82-1.40 (m
23H), 1.17 (s, 9H). MS(ES.): 673 (Mtl), 15 671 (M1l). Exanple 9 OHON O
YN SI1 J O0ON p O20 (9) Prepartion of tert-butyl
N[ (1S, 2R) - 1- bizyl - Bh (cycl opentyl oxy) 2- hydr oxy- 4- ( 6-

I

qui noxal i nyl sulf onyl ) but yli carbamate mxture of tert 25 butyl N ((1S,

2R) -1-benzylq 3?&/
'Chd P'{aropyl)car bamate (Exanple 10), (750

di am nophe ) sulH on B]

ng, 1.41 ) and 1,5-dj oxan&- -d| ol (219 ng, 1.83 mmol) were conbi ned
under Argon in absol ute™MD 99/ 65870 PCT/ US99/ 13744 83 ethanol (3 niL) at
anbi ent tenperature. Af stirring for approximately 11 days, the

reaction was evaporated in vacuo and the residue was purified on flash
grade si | itergdutel i1 G MR lettanzvdcet = eyc lmmenty Yoxw) (2 famistdons 5

cont ai ni ng ¢ he Y+ ILHC%I JErE yﬁ%f’?ﬁ}l)@{ﬁ%ﬂ ated in vacuo and dried under

hi gh vacuumto provide tert

[ (1S, ZR?-Ihm?anbp(xdwanhwugd Oxme-ri—l’hyﬂ:rﬂf(l)N—ll(l]gﬁ-ZR Glgé)enzyl893(;() N

qui noxal i n su fon ut ar e as ayellow foam g, n
anal yt |gcal %b%ﬁ&%' & WP ThasvGad: CF]é’n1 &g 16} 'ﬂ@ hg on a

prepar at | \lmani@mlpiaaztce_—(SZ-q/MICﬂﬁnleQ%(ﬂuMo -G s Wid b (8 R rd & hal@r onet hane

net hanol The r oduct
Pr¥5%e) (2.52 g, 4.08 mmol) and lithium iodide

hydrate (2.60 g, 19.4 mmol) were dissolved in pyridine (15
mL) in a 50 mL round bottomed flask and heated at 100°C for
10 8 hours. The reaction was allowed to cool and then
concentrated in vacuo. After the workup described in Step
3, Example 54, the product was purified by silica gel flash
chromatography using a gradient elution of chloroform:

methanol: water (90:10:0 to 10:3:0.5) to yield a beige

15 powder (1.75 g, 3.13 mmol, 77%). 'H NMR (de¢-DMSO) &: 7.50-
6.64 (m, 9H), 5.07 (d, J=6.0 Hz, 1H), 4.80 (bs, 1H), 3.56-
1.40 (m, 16H), 1.18 (s, 9H). MS(ES): 560 (M+1l), 558 (M-1).
Step 3:

20

Ph
/ﬁ\ /I:T/A\ E N (’\O
- H
><o N l;lg\@:\)—rq N
OH ©O N
o
(8)

Tert-butyl N-(1S,2R)-1-benzyl-3-[(cyclopentyloxy) (2-[ (N-
25 morpholinocarbonyl)-amino]-1H-benzimidazol-5-

ylsulfonyl)amino]-2-hydroxypropylcarbamate. Tert-butyl N-



band was renoved, eluted with 4:1 nethylene chloride : nethanol, filtered,
and evaporated in vacuo. The residue was triturated with water and
filtered WO 9966870de tert-butyl 15 PCT/US99/13744
N[(IS, 2R)-1-benzyl -4-(cycl opentyl oxy) - 2- hydr oxy- 4- ( 6-

qui noxal i nyl sul fonyl ) butyl ] carbamate-assa white solid. Hl- NWR

(di met hyl sul foxide-D6): 1.05 (s, 9H), 1.74 (m 8H), 2.47 (m 1H), 2.73 (m
1H, 3.07 (m 2H, 3.55 (m 2H), 4.90 (m 1H), 5.24 (m b, 1H), 6.68 (d,
1H), 7.19 (1%, B 18dbz R0-F+1 (dHh 1l olerddy dny)1H)- an&lﬁﬁa-j(}s- 1H), 9.18 (m

2H). MS(ESL): .57 ) elO te 1. 25 S=0 N2 . NH2
o-nit roan?‘lk%rrllzél-%l-(ga% Iﬁ;% y%%ﬁ;f?% ur Qﬁd]i?xﬁfﬁli(?%yaﬂrﬁaﬁ}?‘?éna&esul fonic
aci d sodi uhssab t2( 288 )y, (30 ol (). 53%)narm:ll phosptrpHo e orddednfa L,
804 mmol) er. Arg s VWO 99 870 PCTI US 9/ 13744 84 heated to refl ux
and vi gor ous Oy”’s%rf@ﬁ&%ﬂ 'o{ﬂgg ey AN ATHE Y Sanbi ent t enper at ur e,
t he react icbhisbpotcumelemasylazﬂrﬁ udd yLladded ¢d.0648 Inadde exeass @mdieRd The

resultlng.slur was_ stirr 15 m flltered and dried under 5
vacuumt o pr of%/rflb%do P t r O 3{ fdmsatﬂf&nﬂL JcHfod de [B1.130% 879 as a

yeI | ow solbak tdheNMR i netdwit Srudtfr@@edﬁ Dhe & tibn s L890xh 1H J

7.57 o(m181|_}|?durs, al(lowe to c0012 Oa)rid ]'c%n%teen%rza:tedoinH’?IfCac?;)a::O

After the workup described in Step 3, Example 54, the

10 residue was purified by preparative silica gel TLC using
90:10 chloroform: methanol as an eluent to give the product
as a beige solid (70 mg, 0.104 mmol, 20%). 'H NMR (d¢-DMSO)
d: 7.54-6.65 (m, 8H), 5.11 (d, J=6.0 Hz, 1H), 4.81 (bs,

1H), 3.82-1.40 (m, 23H), 1.17 (s, 9H). MS(ES): 673 (M+1),
15 671 (M-1).

Example 9

20 (9)

Prepartion of tert-butyl N-[(1S,2R)-1l-benzyl-4-
(cyclopentyloxy) -2-hydroxy-4- (6~ '
quinoxalinylsulfonyl)butyl]carbamate. A mixture of tert-
25 butyl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (3, 4-
diaminophenyl)sulfonyl]amino—2~hydroxypropyl)carbamate
(Example 10), (750 mg, 1.41 mmol) and 1,5-dioxane-2,3-diol

(219 mg, 1.83 mmol) were combined under Argon in absolute



N2 NH2 4-am no-N-(cycl opentyl oxy)-3-nitrobenzenesul fonam de. A 15
solution of 2-(cyclopentyloxy)-I|Hisoindole-1,3(2H)-dione (10.00 g, 43.30
mol) in MAPEEEs tetrahydrofuran (100 nL) at anbient tePpEPSOIRH4under
an Argon atnosphere was treated w th anhydrous hydrazine (1.49 nL, 47.63
mmol ). After stirring vigorously for 28% kours, the resulting slurry was
20 fi-ltered and washed with approxi mtely 20 nL of anhydrous

t et rahydr of ur an. The filtrate was conbined with o- nitroaniline-p-sulfonyl
chloride (dih@ey, (#ME3 atinbiant iNmMbalid Sopy opyAEtdy | snimei(@P. 0F n,
51.96 ol ) @@ u a S here f r at_ anbi ent
25 terrperat re I#] ats acltll or}ga%;n% x'?cul'ﬁrbétragrovéva}isCact nDnuB'e éﬁ)oﬁ\?et?\%ﬁém and

di chl oronﬁﬂﬁr@%r@&r@%fms eulrtJ(fJae<$eparfa]tachy gn‘aﬂmeslmli‘l&te g)srlganl c phase

was separ gt us extra t tWI e

di chl or orretlﬁpcn ?{1%%588“7@0 E|s:/‘;(fll elq EC Cﬁbsd or gani ¢

| ayer s5vverce>rw<'3531he1d1q1\ﬂﬂte S%Mu@rqomcmmnﬂn,caa\mymiaa;edjmredrm

anhydr ous fat e, f| I tere ou f diatomaceous earth
and evapora ie |n vacueor dRﬁa rﬁ}&dﬁ e otn%ﬂté@h jrade silica 5
gel el uti njg( M t2aR) IEll—kﬁer}&il—EﬂC—E(tca}}cﬂopehﬁ?Sﬂr&B(y Froagtjdansy-contai ni ng the
product were corrt}5J1 orated in vacuo to a residue and triturated

wi th hexarfB B Yiuterldf ahdmate priodudte ey daasd (@%der hi gh

vacuum t 0 mgyr ®dde 4pamamr1 Al eped e LARP Hiferangirde 10
(8.89 g, 68% as a yellow pickal e (chl ) P Sy Phraf et ?ﬁ)

1.74 ¢t #) 7A1me qoma BHepag.aB2 veb T12]—|)pla&e73(20(}@0 m),, 16.090 wfl, 1H), 7.79
(m 1H), %111(%1(1‘9; wjll_tbh 9'%5.5( %%lc)hlorome% ane metjhanol P 3i’he product
band was removed, eluted with 4:1 methylene chloride :
methanol, filtered, and evaporated in vacuo. The residue
was triturated with water and filtered to provide tert-butyl
15 N-1(1S5,2R)~1-benzyl-4- (cyclopentyloxy)-2-hydroxy-4- (6-
quinoxalinylsulfonyl)butyl]carbamate as a white solid. Hil-
NMR (dimethylsulfoxide-D6): 1.05 (s, 9H), 1.74 (m, 8H),
2.47 (m, 1H), 2.73 (m, 1H), 3.07 (m, 2H), 3.55 (m, 2H), 4.90
(m, 1H), 5.24 (m, b, 1H), 6.68 (d, 1H), 7.19 (m, 5H), 8.15
20 (m, 1H), 8.39 (m, 1H), 8.49 (s, 1H), 9.18 (m, 2H). MS(ESI):

579 (M+Na) .
Example 10
Step 1:
25

gl

0=8=0
NO,
NH,

o-nitroaniline-p-sulfonyl chloride. A mixure of o-

nitroaniline-p-sulfonic acid sodium salt (25.00 g, 104 mmol)

30 and phosphoryl chloride (75 mL, 804 mmol) under Argon was



O HNC 0=8=0 NH2 NH2 3, 4-di am no-N-(cycl opentyl oxy) benzenesul f onam de. A
sol ution of 4-am no-N-(cyclopentyl oxy)-3 20 nitrobenzenesul fonam de (4.50
g, 14.95 MDY 1:1 ethyl acetate : ethanol (150 ni) waRCTBSAIIAHA wit h
5% Pd on barium sulfate and reduced under a hydrogen at nosphere over 72
hours. The reaction mxture was filtered through a pad of di atonmaceous
earth and evaporated in vacuo to a residue 25 which crystallized on .
standing. The solid was slurried in hexane, filtered and dried under high
vacuun1toIpﬁﬁﬂkﬁéﬁBnéfhﬁxaMHmongtupmbdgemtyhmmw)ﬁ@mz@n&@mhhonaﬁﬁder(4 086

g, 1009 / 870 99/ 13744 . 86 a_light. brown solid Hl-NWR .
(di rretr{(g/l glc%m de- D@?‘ggf%g Ye R %31@( r‘ﬁea%ﬁ)l MIGEFUEE YAP, 5.38 (b,
2H), 6. 57<%1refwm%x aBldes! ¢w;a1Hh:g@ @Gceds bH) ice.. 64T@& rthltinNﬁHgEShLZ:
272 (M ~ ~ ~3¢C
(10)(te|r_2 E@(S( |S§§i|5)ed oan Bénzyl ’“én(éyél\%&ﬁ%ﬁ‘l 8%2;9‘) FEaeq ppder
di am nbphezra;du)\muItfooIp)tio]vamen@—?,l1|t)td>laﬁx.y@h@pyb|—)3@dlfb@@’&t ehlArisel ubiqn3of
3, 4-di am no- @- ycl open %on zeneﬁulfonanlde (2.00 g, 7. 38 nnDI) and
tert- butyI’N—7(§SFS N YF €§§)58 ﬁ NMR (dimethylsulfoxide-D6) :

5.8 (b, 2H), 6.97 (4, 1H, J = 8.8), 7.57 (m, 1H), 8.18 (d,
1H, 3 = 2.0).

10 Step 2:

Y

0
iy
0=5=0

NO,
NH,

4-amino-N- (cyclopentyloxy) -3-nitrobenzenesulfonamide. A

15 solution of 2-(cyclopentyloxy)-1H-isoindole-1, 3 (2H)-dione
(10.00 g, 43.30 mmol) in anhydrous tetrahydrofuran (100 mL)
at ambient temperature under an Argon atmosphere was treated
with anhydrous hydrazine (1.49 mL, 47.63 mmol). After
stirring vigorously for 2.5 hours, the resulting slurry was

20 filtered and washed with approximately 20 mL of anhydrous
tetrahydrofuran. The filtrate was combined with o-
nitroaniline-p-sulfonyl chloride (11.26 g, 47.63 mmol) and
N,N-diisopropylethylamine (9.05 mL, 51.96 mmol) and stirred
under an Argon atmosphere for 16 hrs. at ambient

25 temperature. The reaction mixture was diluted with 1N
NaHSO; and dichloromethane and transferred to a separatory
funnel. The organic phase was separated and the aqueous

layer was extracted twice with dichloromethane. The



yl]-2-phenyl et hyl carbamate (1.553 g, 5.90 mol) in anhydrous
tetrahydrofuran (10 nL) under an Argon atnosphere was 15 treated with
phosphazeYeOBH&687PP<t / 4>t -Bu (1.2 nl, 1.2 mol, 1.0 M in hBLEWEY/13M4 er
stirring at anbient tenperature for approximately 18 hours, the reaction
m xture was quenched wth several drop&5of glacial acetic acid and
evaporated in vacuo. The residue was partitioned between ethyl acetate 20
and 1N aqueous sodi um hydrogen sul fate. After separating the |layers, the
organi ¢ pheye el wastrrdl wi 1dy &% wer agquedus! Wictassi unqueanlonat e, bri ne,

dried over, aHs- 'u fat and ev ated in vacuo to resi due.
The crude prodsdl‘?ﬁjwaa:roogéunrl |edi QsH é{rSLWﬁ W%S%nhﬁ“r%%et'h 25
3: 2 et hyl facdteatesd tl‘rmag‘re a E:raai‘,tdﬂ)rt&anmﬁaéﬂemmg daeh piredustapeia ed
conbi ned, evapor at ed vacuo and dried ufnder nhlf%h vacuum t o pr.ovi de

tert- butyIlIN. (a(c_l_%) 2R) enszlﬂues was purified o ash grade silica
(cycl opentgd o) f{ih thﬁmephﬁﬂl)&lD sdeny :aldemé. Fractions

hydr oxypr o car.ba 2.553 g, 65% as a foam HI1-NVR WO 99/ 65870
PCT/ US99/ f%’&)fl“sl?g% g%?dd%crﬁ Hre £oFpined, ovarpredetnlMpacup, 2 (m

4H) 42731’11 (rrBsﬁi'd)e ?}gg%r(lrﬂurﬂ'@e%?wolg% (h%xja%@ %‘hég s(lmrr%H)w £|\1/558ESI(m'
535 ( Mi+H) f(lTst ngl Hle Qr@gdfft &aSHN?r’lSdN@@der hl(gh vacum to Lo
Nl - (cycl o lq@X - I an_ f
v opmv%oxy@_ﬁl:ﬂgﬁdcﬁ%q%%(@%%P%%g 3 ?@téf?b%tei{f%&ﬁogaf‘?de
anhydt bus eth®aly diidrr ar @ZwerhlpwmérldanHlANgIBn (ahiosplfere-mas :t r eat ed

wi th anhydr.eus hydizagi ne Q. 448 sy, 4. 6%9I F;m) Aft%r S(%I rzhntgh\éllggrousl y

for 2.5 hours the resul'ting $lurry was and wasRed Wi
appr oxi mat'élry 18 6 -80 dshydfous T8O Ry das ur §n7OTHeI, 1H). MS(ESI):

324 (M+Na) .

15 Step 3:

Y

,O
i

0=S=0

NH,
NH,

3,4-diamino-N- (cyclopentyloxy)benzenesul fonamide. A
solution of 4-amino-N-{cyclopentyloxy)-3-

20 nitrobenzenesulfonamide (4.50 g, 14.95 mmol) in 1:1 ethyl
acetate : ethanol (150 mL) was combined with 5% Pd on barium
sulfate and reduced under a hydrogén atmosphere over 72
hours. The reaction mixture was filtered through a pad of
diatomaceous earth and evaporated in vacuo to a residue

25 which crystallized on standing. The solid was slurried in
hexane, filtered and dried under high vacuum to provide 3,4-

diamino-N- (cyclopentyloxy)benzenesulfonamide (4.086 g, 100%)



filtrate was conbined with 3-nitro-I|-benzenesul phonyl chloride (3.17 g,
14.29 mmol ) and N, N-diisopropylethylamne (2.72 nm, 15.6 mmol). After
stirring MO¥WA8®nt tenperature for approximately 18 hourBCT/U$R/IBHACt i on
m xture was 20 evaporated in vacuo to a residue and partitioned between
ethyl acetate and 1N hydrochl oric acid.geThe phases were separated and the
aqueous | ayer was extracted twice wwth ethyl acetate. The conbi ned organic
| ayers were washed with 5% w/ v potassi um carbonate and brine, dried over
anhydr ous a2% riE@es ibrwsulsfoatiel, Hii-Nver q@mré&hw@@qrf@&q@ei ~-heyacua .t a

resi due. The rude er al ur n flash grade silica_gel eluting
wth 15: 85 ét%@ aégggte Hzﬁang 90Fr§bt%§ﬁs éoﬁ@alm'n&che pﬁgddé% wer e
conbi ned, JQMapGHéMEdnuIﬂHvaC%086an@,dnHed wnaer (ki,ghrvacuumst@spnoevi de N1
30 (cyclo%g; §h%§y) 3-nitro- I-benzenesulfonanide (3.224 g, 87% WD 99/65870
PCTI US99/ 4 ‘88 as a solid. HL-NWR (chloroformD3): 1.71 (m 8H)

4.71 (& StHp, 46.93 (bs, 1H), 7.83 (m 1H), 8.28 (m 1H), 8.55 (m 1H),

8.81 (m 1H). 5 Step 22 QOQ:P* I HN S\ NF-~ O
3-am no-N - (cycl opentyl ox - benzenesul fonam de. A sol ution of

-(cycl opentyl oxy)-3-nit -benzenesul fonanide (2.98 g, 10.41 nmmol) in
50 nL of absolut ethandb was 10 conbined with 5 wt % Pal | adi um on bari um
sul fate ( 0 redqud under a ball oon of hydrogen gas with vigorous
agitation h@urs TBe nlxture was filtered, washed w th ethanol, and
evapor at ed |n vacuo\t e -NHJhe crude product was purified on flash
grade silica gel eIu h 4:1 hexane : ethyl acetate. Fractions
cont ai ni ng the

tert-butyl N-((1S,2R) -1-benzyl-3-(cyclopentyloxy) [ (3,4-

10 diaminophenyl)sulfonyl]amino—2—hydroxypropyl)carbamate. A
solution of 3,4-diamino-N- (cyclopentyloxy)benzenesul fonamide
(2.00 g, 7.38 mmol) and tert-butyl N-(1S)-1-[(2S)oxiran-2-
yll-2-phenylethylcarbamate (1.553 g, 5.90 mmol) in anhydrous
tetrahydrofuran (10 mL) under an Argon atmosphere was

15 treated with phosphazene base P<t/4>t-Bu (1.2 mL, 1.2 mmol,
1.0 M in hexane). After stirring at ambient temperature for
approximately 18 hours, the reaction mixture was quenched
with several drops of glacial acetic acid and evaporated in
vacuo. The residue was partitioned between ethyl acetate

20 and 1IN aqueous sodium hydrogen sulfate. After separating
the layers, the organic phase was washed with 5% w/v agueous
potassium carbonate, brine, dried over anhydrous sodium
sulfate and evaporated in vacuo to a residue. The crude
product was purified on flash grade silica gel eluting with

25 3:2 ethyl acetate : hexane. Fractions containing the
product were combined, evaporated in vacuo and dried under
high vacuum to provide tert-butyl N-((1S,2R)-1-benzyl-3-
(cyclopentyloxy) [ (3, 4-diaminophenyl) sulfonyl]amino-2-
hydroxypropyl)carbamate (2.553 g, 65%) as a foam. H1-NMR



product were conbi ned, evaporated in vacuo and dried under vacuumto
provi de 3-am no-N -(cycl opentyl oxy)-I- benzenesul fonam de (2.67 g, 100% as
an oil. HVONM&S870chl oroformD3): 1.62 (m 8H), 3.92 (bs, 21‘91',/U&9?/872§74Qm 1H) ,
20 6.74 (bs, 1H), 6.88 (m 1H), 7.16 (m 1H), 7.27 (m 2H). WM (ESI) : 257
(MH) . Step 3: HOfli Il N/ NS NIF-.z C O 25 (11) WO 99/65870
PCT/ US99/ 13744 - 89 tert-butyl N (1S, 2R)-3-[[(3-am nophenyl)sul fonyl ]
(cycl opentyl oxy)am no] - 1-benzyl - 2- hydr oxypropyl carbanmate. A sol ution of
3-anino-N%c@dpwbdpemtﬂbdxy)&133beszeﬂﬁsulﬂoﬁanide ¢2)654 .4 16, 36Hmnnl) and

%égg'gﬁér |n a%%SEng[%2§%O |raﬁg$ ? ggen%h ndérggrQa Bgﬁ %§§phere

was treat g, wilHh, pMogﬁhameneHbase %@t/d?tiHBU (1060 (Bl., 1%, 607nﬂﬁ|,m1 0O Min

hexane) er rrlng ient tenperature for approximately 18 hours,
t he reactlkh g%ﬁpﬁture %ég @”g hched with several drops of glacial acetic

acid ahd evaporated in vacuo. The E&ammgfle was partitioned between ethyl
acetate a % IN_NaHSO4. After separating the phases, the aqueous |ayer was
extract ed°thPee ‘times with et hyl acetate. The conbi ned organic | ayers were
washed wi th 15 saturated aquéous brine, dried over anhydrous magnesi um

sul f at e, fggiered and evaporated in vacuo to a residue. The crude product

was purifi on flash grade silica gel eluting wth 95:5 nethyl ene
chloride : etpylate (2L); 9:1
HN- g N
3 G

If—(cyclopentyloxy)-3—nitro—1—benzenesulfonamide. A mixture

10 of 2-(cyclopentyloxy)-1H-isoindole-1,3(2H)-dione (3.00 g,
12.99 mmol) in anhydrous tetrahydrofuran (25 mL) under an
Argon atmosphere was treated with anhydrous hydrazine (0.448
mL, 14.29 mmol). After stirring vigorously for 2.5 hours,
the resulting slurry was filtered and washed with

15 approximately 15 mL of anhydrous tetrahydrofuran. The
filtrate was combined with 3-nitro-l-benzenesulphonyl
chloride (3.17 g, 14.29 mmol) and N,N-diisopropylethylamine
(2.72 mL, 15.6 mmol). After stirring at ambient temperature
for approximately 18 hours, the reaction mixture was

20 evaporated in vacuo to a residue and partitioned between
ethyl acetate and 1IN hydrochloric acid. The phases were
separated and the aqueous layer was extracted twice with
ethyl acetate. The combined organic layers were washed with
% w/v potassium carbonate and brine, dried over anhydrous

25 magnesium sulfate, filtered and evaporated in vacuo to a
residue. The crude material was purified on flash grade
silica gel eluting with 15:85 ethyl acetate : hexane.
Fractions containing the product were combined, evaporated
in vacuo, and dried under high vacuum to provide N-

30 (cyclopentyloxy)-3-nitro-l-benzenesulfonamide (3.224 g, 87%)



met hyl ene chl ori de :
acet at e.

chloride : ethyl

evapor at e¥vQ 9/658%uo,
N (1S, 2R)-3-[[ (3- am nophenyl) sul fonyl](cycl opentyl
hydr oxypr opyl car bamate (3.328 g,

acetate (2L);
Fracti ons contai ni ng

et hyl
and dried

77%- assa-foam An 25 anal ytica

and finally 1:1 20 nethyl ene
t he product were conbi ned,
under high vacuumto provi BET/U8IHI3H4t y|

oxy) am no] - 1- benzyl - 2-

sanpl e

was obtained by purifying 100 ng on two preparative TLC plate (20x20 cm

1000 M silica gel).
pr oduct
filtered,

eluting with 9:1 nethylene chloride :
bmld& sl ed r epvad et eeb #-B3 )L met hyl epg, ol or idera ngt hanol ,

nmet hanol . The

urified again on a

preparat|ve
et hyl acetHike,

n o B2

RALETT et

1)1t mp witrh 1: 1

8h&kah&

1Hhe product band was renoved,

eluted with ethyl

acetate,
PCT/ US99/ 13744 -

filtered, and evaporated in vacuo.
90 dissolved in diethylether,

dri ed Sunderehizgh vacuumto provide tert-butyl

am nophenyl ) sul fonyl ] (cycl opent yl oxy) am no] -
hydroxyproxgz?arbanate (54 nmg) as a foam H -NWR (nethanol

1. 71
2H), 4.81 (m lH)

9H),

The residue was WD 99/ 65870

evaporated in vacuo and
N- (1S, 2R)-3-[[(3-

1- benzyl -

5 D4) : 1.24 (s,

8H),

2.55 (m 1H),
44 (d, 1H),

2.90 (bm
6.93 (m 1H),

1H),

3.04 (m 2H),
7.02 (m 1H),
nON N-—- |

3.73 (m

7.17 (m 7H).

N~-N Ove H

VB( ESI ) : 52%5"*“‘

0 Exanple 12 Fh MO O O Ow

OHON HO NH,

3—amino—Ef—(cyclopentyloxy)—1—benzenesulfonamide. A

solution of N-
(2.98 g,
10

(cyclopentyloxy)
10.41 mmol)

combined with 5 wt% Palladium on barium sulfate

-3-nitro-l-benzenesul fonamide

in 50 mL of absolute ethanol was

(300 mg) and

reduced under a balloon of hydrogen gas with vigorous

agitation for 18

with ethanol,

hours.

and evaporated in vacuo to a residue.

The mixture was filtered, washed

The

crude product was purified on flash grade silica gel eluting

15 with 4:1 hexane ethyl acetate. Fractions containing the
product were combined, evaporated in vacuo and dried under
vacuum to provide 3—amino—Aﬂ—(cyclopentyloxy)—l—
benzenesulfonamide (2.67 g, 100%) as an oil. H1-NMR
(chloroform-D3): 1.62 (m, 8H), 3.92 (bs, 2H), 4.58 (m, 1H),

20 6.74 (bs, 1H), 6.88 (m, 1H), 7.16 (m, 1H), 7.27 (m, 2H).
MS(ESI): 257 (MH+).

Step 3:
o2 L
:>< N\!;~\/ ‘82 NH,
RS
25 (11)



(12) Tert-butyl N (1S, 2R)-1-benzyl-3-[(cyclopentyloxy)(2-[(3,4,5- 15

tri met hoxyphenyl - car bonyl ) am no] - 1H benzi m dazol - 5-

yl sul f onyWoea6887p- 2- hydr oxypr opyl carbamate. Tert-butyl N PCT/US99/13744

(1S, 2R)-1-benzyl -3-[ (cycl opentyl oxy) (2-am no-| H ]
benzi m dazol - 5-yl sul fonyl ) am no] - 2- hydgoxypr opyl carbanate (Step 2, Exanple
8) (130 ng, 0.232 mml), 3,4,5 20 trinmethoxybenzoyl chloride (70 ng, 0.302
mol ), and anhydrous pyridine (5 nmL) were conbined in a 25 nlL round

bottoned teaskbubderNRiLs0gRN-3The (Beati hephoaglpEulFedyior 18 hours and
then concentrated in_vacuo. After the workup described in Step 3, Exanple

54, the ré§¥8b@Pﬁﬁ§Ybu@¥Y?éﬂlb9l25 %eéaﬁ}azrbﬁds?xyeapazicatb§M%Fﬂ? ?o 13
T, 0. 008 Rl) o PANE %ﬁéﬁ %@%*%eé“é’%ﬂ%dl%a? 5.21 (bs,  1H)|
4.64 (bs,beryengs8bi¢ganbiy, (3, 854(§4 BH) 36 3ndQL 1. 30d artiB&ﬁyllNQS (s,
Exanpl“%( Ssp 15 SRR e SRR SRS TGy 6™
Tert - but yB. RO (B 2R) i1- @Rhg&feﬁs[t@&ﬁih&ﬁf&ﬁﬁf&y)(Fegﬁ?ﬁgﬁyder an
S oror oPLpna NIk AL ere 1 9ozl e S LOOVLASIBEL: oo
[ (cycl opeBtyl bx§) (2Eam nés | tdadeNzi N dazoh -Beddhe) . Afterliflgsl?%é%tng
2,252 eI RGNy BT © o or R (oA LY ef%z@q?%me B By dr ous
pyridione fbxthyewesie gosmimes with several drops of glacial acetic
acid and evaporated in vacuo. The residue was partitioned
between ethyl acetate and 1IN NaHSO,. After separating the
phases, the aqueous layer was extracted three times with
ethyl acetate. The combined organic layers were washed with
15 saturated aqueous brine, dried over anhydrous magnesium
sulfate, filtered and evaporated in vacuo to a residue. The
crude product was purified on flash grade silica gel eluting
with 95:5 methylene chloride : ethyl acetate (2L); 9:1
methylene chloride : ethyl acetate (2L); and finally 1:1
20  methylene chloride : ethyl acetate. Fractions containing
the product were combined, evaporated in vacuo, and dried
under high vacuum to provide tert-butyl N-(1S,2R)-3-[[(3-
aminophenyl)sulfonyl] (cyclopentyl oxy)aminol-1l-benzyl-2-
hydroxypropylcarbamate (3.328 g, 77%) as a foam. An
25 analytical sample was obtained by purifying 100 mg on two
preparative TLC plate (20x20 cm, 1000 uM, silica gel)
eluting with 9:1 methylene chloride : methanol. The product
bands were removed, eluted with 4:1 methylene chloride :
methanol, filtered, and evaporated in vacuo. The residue
30 purified again on a preparative TLC plate (20x20 cm, 1000
UM, silica gel) eluting with 1:1 ethyl acetate : hexane.
The product band was removed, eluted with ethyl acetate,

filtered, and evaporated in vacuo. The residue was



a 25 nL round bottoned flask under nitrogen. The reaction was stirred for
18 hours and then concentrated in vacuo. 15 After the workup described in
Step 3, BEWOHII688784, the residue was purified by preparat iRCI/EIPMNI44 gel TLC
using 90:10 chloroform nethanol as an eluent to give the product as a.
pale yellow solid (6 ng, 0.009 nmol) - 1d&H NMR (d6-DMSO) b: 8.62 (d, J=8.5
Hz, 1H), 7.89-6.67 (m 9H), 5.17 (d, 20 J=6.0 Hz, 1H), 4.85 (bs, 1H), 3.65
(s, 3H, 3.77-1.40 (m 16H), 1.14 (s, 9H . MS(ES) : 660 (M+l), 658 (M1).
Exanpl e 14iQf1 KON dlé\l:H\ﬂzll\lMQ?er Xéﬂa@dr@ﬂgd 6 H & ci?p dnktla M99/ 65870
PCTI US99/ 13744 92  Tert - but (1S, 2R) - 1- benzyl - 3-[ (cycl opentyl oxy)(2-

[ (di met hylHii 5o o"iﬁﬂ%‘afm%b]prm iislen AR taRrg s N~ (15, 2R) 3= [ (3

yl sul f Onyla)naIHd]iHe'r%flh)ﬁii’l@@fgflqu tﬁoxmratmll?xlcbt ¥l Nenzyl-2-

(1S, 2R) - 1-benzyl -3-[ (cycl opentyl ox 2- am no-|

benzi m daﬂ‘jr]@y [R(y hWr oﬁﬁpﬁoéﬂa@ar b &ra R SﬁébaZIOlExarrpl e
8) (108 nmp4)0. 1719 2mm)(ls) gj; metlhyyll C&, b@rp;y;l ochlsoride 1@9 03 . (Bm286 nmol ) ,
and anhydrous p ridi ne %5 m_% were combined in a 25 ni’roun bottorred
flask undérl i rooqgeﬁ“' e /1 Sacts i wasl) st i4r-Béd (Fer 113, h@ur‘@ dad fHém 10
concentrateed3 nnvaaun., Af.toer the 1%0r kyp 1gesqri bed i nyste 3 Exanpl e 54,
the resi d%% was pur| fied by preparatl ve silica gel é u5| ng 90: 10

chl or of or netHdnol as an eluent to gi ve the product as a white film (35
ng, 0.056 nmol, 31% . 1H NMR (d6-DMSO) S: 7.53-6.66 (m 8H), 5.10 (bs,
1H), 15480(bs 1H), 3.56 (bs, 2H), 3.20 (s, 3H), 3.18 (s, 3H),

3.10-4940 (m 13H), 1.18 (s, 9H),.Ememede 1831 (Mk1), 629 (M 1).

MeO

o) OMe

1]

.S

%/\N('S H OMe
OH O
O
(12)

Tert-butyl N-(1S,2R)-1-benzyl-3-[(cyclopentyloxy) (2-[(3,4,5-

15 trimethoxyphenyl-carbonyl)amino]-1H-benzimidazol-5-
ylsulfonyl)amino] -2-hydroxypropylcarbamate. Tert-butyl N-
(IS,ZR)—l—benzyl—B—[(cyclopentyloxy)(2—amino—1H—
benzimidazol—5-ylsulfonyl)amino]—2—hydroxypropylcarbamate
(Step 2, Example 8) (130 mg, 0.232 mmol), 3,4,5-

20 trimethoxybenzoyl chloride (70 mg, 0.302 mmol), and
anhydrous pyridine (5 mL) were combined in a 25 mL round
bottomed flask under nitrogen. The reaction was stirred for
18 hours and then concentrated in vacuo. After the workup
described in Step 3, Example 54, the residue-was purified by

25 preparative silica gel TLC using 90:10 chloroform: methanol
as an eluent to give the product as a white film (3 mng,
0.004 mmol). ‘HNMR (ds-DMSO) &: 7.56-6.63 (m, TH), 5.21 (bs,
1H), 4.64 (bs, 1H), 3.86 (s, 6H), 3.76 (s, 3H), 3.40-1.30
(m, 18H), 1.23 (s, 9H). MS(ES): 754 (M+1l), 752 (M-1).



Exanple 15 20 Step 1: OO Br CDW + NOHNO DBU O O 2- (sec-butoxy)
-1Hisoindole-1, 3 (2H) -dione. N hydroxyl phthalimde (18.4 nmol, 3.0 @)
was di ssovoadiessro 25 anhydrous DMF (20 nli) under nitrogen PCTA9NE3744 i rri ng
solution, DBU (1, 8-diazabicyclo[5.4.0]undec-7-ene) (27.6 nmmol, 4.13 nl)
was injected foll owed by 2-bronobutanes(22.1 mmol, 2.41 nlL) and the
reaction was warnmed to 55C. After stirring for 18 hour, the reaction was
cooled to room 30 tenperature and concentrated to a red oil. The reaction
was partitioned between ethyl acetabgpaBdiiN HCL. The organic WD 99/ 65870
PCT/ US99/ 13744 - 93 | ayer was wam%\n‘f‘ﬁ"satur at ed aqueous sodi um

bi carbonate solution, distilled water, brine and dried over nagnesi um

sul fate. The solvenunMas renoved under vacuum providing 3.57 g (89% of a

yel | ow sol i d. (2 @ hexanes/ethyl 5 acetate) ; HL-NWR (CDClB) . 6
7.80 (2H, m ”W 1.81 (1H M, 1.64 (1H M, 1.32
(3H, d), % (3 NH2NH2 THE O -~ 2.
4- Ove- PhS DIEA
N1- ( sec- but oxy) 4- et h -l -benzé*hesqu onam de. O sec-
but oxy- N- hydr oxyl pht h ide (16.3 mmol, 3.57 g) was conbined with
hydrazine (17.9 mmol, 056 nlL) in anhydrous 15 THE (30 nli) under nitrogen.
The reaction i medi ately formet3)

5

Tert-butyl N-(1S,2R)-1-benzyl-3-~[ (cyclopentyloxy) (2-[ (methyl
3-oxopropionate)amino}-1H-benzimidazol-5-ylsulfonyl)amino]-
2-hydroxypropylcarbamate. Tert-butyl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy) (2-amino-1H-benzimidazol-5-

10 ylsulfonyl)amino]-2-hydroxypropylcarbamate (Step 2, Example
8) (130 mg, 0.232 mmol), methyl malonyl chloride (0.04 mlL,
0.348 mmol), and anhydrous pyridine (5 mlL) were combined in
a 25 mL round bottomed flask under nitrogen. The reaction
was stirred for 18 hours and then concentrated in vacuo.

15 After the workup described in Step 3, Example 54, the
residue was purified by preparative silica gel TLC using
90:10 chloroform: methanol as an eluent to give the product
as a. pale yellow solid (6 mg, 0.009 mmol). 'H NMR (de¢-DMSO)
o: 8.62 (d, J=8.5 Hz, 1H), 7.89-6.67 (m, 9H), 5.17 (d,

2¢ J=6.0 Hz, 1H), 4.85 (bs, 1H), 3.65 (s, 3H), 3.77-1.40 (m,
1eH), 1.14 (s, SH). MS(ES): 660 (M+1l), 658 (M-1).

Example 14

25 (14)



a white suspension and was allowed to stir at room tenperature for 5
hours. The suspension was filtered directly into a flask containing

4- met hoxy lwangwgsenul f onyl chloride (14.6 mol, 3.03 g) andPCT/US99/13744

di i sopropyl ethylamne (17.6 20 mmol, 3.1 nlL) was added. After stirring at
roomtenperature for 15 hours, the reaebi an was concentrated to a yel |l ow
solid and partitioned between ethyl acetate and i N HCl. The organic |ayer
was separated and washed with a saturated aqueous sol ution of sodium

bi car bonat ereadphtiyien-ang éme@ %énQWl’-ﬂE%?é!LHPbﬁH&fLék?) (3be product was
concentrated to a white solid and purifie i ca gel “chromat ogr aphy
(5:1 hexadééﬂ@@ﬁ?yla@épareﬁrbpnwiDémm90$ 18- gebsﬁm@dQZOé dhite solid.

d d
1,20 Dy Ty e LB Sl B0 St 810
(3H, t). WO(98/8837Q- BéThU$99Fl3&§élopeﬁ4y18k9p 3+ am18091HF O Ji10 CNE

Ph hazi B
D BB et a s v ST A P RE L SRR T S 5 OV BRD YA CATBRRA BGt oyl (4-
met hoxyphenglppubf, oaybhgmenea 2{hgdr ayypoopyb) masbarraa@met\ﬁyl carbamyl

(sec- but ox t hoxy nesul f onam de

conbi ned \é%‘t]l 6@'9? (é) S% [’Cuﬁgibm 78 ?ng}VfrO‘Z‘spPiEﬁirijégﬁyl (@ar banat e
(13. 3 mmol mL3. 5eg)a abd.bThlEd( 2h Alyslfrupdendnbbtogred Phasphazbee base

P<t/ 4>t -Bu m., . 1IMin hexanes) was injected into the

stirring sBﬁ%FPSﬁn Tﬁé réﬁé??bﬁnmﬁgsaﬁ%%ﬁdt@%tW RopragaRguFlieat room

t enperid ur eoandnwas tgdenshedchy .t haraddi thenwetkapf eusdropsa of gtagi al
acetic acid. The reaction groduct was
3, Example 54, the residue was purified by preparative
silica gel TLC using 90:10 chloroform: methanol as an eluent

to give the product as a white film (35 mg, 0.056 mmol,
31%). 'H NMR (d¢-DMSO) &: 7.53-6.66 (m, 8H), 5.10 (bs, 1H),
15 4.80 (bs, 1H), 3.56 (bs, 2H), 3.20 (s, 3H), 3.18 (s, 3H),

3.10-1.40 (m, 13H), 1.18 (s, 9H). MS(ES): 631 (M+1l), 629
(M-1) .
Example 15
20 Step 1:

O

O
/\rBr DMF J\/
+ N-OH — N-0O
DBU
@] 0]

2-(sec-butoxy) -1H-isoindole-1,3(2H) ~dione. N-
hydroxylphthalimide (18.4 mmol, 3.0 g) was dissolved in

25 anhydrous DMF (20 mL) under nitrogen. To the stirring
solution, DBU (1,8-diazabicyclo[5.4.0]Jundec-7-ene) (27.6
mmol, 4.13 mL) was injected followed by 2-bromobutane (22.1
mmol, 2.41 mL) and the reaction was warmed to 55°C. After
stirring for 18 hour, the reaction was cooled to room

30 temperature and concentrated to a red cil. The reaction was

partitioned between ethyl acetate and 1IN HCl. The organic



15 concentrated to an oil and partitioned between ethyl acetate and i N
HC1. The organic | ayer was separated and washed with saturated agueous
sodi um biwerdbesezoe and brine, dried over magnesi um sul f atRETARYI/13744
concentrated under vacuumto a clear oil. The crude product was purified
by silica gel 20 chromatography (2:1- heganes/ethyl acetate) providing 3.03
g (48% of a white solid. H-NWR (CDC13): S 7.12 (2H,d), 7.30-7.19

(6H M, 6.97 (2H,d), 4.55 (1H, bs), 4.31 (1H nm, 3.86 (3H's), 3.78 (2H m,
3.5-2.5 (1HybM) wad. R8shal, whith 3a8Q0rdt68 &&beshs 308idtm3b(dkrbBPpnate32
(9H,s), 1.21-1.18 25,%3ng), 0.93-0.85.&3H,ﬂ%;,NB ESI%; MtNa =, 545. WO

99/ 65870 PEFrUEeD, 1874411659 ERLApYr ePIsRCSERY 1Y PVRF FAfERR WO "~O0 O
ﬁle- ( CYCEQE@Fyb_met ma%)szlbiehlsowgggk@mévéﬁzggaeﬁl: oagumlhk proxr;icéing OV (20
ydroxyl pht hal i m de_ .4 mo : was_di ssaol ved i an ous

m.) under3n?Fr89é%gﬁ%oOFh@ ¥?ﬂ;PWn509i8rutﬁbhf)ﬁ%Lﬁ%Q%Ihﬁﬁﬁﬂg%/ %ﬁﬁ& m.) was
i nj ecteed Lbyq 1 y xy! Yl or om (23. 3.21 ) and

t he Fgac%?%%8§gg'mg%nggﬁtgbgggfyﬁgﬁép'é%?r@#%gsfoﬁqu ﬁg%*gp' %ng}eaction
was cool edldompy goin. BénpeHamur elahd cdoHeehirated (88,d)retl.dBl (3Hhe) reaction
was partitioned between ethyl acetate and 1IN HCl. The organic | ayer was
washed with 15 saturated aqueous sodi um bi carbonate sol ution, brine and

dri ed ovestapglAesi um sul fate. The sol vent was renoved under vacuum and

the crude product was triturated with hexanes providing 3.05 g (64% of an
off-white colored solid. H-NWVR (CDC13) : S 7.80 (2H m, 7.73 (2H m, 3.98

(2H, d) , 2.03-1.65 (SH M, 1.31-1.03 (6H M. OMe
1. NH;NH,, THF
2. 4-OMe-PhSO,CI, DIEA 0" 8
10 O o 0
N'- (sec-butoxy) ~4-methoxy-1-benzenesulfonamide. O-sec-

butoxy-N-hydroxylphthalimide (16.3 mmol, 3.57 g) was
combined with hydrazine (17.9 mmol, 0.56 mL) in anhydrous

15 THF (30 mL) under nitrogen. The reaction immediately formed
a white suspension and was allowed to stir at room
temperature for 5 hours. The suspension was filtered
directly into a flask containing 4-methoxybenzenesulfonyl
chloride (14.6 mmol, 3.03 g) and diisopropylethylamine (17.6

20 mmol, 3.1 mL) was added. After stirring at room temperature
for 15 hours, the reaction was concentrated to a yellow
solid and partitioned between ethyl acetate and 1N HCl. The
organic layer was separated and washed with a saturated
agueous solution of sodium bicarbonate and brine, and dried

25 over magnesium sulfate. The product was concentrated to a
white solid and purified by silica gel chrométography (5:1
hexanes/ethyl acetate), providing 3.13 g (66%) of a white
solid. HI1-NMR (CDCls): & 7.84 (2H,d), 6.98 (2H,d), 6.64
(1H,s), 4.02 (l1H,m), 3.86 (3H,s), 1.62-1.55 (1H,m), 1.45-

30 1.38 (1H,m), 1.15 (3H,d), 0.87 (3H,t).



Step 2. OO I\ NO-N, 4 e 025

N1- (cycl ohexyl met hoxy) - 4- net hoxy- | - benzenesul f onam de. 2-

(cycl ohexwiowmicesmsy) - LHi soi ndol e- 1, 3(2H) -di one (11. 8 nmol ,pc1BUYS/ 1844 WaS
conbi ned with hydrazine (12.9 mmol, 0.41 nl) in anhydrous THE (25 nliL)
under nitrogen. The reaction imediately formed a white suspension and was
al l oned to WD 99/ 65870 PCT/ US99/ 13744 6 stir at roomtenperature for 48
hours. The suspension was filtered directly into a flask contai ning 4-
met hoxybe@%%?)e@gl fonyl chloride (9.5 nmmol, 1.97 g) and

di i sopropyl ethylamne (11.6 mmol, 2.03 nlL) was added. After 5 stirring at
room t enpegat ufe r 18 hours, evd eaghizoneawas concept™ated to a solid
resi due and partdtioned bet @Uet hylP<zEPat e and ioN BIC1 &°or gani ¢

| ayer was separa and Ragtied wi th a"Sat uretved agdeols uti on of sodium

bi car bonat e, and ne, and dried over magnesi ugh skl fareéo 10 The product
was concentrated to a solid and purified by sili c;\Q chromat ography (2:1
hexanes/ et hyl acetate) providing 2.55g (80% of a yeflow solid. HL-NWR
(CbC13) 6 7.81 (2H,d), 6.97 (2H,d), 6.78 (1H,s), 3.85 (3H,s), 3.75 (2H, d),
1.65-1.55 (6H, m, 1.25-1.07 (3H n), 0..93-0.85 15 (2H mM. $igp 3: t-BuON
|~~~/ Ov | + ,SI tBuOYJHOWw 9 ~iNS O 100
5 tert-butyl N-((1S,2R)-1-benzyl-3-sec-butoxyl[ (4-
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) carbamate. N'-
(sec~-butoxy)-4-methoxy-1-benzenesulfonamide (12.1 mmol, 3.13
g) was combined with tert-butyl N-(1S)-1-[(2S)oxiran-2-yl]-
Z2-phenylethylcarbamate (13.3 mmol, 3.5 g) and THF (25 mL)
10 under nitrogen. Phosphazine base P<t/4>t-Bu (2.4 mmol, 2.4
mL, 1M in hexanes) was injected into the stirring solution.
The reaction was allowed to stir for 48 hours at room
temperature and was quenched by the addition of a few drops
of glacial acetic acid. The reaction product was
15 concentrated to an oil and partitioned between ethyl acetate
and 1N HCl. The organic layer was separated and washed with
saturated ‘aqueous sodium bicarbonate and brine, dried over
magnesium sulfate and concentrated under vacuum to a clear
0il. The crude product was purified by silica gel
20 chromatography (2:1 hexanes/ethyl acetate) providing 3.03 g
(48%) of a white solid. H1-NMR (CDCls): & 7.12 (2H,d),
7.30-7.19 (6H,m), 6.97 (2H,d), 4.55 (1H,bs), 4.31 (1H,m),
3.86 (3H,s), 3.78 (2H,m), 3.5-2.5 (1H,bm), 2.90 (2H,m),
1.80-1.60 (1H,m), 1.5-1.3 (1H,m), 1.32 (9H,s), 1.21-1.18
25 (3H,m), 0.93-0.85 (3H,m); MS (ESI): M+Na = 545.



(16) 20 tert-butyl N ((1S,2R)-i-benzyl-3-(cycl ohexyl nmet hoxy) [ (4-

nmet hoxyphenyl ) sul fonyl] am no-2-hydroxypropyl ) carbamat e.

N 1- (cycl wepsxksyet hoxy) - 4- net hoxy- | - benzenesul f onam de (81%&/Usm$7,442 55 Q)
was conmbined with tert-butyl N-(1S)-1 25

[ (2S) oxiran-2-yl]-2-phenyl et hyl carbamatyg (9.37 mml, 2.47 g) and THE (16
nm.) under nitrogen. Phosphazi ne base P<t/4>t-Bu (1.7 mol, 1.7 nL, 1Min
hexanes) was injected into the stirring solution. The reaction was all owed
to stir for 15 hours at roomtenp I d was quenched by the addition
WO 99/ 65870 PCT/ US99/ 13744 97 of %‘%Egvlvgdit%ps of glacial acetic acid. The
reacti on product was concentrated to an oil and partitioned between ethyl
acetate agd_ i N,HCL. The organic layer was separated and washed with
sat ur at ed "aqtieous sodi um bi carbonate and brine, 5 dried over nmgnesium

sul fate and concentrated upder vacuum to a clear oil. The crude product
was purifietNby~gili chr omat ogr aph X hexanes/ et hyl acetate)
provi di ng ‘:/hy;t er sq “RVR—-E€BEPS) : . 7T0-02H, 7.28-7.19 (6H m
, 6.97 (2H™>d) 6 ( , 3.96 (1H, N\ 3.87 » s) , 10 3.82
(2H, m , 321(1H n') : 2099(1H m , 2290 (4, m , 2.80 (1H m, 1.65
(6H, Ms 1.33 (9H M, 1.2-1.0 (3H,mM, 1.00-0.80 (2H,mM; M (ESI): MtNa =
585. Exanple 17 15 Step 1: OHCO OW ~ - DIEA ao HNHZ + CI-S Ow TR ~ N
O 0 i sm 20(eycioheriidnetNoxyhehdxysbihdatentsd(2Bhadidee.0 N-

hydroxylphthalimide (18.4 mmol, 3.0 g) was dissolved in

anhydrous DMF (20 mL) under nitrogen. To the stirring
solution, DBU (27.6 mmol, 4.13 mL) was injected followed by

10 cyclohexylmethyl bromide (23.0 mmol, 3.21 mL) and the
reaction was warmed to 55°C. After stirring for 15 hours,
the reaction was cooled to room temperature and concentrated
to a red oil. The reaction was partitioned between ethyl
acetate and 1IN HCl. The organic layer was washed with

15 saturated aqueous sodium bicarbonate solution, brine and
dried over magnesium sulfate. The solvent was removed under
vacuum, and the crude product was triturated with hexanes

providing 3.05 g (64%) of an off-white colored solid. H1-NMR

(CDCls): & 7.80 (2H,m), 7.73 (2H,m), 3.98 (2H,d), 2.03-1.65
20 (5H,m), 1.31-1.03 (6H,m).

Step 2:
@) OMe
o o
0

25 If—(cyclohexylmethoxy)—4—methoxy—l—benzenesulfonamide. 2-
(cyclohexylmethoxy)-1H-isoindole-1,3(2H)-dione (11.8 mmol,
3.05 g) was combined with hydrazine (12.9 mmol, 0.41 mL) in
anhydrous THF (25 mL) under nitrogen. The reaction

immediately formed a white suspension and was allowed to



20 phenyl hydr oxyl ami ne hydrochloride (6.9 mmol, 1.0 g), 4-
nmet hoxybenzenesul fonyl chloride (6.2 mmol, 1.29 g), diisopropylethylam ne

(13.1 nmmoyyo 9dse8s30L) and andhydrous THE (15 nlL) were conmypdiegsounstas
nitrogen. After stirring for 2 hours at roomtenperature, a few crystals

of 4 25 di methyl am nopyridine were addgd and the flask was re- seal ed.
After another 2 hours, 4 nL of N, N dinethylfornmam de was injected and the
reaction stirred for an additional 15 hours. The resulting red sol ution

was  concepttated 19, ap.ail a0d DarLit angd bet vesn el iyl Acetat g, 30 and iN
HC . The organic l'ayer waS separated and washed wi saturated aqueous
sodi um bi ¢adbematiedamdcbiiynentdr redlever comagneshgmisul f ate and

Concent [ shed MICEEXaRIUD IO, Y0 99L5R0T0,PCTLLRES 10768, 98, (e i
hexanes/ etihykoactepatiierhplownidendl 360 mgol( 2299 3ohla wedi sidsdl i dAfHir NVR
(06 1) <5 2ho(Bt! D, ToBelo RO 15T AeA 20 renf 08 (HE )y o,
O/ + Ns, conteBufaled~hs" a\ soDi® r&sQdhke &id)patOiteoheBubytween
(15 28 s b VO L et hesymtenyL sl LoovLL (phepy)
mrol , 360antg) wasaAsdcwembhnedsattihatedt aQueyplisNs61S)idrn[ 62Syodinan- 2-yl ] -2
bicarbonate, and brine, and dried over magnesium sulfate.

10 The product was concentrated to a solid and purified by
silica gel chromatography (2:1 hexanes/ethyl acetate)
providing 2.55g (80%) of a yellow solid. H1-NMR (CDCls): O
7.81 (2H,d), ©6.97 (2H,d), 6.78 (1H,s), 3.85 (3H,s), 3.75
(2H,d), 1.65-1.55 (6H,m), 1.25-1.07 (3H,m), 0.93-0.85
(2H, m) . -

[
W

Step 3:

= 7,
= o}

“» L/
0" o

H o (L:j
LBUO‘“’N55/<Q [:i? OMe on & OMe
o = + H/©/ —_— ng/©/
N. t-BuO_ N N.
RO e

(16)

20
tert-butyl N-((1S,2R)-1-benzyl-3-(cyclohexylmethoxy) [ (4~
methoxyphenyl) sulfonyl] amino-2-hydroxypropyl)carbamate.
N'- (cyclohexylmethoxy) -4-methoxy-1-benzenesulfonamide (8.52
mmol, 2.55 g) was combined with tert-butyl N-(15)-1-

25 [(2S)oxiran-2-yl]-2-phenylethylcarbamate (9.37 mmol, 2.47 ¢)
and THF (16 mL) under nitrogen. Phosphazine base P<t/4>t-Bu
(1.7 mmol, 1.7 mL, 1M in hexanes) was injected into the
stirring solution. The reaction was allowed to stir for 15

hours at room temperature and was quenched by the addition



15 phenyl et hyl carbamate (1.4 mmol, 373 ng) and THE (3 nlL) under nitrogen.
Phosphazi ne base P<t/4>t-Bu (0.26 mmol, 0.26 nL, 1Min hexanes) was
injectedy@bsedgte Stirring solution. The reaction was al powesod7stir for
48 hours at room tenperature and was quenched by the addition of a few
drops 20 of glacial acetic acid. The rgaction product was concentrated to
ared oil and partitioned between ethyl acetate and 1N HCL. The organic

| ayer was separated and washed with saturated aqueous sodi um bi car bonat e

and bri ne, dr evgi Qq_,vgjdsergefg CtLi SLé|Cfeq:t @gdg rétrraetgcql lghdﬁ; rofRg4um 25

to a red 0|I

e cr r Was pur i ca omat ogr aphy

(2:1 hexames/ceirm/s!nm:caeiwi & amd oidr mdalnalrz:altll@mle(d]éwo:r‘r@sﬂretdtwylacet ate)

377 o 6% e e S AV S T B o) 65870

PCT/ Usgglvmm v@&h &aﬁﬂlr(éﬁié,CS)a,qL&om (€24 1 Uy o1 CRIBHIBLRS ariHanines. 20- 2. 95

(1H, 2 95
Step (Slrlﬁ

< A 5 RO PSR 0 W T o

2-(tet ral‘t;ﬁdrao -2ty reairi- 4- wrm(w)ruﬁé irswidudd ek, @(uzrlai)fmhdorba/ silgca |i ght

Xyl pht hal
tsr;sgﬁgz;lon cocg}ﬁal mt(%af %'yl t<_’F}])elsrylet({%trahy rorp}lt—’l- ;?yran Og')ngl (18 4

mol, 1. 75 Mg and anhydneys chﬁ 0 8L7,7Mvemataansw?ezse¢ to a flask
cont ai ni ng di-tert- butyl azodl car oxyI ate (20.2 mmol, 4.66 under

ni t r ogen. (G Tvert 2 holdts dhe &-dactlifom)st iF-9éd @4, mom3 -Siperdt e and

(2H,m), 3.21 (lH,m), 2.99 (1H,m), 2.90 (2H,m), 2.80

1.65 (6H,m), 1.33 (94,m), 1.2-1.0 (3H,m), 1.00-0.80
MS (ESI): M+Na = 585.

Examgle 17

10 3.82
(1H,m),
(2H,m) ;

15
Step 1:

HCI
O oo 28 Qe I

O

4-methoxy-N'-phenoxy-1l-benzenesulfonamide. O-

20 phenylhydroxylamine hydrochloride (6.9 mmol, 1.0 g), 4-

methoxybenzenesulfonyl chloride (6.2 mmol, 1.29 g),

diisopropylethylamine (13.1 mmol, 2.28 mL) and andhydrous

THF

(15 mL) were combined under nitrogen. After stirring

for 2 hours at room temperature, a few crystals of 4-

25 dimethylaminopyridine were added and the flask was re-

sealed.

After another 2 hours, 4 mL of N,N{

dimethylformamide was injected and the reaction stirred for

an additional 15 hours. The resulting red solution was

concentrated to an oil and partitioned between ethyl acetate

300 and 1IN HCl. The organic layer was separated and washed with

saturated aqueous sodium bicarbonate and brine, dried over

magnesium sulfate and concentrated under vacuum. The



changed froma dark orange to yellow in appearance. The solvent was
renoved under vacuum and replaced with trifluoroacetic acetic acid (10
m.). The weemisssmm was stirred for 30 m nutes and the TFA REEUS8MABMEd under
vacuum 20 The crude residue was then dissolved in ethyl acetate, washed
Wi th a saturated aqueous sol ution of _sogk um bicarbonate, 5% aqueous

sol ution of potassium carbonate, brine and dried over magnesi um sul fate.
The sol vent was renoved under vacuum and the residual triphenyl phosphine

25 oxi de wasserysi@ldd zed,adwh fiddadned wsd %ﬁ%laﬂﬂ%ﬁ@lleit&wrgel The
sol vent was again renoved and the crude solid was purifi Edz‘}ﬁ/ silica gel
|

chr omat ogr%?b?ff}“%@ﬂrmﬁéné%ﬂetwan%%/(ﬁtéﬂ@) aaFr‘f"d:art(,fdr IR CE & ng

nmet hyl ene ro te crystal .
LSNP o4 L g ThE y?elsacgeta e)“ﬂ%lcﬁ%&% coé@; 85 T2H41 S 65 0
99/ 65870 PCTJGL:LSBQZCISM,m 1,007 (2H28,4)7,. 76-02 73 H,2H,,m7,. 4(62H4 A0 (1H m,

4.08-4_02 _ (2H, 3.50-3.44 (2H, ), 2.04-1.98 (2H m), 1.92-1.84 (2H.n). 5
Step 2° o%\i‘b{g%%oo,m /] O~' 00 O

N (tet rahydro 2H pyr an- 4-yl oxy) - 4- met hoxy-1- 10 benzenesul f onam de.

2- (tetrahydr + pyran- 4-yl oxy) - 1H i soi ndol e- 1, 3(2H) - di one (6.8 mmol, 1.69
g) was co 1? wth hydrazine (6.8 mmmol, 0.22 nl) in anhydrous THE (20
m.) under nitrogen. The reaction inmediately forned white suspension
and was al l owed, to t| r at roomtermerature for 1 15 -'& The suspensi on

was filtereo hr o g f/‘k cont ai ni ng 4- rret(g' : pesul f onyl
chlorlde(65m@© £-BUO /@9
4\\ \n/

- /\
o = oo

10
tert-butyl N-(1S,2R)-1-benzyl-2-hydroxy-3-[[(4-
methoxyphenyl) sulfonyl] (phenoxy) amino]propylcarbamate. 4-
methoxy-N'-phenoxy-1l-benzenesulfonamide (1.3 mmol, 360 mg)
was combined with tert-butyl N-(1S5)-1-[(2S8)oxiran-2-yl]-2-
15 phenylethylcarbamate (1.4 mmol, 373 mg) and THF (3 mL) under
nitrogen. Phosphazine base P<t/4>t-Bu (0.26 mmol, 0.26 mL,
1M in hexanes) was injected into the stirring solution. The
reaction was allowed to stir for 48 hours at room
temperature and was quenched by the addition of a few drops
20 of glacial acetic acid. The reaction product was
concentrated to a red oil and partitioned between ethyl
acetate and 1N HCl. The organic layer was separated and
washed with saturated aqueous sodium bicarbonate and brine,
dried over magnesium sulfate and concentrated under vacuum
25 to a red oil. The crude product was purified by silica gel
chromatography (2:1 hexanes/ethyl acetate) and

crystallization (hexanes/ethyl acetate) providing 300 mg
(43%) of red crystals. HI-NMR (CDCl:): & 7.74 (2H,d),
7.37-7.10 (10H,m), 7.04 (1H,m), 6.98 (2H,d), 4.56 (1H, bs),



g) and diisopropylethylamne (20.5 mol, 3.6 nlL) was added. After stirring
at roomtenperature for 15 hours, the reaction was refluxed for 4 hours,

t hen stir maslogdsgrooom 20 tenperature for 12 days and concenPCHUSH/IBTHa
yellow solid. The resulting solid was partitioned between ethyl acetate
and i N HC1, and the organic |ayer was egparated and washed wth a
saturated aqueous sol ution of sodium bi carbonate and brine, and dried over
magnesi um sul fate. The crude product 25 was concentrated to a white solid
and pulr: fi3e®8by3$Ii lsi) (;61399|6 thr OESQDQQB;:IBI&H(@SI nﬁmmeSBelzf@ng?@et ?t e) \Aﬁnd
crystalliz on e acetate) providing O of a white
sol>/| d. Rf! %“IO ?% sz eé%@tﬁx}l' acétatleyls s) i1 PR ( Féﬂ)%&) M+N3‘$6§3 (2H,
d) 7.00 (2H, d) , 6.72 30 (1H, s) , 423411(1Hn), 3.91-3.81 (2H, m,
3. 87 (3H, s) , 3.46-3.38 (2H m, 2 03-1. 94 (2H m, 1.63-1.51 (2H M. WO
99/ 65870 PCTI US99/ 13744 101 StepEXampletlfo N°"O O uv OHjHOW o
ON, \sl &tBBOIN N OIl G5O O-~O0 (18) 5 tert-butyl

N (1S, 2R) - 1- benzyl - 2- hydr oxy- 3-[ [ ( 4-

met hoxyphenyl ) sul fonyl ] (t et rahydr o- 2H pyran-4- yl oxy) am no] pr opyl car banat e.
N- (t et rahydro- 2H pyran-4 yl oxy) - 4- net hoxy benzenesul f onam de (1.93 mol,
554 ng) 10 was conbined with tert-bu ir(l ) - 1 [(2S)oxiran-2-yl]-2-
phenyl et hyl carb@mate (1.54 mol, 406 ‘SIQL under onl t rogen
Phosphazi pe~sas® P<t/4>L~8y (0.31 mmol, 0. 31 ':rf n h

i njected i t he-@Hi rrfi ngy + PPhs
HO THF

2- (tetrahydro-2H-pyran-4-yloxy)-1H-isoindole-1, 3 (2H) -dione.
10 A light suspension containing N;hydrbxylphthalimide (18.4
mmol, 3.0 g), triphenylphosphine (18.4 mmol, 4.82 gq),
tetrahydro-4H-pyran-4-ol (18.4 mmol, 1.75 mL) and anhydrous
THF (50 mL), were transferred to a flask containing di-tert-
butyl azodicarboxylate (20.2 mmol, 4.66 g) under nitrogen.
15 Over 2 hours the reaction stirred at room temperature and
changed from a dark orange to yellow in appearance. The
solvent was removed under vacuum and replaced with
trifluoroacetic acetic acid (10 mL). The reaction was
stirred for 30 minutes and the TFA was removed under vacuum.
20 The crude residue was then dissolved in ethyl acetate,
washed with a saturated aqueous solution of sodium
bicarbonate, 5% aqueous solution of potassium carbonate,
brine and dried over magnesium sulfate. The solvent was
removed under vacuum and the residual triphenylphosphine
25 oxide was crystallized and filtered using hekanes and ether.
The solvent was again removed and the crude solid was
purified by silica gel chromatography (2:1 hexanes/ethyl
acetate) and recrystallization using methylene chloride and

hexanes providing 1.69 g (37%) of a white crystal. R = 0.3
30 (2:1 hexanes/ethyl acetate); H1-NMR (CDCl3): & 7.84-7.82



solution. The reaction was allowed to stir for 15 hours at 15 room
tenperature, quenched by the addition of a few drops of glacial acetic

aci d and wongesste at ed. The organic | ayer was separated aRGCTHRS8¥Ed440M t h 1IN
NaOH, dried over magnesium sulfate and concentrated under vacuum The
crude product was purified by silicaggl chromatography (2:1 hexanes/ et hyl
20 acetate) and crystallization (hexanes/ethyl acetate) providing 367 ng
(43% of a white crystal. Rf = 0.2 (8:1 CH2Cl2/ethyl acetate) ; HL1-NWR

(CDC13) §H7m79 t2rsd) 73, @@H ) 184(@@m4o (97, 4ZH 84 6054 51 (1H ),
4. 44- 4. 33 é é éBHs 3.83-3 2H M, 25
3.48-3.34(2 th) 335510324%0% Hnbs)é @4-915 8 g2 H A m) L - %Ztﬂ? 4.95 (2H M),
1.56-1.49($2H.m, 1.32 (9H,s); M5 (ESI): MNa=573. WO 99/ 65870

PCT/ U899113744 102 Exanple 19 Step 1: OO0 OHDEAD, PPh3 O + NOH - O
Co"", THE (:4N OO 5

2- (tety ahyggp- 2H pyran- 2-yl met hoxy) - 1H-i soi ndol e- 1, 3(2H) - di one. This
reacti on was conducted according to the procedure reported in G ochowski,
E; Jurczak, J. Synthesis 1976, 682. R 0.3 (2:1 hexanes/ethyl acetate);
HL- NMR  ( CDC13)g s 7.83-7.79°(2H M), 7. 75-7. 70 (2H n'),o4 24-4.18 10 (1H m,

4.07-4. 03 4LH 3.89 (1H M), 3. 75 46337(1Hrr)
1.87-1.85 ~0L(63-3.33__(5H ). St o,éﬂé

o 0

N- (tetrahydro-2H-pyran-4-yloxy) -4-methoxy-1-

10 benzenesulfonamide. 2-(tetrahydro-2H-pyran-4-yloxy)-1H-
iscindole-1,3(2H)~-dione (6.8 mmol, 1.69 g) was combined with
hydrazine (6.8 mmol, 0.22 mL) in anhydrous THF (20 mL) under
nitrogen. The reaction immediately formed a white
suspension and was allowed to stir at room temperature for 1

15 hour. The suspension was filtered directly into a flask
containing 4-methoxybenzenesulfonyl chloride (6.5 mmol, 1.34
g) and diisopropylethylamine (20.5 mmol, 3.6 mL) was added.
After stirring at room temperature for 15 hours, the
reaction was refluxed for 4 hours, then stirred at room

20 temperature for 12 days and concentrated to a yellow solid.
The resulting solid was partitioned between ethyl acetate
and 1N HC1l, and the organic layer was separated and washed
with a saturated aqueous solution of sodium bicarbonate and
brine, and dried over magnesium sulfate. The crude product

25 was concentrated to a white solid and purified by silica gel
chromatography (1:1 hexanes/ethyl acetate) and
crystallization (hexanes/ethyl acetate) providing 0.554 g
(30%) of a white solid. R¢ = 0.4 (1:1 hexanes/ethyl

acetate); H1-NMR (CDCl3): & 7.83 (2H,d), 7.00 (2H,d), 6.72
30 (l1H,s), 4.23-4.11 (l1H,m), 3.91-3.81 (2H,m), 3.87 (3H,s),
3.46-3.38 (2H,m), 2.03-1.94 (2H,m), 1.63-1.51 (2H,m).



\ QJo- N 15 (tetrahydro-2H pyran-2-yl net hoxy) - 4- met hoxy- |
benzenesul f onam de. 2-(tetrahydro-2H pyran-2-yl net hoxy)-1H

i soi ndol ewd,9384M - di one (6.8 mmol, 1.77 g) was conbi ned wirdr/usd®13war azi ne
(6.8 mmol, 0.21 nlL) in anhydrous THE (15 nlL) under nitrogen. The reaction
i medi ately formed a white suspension ppd was allowed to stir at room
tenperature for 2 hours. The suspension was filtered directly into a flask
cont ai ni ng 4- met hoxybenzenesul fonyl chloride (6.8 mmol, 1.40 25 g) and
diisopropgkg%hglanlne (8.1 nmol, 1.42 nlL) was added. After stirring at
roomtenperature for 24 hours, the reaction was concentrated to a yel | ow
solid. The resulting solid was partitioned between ethyl acetate and 1N
HC1, and WO 99/65870 PCTI US99/ 13744 103 the organic |ayep_was separated
and washed with a saturated aqueous sol ution of sodium bj carbonate and

brine, angggdyi Qﬂ er nesi u uldvat e. The crude produ was
concent r at od 3t oz el,l owiso | d @n purified by silica gel ochr FGr aphy
5 (2:1 hexane@/e acetatas purified prodeo WQ/AQgﬂqg with ether
and filtered to r e the réélﬂual pht hal i mi de- hylir a&Zi ne Brgr oduct. The
final product was rystallized using hexanes and et hyl tate to provide
141 ng (7% of white crystals. R = 0.3 (2:1 hexanes/eth 0 acetate) ;
H-NWR (CDC13) : S 7.83 (2H, d) , 7.05 (1H, s) , 6.97 (2H, d% 4.01-3.86
(3H, mM, 3.86 (3H, s) , 3.63-3.57 (1H M, 3.42-3.36 (1H n, é8 1.78
(1H, mMs5 1.59-1.43 (4H m, 1.3- 1.15 (1H m. 15 Step : HOt- BuO N,< All
rP Ove OV k-1, O"'" t-BuO NN, ia 00.00OO
tert-butyl N—(lS 2R) -1-benzyl-2-hydroxy-3-[[ (4-
methoxyphenyl)sulfonyl] (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate. N-(tetrahydro-2H-pyran-4-
yloxy)-4-methoxy-l1-benzenesulfonamide (1.93 mmol, 554 mg)
10 was combined with tert-butyl N-(1S5)-1-[(2S)oxiran-2-yl]-2-
phenylethylcarbamate (1.54 mmol, 406 mg) and THF (5 mL)
under nitrogen. Phosphazine base P<t/4>t-Bu (0.31 mmol,
0.31 mL, 1M in hexanes) was injected into the stirring
solution. The reaction was allowed to stir for 15 hours at
15 room temperature, quenched by the addition of a few drops of
glacial acetic acid and concentrated. The organic layer was
separated and washed with 1N NaOH, dried over magnesium
sulfate and concentrated under vacuum. The crude product
was purified by silica gel chromatography (2:1 hexanes/ethyl
20 acetate) and crystallization (hexanes/ethyl acetate)
providing 367 mg (43%) of a white crystal. R = 0.2 (8:1
CH,Cl,/ethyl acetate); H1I-NMR (CDClz): & 7.70 (2H,d), 7.30-
7.18 (6H,m), 6.97 (2H,d), 4.60-4.51 (1H,m), 4.44-4.33
(2H,m), 3.97-3.88 (2H,m), 3.86 (3H,s), 3.83-3.71 (2H,m),
25 3.48-3.34 (2H,m), 3.40-2.60 (1lH,bs), 2.95-2.85 (2H,m), 2.07-
1.95 (2H,m), 1.56-1.49 (2H,m), 1.32 (9H,s); MS (ESI):
M+Na=573.



(19) tert-butyl N (1S, 2R)-1-benzyl-2-hydroxy-3-[[(4 20

nmet hoxyphenyl ) sul fonyl ] (tetrahydro-2H pyran- 2-

yl met hoxywaygones7er opyl car bamate. N-(tetrahydro-2H pyran- 2-pcT/US99/13744

yl met hoxy) - 4- net hoxy- | - benzenesul f onam de (0.47 nmol, 141 ng) was conbi ned
wth tert-butyl N~ (1S) -1- [ (25 oxiygn-2-yl] - 2-phenyl ethyl carbamate
(0.37 mol, 99 ng) and THE (1 nL) 25 under nitrogen. Phosphazi ne base
P<t/4>t-Bu (0.08 mmmol, 0.08 nL, 1Min hexanes) was injected into the
stirring solution. The reacti on to stir for 15 hours at room
tenperature, quenched by the addlrg%%&bhggggeM/drops of glacial acetic
acid and caepent:rated. The crude resi due was WO 99/ 65870 PCT/ US99/ 13744
104 partitioned between ethyl acetate and 1N HO, and e organic |ayer
was separated and mashed w th saturated aqueousosodl m Bi car bonat e

sol ution b, dii ed quer, ppgnesi fate. e crude product
was purifiled by 5 si . gstoehrotat-ograph 1 Mexanes/ et hyl acetate).
The purifi product™f@3yt hen washéf with to renove renaining

sul fonam de starting materd al that coeluted, brone, and was again dried
over magnesium sul fate. The ’silica gel chronatography was repeated and
yielded 130 ng 10 (62% of a white solid. Rf = 0.2 (2:1 hexanes/ et hyl

acet at®) ; 2HJ(tMPdBa6§B§1>3)2H—§yZa682Zyme(;ﬂbixm 1%-2807nd81etBH3MRH) 6. 96
(2H,d), 4.74-4.60 (1H m, 4.37-4.18 (1H, nl 4.14-4,.06 (1H mM, 4.01-3.93
(2H ), 399@ne.75TP3A Fpactign wasHeRdugted- 8C4BrEipgnfO 3he6-3.35 (1H, ),

2.92-2. 7413 %Hr@ re%oweé 24 %}cha\lsk; 98- 1J§%c&é!é| . é’syﬁ%hésé@
(4H, ), 1.734 (9H, } VES65. Exanpl e 20 Step 1:
20 00 1976, 682 Re = 0. 3 (2:1 hexanes thyl acetate)' H1-NMR
(CDCls): & 7.83-7.79 (2H,m), 7.75-7.70 (2H,m), 4.24-4.18
10 (1H,m), 4.07-4.03 (1H,m), 3.94-3.89 (1H,m), 3.81-3.75
(l1H,m), 3.46-3.37 (lH,m), 1.87-1.85 (1H,m), 1.63-1.33

(5H, m) .

Step 2:

o _/Si\) OMe
N=-0 c . O O'N:S\
o’ o

0

N- (tetrahydro-2H-pyran-2-ylmethoxy) -4-methoxy-1-

15

benzenesulfonamide. 2~ (tetrahydro-2H-pyran-2-ylmethoxy)-1H-
isoindole-1,3(2H)-dione (6.8 mmol, 1.77 g) was combined with
20 hydrazine (6.8 mmol, 0.21 mL) in anhydrous THF (15 mL) under
nitrogen. The reaction immediately formed a white
suspension and was allowed to stir at room temperature for 2
hours. The suspension was filtered directly into a flask
containing 4-methoxybenzenesulfonyl chloride (6.8 mmol, 1.40
25 g) and diisopropylethylamine (8.1 mmol, 1.42 mL) was added.
After stirring at room temperature for 24 hours, the
reaction was concentrated to a yellow solid. The resulting

solid was partitioned between ethyl acetate and 1N HC1l, and



OH OO + NOH DIAD, PPh3, NOO THE OO
2- (tetrahydro-3-furanyl oxy)-1Hi soi ndol e-1, 3(2H) - di one. To

a ht

suspensi oWOP86EP ni ng N- hydr oxyl pht hal i m de (5.7 25 nmol Rﬁﬁw 3744

tri phenyl phosphine (5.7 mml, 1.49 g), tetrahydro- 4F+furan 3-ol (5.7 mmol,
0.459 nL) and anhydrous THE (10 nmL); ddBsepropyl azodi carboxyl ate (6.2
nmmol . 1.23 nL) was injected under nitrogen atnosphere. The reaction

stirred at roomtenperature for 5 hours and changed from a

30 dark orange

to yel | owthe aggearandeyeTheasolsepatranes anenwestednderhyacsaturanddt he

result1ng cesislue s Rucl Hied M0 90L65070, PCTLUSRY/ 13744, ~oJ05, by o1 11 ca

gel chromat’ograp exanes ace e) an cryst

1 on

(hexanes/ etveyl mageestien pudviadieng 3%@ ngudéza%@duttwhaseconyehakateﬂf = 0.5

(1 1 hexaggsLetyh o aceatel MM (OO, 9. 893782 L8l 77 74

(1H, Mm% 2.(2112heZaheH/eihySt epe2at®) OVeTha ﬁuer@edObrSduetlwas O 10

> (t oty angaPgLaepbaRy SXbke o RE Bt e r a8 RaC Bk ORET, $851cHAd . 357 my)

was conbi pedhailthnihkpdhgzirae iad. Elﬁﬁﬁﬂucﬁ 053hentlnam @mbwdEQUSaEHE (3 nm)

under nltro en Ihe reaction. 15 |nned| Eo white sus enfi?n and
8al t%y ace a%e B 4

iZzed " Using hexan n
was al | owsd g anes a

to provi

mg (7%) of white crystals. R: = 0.3 (2:1 hexanes/ethyl

10 acetate); HI-NMR (CDCl;): & 7.83 (2H,d), 7.05 (1H,s), 6.97

(2H,d), 4.01-3.86 (3H,m), 3.86 (3H,s), 3.63-3.57

(1H,m),

3.42-3.36 (1H,m), 1.88-1.78 (l1H,m), 1.59-1.43 (4H,m), 1.3-

1.15 (1H,m).

15 Step 3:

o
t-BuO N\,/<Q OMe
— s 2L

O t- BUOT N\/\/

(19)

tert-butyl N-(1S,2R)-1-benzyl-2~hydroxy-3-[[(4-
20 methoxyphenyl)sulfonyl] (tetrahydro-2H-pyran-2-

ylmethoxy)aminolpropylcarbamate. N-(tetrahydro-2H-pyran-2-

ylmethoxy)-4-methoxy-1l-benzenesulfonamide (0.47 mmol, 141

mg) was combined with tert-butyl N-(1S)-1-[(2S)oxiran-2-yl]-

Z2-phenylethylcarbamate (0.37 mmol, 99 mg) and THF

(1 mL)

25 under nitrogen. Phosphazine base P<t/4>t-Bu (0.08 mmol,

0.08 mL, 1M in hexanes) was injected into the stirring

solution. The reaction was allowed to stir for 15 hours at

room temperature, quenched by the addition of a few drops of

glacial acetic acid and concentrated. The crude residue was



stir at roomtenperature for 1 hour. The suspension was filtered directly
into a flask containing 4- nmethoxybenzenesul fonyl chloride (1.5 nmol, 316
mg) and WAYE¥8pyl et hyl amine (1.8 mmol, 0.320 nL) was ad®fet/lUS%fI3HF 20
stirring at roomtenperature for 18 hours, the reaction was concentrated
to a solid. The resulting solid was patOAt+oned between ethyl acetate and
1IN HCl, and the organic |ayer was separated and washed with a saturated
aqueous sol ution of sodium bicarbonate and brine, and dried over magnesi um
25 sul f at eparThe iomede bertochert ewdy 1c aroedrttreataed! 1ol &Gihi teend sdlei d and
urified ilic I romat ogr.aph 1: 1 __hexanes/ethyl acetate). The
Buri fied %%/rgffﬂlc < \6/’\1/a rhgjr%s &ol a?rﬁgfdg\,iat%ﬁj évta‘r’?élre ard h| Ist%trugc?%te renove the
resi dual gohtdvald mode-uny drizzinbenkitpr edlctt.i chhenfd iriatee wasl tdreérd30

talli ing._h i di ng 203 48% white.crystals. Rf
oY1 B R AN T DYl RS sk bl G TR EY ° 106
(CDC13} : .17.082 oe2H.chdoma tho@aphaH, (2d). hefkad®s(binyd) acet 824, 7qhe( 1H, m)
. 3.97-3.87 (2H, 87 (3H, 3.83-3..7 . 2.12-1.99 (2H,
5 Step 3 %I(ézfg@ed%ﬁoﬁéﬁ%l\rw(a\s/ 3“153)’&“9 STﬁ%lJ %&% @éﬁ@a@‘ 8 FEMOVE o s(o Dm
(20) ter tramatiyling (13, 2Rpnldee mtylrt2 nhy diadey-i31] [thé t1Gorttuhexy phenyl )

sul Tonyl ] (fqtrahydror & Lyram oy amnolRyopy!car amale, M Ghetranydro-3-

silica gel chromatography was repeated and yielded 130 mg

10 (62%) of a white solid. R = 0.2 (2:1 hexanes/ethyl
acetate); H1-NMR (CDCls;): & 7.68-7.64 (2H,m), 7.28-7.18
(6éH,m), 6.96 (2H,d), 4.74-4.60 (1H,m), 4.37-4.18 (1H,m),
4.14-4.06 (1H,m), 4.01-3.93 (2H,m), 3.90-3.75 (2H,m), 3.87
(3H,s), 3.66-3.46 (1H,m), 3.46-3.35 (1H,m), 2.92-2.74

15 (2H,m), 3.50-2.50 (1H,bs), 1.90-1.81 (1H,m), 1.63-1.42
(dH,m), 1.34 (9H,s), 1.29-1.20 (1H,m); MS (ESI): M=565.

Example 20

Step 1:

O O
o DIAD, PP
di:j/ + N-OH -———L——25>- N-o—{<:f
THF
0 O

2- (tetrahydro-3-furanyloxy)-1H-isoindole-1,3(2H) -dione. To

20

a light suspension containing N-hydroxylphthalimide (5.7
25 mmol, 926 mg), triphenylphosphine (5.7 mmol, 1.49 g),
tetrahydro-4H-furan-3-cl (5.7 mmoi, 0.459 mL5 and anhydrous
THF (10 mL), diisopropylazodicarboxylate (6.2 mmol, 1.23 mL)
was injected under nitrogen atmosphere. The reaction
stirred at room temperature for 5 hours and changed from a
30 dark orange to yellow in appearance. The solvent was

removed under vacuum, and the resulting residue was purified



f uranyl oxy) - 4- met hoxy-1| - benzenesul f onam de (1.03 mol, 283 ng) was
conbined with tert-butyl N (1S)-1-[(2S)oxiran-2-yl]- 2-phenyl ethyl carbamate
(1.35 MmoWO9%687¢y) and THE (1 nl) 15 under nitrogen. PhodsHABNEhhse
P<t/4>t-Bu (0.21 mml, 0.21 nm., 1Min hexanes) was injected into the-
stirring solution. The reaction was-albéwed to stir for 15 hours at room
tenperature, quenched by the addition of a few drops of glacial acetic
acid and concentrated. The crude residue was 20 partitioned between et hyl
acet ate ardy 1IN HCH gmid dihromadrogamiphyl ayperl Wwes asepaieathed ae twashedina t h
sat ur at ed , i um ki car bonat ol uti.on and bri.ne, and dried over
magnesi umcs%{:ﬁqgsl %}O%Oglr u@]ee%ﬁrnoe&u/%tt% S‘Ls aﬁ&rtiaftiegd pbr)? Vlscﬁqgcg%zelmg

chr omat ogr d#®y) (X WhHieeanmes/sataiyd. a®etat ) Santl: 25herupes@ephgase HPLC
(water/acetonitrile)_ yielding 60 ng éll‘Vg of a white solid. Hl-NWR (CDC13)
'S 7 68 CARIRLS7., SIS (QSHshy , §. 0195 052 208 Ry 8. 17160074 11, my
4.66- 4551 (Glkhm) .5 b53414; 1@ (g, .%-987(2(1{?,’%)5,) 3.38% 368 ASH)M, WO

99/ 65870 PCT/ US99/ 13744~ 107" 3.67-3.'57 (iH'my,” 2.°95-2."78 (2H'my, 2.70

(1H, bs), Z-B8-2-¢F (PHMYy, 21134298 miH, & -(ESI): MrNa=559. Exanple 21 5
Step 1: OLONH+ - C Owe Zz 11\ / N, OO0 08110

Nl - (benzyl oxy) - 4- met hoxy-1| - benzenesul f onam de. O Benzyl hydr oxyl am ne

hydr ochl oSit®® (?31.3 nmol, 5.0 g), 4 10 net hoxybenzenesul fonyl chloride
(34.5 mol, 7.18 g) and anhydrous THE (50 i) ver g (e:orrbi ned under

ni t rogen. eactign was cooled t C and @i yopropyl et hyl am ne (69.0
mmol , 12. i) €ete he ge HQon nas owed to warmto room

t enper at ur cont Maded to stir for 18°hm¥es.” 15 An additional 0.25

equi val ents of Benzyl hydr oxyl am ne hydrogen chloride (7.8 nmml, 1.25 g)
and 0155 equi val ents of

N- (tetrahydro-3-furanyloxy) -4-methoxy-1l-benzenesulfonamide.
2- (tetrahydro-3-furanyloxy)-1H-isoindole-1, 3 (2H)~-dione (1.5
mmol, 357 mg) was combined with hydrazine (1.7 mmol, 0.053
mL) in anhydrous THF (3 mL) under nitrogen. The reaction

15 immediately formed a white suspension and was allowed to
stir at room temperature for 1 hour. The suspension was
filtered directly into a flask containing 4-
methoxybenzenesulfonyl chloride (1.5 mmol, 316 mg) and
diisopropylethylamine (1.8 mmol, 0.320 mL) was added. After

20 stirring at room temperature for 18 hours, the reaction was
concentrated to a solid. The resulting solid was partitioned
between ethyl acetate and 1N HC1l, and the organic layer was
separated and washed with a saturated aqueous solution of
sodium bicarbonate and brine, and dried over magnesium

25 sulfate. The crude product was concentrated to a white
solid and purified by silica gel chromatography (1:1
hexanes/ethyl acetate). The purified product was then
combined with ether and filtered to remove the residual
phthalimide-hydrazine biproduct. The filtrate was then

30 crystallized by adding hexanes providing 203 mg (48%) white
crystals. R: = 0.2 (1l:1 hexanes/ethyl acetate); H1-NMR



di i sopropyl ethylamne (23.5 mmol, 4.1 nL) were added to encourage conplete
conversion of the remaining sulfonyl <chloride. The reaction stirred for 4
addi ti onaWhaS870at 20 room t enperature. The reaction sol uPCHHSRAZT44
concentrated to a solid and partitioned between ethyl acetate and 1N HCl.
The organic | ayer was dried over magresioém-sul fate and concentrated under
vacuumto yield 9.83 g (76% of an off- white colored solid. Rf: 0.2 (2:1
hexanes/ et hyl acetate); 25 HL-NVR (CDC13) : S 7.84 (2H, d) , 7.34 (5H, s)
7,08 (2H dinal, 4, 98 626eS)enjaB8 63bps)ouV DOL6EE70LRCT) USPOLASTAs - 108
Step 2: HOOVE‘/ YN~HIL|HIVD O ,S~ THF
Qu N HN alli/ng 13- 13- 0 N2Hiw) , (2187 @H,eert,- b?ut%ﬂ 3 70 2H m)

N-((1S, 2R)z Irhenzyd - i?;z}( kenzyl oxy) [ (4- met hoxyphenyl) sul fonyl]

am no- 2- hydr oxypr opy )car bamat e. Lithi um hexanet hyl di sil azide (0.6 nmol,

0.6 nL, IMin THF) was injected into a stirring solution of

Nl-(be@zyl -f- methoxy-| -benzenesul fonani de (3.0 mmol, 1.0 g),

tert-butyl 10 N-(I1S)-1-[(2S)oxiran-2-yl]-2-phenyl ethyl carbamate (2.4 mol,
0.64 g), and anhydrous THF (8 nL). The reaction was alf8wed to stir for 15

hours at rQqQ \?@ratwe under_nidveogen. The reaction S qugnched with a
few drops of i al a etli cH a@%@ and—congent r at eg ton &t 1. The
et hyl acet at'éuoaﬂ:u shed with

crude was 15 t\@ned t%gaﬁ%

Aol

(20)

tert-butyl N-(1S,2R)-1-benzyl-2-hydroxy-3-[[(4-

10 methoxyphenyl) sulfonyl] (tetrahydro-3-
furanyloxy)amino]propylcarbamate. N- (tetrahydro-3-
furanvloxy)-4-methoxy-1l-benzenesulfonamide (1.03 mmol, 283
mg) was combined with tert-butyl N-(1S)-1-[(2S)oxiran-2-yl]-
2-phenylethylcarbamate (1.35 mmol, 300 mg) and THF (1 mL)

15 under nitrogen. Phosphazine base P<t/4>t-Bu (0.21 mmol,
0.21 mL, 1M in hexanes) was injected into the stirring
solution. The reaction was allowed to stir for 15 hours at
room temperature, quenched by the addition of a few drops of
glacial acetic acid and concentrated. The crude residue was

20 partitioned between ethyl acetate and 1IN HCl, and the
organic layer was separated and washed with saturated
aqueous sodium bicarbonate solution and brine, and dried
over magnesium sulfate. The crude product was purified by
silica gel chromatography (2:1 hexanes/ethyl acetate) and

25 reverse phase HPLC (water/acetonitrile) yielding 60 mg (11%)

of a white solid. HI-NMR (CDCls): & 7.68 (2H,d), 7.32-7.13
(6H,m), 7.01-6.93 (2H,m), 5.17-5.00 (1H,m), 4.66-4.,51
(lH,m), 4.34-4.16 (1H,m), 3.87 (3H,s), 3.83-3.68 (5H,m),



sat urat ed sodi um bi carbonate solution and brine, dried over nmagnesium

sul fate and concentrated. The crude product was purified by silica gel

chr omat ogW&M4e5872: 1 hexanes/ et hyl acetate) and crystal | i ZT/65981437d¢ hy|
acetate with hexanes, 20 providing 400 ng (22% of a white crystal. Rf: 0.4
(2:1 hexanes/ethyl acetate); H -NVR-(CDC13): S 7.72 (2H,d), 7.4- 7.3 ( 5H,
m ,.7.3-7.2 (5H m , 7.19 (1H, d) , 6.93 (2H, d) , 5.08 (2H,s), 4.40
(1H,m, 3.82 (3H,s), 3.69 (1H m), 3.53 (1H bs), 2.98 (1H bs), 2.83

(2H, M, 2.3.16711HD5) IHLHBB (AKX . ™S (225 m()ESI). 70\/H<Nlai =b§792 MB-99/9%65870

PCT/ US99/ 1 109 Ex 22 St I NHZ + CI-S Owe N,
O~ e S %zél}rf\ll o so3but oxy- 3 @@1 ])benze Sﬁ onam de. |sobut oxyam ne

hydrochl oride (7.96 mmol, 1.0 g) 4 met hoxybenzenesul fonyl chloride (7.24
mol, 1.5 g), diisopropylethylanin 18..09 . _mmol, 3.15 nL) and anhydrous
THE (15 nlL) were conbi ned under ni . e reaction stirred at room
t enper at ursedporl :15 10 hours. The reaction solution was concentrated to a
white solid and partitioned between ethyl acetate and 1N HCl. The organic

| ayer was sgparated and washed with saturated aq SOdI um bi car bonat e
and bri ne‘gﬁ magnensl um. sul fat e and conc ted eromeacuum to
yield an o ¢olcp;Me h xames/ acetate);

H1- NMR ( CDC13) 7 84 (24, 6.99 (2H d) 6. , 3.87 (3H,

s) , 3.74 (2H, d) , 1.90 (1H septet) , 0.86 (6H d) .oSfosp : QuN~-, vO /
Owve

If—(benzyloxy)—4—methoxy—l-benzenesulfonamide. O~
Benzylhydroxylamine hydrochloride (31.3 mmol, 5.0 g), 4-
10 methoxybenzenesulfonyl chloride (34.5 mmol, 7.12 g) and

anhydrous THF (50 mL) were combined under nitrogen. The

reaction was cooled to 0°C and diisopropylethylamine (69.0
mmol, 12.0 mL) was injected. The reaction was allowed to
warm to room temperature and continued to stir for 18 hours.

15 An additional 0.25 equivalents of O-Benzylhydroxylamine
hydrogen chloride (7.8 mmol, 1.25 g) and 0.75 equivalents of
diisopropylethylamine (23.5 mmol, 4.1 mL) were added to
encourage complete conversion of the remaining sulfonyl
chloride. The reaction stirred for 4 additional hours at

20  room temperature. The reaction solution was concentrated to
a solid and partitioned between ethyl acetate and 1N HCI.
The organic layer was dried over magnesium sulfate and
concentrated under vacuum to yield 9.83 g (76%) of an off-

white colored solid. R¢: 0.2 (2:1 hexanes/ethyl acetate);
25 H1-NMR (CDCls): o6 7.84 (2H,d), 7.34 (5H,s) 7.08 (2H,d),
4.92 (2H,s), 3.88 (3H,s).



Il =+ NI OHlOaoMe 11 H=0 YO' OS~0 0 NN;S 20 (22) tert-butyl

N-((1S, 2R) - | - benzyl - 2- hydr oxy- 3-i sobut oxy[ (4- net hoxyphenyl(z sul fonyl ]

am nopr opMO¥&E¥Amat e. Synt hesi zed 25 under the sane condiRG¢HBHPI4374dut | i ned

for tert-butyl N ((1S, 2R) - 1-benzyl - 3- (benzyl oxy) [ (4- met hoxyphenyl)

sul fonyl] am no-2-hydroxypropyl)carbaneige 21. H-NVR (CDC13) : 6 7.70 WO

99/ 65870 PCT/US99/13744 - 110 (2H,d), 7.30-7.10 (6H m, 6.96 (2H,d), 4.60

(1Hm, 3.93 (1H m, 3.86 (3H, s) , 3.81 (2HmM, 3.24 (1H M, 3.01 (1H m,

2.90 (2H, nPteR. 82 (1H n), 1.82 (1H septet), 1.32 (9H,s), 0.93-0.81 (6H mM;

M5 (ESI): MtNa =545. 5 Exanple 23 Step 1. OO0 cx Br + NOHNO--( ) OO
2- (cycl ohexyl oxy) - 1Hi soi ndol e- 1, 3( 2H) - di one. N hydr oxyl hal i m de

(61.3 nmml, 10.0,9) was dissolved in aphydrous DMF (60 nlL der nitrogen.

To t he stlay Ns,e—Kutlon DBU QQZ/@jmf i 75 mb) was i njlecsedoll | owed

yl gb 3

cycl oh ram de ¥ g t he pealtiOn 15 war med
to 55C. After stirr f 15 holfs, the reacti)g Wmﬂg 80C for 5
hours, then cool ed room tenperature and concenta ated {8 @red oil. The
reaction was partitioned between ethyl acetate and 1 The organic
| ayer was washed with 1IN NaOH, brine and dried over 20 nmegnesi um sul f at e.
The sol vent was renoved under vacuum and (21)

5 tert-butyl N-((1S,2R)-1-benzyl-3-(benzyloxy) [ (4-
methoxyphenyl) sulfonyl] amino-2-hydroxypropyl)carbamate.
Lithium hexamethyldisilazide (0.6 mmol, 0.6 mL, 1M in THF)
was injected into a stirring solution of N'-(benzyloxy)-4-
methoxy-l-benzenesulfonamide (3.0 mmol, 1.0 g), tert-butyl

10 N-(15)-1-[(2S)oxiran-2-yl]-2-phenylethylcarbamate (2.4 mmol,
0.64 g), and anhydrous THF (8 mL). The reaction was allowed
to stir for 15 hours at room temperature under nitrogen.

The reaction was quenched with a few drops of glacial acetic
acid and concentrated to a thick oil. The crude was

15 partitioned between ethyl acetate and 1N HCl, washed with
saturated sodium bicarbonate solution and brine, dried over
magnesium sulfate and concentrated. The crude product was
purified by silica gel chromatography (2:1 hexanes/ethyl
acetate) and crystallized from ethyl acetate with hexanes,

20  providing 400 mg (22%) of a white crystal. Re: 0.4 (2:1
hexanes/ethyl acetate); H1-NMR (CDCls): & 7.72 (2H,d), 7.4-
7.3 ( 5H,m), 7.3-7.2 (5H,m), 7.19 (1H,d), 6.93 (2H,d), 5.08
(2H,s), 4.40 (1H,m), 3.82 (3H,s), 3.69 (1H,m), 3.53 (1H,bs),
2.98 (lH,bs), 2.83 (2H,m), 2.71 (1H,bs), 1.33 (9H,s); MS

25 (ESI): M+Na = 579.



the crude product was triturated with hexanes providing 2.89 g (19% of a
yellow solid. Rf: 0.7 (2:1 hexanes/ethyl acetate) ; H -NWR CDC13)7 . S
7.80 (2H MO 969 (2H ), 4.21 (1H m , 2.02-1.98 (2H, nyCI/U§NGI14 g2
(2H, m , 1.59-1.53 25 (4H m, 1.30-1.24 (2H M. Step 2: 0 OV \ NO( )
OV, HN 00 O0S/ 'O WO 99/65870 PCT/IUs99/ 13744 - 111

N - (cycl ohexyl oxy) - 4- net hoxy- | - benzenesul f onam de. 2-

(cycl ohexyl oxy) - 1Hi soi ndol e- 1, 3(2H) -di one (11.8 mol, 2.89 g) was

conbi ned with hydrazine (13.0 mol ,EfQampplei22in anhydrous THE (20 nl)
under ni trgg%g.l]'he reaction 5 imredi ately formed a white suspension and
was al | owed Stir at roomtenperature for 18 hours. The suspensi on was

filtered directly into a flask contai ning 4- nmet hoxybenzepesubfionyl
chloride (10.6 mmpk;  2.2§ g)=and dii sopropyl et hyl am‘me mrol , 2.47
m) was adeeth~Afer T 10-§tT vel: U eIo er e e ™ hours, the
reaction was concentrated to’a yellow solid and partdtimned bet ween et hyl
acetate and 1N HCl1. The organic | ayer was separated and washed with a

sat ur at ed agueous solution of sodium bicarbonate, and brine, and dried
over nmagneNi-umobulticatye-4 -ine thicecyprlethentz enas ud dotaniidat. ed Iisoba ty&lykewnsol i d

o ovt di ng S S g RUSAC of 20 GFEE sl 0 ke - KO B SR el g
acet ate); dhrddRI4 COCLB) nmc3 ,7.8% (@Y, QiisofbpydthWamirte 61104 s)
‘;’ gg: ‘;’ i? rér%cﬁ,%h . §5 8H§L )( 3a|_r|id Sgnﬁydzfoouos ZTOHFl' (9145 2L|_)|’ nv?e’rel'c705n-1bli'n5e5d (uznlaler? ’
nitrogen. The reaction stirred at room temperature for 15
10 hours. The reaction solution was concentrated to a white
solid and partitioned between ethyl acetate and 1N HCl. The
organic layer was separated and washed with saturated
aqueous sodium bicarbonate and brine, dried over magnesium
sulfate and concentrated under vacuum to yield an off-white
15 colored solid. Rg: 0.5 (2:1 hexanes/ethyl acetate); HI1-NMR
(CDCls): &6 7.84 (2H,d), 6.99 (2H,d), 6.81 (1H,s), 3.87
(3H,s), 3.74 (2H,d), 1.90 (1H,septet), 0.86 (6H,d).

Step 2:

H o) OMe (L\
:7/O\H,N\{/<q + s ,[::j/ OH O OMe
5 = Y\O'N:S —_— H 205 /©/
[ j o’ -

\\O XOTN\:/\/N s
0 =

20 \T::j

tert-butyl N-((15,2R) -1-benzyl-2~-hydroxy-3-isobutoxy|[ (4-
methoxyphenyl) sulfonyl] aminopropyl)carbamate. Synthesized
25 under the same conditions as outlined for tert-butyl N-
((lS,2R)—1-benzyl—3—(benzyloxy)[(4—methoxyphenyl) sulfonyl]
amino-2-hydroxypropyl)carbamate 21. H1-NMR (CDCli): & 7.70



Step 3: H~OOW ~ouNH/ O Me Il +N \ OGHOOOOSO0O Qu NN, Il =080
O (23) 25 tert-butyl N ((1S, 2R)-1-benzyl -3-(cycl ohexyl oxg}}%( 4-

met hoxy ph®®A%68%1Pf onyl ] am no- 2- hydr oxypr opyl ) car bamat e. P34 under
the sane conditions as outlined for tert- butyl N ((1S, 2R) -1-benzyl-3-
(benzyl oxy) [ (4-nmethoxyphenyl) WO 99/B5870 PCTI US99/ 13744 112 sul fonyl]
am no- 2- hydr oxypr opyl ) carbamate. H1-NMR (CDC13): S 7.77 (2H, d) ,
7.33-7.25 (6H M, 7.02 (2H, d) , 4.60 (IH M, 4.24 (1H M, 3.87 (3H, s),
3.84 (3H, nLH,8)5-2..830CTH1H) (62, 86, E2BIEN)(2H2d09 QZHpn)(l;Lleznﬂ BG2BI3m , \1?8
9H,s), 1.241 5 2( 6H, mk; (APCL) : =571, anpl e

§\|/~i %\IH (%H&rlg,o3ig'é(3§§{,gﬁénél.%t &Pﬂfl}"?‘ 371y (Exapl es24, Mg N

N- ( (1S, 2RE-PObdREy ) 3- Lcpeél d@ﬁmm)}’IIOXy)?E(AHHl,septgt), 1.32 (9H,s)|, _ f
met hoxyphegnyl) sul.f, 0 ] am.ng«2- OXYyRr apyL rbamate. To a solution o
N[ (2R 3925 §m8rllo?§-hh%f o A?}égznw indd b88L o

Nl - (cyzl opent yl oxy) - 4- met hoxy- | - benzenesul fonani de x trifluoracetic acid
(Step 1, Exanple 48), (50 ng, 0.09 |)..Ln approximately 1.5 nL of

di chl oronet hane under Argon was a 'ﬂ&a—%—?l chloroformate (15.6 L, 0.109
mol ) fol Bawedl: '

@) O
Br
O/ + N-OH — 3 N—O—<:>
@) (@]

10 2-(cyclohexyloxy) -1H-isoindole-1,3(2H) -dione. N-

hydroxylphthalimide (61.3 mmol, 10.0 g) was dissolved in
anhydrous DMF (60 mL) under nitrogen. To the stirring
solution, DBU (92.0 mmol, 13.75 mL) was injected followed by

cyclohexyl bromide (76.6 mmol, 9.43 mL) and the reaction was
15 warmed to 55°C. After stirring for 15 hours, the reaction

was warmed to 80°C for 5 hours, then cooled to room
temperature and concentrated to a red oil. The reaction was
partitioned between ethyl acetate and 1N HCl. The organic
layer was washed with 1IN NaOH, brine and dried over

20 magnesium sulfate. The solvent was removed under vacuum and
the crude product was triturated with hexanes providing 2.89
g (19%) of a yellow solid. R¢: 0.7 (2:1 hexanes/ethyl
acetate); HI-NMR (CDCl;): & 7.80 (2H,m), 7.73 (2H,m), 4.21

(lHm), 2.02-1.98 (2H,m), 1.87-1.82 (2H,m), 1.59-1.53
25 (4H,m), 1.30-1.24 (2H,m).

Step 2:
O

OMe
- H
o Yy —— (O Y
@] Ss

%~

% oo



by N, N-diisopropylethylamne (47.9 .tL, 0.273 mmol ). After 20 stirring 18
hours, the reaction m xture was evaporated in vacuo to a residue and
purified WP ¥WeBWparative silica gel TLC plate (20x20 cm PAOUSPMP744| ut i ng
with 95:5 nethylene chloride : nethanol. The product band was renoved,
eluted with 4:1 nethylene chloride - matthanol, filtered, and 25 evaporated
in vacuo. The residue was partitioned between dichloronethane and water.
The organic | ayer was separated, dried over anhydrous magnesi um sul fate,
filtered, mhddmmeeﬁawem—uﬁeﬂ{oi@u%e&%ne@mwnahﬁ@d n wacuo. The

resi due wa %(f h|||zed from acetonltrlle and water to provide
phenylnethi?y % yh-lH-isoindole-1,3(2H)-dione (11.8 mmol, 2.89

benzyl - 3- (@yc»b@spem:mma [thgt%y yl)sul fanyl | adm no-r)
hydr oxypr %/I)car bamatEg %37 10 H - NVR (et hanol - D4) 5 1 1 (m 8H),
I 2

2.59 (m hyeraas (1 10H(qiﬁr MHtragegl. (The 219acBi@s (s, 3H), 4.86
(m 3Hp, 7ikedinteh), fd%ﬁ@d(anhﬂégﬁsudbéggﬂdﬂ 2 -wdB {BSled é@l (NHNa)

. An isoner of Conpound 24, with inverted stereochemstry at 10 C 2
prepared a¥t Jf%lé}ibvﬁomb YeRm@ratr © LOH I8 ours N ddhe GURHRanA ifst IeAs
N-((1S, 2S)rilrthenzyla Srd ey} onars ¥ oppad i Zl:ontalnlng 4-

nmet hoxyphenyl)sulfonyl]am no- 2- hydr oxypropyl ) carbamate. A 15 m xture of

pheny! met Hy# @A 2eg98) ipa arriplad Jde rfy ImstcHy| Gardfaret @250 ny,
0.842 mm'dli@%pf@l%ﬂfé)ﬂlyl(a]n%.% 1519(2231'&1110163%3 4476]mé3nq/¢2ags5 added Oéfter

N -(cxcl opent yl oxy) - 4- met hoxy- 1 benzenesul f onanmi mmol ) in
anhydr8us Sftleﬁrrld}ﬁ/(ﬂf%fliﬂ% tEnnana turderf am 24 gmm,mmme@qma@m mest ed 20

wi th phosphazens: hase Pcﬂ /a4>§;elEiva\( L hES Mg Babb8 Tea buddd Rehgxane) .
The m xture was stirred at anbi en
acetate and 1N HC1. The organic layer was separated and

washed with a saturated aqueous solution of sodium

bicarbonate, and brine, and dried over magnesium sulfate.
15 The product was concentrated to a yellow solid and purified

by silica gel chromatography (1:1 hexanes/ethyl acetate)

providing 2.53 g (83%) of a white solid. R:: 0.2 (2:1

hexanes/ethyl acetate); H1-NMR (CDCli): & 7.86 (2H,d), 7.00

(2H,d), ©6.67 (1H,s), 3.98-3.95 (1H,m), 3.88 (3H,s), 2.00-
20 1.94 (2H,m), 1.75-1.55 (2H,m), 1.35-1.17 (6H,m).

Step 3:

oer\/<q H OMe
e O 0 — el ey
\© O/’ o >r0\n/N\_/\/N~S
- T
(o) ~ 0 0

(23)
25
tert-butyl N-((1S,2R)-1-benzyl-3-(cyclohexyloxy) [ (4-
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) carbamate.
Synthesized under the same conditions as outlined for tert-

butyl N-((1S,2R)-1-benzyl~-3-(benzyloxy) [ (4-methoxyphenyl)



tenperature for approximately 18 hours, quenched with several drops of

gl acial acetic acid and evaporated in vacuo. The residue was purified on
flash gr at® Wies878a gel 25 eluting with 4:1 hexane : ethyl REEUSHAIT44
Fractions containing the product were conbi ned and evaporated in vacuo.
The residue was triturated with hexanreirapd-then evaporated in vacuo and
dried under high vacuumto provide WO 99/65870 PCT/ US99/ 13744 - 114
phenyl methyl N ( (1S, 2S) -1-benzyl-3- (cyclopentyloxy) [ (4-

met hoxyphawy]lﬂ@@ﬁ]omﬂﬂmﬁmﬁﬂwquwmmdrmmaimt911(41391 (@pCcl9P%) as a
foam HI1- NWVR nethanol D4) 1.66 % , 2.94 4H), 3.83 Snl 2H), 3.92
(s, 3H), & 59 7('m(2iHp) r571(§‘3(”r7] 2 Zﬁ)‘l m? 18 - Crh ZH)d 7. 3960m(1¥em) ; 7. 69
(m 2H). (ES!) 91 Mﬁ%@ anpl ~iggdz O
10 (25) 3'\%y2r%sdy]] rrentﬁh I3(N-((1 Z'DJI%< 1@138215(3%1{ gybc%ggpzeﬁtyl 523‘/‘57 N? 70
nethoxypheﬁ?iﬁ@ulﬁbd¥1]éﬁimﬁvZJhyHWd&¥bmbpyﬂ)é&rdéﬁhﬁé 1.2~

Car bonyl di zol y1g, 8Q ) and 3 15 hydroxynethylpyrldlne
(7.8 L¥ {)%Hd% I}?é vv:e}qf]t')ecoicorrblﬁr%Ngl r1171(}‘e)r an Argon atnosphere in 2.5 nL of
anhydrous ethyl acetate. After stirring for 1.5 hours at anbient
tenperature, N1-[ (2R, 3S)-3-an no- 2En%g{§é¥2% phenyl butyl ] -

N- (cycl opent yl oxy) - 4- net hoxy- | - ben mde x 20 trifluoracetic acid
(Step 1, Exanple 48), (40 ng, 0.073 mmvol) was added and the m xture was
heated at reflux for 5 hours. Heating was discontinued and the sol vent was

r emoved Q
OMe
w2
- s
g
Re
10 (24)

Phenylmethyl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) carbamate. To
a solution of N'-[(2R,3S5)-3-amino-2-hydroxy-4-phenylbutyl]-

[$)]

- {(cyclopentyloxy)-4-methoxy-l-benzenesulfonamide x

[t

trifluoracetic acid (Step 1, Example 48), (50 mg, 0.091
mmol) in approximately 1.5 mL of dichloromethane under Argon
was added benzylchloroformate (15.6 uL, 0.109 mmol) followed
by N,N-diisopropylethylamine (47.9 uL, 0.273 mmol). After

20 stirring 18 hours, the reaction mixture was evaporated in
vacuo to a residue and purified on a preparative silica gel
TLC plate (20x20 cm, 1000 uM) eluting with 95:5 methylene
chloride : methanol. The product band was removed, eluted
with 4:1 methylene chloride : methanol, filtered, and

25 evaporated in vacuc. The residue was partitioned between

dichloromethane and water. The organic layer was separated,

dried over anhydrous magnesium sulfate, filtered, and



under vacuum The crude product was purified on a preparative TLC plate
(20x20 cm 1000 M eluting with 93:7 25 nethyl ene chloride : nethanol. The
product b3¥9%&870 r enoved, eluted with 3:1 nethyl ene chl orl’@lE!US”ﬁé't"!‘ianol
filtered, and evaporated in vacuo. The residue was dissolved in

di et hyl et her, evaporated in vacuo and diBed WO 99/ 65870 PCTI US99/ 13744 -
115 .under hi gh vacuumto provide 3-pyridylnethyl N ((1S, 2R)-1-

benzyl - 3- (cycl opent yl oxy) [ (4- net hoxyphenyl ) sul f onyl ] am no- 2-

hydr oxypr cgyd pacaer theadrat re vfa]c&zd) rrg"he4k%)smea vfa@amydﬂfrll\ll‘iﬁied o of or m D3)
1.66 (m 8H), 2.95 (m 5 (s

4.98 (m ﬂ?‘%t%%lgtfl(]oe, azﬁ Wafez“o to( rﬂrogpﬂ)de P@M(%et 6(815(%[2 zﬂi)‘ 8. 54
(bm 2H). H@ﬁiﬁ¥§3-(cﬁﬁﬂbﬂéﬂﬁ@loxﬁi@ﬂmﬁMéﬁHé§%?M%ﬁgﬂ é&ﬂﬂ%nJEQadQﬁHQZ(ZG)

N - ((1S, -1-benz |- (cycl opent yl OXé) - et hoxyphe

sul f onyl ] ate_ (et A beiZdm dd. B e’%‘laﬁ’éﬂll Dénl ori de
(7.8 Uk, QO@OZM}D V\@SS@C’@Q sl @ 2s50l3ution 2ef) ,NE-, 1[o 2R 139), 3.81

- 3-am no- 2- hy (3 henyl but yI ]

(cycl opentgﬂ'o%}{) - I3Hdeni*er§éde“f'or‘?’§Iﬁ1 de -X6 tFf Izéi]drfaaetzllc (#ei d

(Step 1, B & 4783) H(Sng M (@35 ) :mlo)y @neaN, N-dii sopropyl et hyl am ne
(23.8 L, 0.137 mmol ) in 20 approxi mately 1.5 nL of dichl oronet hane under

Argon. After stirring for 18 hours at anbient tenperature, the reaction
sol vent wag, rigmsd JM RPN S 4L NG 1S due rtWas RUH8L A/t ry at

10 C-2 was prepared as follows:

Qg LT

@ %p

Phenylmethyl N-((1S,2S)-1-benzyl-3-(cyclopentyloxy) [ (4-
methoxyphenyl) sulfonyl ]amino-2-hydroxypropyl) carbamate. A
15 mixture of phenylmethyl N-(1S)-1-[(2S)oxiran-2-yl]-2-
phenylethylcarbamate [250 mg, 0.842 mmol, Tetrahedron
(1994), 50(21), 6333-46] and Aﬂ—(cyclopentyloxy)—4-methoxy—
l-benzenesulfonamide (285 mg, 1.05 mmol) in anhydrous
tetrahydrofuran (3 mlL) under an Argon atmosphere was treated
20 with phosphazene base P<t/4>t-Bu (0.168 mL, 0.168 mmoL, 1.0
M in hexane). The mixture was stirred at ambient
temperature for approximately 18 hours, quenched with
several drops of glacial acetic acid and evaporated in
vacuo. The residue was purified on flash grade silica gel
25 eluting with 4:1 hexane : ethyl acetate. Fractions
containing the product were combined and evaporated in
vacuo. The residue was triturated with hexane and then

evaporated in vacuo and dried under high vacuum to provide



a preparative TLC plate (20x20 cm 500 M eluting with 96:4 nethyl ene
chloride : nethanol. The product band was 25 renoved, eluted with 4:1

met hyl enewh9uisBWe : nethanol, filtered, and evaporated i PCT/HEWH3I74Fhe
residue was triturated fromdi ethyl ether and hexane and the solvents were
evaporated in vacuo to provide Nl-((1S,12R) --1- benzyl -3 WD 99/ 65870

PCT/ US99/ 13744 116 (cycl opentyl oxy)[ (4-nmet hoxyphenyl ) sul fonyl ] am no- 2-
hydr oxypr opyl ) - 2- met hyl benzam de (27 ng, 89% as a solid. Hl-NWR
(dinethylsphéﬂylﬂ@tﬁ@) Ni(Yﬁs(gB 8t9beﬁz§f §s<c§&ﬂ@pegtﬁﬁo£ [, 2.79
(bm 1H), % ;g § : w S, 3%, 4.13
(bm 1H), I&eé%o phien Su%f% %b%mlliwz %Y%O%)‘@r‘iw qaéﬁaftl c10H§° 7.72
(d, 2H), 8gP6otd) ik)a MEakESki-mAT5uéMdad1-pExanDl €62, 1045 ep.ds Q O
, a ~~ N ~2

3- ani no- N1{F( 28i35) 3 883n4%0 2hy d? o%g- 45 phdfyl bhit 99 ] (Mg-1H), 5.10 (m,

(cycl opent ylipxyy): lebenzemespl f opamde. 1dum xtuse o, NEP. Ms(ESI):

(1S, 2R) - 3- éééS anlnophenyl)sulfonyl](cyclopentyloxy am noj -

1- benzyl - ropylcarbanate (Step 3, Exanple 11), (1.500 g, 2.89
mml) and trifluoroacetic acid (5 nL) was stirred under an Argon

at nosphere at anbient tenperature for 30 mnutes. Trifluoroacetic acid was
renmoved in vacuo and 20 the resi dueE¥@®Phar?9ti oned between di chl or onet hane
and 1IN NaOH. After separatjng the phases, the aqueous | aver was extracted
twi ce with dichloronethan \The conbi ned organic |layers were dried over
anhydrous sodi um sul f ate, ltere &yaporated in vacuo and dried under

hi gh vacuu Nl provide oy ©
H = N—
NS S

O

10 (25)

3-pyridylmethyl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (4~
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) carbamate.
Carbonyldiimidazole (13.0 mg, 0.080 mmol) and 3-

15 hydroxymethylpyridine (7.8 uL, 0.080 mmol) were combined
under an Argon atmosphere in 2.5 mL of anhydrous ethyl
acetate. After stirring for 1.5 hours at ambient
temperature, Aﬂ—[(2R,35)—3—amino—2—hydroxy—4—phenylbutyl]—

“—(cyclopentyloxy)—4—methoxy—l—benzenesulfonamide X

20 trifluoracetic acid (Step 1, Example 48), (40 mg, 0.073
mmol) was added and the mixture was heated at reflux for 5
hours. Heating was discontinued and the solvent was removed
under vacuum. The crude product was purified on a
preparative TLC plate (20x20 cm, 1000 pM) eluting with 93:7

25 methylene chloride : methanol. The product band was
removed, eluted with 3:1 methylene chloride : methanol,
filtered, and evaporated in vacuo. The residue was

dissolved in diethylether, evaporated in vacuo and dried



25 3-amno-N1l- [ (2R 3S) -3-am no-2-hydroxy-4-phenyl butyl ] -NI-

(cycl opentyl oxy) - 1- benzenesul fonam de (1.157 g, 96% as a foam H -NWR
(et hanol wDApr6587068 (m 8H), 2.55 (m 1H), 2.79 (m 1H), PZTOUSY/bIT4 1H),
3.12 (m 2H), 3.77 (m 1H), WD 99/65870 PCT/US99/13744 117 4.76 (m 1H)
6.96 (m 1H 7.05 (m 1H) 7.16 (m 4H1¥527 (m 3H . M (ESI) : 420 (M#)
Step-2: 9 OH, O.N ,-" ~NSNHZ 02 O~ 05 (27) (39
tetrahydro-3-furanyl N (1S, 2R) -3- [ [ (3-
anlnophenmhb%ulha@%|ké@mmhomanbybaxmkaaLﬁ9L1a%@aeaxb12giq31s 2R) -1~

hyd te. A m xt
aﬁlagxgpL§@¥6%§ %agﬁéﬁQPBﬁg§§ﬂ0Nw)3é§cm65€ﬁ¥ypaﬁpyl1su5%ﬁ@éﬁé§mpﬂ@nanlde

(100 ny, @y&&%x@ﬁ@bﬁylZcﬁrﬁbﬁé@el(lQY@rﬁb'd&@% h L638) tehkahydrgma- f uranyl ]
car bonat e mol , W94/ 05639) and N, N-dii sogbopyl et hyl am ne

(41.6 15 %ﬁangﬁrwﬁy ‘wete 6€0iBr n8H) unde? SAlHon OBt - arbBENt S, t 8Hper at ur e

i n apps oxiznatreln, 128) UL4oh7aqgtomH§r|heggAfﬁer3H§t|@rgag (Gor 2appr oxppatel y
18 hours, the reactian nlx ur evapor at ted in vacuo and purified on two
preparati V& $ficd-gél TLClﬁ atés6?2®§2025hr §0066 Npmel gHing with 95:5 20
met hyl enemghkenide mepharel. The product band was renopved, eluted with 3:1
nmet hyl ene chloride : nethanol, filtered, evaporated in vacuo and dried
under high vacuumto provide (3S)tetrahydro-3-furanyl N-(1S,2R)-3-[[(3-

am nophenyl ) sul fonyl ] (cycl opent yl o§¥ga§ go%sl benzyl -2 25
hydr oxypr opyl car bamate (111 ng, 87 am H1- NVR

2 OMe
@r N O
H N—
S
N o

10

Na—((1S,2R)—1-benzyl-3—(cyclopentyloxy)[(4—methoxyphenyl)
sulfonyl Jamino-2-hydroxypropyl) -2-methylbenzamide. o-

15 Toluoyl chloride (7.8 uL, 0.0602 mmol) was added to a
solution of Aﬂ-[(2R,35)—3—amino—2—hydroxy~4—phenylbutyl]—
(cyclopentyloxy)-4-methoxy-l-benzenesulfonamide x
trifluoracetic acid (Step 1, Example 48), (30 mg, 0.055
mmol) and N,N-diisopropylethylamine (23.8 pL, 0.137 mmol) in

20 approximately 1.5 mL of dichloromethane under Argon. After
stirring for 18 hours at ambient temperature, the reaction
solvent was removed in vacuo and the residue.was purified on
a preparative TLC plate (20x20 cm, 500 uM) eluting with 96:4
methylene chloride : methanol. The product band was

25 removed, eluted with 4:1 methylene chloride : methanol,
filtered, and evaporated in vacuo. The residue was
triturated from diethylether and hexane and the solvents

were evaporated in vacuo to provide N'-((1S,2R)-l-benzyl-3-



hanol -D4): 1.80 (m 9H), 2.61 (m 1H), 3.02 (m 2H), 3.14 (m 1H),
(m 1H, 3.64 (m 1H), 3.73 (m 1H), 3.81 WO 99/65870 PCT/ US99/ 13744
118 (nwo3Mh6s§704.87 (m 1H) , 5.00 (m 1H) , 6.98 (m 1HCT/USPIDH44 m
H, 7.15 (m 1H), 7.26 (m 6H). M5 (ESI) : 534 (MH#) . Exanple 28 Owe Q
O CHQHHOHCKr H-\ O- NN/~~ N_S{41g+t-NS O- NPz o0 5 (28)

(3S, 3aR, 7aS) hexahydr o- 4H-fur o[ 2, 3-b] pyran-3-yl N-((1S, 2R) - 1-

benzyl - 3- (cycl opent yl oxy) [ (4- net hoxyphenyl)sulfonyl]am' no-2 10

(et
3.50
- 11
1

hydr oxypr owyap@s&WI@@m BRSaH AR Qi) w2, 3- b] pyr an- 3-yl
N ((1S, 2R) - 1- benzyl - (c cI opent yl oxy)@&é met hoxyphenyl ) sul fonylcl7am no- 2-
hydroxyperW5@é¥Fb%?%¥Je> LR S ket Gasnara@o% (85,2 IR 1dras)

hexahydr o-giH 0( 4 Zne Ba Pl s PYF A Rs W6) 15 A 4ri i opnenyl), gearhonafg (68 ny,
0.219 nmol ), NI1- [(2R 39) -

3- ani no- 2-hy&it ok 4+ }Bhen%/fb%t {em - NI )(cyed bpeiyl bHy)- £.21 (bm, 1H),

et hoxy- 1-beqzengsul fipnam des x4 rifhuoraces i gacidy) (St4e9361 bH{Exairml e 48),
(60 nmg, 0.109 rrm)l) and N, N dllsopropyl et hyl ani ne ( 8 L, 0.385 mmol)
wer e conbihetf i P20 Hpjpr oki tat @y )5 1. 2~ @oetldh tr i1 -6/ 2andlst2H)red at

anbi ent tgarm@r?urﬁ{ unded (@ HAr gody ahimephere for 18 hours. An  additional
quantity of carbonate (20 ng 0 065 mmol ) ‘and N, N-dii sopropyl et hyl am ne
(40 L, 0.224 mmol) was added and the reaction m xture was heated at 60C for
1.5 hours. The 25 reaction was comaporat ed in vacuo. The residue
was di ssolved in ethyl acetate and ee tinmes with 5% wv

pot assPumT&@odnat e, saturated aqueous brine, dried

3—amino—N*—[(2R,3$)—3—amino—2—hydroxy—4—phenylbutyl]—N“—
(cyclopentyloxy) -1-benzenesulfonamide. A mixture of N-

}._I
@)

(15,2R)=-3-[[(3-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-
l-benzyl-2-hydroxypropylcarbamate (Step 3, Example 11),
(1.500 g, 2.89 mmol) and trifluoroacetic acid (5 mL) was
stirred under an Argon atmosphere at ambient temperature for
30 minutes. Trifluoroacetic acid was removed in vacuo and
20 the residue was partitioned between dichloromethane and 1N
NaOH. After separating the phases, the agueous layer was
extracted twice with dichloromethane. The combined organic
layers were dried over anhydrous sodium sulféte, filtered,
evaporated in vacuo and dried under high vacuum to provide
25 3—amino—Aﬁ—[(2R,35)—3—amino—2—hydroxy—4—phenylbutyl]—
(cyclopentyloxy)-l-benzenesulfonamide (1.157 g, 96%) as a
foam. H1-NMR (methanol-D4): 1.68 (m, 8H), 2.55 (m, 1H),
2.79 (m, 1H), 2.94 (bm, 1H), 3.12 (m, 2H), 3.77 (m, 1H),



over anhydrous magnesium sul fate, filtered and evaporated in WO 99/ 65870
PCTI US99/ 13744 119 vacuo to a residue. The crude product was purified on
a prepar @ig smsgiC pl ate (20x20 cm 500 M eluting with 9ecHUsmetibpkene

chl ori de: met hanol. The product band was renoved, eluted with 4:1 nethyl ene
chloride : nethanol, 5 filtered, and_-evgporated in vacuo. The residue was
di ssol ved in diethylether, evaporated in vacuo and dried under high vacuum
to provide a 1:1 mxture of (3S, SaR 7aS) hexahydro-4H-furo [ 2,

3-b] pyran-8:y& M, (iﬁ)s; @P% I, 7.05 (m, 1H), 7.16 (m, 4H), 7.27
benzyl - 3- (cycl opehty @%L - et hox henyl )sul fonyl ] am no-2- 10
hydroxyproﬂyl)%fé)r banl’é@ a: 3@2@@@*7)614?) hexahydro-4H furo [2, 3-D]
pyran-3-yl N ((1S, 2R) -1-benzyl -

(cycl opentyl oxy) [ (4- met hoxyphenyl )sul fonyl ] am no- 2- hydr oxypropyl ) car banat e
as a foam+$58% ng: 83% . HL-NVR (chloroformD3): 1.80 (m 12H), 2.19 (m
1H, 3.00 (m 5H), 15 3.48 (m 1H), 3.89 (m 7H), 4.21 (m 1H), 4.92 (m
2H), 5.08 (m 1H), 5.2 m 1H), 7.04 (m 2H), 7.28 (m 5H), 7.76 (m

2H) . I\/B(ESI):627(I\/Hr . Exgople 29 O OV HOH Q\ | H_OH9 Illa H
Il NS+ HNS Il &, 0o 20 )

(3R, 3aS, 6aR) exahydnof&ro[zj,_ n-3-yl N-((1S, 2R)-1-

benzyl - cﬁh\e (4 t hoxyphenyl ) sul f onyl ] am no-2 25

hydr oxypr opg;-l—‘)car te and (38 3aR, 6aS) hexahydr of uro[ 2, 3- b] furan- 3-yl
N-((1S, 2R)-1-benzyl - 3- )cRg! opent yl oxy) [ (4-

nmet hoxyphenyl ) sul f onyl no- 2- hydr oxypropyl ) carbamate. A m xture of (3R
3aS, 6aR) + (3S, 3aR, 6a hexahydrofuro [2, 3

(27)

(38) tetrahydro-3-furanyl N-(1S,2R)-3-[[(3-
aminophenyl) sulfonyl] {(cyclopentyloxy)amino]~1-benzyl-2-

10 hydroxypropylcarbamate. A mixture of 3-amino-N'-[(2R,3S)-3-
amino-2-hydroxy~4-phenylbutyl]-N - (cyclopentyloxy) -
benzenesulfonamide (100 mg, 0.239 mmol), 2,5-dioxo-1-
pyrrolidinyl [(3S)tetrahydro-3-furanyl] carbonate (55 mg,
0.239 mmol, W094/05639) and N,N-diisopropylethylamine (41.6

15 uL, 0.239 mmol) were combined under Argon at ambient
temperature in approximately 1.5 mL of acetonitrile. After
stirring for approximately 18 hours, the reaction mixture
was evaporated in vacuo and purified on two preparative
silica gel TLC plates (20x20 cm, 1000 puM) eluting with 95:5

20 methylene chloride methanol. The product band was removed,
eluted with 3:1 methylene chloride : methanol, filtered,
evaporated in vacuo and dried under high vacuum to provide
(3S) tetrahydro-3-furanyl N-(1S5,2R)-3-[[(3-
aminophenyl)sulfonyl] (cyclopentyloxy)aminol-1-benzyl-2-

25 hydroxypropylcarbamate (111 mg, 87%) as a foam. H1-NMR
(methanol-D4): 1.80 (m, 9H), 2.61 (m, 1H), 3.02 {(m, 2H),
3.14 (m, 1H), 3.50 (m, 1H), 3.64 (m, 1H), 3.73 (m, 1H), 3.81



WD 99/ 65870 PCT/ US99/ 13744 - 120 b]furan-3-yl (4-nitrophenyl) carbonate
(96.5 ng, 0.327 nmol, WD 9721683),

-[ (2R, 39b936&87H NO- 2- hydr oxy- 4- phenyl butyl ] - PCT/US99/13744

-(cycl opentyl oxy) - 4- met hoxy-1| - benzenesul fonam de x trifluoracetic acid
(Step 1, Exanple 48), (60 ng, 0.109 5 mwl) and N, N-diisopropyl et hyl am ne
(85.6 L, 0.491 mmol) were conbined in approxinmately 1.5 nL of acetonitrile
and stirred at anbient tenperature under an Argon atnosphere for 18
hours. The reagtion BhXtHrewas evaporat edyin yagyo @ndiythesresi dgue was
purified on’'a preparatlve TLC pl ate §0x20 16 cm 6 el uting with
1: 1/ et hyl l&¢et dt-é5hdranéH) The - 2érdmuc§HbandM%§5iéﬂové 4 (MHtt ed wit h
3: 1/ methyl ene chloride: methanol, filtered, and evaporat ed in vacuo. The
resi due was di ssolved in diethyl et her, evaporated in vacuo and dried under
hi gh vacuumto provide a 1:1 m xt uEgapples2B3R 3aS, 6aR) hexahydrofuro [ 2,
3-b] furan-3-yl N ((1S, 2R) -1-

benzyl - 3- (cycl opent yl oxy, - met hoxyphenyl ) sul f onyl ] am

hydr oxypr opyl ) car bamat e (38 3aR,6aS) hexahydr of ur o[ 2, uran-sry! N
((1S, 2R enzyl -3- (£yCd op oxy) /Q/

nmet hoxyphe v fongl ] am n@- r oXypro é‘r bam':H 50 N2 269 as a
foam H - ( )021 68 (m 10 , 64 (m 2H),
3.88 (s, 3H 930(m , 4.82 (m 2H, ® 1(bcm 5.65 (m 1H),

6.98 (m 2H), 7.23(m , 7.71(m 2H). MS(ESI) : 6 Na). 25 Exanple
30 OFh 0--0 OS NRA t-butyl bronpacetate S 'so 2 H OH DWF,

DIEA, 80C | iO N2 HOHOR=0,/0Oand 0 O
(28)

(3S8,3aR, 7a8) hexahydro-4H-furo[2,3-b]lpyran-3-yl N-((1S,2R)-1-
benzyl-3-(cyclopentyloxy) [ (4-methoxyphenyl) sulfonyl]amino-2-
10 hydroxypropyl)carbamate and 3R, 3a8S,7aR)hexahydro-4H-
furo[2,3-blpyran-3-yl N-((1S,2R)-1-benzyl-3-
(cyclopentyloxy) [ (4-methoxyphenyl) sulfonyl Jamino-2-
hydroxypropyl)carbamate. A mixture of
(3R, 3aS, 7aR)+ (35, 3aR, 7aS) hexahydro-4H-furo[2, 3-b]pyran-3-yl
15 (4-nitrophenyl) carbonate (68 mg, 0.219 mmol), N'-[(2R,38)-
3-amino-2-hydroxy-4-phenylbutyl]-N - (cyclopentyloxy)-4-
methoxy-l-benzenesulfonamide x trifluoracetic acid (Step 1,

Example 48), (60 mg, 0.109 mmol) and N,N-

diisopropylethylamine (66.8 pL, 0.385 mmol) were combined in
20 approximately 1.5 mL of acetonitrile and stirred at ambient

temperature under an Argon atmosphere for 18 hours. An

additional gquantity of carbonate (20 mg, 0.065 mmol) and

N,N-diisopropylethylamine (40 uL, 0.224 mmol) was added and

the reaction mixture was heated at 60°C for 1.5 hours. The

25 reaction was cooled and evaporated in vacuo. The residue
was dissolved in ethyl acetate and washed three times with
% w/v potassium carbonate, saturated aqueous brine, dried

over anhydrous magnesium sulfate, filtered and evaporated in



H (30) WO 99/65870 PCTIUS99/ 13744 121 tert-butyl
2-(3-[[ (2R, 39)-3-([ (3R, 3aS, 6aR) hexahydrof uro[ 2, 3-

b] f ur an- 3wy g¥g76ar bonyl am no) - 2- hydr oxy-4- PCT/US99/13744
phenyl butyl ] (cycl opentyl oxy) am no] sul fonyl ani |l i no)acetate and tert-butyl

2-(3-[[(2R,38)-3-([(38,3aR,6aS)hexahyd%P§u10 5
[ 2, 3-b] furan-3-yl oxy] car bonyl am no) - 2- hydr oxy- 4-
phenylbutyl](cyclopentyloxy) am no] sulfonylanilino)acetate A solution of

g ﬁfofgrggﬁg (%gl%&é) %hétggﬁdgfprgéﬁbt3%§s g%?lf géangBOfuro [2

benzyl - 3- b@)éié'a@ﬁ%ﬂb)é' axy) b 3tanmnophenyt) subbonyh ] amueeng #@th
hydr oxypr opyl ) carbamat e and (3S, 3aR, 6aS)hexah drofuro[ 2, 3- b]furan-3-yl
N-((1S, 2R)9515k5§1ﬁ£§?ly-13n€c§5|166éﬁ‘?yi“@%%i[leéa The product band was

am nOphen)fle)n%k&lehon)é'lh%%n%%hh)éld'ioiﬁ)él%?@}éh)ecéh@é@%@ (Sﬁ%thﬁﬁ@ﬂp' e 31),
0.13 nL (0.87 mmol ) of tert-butyl brondacetate, . m. (0.87 nmol ) of

N; I\l-d|5so§|iéf§?lr§fihyla§ﬁﬁ g¥appreted iR @rfacsmyhyah@uge@wﬁuwayagt| rred at 80C
for 18 hoyn %591%9\/25' I&i%tegﬁgpﬁ%h&?o' an§8r$1e8”9 concent Bﬁ&eﬂrkﬁd"acuo The

resi due was Sso oronét & sofut 6N was th
saturateduaqaeongbrNaeugﬁxﬁp drowddever lanhypdrouseMy804, and concentrated

t i ed fl t il
gol |4 s (Hexaner ecads PR aF ot 6038 16" CoRIPY Rt HaThedt Tas: ROMRGT s a
L;g;t yel bewzfkoasyr (Hi<NyBeaDYEOGH) :( 4¥m31h5x95heﬁ?5028@{83y@ §ﬁ828;&606 61
(5H) . 1% 5%5’%@?3’ fﬂfylé H§b9§‘a£916n?1§ﬁ) 3Eéwée§éb)??<éé§ér9|vﬁﬁy VO 99/ 65870
PCT/ US99/ ¥3¢442, 322 pxanpbe y31NO (1 @Ry H1 OHeh 7yl B H N

(cyclopentyloxy) [ (4-methoxyphenyl)sulfonyl]amino-2-
hydroxypropyl) carbamate as a foam (55 mg, 83%). H1-NMR
(chloroform-D3): 1.80 (m, 12H), 2.19 (m, 1H), 3.00 (m, 5H),

15 3.48 (m, 1H), 3.89 (m, 7H), 4.21 (m, 1H), 4.92 (m, 2H), 5.08
(m, 1H), 5.27 (bm, 1H), 7.04 (m, 2H), 7.28 (m, 5H), 7.76 (m,
2H) . MS(ESI): 627 (M+Na) .

Example 29

\H ?090 O % OHQO /©/ B

: \\%NW 02

o 0

(29)

20

(3R, 3a8S, 6aR) hexahydrofuro[2,3-b] furan-3-yl ﬁ;((ls,ZR)—l—
benzyl-3- (cyclopentyloxy) [ (4-methoxyphenyl)sulfonyl Jamino-2-
25 hydroxypropyl) carbamate and (3S,3aR, 6aS)hexahydrofuro([2,3-
b]lfuran-3-yl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [(4-
methoxyphenyl) sulfonyl ]amino-2-hydroxypropyl) carbamate. A
mixture of (3R,3aSs,6aR) + (35,3aR,6aS)hexahydrofuro(2, 3-



NF42 C2 1\ 2 5 (31) (3R 3aS, 6aR)hexahydrofuro[?2, 3-b]furan-3-yl
N- (1S, 2R)-3-[[(3- am nophenyl)sul fonyl] (cycl opentyl oxy)am no] - 1- benzyl -

hydroxypr Qrydg@gRamate (1) and 10 PCT/US99/13744
(3S, 3aR, 6aS) hexahydrofuro[ 2, 3-b]furan-3-yl N (1S, 2R)-3-[[(3-

am nophenyl ) sul fonyl] (cycl opentyl oxy)a{r}@ol- 1- benzyl -

hydr oxypr opyl carbanate (2) as a white Iyophile. A mxture of (3R 3aS,
6aR) + (3S, 3aR, 6aS) hexahydrofuro [2, 3-b] furan-3- yl (4-nitrophenyl)

carbonate (211 71 am,no ( 39
kﬁ% ng hgéypﬁ&tﬁpﬁenml carbonatL %% 5 m%, 0.327 mmol,

-3-am no-2

(cycl opent me)z1mmenzaﬁe$utRpmamﬂearﬁﬁﬁ@pzhycﬁme—ﬁﬂémyllﬁﬂﬂ@l]”Pg 0. 239
mol ), and N, N-dijso ro&/I ethylamne (166.4 L, 0.955 mmol) were conbi ned
in approxi MAt 6FyC30 ¥ Bt oﬁl?‘?Fm%xénh'%?W‘?%%s‘é%f%Wéﬁ? ¥enperature

under an 2Q;AngRRRlmephene fakeapnr oxkarbeky 488 ,hqunsmgThe neaction
m xture was evaporated in vacuo and purified on t WO preparative silica TLC

pl at es 620x1ﬁ@ldmanﬁ0®l)Nl*v’yjlelsoplmgylmthtrlgﬂuﬁénﬁﬁlSyI6eue chl.dgildemn@t hanol .
The product band \g@s renoved, el ut ecti ¥ netfcvxé ene chl ori de: HEt hanol ,
25 filtered € anEoBPApE atdd SPRIOELTG FeTHe Ir 85 SERRMF LR En8R%et ween
IN NaOH and tdirghldoreneaibake.t {IémpbayﬂeUSe vedersepanayed amfokbaeagqueEous

| ayer was g;étract ed w bh di chl.or onet hane. The conbi n%d organi c | ayers were

dried WO 99165870 SPCT/ 089825748 125 - UoGel28nRYaPEUS Chidghds VAP SurPat e,

filtered antheevapadatetaisnpuragiedt enaaf paspatheiextrucepottdi agbgpeoners
were separated by supercrl tical fluid chromatography [Chiralpak AD (2 cm
Chi ral 1Teclefol 8§iCesdl) 2iumpag vitB A:ldchhBlnechansck+bexeqeri efhgl am ne; 45

g/min 02 4Gk Thea (HACLLAN.EAN 210L0Y Lhe,dbasyRenuRL gossessing a

shorter
chloride:methanol, filtered, and evaporated in vacuo. The

residue was dissolved in diethylether, evaporated in vacuo
and dried under high vacuum to provide a 1:1 mixture of

15 (3R, 3a8, 6aR) hexahydrofuro [2,3-b]furan-3-yl N-((1S,2R)-1-
benzyl-3-(cyclopentyloxy) [ (d-methoxyphenyl)sulfonyl]amino-2-
hydroxypropyl) carbamate and (35, 3aR, 6aS)hexahydrofuro(2, 3-
bl furan-3-yl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-
methoxyphenyl)sulfonyl]amino-2-hydroxypropyl)carbamate (50

20 mg, 26%) as a foam. H1-NMR (chloroform-D3): 1.68 (m, 10H),
2.95 (m, 6H), 3.64 (m, 2H), 3.88 (s, 3H), 3.93 (m, 4H), 4.82
(m, 2H), 5.01 (bm, 1H), 5.65 (m, 1H), 6.98 (m, 2H), 7.23 (m,

5H), 7.71 (m, 2H). MS(ESI): 613 (M+Na).
25 Example 30
- Wad
N, S0 t-butyl bromoacetate '505
? DMF, DIEA, 80°C @\
0]
QNHZ N K



retention tinme was evaporated in vacuo to a residue and then purified
again by preparative TLC as above. The product was |yophilized from

acet oni t r\loyepegowat er to provide 10 (3R, 3aS, 6aR) hexahystofdsvqsdsd, 3-Db]
furan-3-yl N (1S, 2R) -3- [ [ (3- )

am nophenyl ) sul fonyl ] (cycl opentyl oxy) agi,po] - 1- benzyl -

hydr oxypr opyl carbanate (1) as a white [yophile (18 ng, 130). The fraction
cont ai ni ng the diastereoner possessing a longer retention tinme was

eva orated |n acuo, t I esj nd, t rdfs ative
TLCpas aboter \1['?1 Olro%ug%_ ﬁggﬂlﬁ%pﬁ%l{]’gg%&’%%lﬁéfc %r??afqr%ﬁ}e anrgﬂ\%‘/;ta%r to
provi de (38 f@edh- ﬁ@a)ontseméwrejwmcﬂ ﬁrbjdﬁmfy&m?: yl N (18 2R) -3- [
[ (3- am nophenyl) sul fonylﬂ (cycl opent yl oxy) am no] - 1- benzy

hydr oxypr &h# ’Béﬁ/ REEYIHE aRidishi ‘blf(%%?d‘llfgm)a%alt%l NVR

th | 1 2 SR
g'”gz ?R]O ZAI?D@ %e%k%ﬁn‘%y%%w §?21€ @S)U‘Q ([4(3352 3a(réﬂ6a2$'i)he:€aré91(m s

(d, 1HP, 6LDB{Wifusyn- 37ymc§(mamd)r}ylhrm81q)m2-mdrom-ﬂ-(m 1H), 7.21 (m
5 MS (E . Hl NNR | - 10 2.57
(;? 1H) , ( s’g%“yl(l?ﬁt ?%’a’%*’%%ies(“%afm éng%tezi) 84 (m

2H), 5.57 Z(dsol]d'ﬁlorﬁ o2 ((m501.|'@ (0. 02 @RoHGf & 09 ]( rmlx]ﬂ't&ne of 20 (m 6H)

. M5 (ES I 598 e%;sha anpl e 32 Step 1; VO 99/ 65870
PCTI US99/ 18¥%4432 4 c§1 fé’#@%lr%?t 3PN N WA DB ohoacdtlatle . H oH

sot DMF, DifsyBOC Ny &Kk yINR/ )H B-Hhinophenyl) sulfonyl]amino-2-

10 hydroxypropyl)carbamate and (35,3aR, 6aS)hexahydrofuro(2, 3-
bl furan-3-yl N-((1S5,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
aminophenyl)sulfonyl]amino-2-hydroxypropyl)carbamate (see
example 31), 0.13 mL (0.87 mmol) of tert-butyl bromoacetate,
and 0.15 mL (0.87 mmol) of N,N-diisopropylethylamine in 5 mL

15 of anyhydrous DMF was stirred at 80°C for 18 hours. The
solution was cooled to RT and concentrated in vacuo. The
residue was dissolved in dichloromethane. The solution was
washed with saturated aqueous brine (3x), dried over
anhydrous MgS0O,, and concentrated in vacuo. The crude

20 product was purified by flash chromatography (silica gel,
4:6 hexane/EtOAc) to afford 0.28 g (94%) of the desired
product as a light yellow foam. H1-NMR (DMSO-d¢): 7.31-7.07
(7H), 6.93-6.80 (3H), 6.61 (1H), 5.47 (1H), 5.19 (1H), 4.83-
4.64 (2H), 3.81—3.40 (7H), 3.06-2.60 (5H), 2.53-2.27 (1H),

25 1.95-1.16 (19H). LCMS(ESI): 690 (M+H).



O R= 0 "Oand o o CH H net hyl

2-(3-[[ (2R, 3S)-3- ([ (3R, 3aS, 6aR) hexahydr of ur o[ 2, 3-

b] f ur an- 3w | 99% §7 ar bonyl am no) - 2- hydroxy-4- 5 PCT/US99/13744
phenyl butyl ] (cycl opentyl oxy) am no] sul fonyl ani | i no) acet ate and net hyl

cl
2-(3-[[(2R 39)-3-([(3S, 3aR 6aS) hexahyd{ofurof 2, 3-
b] f uran- 3-yl oxy] car bonyl am no) - 2- hydr oxy-4- phenyl butyl ] (cycl opent yl oxy)
am no] sul fonylanilino)acetate. A solution of 0.500 g (0.869 mml) of a 1:1

m xture of 10 (3R, 3aS, 6aR) hexa%%& lél‘%l[Z 3-b] furan-3-yl N ((1S

2R) -1- benzyl -3-(cycl opentyl oxy) [ nyl ) sul f onyl ] am no- 2-

hydr oxypropyl ) carbamate and (3S, 3aR 6aS) hexahydrofuro [2, 3-

b] furan-3-yl N ((1S, 2R) -1-benzyl-3- (cyclopentyloxy) [ (3-

am nophenyl ) sul fonyl ] am 2- hydr oxypr opyl) carbamate (315 exanpl e 31),
0.250 m. (2.61 mmol) of hyl bronoacetate, and 0.450 (2.61L_muol) of
N, N- di i sopr | et hyl am gg ln 5 of anyhy us DVF wa F§tc1>rr t 80 C
for 18 hours \Yhe swl uEi om. dto d conelent‘ratyﬁeds gyo. The
resi due wad'\di yebtyet=rn €t hy, acetate. ThePsoDutFgnwed 20 vashed Wit h
saturated aqdeous Orife (3x), dried over an rou® MUROG4, and concentrated
i n vacuo. The crude n?@ct was purified by flash chro graphy (silica
gel, 97:3 CH2C12/ MeCH) afford 0.50 g (89% of the d ed product as a
light yellow foam Hl-NWVR (DMSO-d6) : 7.38-7.08 25 (7H), 7.01-6.85 (3H),
6.71 (1H), 5.52 (1H), 5.21 (1H), 4.88 WD 99/65870 PCTI BS99/ 13744 125 4.70
(2H), 59, 99 (2H), 3.88-3.46 (8H), 3.13-2.64 (5H), 2.57- §1§5 (1H), 2.01-1.17
(10H)."LCVS(ESI): 648 (MtH). Step 22 5 OFh OO (

(3R, 3a8S, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(1S,2R)-3-[[(3-
aminophenyl) sulfonyl] (cyclopentyloxy)amino] -1-benzyl-2-
hydroxypropylcarbamate (1) and

10 (3S,3aR, 6aS) hexahydrofuro{2,3-b] furan-3-yl N-(1S,2R)-3-[[(3-
aminophenyl)sulfonyl] (cyclopentyloxy)amino]-l-benzyl-2-
hydroxypropylcarbamate (2) as a white lyophile. A mixture
of (3R,3a8,6aR) + (35,3aR,6aS) hexahydrofuro([2,3-b]furan-3-
yl (4-nitrophenyl) carbonate (211 mg, 0.716 mmol), 3-amino-

15 N-[(2R,35)-3-amino-2-hydroxy-4-phenylbutyl]-
(cyclopentyloxy)-1l-benzenesulfonamide (Step 1, Example 27),
(100 mg, 0.239 mmol), and N,N-diisopropylethylamine (166.4
ML, 0.955 mmol) were combined in approximately 3 mL of
acetonitrile and stirred at ambient temperature under an

20 Argon atmosphere for approximately 18 hours. The reaction
mixture was evaporated in vacuo and purified on two
preparative silica TLC plates (20x20 cm, 1000 uM) eluting
with 93:7/methylene chloride:methanol. The product band was
removed, eluted with 4:1/methylene chloride:methanol,

25 filtered, and evaporated in vacuo. The residue was
partitioned between 1IN NaOH and dichloromethane. The layers
were separated and the agueous layer was extracted with

dichloromethane. The combined organic layers were dried



ANRHI SO nethylamne_NSO OH 2 nethanol H-HOCH3 N NHCH3 OHO HOH
ORRONHand 0 .-"HO H ~H (32)

(3R, 3aS, 63V PY6s8Hy dr of uro[ 2, 3-b] furan-3-yl N-((1S, 2R)-1- 1BCT/US99/13744
benzyl - 3- (cycl opent yl oxy) [(3- [ 2- (et hyl ami no) - 2 ]
oxoet hyl ] am nophenyl ) sul f onyl ] am no- 2- 12gdroxypr opyl ) car bamat e and

(3S, 3aR, 6aS) hexahydr of uro[ 2, 3- b] furan-3-yl

N-((1S, 2R) - 1- benzyl - 3- (cycl opentyl oxy) [ (3-[ 2-

(et hyl am o0 ¥ 2amixpat dnys ]m@mmmhﬁmysh)]siﬂﬁ@,nyﬁ]]atréﬁ‘mi 2add evaporated in
hydr oxypr o‘pgl%car bamet e. | ution of 50,0 (0.0770 mml) of a1l : 1
m xture of ~HefhytrC 2 %%am[ [ﬂ@lﬁ‘l’%@jm P [dl(%ﬁe%%izéne%sdwe xahydr of ur o
[2, 3-Db] fﬂeﬁmréteylmyyﬂmﬁétmﬁmdfﬁﬂIﬂﬁk&&dwﬁﬂﬁbﬁéﬁbgraphy [Chiralpak

phenyl but 1% cl ope | o y% m suI fon | ani | i no) acetate 20 and net hyl
2- (3- @ R o g &R XHR/dr of ut gV /21T
b]furaﬁ 3- Iyéﬁxaﬁ}@hfdoom/ltmtm)}a?&mhy&rap@ of/min CO,; 40°C.]. The

am no] sul fonyl anilino)acetate in 5 nL of 2M

phenyl buty cycl opent | ox;
net hyl am ntlell"f( Jsri?rlrggr ed Gt RP {5 PG AAGF G 9 A& tBeE Hours t he

sol ution Vhﬁét@r@ﬁ‘mnttfﬂﬁ@dvds'\ Shpaaiteant, thedesidue s 8 %41& qfdash
chromat ogr a % (silica gel, 97:3 Et OAc/ MeCH) to afford 38 ng (7 6% of the

WD 99/ 658 PERT ALY LY PrRParfdsied It cludbode a v%}het efashiat MasNvR

(CDC13) : ﬂy&ﬁhﬂﬁiﬁéd(ﬂﬂdﬁ1aé%8g%f%g¥iézgﬁd WBrl8 (¢ %ng' :5.18 (1H), 5.06
4 09-3 60 (7H), § 28-2°78 (81, 2.00-1 47 (104 . M

(1H),
(ESl)IO 6473 ,\;4,44; 6B NEirofuro (2, 3-b] furan-3-yl N-( 15 2R)-3-[[(3-

amlnophenyl)sulfonyl](cyclopentyloxy)amlno]—l—benzyl—Z-

hydroxypropylcarbamate (1) as a white lyophile (18 mg, 13%).
The fraction containing the diastereomer possessing a longer
retention time was evaporated in vacuo to a residue and then

15 purified again by preparative TLC as above. The product was
lyophilized from acetonitrile and water to provide
(BS,BaR,6aS)hexahydrofuro[2,3—b]furan—B—yl N-(1S,2R)-3-[[(3-
aminophenyl)sulfonyl](cyclopentyloxy)amino]—l—benzyl—2~
hydroxypropylcarbamate (2) as a white lyophile (18 mg, 13%).

20 1 H1-NMR (methanol-D4) 1.62 {(m, 10H), 2.52 (m, 1H), 2.88
(m, 2H), 3.10 (m, 2H), 3.62 (m, 2H), 3.76 (m, 3H), 3.87 (m,
1H), 4.81 (m, 1H), 4.90 (m, 1H), 5.55 (d, 1H), 6.93 (m, 1H),
7.02 (m, 1H), 7.08 (m, 1H), 7.14 (m, 1H), 7.21 (m, S5H).
MS(ESI): 598 (M+Na).

25 2 H1-NMR (methanol-D4): 1.73 (m, 10H), 2.57 (m, 1H), 2.93
{(m, 2H),1 3.09 (m, 2H), 3.46 (m, 1H), 3.79 (m, 5H), 4.84 (m,
2H), 5.57 (d, 1H), 6.92 (m, 1H), 7.02 (m, 1H), 7.09 (m, 1H),
7.20 (m, 6H). MS(ESI): 598 (M+Na). ’

3C Example 32
Step 1:



5 Exanple 33 O 1Ph ' aqueous fornal dehyde, THE 0--0 ~ N OR N H 'sot 4A
nol sieves NaBH(OAc)3 S NSO2 OH 6N CH3 N, NH2 NCH3 HH HOHOoO R=o0
"ioand 0 WOM6597B1 (33) 10 (3R, 3aS, 6aR) hexahydr of ur o[ 2, 3- FIGTSAH13T44 1
N-((1S,2R)-1- benzyl -3-(cycl opentyl oxy)[(3-]2- :
(di met hyl am no) et hyl ] am nophenyl ) sul f ony4 | am no- 2- hydr oxypropyl ) car bamat e
and (3S, 3aR, 6aS) hexahydrofuro[ 2,3 15 b]furan-3-yl
N-((1'S, 2R) -1 -benzyl - 3- (cycl opentyl oxy) [ (3-[2-
(di met hyl am no) et th,II ] am nophenyl ) sul fonyl ] anmi no- 2- hydr oxy yl ) car banat e.
A sol uti on ofo 65 ny (%rrrml) of a 1:1 m xture gf (Q}R@S, 6aR) :
hexahydr of ur dl_ Z,Q3{-h.]N' ur aA<3- Yl v bomaRetafs [ $3MN. 20
[ (2- ami noetfhyl Namifio] phsoyl sul f y) ami
1- benzyl - 2- hydr oxypiropyllcar bamat e BN, (BBA, 88%, 6aS) h ydrofuro [2, 3-b]
furan-3-yl N (1S, 2R [ (3- OCH
[ (2-am noet hyl ) am no] sul fonyl ) (cycl opent yl oxy) am 3
1- benzyl - 2- hydr oxypr opyl car te (see exanple 83), 0.050 nH 2% (0.55 nmol)
of 37% aqueoug, feryal dehydeH end 0.117 g (0.550 nmol) of NaBH (OAc) 3 was
treated with 0850\g of powdgred 4A nolecular sieves and the mixture was
stirred aft R1Q™ A efo V9955 / US99/ 13744

H

methyl 2-(3-[[(2R,38)-3-([(3R,3as, 6aR) hexahydrofuro[2,3-
b]furan-3-yloxylcarbonylamino) -2-hydroxy-4-

5 phenylbutyl] (cyclopentyloxy)amino]sulfonylanilino)acetate
and methyl 2-(3-[[(2R,38) -3-([(3S,3aR, 6a8S) hexahydrofuro[2, 3-
blfuran-3-yloxy]carbonylamino) -2-hydroxy-4-
phenylbutyl] (cyclopentyloxy)amino]sulfonylanilino)acetate.
A solution of 0.500 g (0.869 mmol) of a 1:1 mixture of

10 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—B—yl N-((15,2R)-1-
benzyl-3-(cyclopentyloxy) [ (3-aminophenyl) sulfonyl]amino-2-
hydroxypropyl)carbamate and (3S,3aR, 6aS)hexahydrofuro(2, 3-
bl furan-3-yl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
aminophenyl)sulfonyl]amino-2-hydroxypropyl)carbamate (see

15 example 31), 0.250 mL (2.61 mmol) of methyl bromoacetate,
and 0.450 mL (2.61 mmol) of N,N-diisopropylethylamine in 5
mL of anyhydrous DMF was stirred at 80° C for 18 hours. The
solution was cooled to RT and concentrated in vacuo. The
residue was dissolved in ethyl acetate. The solution was

20  washed with saturated aqueous brine (3x), dried over
anhydrous MgSO,, and concentrated in vacuo. The crude
product was purified by flash chromatography (silica gel,
97:3 CH,C1l,/MeOH) to afford 0.50 g (89%) of the desired
product as a light yellow foam. H1-NMR (DMSO-dg): 7.38-7.08

25 (7#), 7.01-6.85 (3H), 6.71 (1H), 5.52 (1H), 5.21 (1H), 4.88-



127 stirring at RT for 18 hours, tlc (silica gel, 9:1 CH2d 2/ MeOH)

i ndi cated conplete loss of starting material at Rf=0.05 and two new
conponentWOR0/65¥¢0. 31 and 0.63. The reaction m xture was PGIV4YSEP/EH44nd t he
filtrate concentrated 5 to dryness. The residue was dissolved in CH2C12.
The solution was washed with saturatet2agueous NaHCO3 (3x), dried over
MySO4, and concentrated in vacuo. The crude product was subjected to flash
chromat ography (silica gel, 95:5 to 90:10 CH2C12/MeOH) to afford 14 ny
(20% of t4h§01G2Rf 033]99pr(@d1uct 3a$8a 3whict € stigams . I1II3—I§IVI€4( @Bg13) 2:..57-37-7. 11

2185?) 3743(}(§ %1%3222%&%}((1%%10% gé §é@% .Séi-: f%%o %‘M)-. LEE/B((“I;)SI)

647 (MtH) . 15 Exanpl e 34 O Ph R-N N O aqueous formal dehyde, THE S N o H
' S02 4A mol, g)l %ves NaBH(OAc)3 ? "sot OH H ~NH2 cti NN\N.CH3 HOHOY,-/
R= O0'1/0and 0'\)*O H (34) (3R 3aS, 6aR)hexahydrofuro[2 3-b]furan-3-yl
N-[(1S,2R)-1- 20 benzyl -3-((cycl opentyl oxy)[3-(3-nmethyl -i

i m dazolidinyl)p nyI ] sul f onyl am no) - 2- hydr oxypropyl ] carbamate and

(3S, 3aR, 6aSphe ydro u_@ 3- b]furan-3-yl
N[ (1S, 2R)ﬂi g}y—@’(( | opent yl oxy) [ 3- ( 3-

met hyl -i - fmi zo I di ngb) phenyl ] sul f omekrEmek- 2 25 h%/d’?' %propyl ] car bamat e
A sol ution of 65%0 0.110 mmol) 'o‘[—-a—-i-'—l—lmture of 3aS, 6aR)
hexahydrofuro [2, 3- uran-3-yl N [EEIENSR) 3.

”/\(r)rOCHa H/\n/NHCH3

o 0
H @CO
= 9w a
@] 70 nd 0] 7 e
H H

(3R, 3as, 6aR) hexahydrofuro[2,3-b]l furan-3-yl N-((1S5,2R) -1~

(32)

10 benzyl-3-(cyclopentyloxy) [ (3- [2- (methylamino) -2-
oxoethyl ]Jaminophenyl) sulfonyl Jamino-2-
hydroxypropyl) carbamate and (3S,3aR, 6aS)hexahydrofuro[2,3-
b} furan-3-yl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-[2-
(methylamino) -2-oxoethyl Jaminophenyl) sulfonyl Jamino-2-
15 hydroxypropyl)carbamate. A solution of 50.0 mg (0.0770
mmol) of a 1:1 mixture of methyl 2-(3-[[ (2R, 38)-3-
([ (3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-
vloxylcarbonylamino)-2-hydroxy-4-
phenylbutyl] (cyclopentyloxy) amino]sulfonylanilino)acetate
20 and methyl 2-(3-[[(2R,38)-3-([(35,3aR, 6aS)hexahydrofuro[2, 3-
b]furan-3-yloxylcarbonyl amino)-2-hydroxy-4-
phenylbutyl] (cyclopentyloxy)amino] sulfonylanilino)acetate
in 5 mL of 2M methylamine in MeOH was stirred at RT in a
sealed tube. After 4 hours the solution was concentrated in
25 vacuo and the residue subjected to flash chromatography

(silica gel, 97:3 EtOAc/MeOH) to afford 38 mg (76%) of the



WD 99/ 65870 PCTI US99/ 13744 - 128

[ (2- am noet hyl ) am no] phenyl sul f onyl ) (cycl opent yl oxy) am no] -

1- benzyl - WOBe@s8Ry pr opyl carbamate and (3S, 3aR, 6aS) hexal‘BﬂWﬁ%ﬂé”EZ 3- b]
furan-3-yi N (1S, 2R) -3- [ (3-

[ (2- am noet hyl ) am no] phenyl sul f onyl ) (€y2®pent yl oxy) am no] -

1- benzyl - 2- hydr oxypr opyl carbamate (see exanple 83), 0.050 n1_ (0.55 mmol ) of
37% aqueous formal dehyde, and 0.117 g (0.550 mol) of NaBH(OAc) 3' was
treated mjdh5@r£50pg0dhcpoadeaedhdée fobkrcularNMRevescand: tTmEJﬁWIaUe

stirred at Af te ti ri 0 a.gel, 9:1 .10
CH2C12/ Me ( |%dl tgat%t(a)d%cS%pI gﬁé 85%80?5%% E Eé} ?m él’l gﬁ g ?%g (5165 and
two new coAp6herttd) at 4R0993350amaﬁo) 63.2Fhe. 78ea8H) pnztmxwrmwasom ltered
and the filtr co The residue was dissolved in
S BT B TR S W RS e 15

CH2C12. The ion ated aqueous NaHCO3 ( 3x),

dried dver MgSH, and concentrated in vacuo. The crude product was

subj ected to flash chronmat ography ( |I|c gel, 95:5 to 90:10 CH2C12/ MeOH)
to afford 20 ng (28% of the Rf=0. as a white foam H -NWR

(CDC13) : 7. 40 7.01 (8H) 6.88 (1H), 6.70 (1H), 5.62 (1H), 5.06-4.73 (3H),
4.21 20 3.39 (7H), 3.23-2.62 (10H), 2.52 (3H), 1.93-1.20 (10H). LCMB (ESI)

. 645 (NHH)()EX |l e 2@ 0O NO--0 1060 R H sot TFA, CH sot OHDb'N
HH COO—I H agduepu® formaldehyde, THF §—N
302 4A mol sieves NaBH(OAc); *so,
o
NH
/\/ 2 m/\/N\CH3
H, O H O
H 4
(33)
10

(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-((158,2R)-1~
benzyl-3-(cyclopentyloxy) [ (3-[2-
(dimethylamino)ethyl]aminophenyl)sulfonyl]amino—Z—
hydroxypropyl) carbamate and (35,3aR, 6aS) hexahydrofuro(2, 3-
15  blfuran-3-yl N-((15,2R) -1-benzyl-3-(cyclopentyloxy) [ (3-[2-
(dimethylamino)ethyl]aminophenyl)sulfonyl]amino—Z-
hydroxypropyl) carbamate.
A solution of 65.0 mg (0.110 mmol) of a 1:1 mixture of
(3R,3aS,6aR)hexahydrofuro[2,3—b1furan—3—yl N-(15,2R)-3-[(3-
20 [(2—aminoethyl)amino]phenylsulfonyl)(cyclopentyloxy)amino]—
l-benzyl-2-hydroxypropylcarbamate and
(35, 3aR, 6aS) hexahydrofuro (2, 3-b] furan-3-y1l N-(15,2R)~-3-[ (3~
[(2—aminoethyl)amino]phenylsulfonyl)(cyclopentyloxy)amino]-
l-benzyl-2-hydroxypropylcarbamate (see example 83), 0.050 mL
25 (0.55 mmol) of 37% aqueous formaldehyde, and 0.117 g (0.550
mmol) of NaBH(OAc)s; was treated with 0.150 g of powdered 4A

molecular sieves and the mixture was stirred at RT. After



2 5 H~~H (35 WD 99/65870 PCT/US99/ 13744 - 129 2-2- (3- [ [ .(2R 39

-3- ([ (3R 3aS, 6aR) hexahydrofuro [2, 3-b] furan-

3- yl oxy] cWiOR96§878mi no) - hydr oxy- 4- phenyl but yl ] (cycl opent yIREEYSIAMIHHS]

sul fonyl anilino)acetic acid and 2-2-(3-[[(2R, 3S)-3-([(3S, 3aR, 6aS) )

hexahydrof uro[ 2,3 5 b]furan-3-yl oxy] ealkdnyl am no) - hydr oxy- 4-

phenyl butyl ] (cycl opentyl oxy) am no] sulfonylanilino)acetic acid. A

solution of 0.218 g (0.316 nmmol) of a 1:1 mxture of tert- butyl 2-(3-[[

E]Z]Ic? 39) 3-§t-iz(zfu(cjsFat Ealf,fc@aﬂ)s Zhe:qhadfs/d ,drta]fcu4r osjEZi.cal’S gie{)l,l 9:1 I \
uran- 3- arbon m_ np) - 2- oxy-4- epyl pu cyc) opent yl oxy

ani noj sulél%%)i %aqun {)gﬁo¥%§%f%€%d %ﬂ%p{%%(%/-bﬁf’glOg-fgéf%/f%%{%%%@gl JE s,

3aR, 6aS) Ryee@al@%d rofuterof ﬁ,ew3cb}npblthl’e&lﬁs3-aty IRQ:XQ] sar Hrayd aes no) TRe hydr oxy- 4-

15 phenyl but cl opent yl ox m no Q ilino)acetate (see exanple

30) in5 Mo éj@ﬁ}zl 12’9%15&/“ atfe]tajl tg%/ afinjltﬁi%ercf‘acl%i‘?rb a?%edje After

stirriBg ato I:arrjrmssz homtes xtds,ndl(eslwamimommame/cﬁtz@ﬁg) i migle cat ed

conplete loss of startin terial and the formation of a new nore pol ar

20 productSOHtHe ¥bIMAT o dbridentaatiéd 6 ammtamts HdiCGedPdlie was

di ssol ved di & Nyt g o, ugB ot BHREL2 aaRd tlbyeva%%utl @Rcaddadedropwi se to
rapidly stirred 4:1 hexane/ et her. An off-white solid preci pitated which

was col | e@RERFURE a3 tsRIasi ashddrfileh ehemaed-ogiasin=0(sig3 ap (0820) .

H - NVR 25 7 3 d 46 (1
5.16 (1H) ,9(5?\%?&6%05 l(ozk(ﬁgréd pze éég’;%to?agoé&g%i J %o?%(6 l_{”@fst%eg (1;)')

1.91- 1004 RerOHPL REBOEESK) as eswhen@rwoaasa HiNMR. (EREAP) & BE3750. Step 1:
(8H), 7.10-6.90 (2H), 6.85 (1H), 5.62 (1H), 5.18-4.89 (2H),
4.79 (1H), 4.00-3.49 (5H), 3.32-2.60 (10H), 2.38 (6H), 1.94-
1.40 (10H). LCMS(ESI): 647 (M+H).

15 Example 34
N O aqueous formaldehyde, THF g_N’O_O
*so, 4A mol sieves NaBH(OAc); 'S0,

©\ A NH @\ /\N‘CH3

N

(34)

(3R, 3a8, 6aR) hexahydrofuro[2,3-b]furan-3-yl N-[(1S,2R)-1-
20  benzyl-3-((cyclopentyloxy) [3-(3-methyl-1-
imidazolidinyl)phenyl]sulfonylamino)-2-
hydroxypropyl]carbamate and (3S,3aR, 6aS)hexahydrofuro[2, 3-
b]furan-3-yl N-[(1lS,2R)-1-benzyl-3-((cyclopentyloxy) [3~-(3-
methyl-l-imidazolidinyl)phenyl]sulfonylamino)-2-
25 hydroxypropyl]carbamate
A solution of 65.0 mg (0.110 mmol) of a 1:1 mixture of
(3R, 3aS5, 6aR) hexahydrofuro([2,3-b] furan-3-yl N-(15,2R)-3-[(



WO 99/ 65870 PCT/ US99/ 13744 130 O Ph O OSS RYLNN, nethyl bronpacetate
NS02 HSOQ2 OHDW, DIEA, 80C | N- N2 HHOHO R= 0 11/0 and 0 0O H ~H
met hyl 2-YVO-P[EFYR 3S) - 3- ([ (3R, 3aS, 6aR) hexahydr of ur o[ 2, 3- PCT/US99/13744

b] f ur an- 3-yl oxy] car bonyl am no) - 2- hydr oxy-4- 5

phenyl butyl ] (cycl opentyl oxy) am no] sul- a8 ani | i no) acet at e and net hyl
2-(3-[[ (2R, 3S)-3- ([ (3S, 3aR, 6aS) hexahydr of ur o[ 2, 3-

b] f ur an- 3-yl oxy] car bonyl am no) - 2- hydr oxy-4- phenyl butyl ] (cycl opentyl oxy)
am no] sul f 6Ayémbindénoyhcehate] pﬁhesxmj/mmbfbmyln SROL g €10t B6Ox ynaxh)n@f-a 1: 1

m xt ure of R hex ofuro 3-b] furan-3-yl N ((1S,
2R) -1- benzy% %S?‘gzcygllq‘gpen’%li)> %rd%m n%%hen?/l ) sul fonyl ] am no- 2-
hydr oxypr op?S) 38Ry GW&ahgyldf@ﬁArcSaR 3-GaSjurex-ahydl afuros[2r) 33-
b] f ur an- 3- h\ S 1- benz e 0X
am nophenyr u"f‘é"g 9?%%%’& %W%%%%%Mﬁ@ay@ﬁ%?%%ﬁwm% 31),
NN i § Sopt gyl eLbyl A poi i 5 L oF byt e, DVE s St177ed &) 80C |

i 1 sopropyl et n of _an r.ou s stirred at or
18 hour o " THEY® S T orE vl BT of R STt e 1 h §atimsThe
resi due wasmdl BS@fvre@IBm rozectmwaacetaaemmgtﬁob utsongvwas gowrasbgdsmi th
saturated aq eou bri ne % dried over anhydrous SO4Ar and concentrated

in vacuo. ThecTride SPTETciife L ot i by FiERh dhrivhat dYrEshy (silica
gel . 97: 35 C20l2 NeCHIT Lo forch O £0 G4 8991 ofz thel desired product as a

llght %e"8%Qﬁg?ﬂEo§} 1ndléate§> %plete3§ogsogf starting material at
R;=0.05 and two new components at R=0.31 and 0.63. The
reaction mixture was filtered and the filtrate concentrated
to dryness. The residue was dissolved in CH,Cl,. The
solution was washed with saturated aqueous NaHCO; (3x),

15 dried over MgSO,, and concentrated in vacuo. The crude
product was subjected to flash chromatography (silica gel,
95:5 to 90:10 CH,Cl,/MeOH) to afford 20 mg (28%) of the
Rf=0.63 product as a white foam. HI1-NMR (CDCls): 7.40-7.01
(8H), 6.88 (1H), 6.70 (1H), 5.62 (1H), 5.06-4.73 (3H), 4.21-

20 3.39 (7H), 3.23-2.62 (10H), 2.52 (3H), 1.93-1.20 (10H).
LCMS (ESI): 645 (M+H).

ExamEle 35
¢ (7 o0 Wy
R Mso, TFA, CH,Cly N,
H OH > 2
(l 0 E 1
ﬁ/\[o( j< HACOOH

O 0
H H,
R=o0 45 and o 7 YO
25 H H

(35)



25 (7H), 7.01-6.85 (3H), 6.71 (1H), 5.52 (1H), 5.21 (1H), 4.88 WD 99/65870
PCT/ US99/ 13744 - 131 4.70 (2H) 3.99 (2H), 3.88-3.46 (8H), 3.13-2.64
(5H), 2.5WO9/658/0(1H), 2.01-1.17 (10H). LCMS(ESI): 648 ( T/US$Pd74%: 5 O
1Ph DIBAL, THE 0 R~N N so02 -780 to RT -Nso HOHI \ N /JOCH3 N~-,OH OH
HOHOR: ONH and 0 o H'H((36) - 129 -

(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b]furan-3-yl N (1S, 2R)-1- 10

benzyl - 3-[ (cycl opentyl oxy) (3-[ (2 _

hydr oxyet h%rt%-ahaﬂbu tﬂié,r@ﬂf)sw-f bh(fﬂ.a’)‘am,@am hdwatyaieygfuogy X8 Emirasnd
(383aR6)ex (2,3 ura

N- (1S, 2R) - hl Q‘T'@]}b ’féﬁﬂ 4{(2-

hydr oxyet mﬂémmmmyﬂdﬁ&wm@man?o 1 IBEH NG/ )Ca%etar@t e. A

f 0,100 01 ture-of nethy
25 [ L 2RUS) 20 L AEH S S D039 Rl Gt S48 heatoppyaaarrcdi2 , 3-

I aq_)% |t >y cl opent yl oxy) am no]
Zu??g]rlsfi;%ﬁp?drﬁﬂacet at%e)aécg an %él't%]]q% QH@Q%&E 4(2R 3S) -3- ([ (3S, 3aR
6aS) hexahpemyfldnay12, (csfclbjﬁenwioawlmyﬂdj@mmylammaboaawlwy 4

phenyl but yl J.(cycl opent yl oxy) ami no] sul fonyl anilino)acetate in 10 nL of
anhydr ous ‘at -78C was treated with 0.23 nL (0.34 mmol) of 1.5 M

di i sobut ylralssmuyrimrhydr idde 1ign ¢ oloueNn& mmol) of a 1:1 mixture of fert-
butyl 2-(3-[1(2R,35)-3-([(3R,3a8, 6aR) hexahydrofuro[2, 3-

10 blfuran-3-yloxy]carbonylamino)-2-hydroxy-4-
phenylbutyl] (cyclopentyloxy)amino]lsulfonylanilino)acetate
and tert-butyl 2-(3-[[ (2R, 38)-3-

([ (35,3aR, 6a8)hexahydrofuro([2, 3-b] furan-3-
yloxylcarbonylamino)-2-hydroxy-4-

15 phenylbutyl](cyclopentyloxy)amino]sulfonylanilino)acetate
(see example 30) in 5 mL of CH,Cl, was treated with 6 mL of
trifluorocacetic acid. After stirring at RT for 2 hours tlc
(silica gel, hexane/EtOAc) indicated complete loss of
starting material and the formation of a new more polar

20 product. The solution was concentrated in vacuo. The
residue was dissolved in a minimum volume of CH,Cl, and the
solution added dropwise to rapidly stirred 4:1 hexane/ether.
An off-white solid precipitated which was collected by
filtration and dried in vacuo. vyield=0.183 g (92%). H1-NMR

25 (DMSO-de) :  7.25-7.05 (7H), 6.87 (3H), 6.53 (1H), 5.46 (1H),
5.16 (1H), 4.82-4.65 (2H), 3.83-3.23 (7H), 3.08-2.60 (5H),
2.38 (1H), 1.91-1.04 (10H). MS(ESI): 634 (M+H), 656 (M+Na).

Examgle 36
30

Step 1:



25 by dropw se addition. The solution was allowed to warmto

RT. The

reaction progress was nonitored by tlc (silica gel, hexane/EtQAc). Two
addi ti onaWOPI®S8TH. al i quots of DI BAL WO 99/ 65870 PCT/ US99/RGXU$P9/1373%
solution were added at 1 hour intervals (cooling the reaction vessel to

-78C each tine) to induce conplete | ossl3®f-starting nmaterial.

After 2

addi tional hours the reaction mxture was mxed with 25 nlL of saturated
pot assi um sodi um 5 tartrate and stirred vigorously for 30 m nutes. The

mxture was diluteg with er and extracted wth CH2C12 ( The
conbi ned extr ts wer e V\@ 1 W|th wat er (3x), dried pveP drous MySO4,
and concentr emeq BesIn oddstafe ed _yN~f |.as

6.92 (1H), 5. -4 88 (2H), 4.81 (1H), 3.96-
(2H), 322259(6H) 0(10H) LCMS(ESI): 620 (R

Ph p O NO ~ R~-N |sobuty chlorofornate S02 H CH 02 DIEAH
et hanol am ne IHHO

chronatogra y SI| g 2 99 af for g
the desired pr oducto"és whit e fod?iMFHPJMRSQ 13)

G55 ng (26% of
40-7.03 (10H),
£ (8H).

E)%aFrpl e 37

H(01 0~-0O O HOH O\ J R= O NH and O o

H'H (37) B hy rofuro[2 3-b] furan- 3- y1 N (1S, 2R) - 1-
cycti op

benzyl -

methyl 2-(3-[[(2R,3S)-3-([(3R,3aS, 6aR)hexahydrofuro[2, 3-

b]furan-3-yloxy]carbonylamino) -2-hydroxy-4-

5> phenylbutyl] (cyclopentyloxy)amino]sulfonylanilino)acetate

10

15

20

25

and methyl 2-(3-[[(2R,38)-3-([(35,3aR, 6aS)hexahydrofuro[2, 3-
b]furan-3-yloxy]carbonylamino) -2-hydroxy-4-

phenylbutyl] (cyclopentyloxy)amino] sulfonylanilino)acetate

A solution of 0.500 g (0.869 mmol) of a 1:1 mixture of
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-((15,2R)-1~
benzyl—B—(cyclopentyloxy)[(3—aminophenyl)sulfonyl]amino—Z—
hydroxypropyl) carbamate and (35,3aR, 6aS) hexahydrofuro(2, 3-
b]furan-3-yl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
aminophenyl)sulfonyl]amino-2-hydroxypropyl)carbamate (see
example 31), 0.250 mL (2.61 mmol) of methyl bromoacetate,
and 0.450 mL (2.61 mmol) of N,N-diisopropylethylamine in 5
mL of anyhydrous DMF was stirred at 80°C for 18 hours. The
solution was cooled to RT and concentrated in vacuo. The
residue was dissolved in ethyl acetate. The solution was
washed with saturated aqueous brine (3x), dried over
anhydrous MgSO,, and concentrated in vacuo. The crude
product was purified by flash chromatography (silica gel,
97:3 CHC1l,/MeCOH) to afford 0.50 g (89%) of the desired
product as a light yellow foam. HI1-NMR (DMSO-dg): 7.38-7.08
(7H), 7.01-6.85 (3H), 6.71 (1H), 5.52 (1H), 5.21 (1H), 4.88-



oxoet hyl (i sobut oxycar bonyl ) am no] phenyl sul f onyl ) am no] - 2-

hydr oxypr opyl car bamat e and (3S, 3aR, 6aS) hexahydr of uro[ 2, 3- b] furan- 3-yl

N- (1S, 2R)WO-B58791 - 3- [ (cycl opent yl oxy) (3-[2- 25 [(2- hydr oBEV¥SPPAHHE no] - 2
WD 99/ 65870 PCT/ US99/ 13744 - 133 )
oxoet hyl (i sobut oxycar bonyl ) am no] phernytisul fonyl ) am no] - 2-

hydr oxypr opyl car banate. A solution of 60.0 ng (0.0947 nmml) of a 1:1

m xture of 2-2- (3- [ [ (2R 3S) -3- ([ (3R, 3aS, 6aR) hexahydrofuro [2,
3-b] furam 3G {@ARxy]THDOBH )aM NEsBy.drioxisH -, plrend-tauted | (say)cl epem-yl oxy)
am no] sul f ani.lin et. Ci nd 2-2:(3-1J-(2R -3- ([ (3S, 3aR 6aS)
hexahydrofél}?yoé [gl,hbg-g%' urldﬁ-g-%%gay] c&f%%é?n%[sll)' 6221%) (%HH()‘

am no) - hydr oxy- 4- phenyl but yl ] (cycl opent yl oxy) am no] sul fonyl anilino)acetic
acid (see rrpj_e 35) in 3 nL of 10 anhydrous DMF at OC was treated with
0.033 nL . nmol ) of N, N-diisopropylethylamne followed by 0.025 nL
(0.19 S5Snmmol ) of isobutyl chlorofornmate. After stirring at 0C for 15

m nut es the reackk_(l)_n was treated with 3 drops (excess) of ethanol an ne.
After warnmiog t ag;i@iﬂrringfor 18 hours 15 the scfl_@on was

concent r at e,dl\tjﬂlijré\ss. e ’'resi d@?‘&agHFpuri fied sy T] chr omat ogr aphy
(silica gdl, ®3: 2/ MeOH) to /&t B’r%T6$rrg (90% ‘s, t he desired
conpound as a whlte am H1-NVR (DMSO-d6)“: 8.05 (1 7.80 (1H), 7.69
(1H), 7.63-7.50 (2H)|, 1 24-7.Q2 (5H), 6.96 (1H), 5.4 (1H), 5.21 (1H),

4.80-4.67 (2H), 4.63 f\ﬁ%’*a(lH), 4.20 (2H), 3. ~QONEY  3. 10
(2H), 3.05-2.35 (8H), 1.88-% 10 (11H), 0.90-0.72 (6H). LEMS (ESI) : 777

(MtH) . Exanpl e, 25 St epH/l(:; OH, T TFAH2ZN~, N =
R= “//o and ?ji;)‘o
H H

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(1S5,2R)-1-

(36)

10 benzyl-3-[(cyclopentyloxy) (3-[(2-
hydroxyethyl)amino]phenylsulfonyl)amino]-2-
hydroxypropylcarbamate and (3S,3aR, 6aS)hexahydrofuro[2,3-
blfuran-3-yl N-(1S,2R)-1-benzyl-3-[{(cyclopentyloxy) (3-[(2-
hydroxyethyl)amino]phenylsulfonyl)amino]-2-

15 hydroxypropylcarbamate. A solution of 0.100 g (0.154 mmol)
of a 1:1 mixture of methyl 2-(3-[[(2R,3S)-3-

([ (3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-
yloxy]carbonylamino)-2-hydroxy-4-
phenylbutyl] (cyclopentyloxy) amino]sulfonylanilino)acetate

20 and methyl 2-(3-[[(2R,35)-3-([(35,3aR, 6aS)hexahydrofuro[2, 3-
b] furan-3-yloxy]carbonyl amino)-2-hydroxy-4-
phenylbutyl] (cyclopentyloxy)amino] sulfonylanilino)acetate
in 10 mL of anhydrous THF at -78°C was treated with 0.23 mL
(0.34 mmol) of 1.5 M diisobutylaluminum hydride in toluene

25 Dby dropwise addition. The solution was allowed to warm to
RT. The reaction progress was monitored by tlc (silica gel,

hexane/EtOAc). Two additional 0.30 mL aliquots of DIBAL



NO2 0-1-10 WD 99/65870 PCTI US99/ 13744 - 134 (1S,2R) -1-benzyl-3-

(i sopropyloxy) [ (3- nitrophenyl)sulfonyl]am no-2- hydroxypro | am ne
trifluorod¥@pyes8¥hlt. tert-Butyl-N-((1S, 2R -I-benzyl - CQXJS99/13744

(i sopropyl oxy)[ (3-nitrophenyl) sulfonyl]amno-2 5 hydr oxypropyl ) car bamat e
(1.37 g, 2.62 mmol) was dissolved in -CH2€12 (50 m ). Trifluoroacetic acid
(10 nL) was added at OCwth stirring and the reaction was stirred 2h at
room tenperature. The solvent was renoved by evaporation and was keeped
under vacumlm@rpwmhﬁctadm wded wicroutn tEGvaudrs ficeatliion. thstep 2: 0 O
~N N'O H HO N02 O

(3R 3aS, 6aR) Vc?ﬁﬁﬁ’d{ ztostﬂ7f%9aﬁa9h Fime|| sooRpdpce complete loss

benzyl - 3- [QHSQﬁﬁQﬂMhQ%ﬁ%hkﬁﬁﬁﬂﬁro@ﬁ%@ilbs%bngibk%q'%%u%s the reaction
hydr oxypr opyl carbarrate (1S, 2R) - 1- benzyl -

(i sopr opyl u(r§ e %ﬁ(@ﬁiyﬁ\))lstm fZ@nWL] @,ﬁ ,{f@_tg.rated potassium sodium

hydr oxypr opyrafanet binfd werieaeet iG (3ol s630% 10 300 1) i ned
wi th (3R, 3aS, 6aR) Hexahydr of ur o[ 2, 3% foursaﬁf? -oyl (m?%ﬁuﬁg%pheﬁglle\)l\ﬁgg(rﬁgg%ate

(184 ny, 0YEF MigMteich Waﬁﬁlyéﬁaé@§ a@%@mt(racme)i wnd:@r cazqsnzz at¥rsphéie.
Tri et hyl amdaai4QQ lextrac8 sk Wad%h%@dgrqf:@xnglgtt 2' 8@ was Skirred at

50C for 16 hours. Reaction m xture was | ut e vvashe 25 with
wat er and BHhYEroTise Meb§ani enphesecemsr at ¢@dimi thudh/gSCﬂhanﬂesndiu/@n/tawvas

removed 'ngﬁ%&%@edp%@'%ﬂggh'%Rrgﬁat g?%ﬁh%hr%”?58%ra89y 6309 Et QAc / Hex).

Recovered 204
10 EtOAc/MeOH) to afford 25 mg (26%) of the desired product as

a white foam. HI-NMR (CDCl;): 7.40-7.03 (10H), 6.92 (1H),
5.62 (1H), 5.13-4.88 (2H), 4.81 (1H), 3.96-3.44 (8H), 3.32

(2H), 3.22-2.59 (6H), 1.90-1.20 (10H). LCMS(ESI): 620
(M+H) .

15 Example 37

o~
O g—N\
N ‘5o isobutyl chloroformate SO,
2 DIEA, DMF, ethanolamme i
H
@\ /\n/ N/\"/N\/\OH
0)\0 ©

(37)

20 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(15,2R)-1-
benzyl-3-[ (cyclopentyloxy) (3-[2-[ (2-hydroxyethyl)amino] -2~
oxoethyl (isobutoxycarbonyl)amino]phenylsulfonyl)amino]-2-
hydroxypropylcarbamate and (3S,3aR, 6a8) hexahydrofuro[2, 3-
b]furan-3-yl N-(1S,2R)-1-benzyl-3-][(cyclopentyloxy) (3-[2-

25 [ (2-hydroxyethyl)amino] -2~



(629 of the product as a white foam HPLC showed the WO 99/ 65870

PCTI US99/ 13744 135 nmaterial to be 98% pure; Ret. tinme = 10.10 mn. 1H NMWR
(CDC13): WOs/66%0 1H), 8.46 (m 1H), 8.02 (m 1H), 7.72 (RCTUNP137410.7. 23
(m 5H), 5.58 (m 1H), 4.97 (m 1H), 4.80 (m 1H), 4.94 (m 1H), 4.50-4.55
(m 1H), 3.77-3.96 (m 4H), 5 3.59-3-643%ny 2H), 2.70-2.97 (m 5H), 1.60
(m 1H), 1.45 (m 1H), 1.21 (m 6H). M5 (ESt): Obs MtH @580.1 anu. Step
3: 0Y,o NN HHOOGSNR O Ol / 10 H

(3R, 3aS, 6aRperhatlydisoburtokycarbboyanadinbl Nheh8l2RL{onyl) amino] -2~

benzyl [0 n1nophenyl)sulfonyl]anlno 2-
hydrgxypr%&dfggyﬁgﬁﬁ?é%ggé *3aS, 6aR) Hexahydrofuro [2, 3b]
Luranl - yIB- NoltSon2B)f f?(o mg (0. ﬁ947 mmoﬁg ofla 1:1 mixture of 2-2-

enz I X 3 nltrop en sul f onyl_] am no- 2-

Py oxypr 0591 Qe arist 5T 100 JHn 20 B3 MHBRF"NASAUEA 2 3B ToRERSPNHS (2N
in MeGH. ?Qo&wl&a&@buyu@mlwas E?QQQX%OQ gaengnba@y%qR@&eloﬁagtpyekggenetlon

was performed under. 30 _psi 20 o drogen over 30 m nutes. The catal yst was
r emoved b?mlPPIFP&ﬁPBHl?ﬁﬂéaﬁﬁta§e a8 8fFlideRnfe2-Théd3sdllvaRy 3was3renoved

in vacuo. BQ%%V%%%ﬂ6%% nggﬁ 4}095r5g @LB?¥EEaﬁs33X¥B§&?ca%%@&K§HPLC

showed the material to be 98% pure: (CDC13):
7 09 7. 24 apEnod Hhydy 089 - GsphﬁﬂyleSY6J84yehpp$HWylSX58amdn01FD 4.97 (m

271 5 18 T ey A 1oBR Eokem 4 A la Toly ThNE TESHT ot whH

@55012 aamhydrous DMF at 0°C was treated with 0.033 mL (0.19 mmol)
of N,N-diisopropylethylamine followed by 0.025 mL (0.19

mmol) of isobutyl chloroformate. After stirring at 0°C for
15 minutes the reaction was treated with 3 drops (excess) of
ethanolamine. After warming to RT and stirring for 18 hours
15 the solution was concentrated to dryness. The residue was
purified by flash chromatography (silica gel, 93:7
CH,Cl,/MeOH) to afford 66 mg (90%) of the desired compound
as a white foam. HI1-NMR (DMSO-d¢): 8.05 (1H), 7.80 (1H),
7.69 (1H), 7.63-7.50 (2H), 7.24-7.02 (5H), 6.96 (1H), 5.47
20 (1H), 5.21 (1H), 4.80-4.67 (2H), 4.63 (1H), 4.56 (1H), 4.20
(2H), 3.82-3.20 (8H), 3.10 (2H), 3.05-2.35 (8H), 1.88-1.10

(11H), 0.90-0.72 (6H). LCMS (ESI): 777 (M+H).
Example 38
25 Step 1:

OH 9%@\
TRAHN AN NO

- N

s o/ \O

©

2



WD 99/ 65870 PCTI US99/ 13744 136 Exanple 39 OH OH OH/ O NS=0O HBO g~I H -
O SOH3C (39) 5 (3S, 3aR, 6aS)Hexahydrof uro[ 2, 3-b] furan- 3-yl - N-((lS 2R) - 1-
benzyl - 3- WQ83/658¥nt yI oxy) (2 PCT/US99/13744

[ (et hyl sul f onyl ) am no] benzi m dazol - 5-yl sul f onyl ) am no- 2- )

hydr oxypr opyl ) carbamate. (3S, 3aR, 6aS)- He3@hydr of uro[ 2, 3- 10
b]furan-3-yl-N-((IS, 2R) - 1- benzyl - 3- (cycl opent yl oxy) am no- 2

hydr oxypr opyl ) carbamate (0.050 g, 0.1 mml) was conbined wth

2- [ (et hyl duisf 2Ry ) abeneybeBzi(irsdpropyboyystk8enyl chloride (0.055 g, 0.2
mml) in anh dr ous nder a_ N2 atnosphere. The resulting :
sol uti on w83 EﬁPH?BWng%@TgliﬁﬂlﬁPl%ob¥959¥@£9?¥%ﬂ?+n%m ne (0.062 m,

0.4 mmol) vwagiraddedacdBecr 8agti onrwas-ghtoyeq-1 o) wasR) L0500 t egper at ur e
and stirred for 24 hours. Reaction mixture was diluted in EtOAc and washed
with sat. NaFERBOPYLSKYKHSSMnAREOBREREL) ©ryhenyl praseonds dried with MySO4
and solwenhya@éxpﬁﬂaw@ @Qrbgmgé 31 ?‘?‘r!;f'ﬁagborgra(g%’ g@sggaamﬁééefﬁvéf&gﬁ%

MeOH Et OAN% Recovered O. t he ite foam =
0.42 (5% Mtzo&é miH Nl\/Fer g:b@%?agengc@w@) (19.7B) ‘(@H jded. 89

1H,d), 7.32, 4-6 5. 67 (1H d 10-4.92 (2H,
o %1H mé %g?éggé%%nssg?%‘?é%% -%E%%“(%F n%él%r%% %h5it(r1$?m ( AA
(1H M. 3temm3m¢sy¢.3. 06 (46 Vnt 30 d- PeBOVEdHYI) o vaApOPatid) afdHyay ,

1.69-1. 44 ﬁé%kg%épkﬁ%g<$Q%E%ﬁ,G?ﬁélpr¥$%§€/9§§785e§j7Q§?9/13744 - 137

Exanpl e 40
10 purification.

Step 2:

15 (3R, 3a8, 6aR) Hexahydrofuro[2,3b]furan-3-yl1-N-(1S8,2R) -1-
benzyl-3-[ (isopropyloxy) [ (3-nitrophenyl) sulfonyl Jamino-2-
hydroxypropylcarbamate. (1S,2R)-1-benzyl-3-
(isopropyloxy) [ (3-nitrophenyl)sulfonyl]amino-2-
hydroxypropylamineetrifluoroacetic salt (305 mg, 0.57 mmol)

20 was combined with (3R, 3as, 6aR)Hexahydrofuro([2,3b] furan-3-yl
(4-nitrophenyl) carbonate (184 mg, 0.62 mmol) in anhydrous
CH3CN (8 ml) under a N2 atmosphere. Triethylamine (400 uL,
2.8 mmol) was added and the reaction was stirred at 50°C for
16 hours. Reaction mixture was diluted in EtOAc and washed

25 with water and brine. The organic phase was dried with
MgS0O4 and solvent was removed in vacuo. Purification by
flash chromatography (30% EtOAc /Hex). Recovered 204 mg
(62%) of the product as a white foam. HPLC showed the



NOHN HNSO I' SOHOO 0 H3C (40) 5

(3R, 3aS, 6aR) Hexahydr of uro[ 2, 3-b] furan-3-yl -N- ((1S, 2R) - 1-

benzyl - 3- WO RY&5BWNt yI oxy) (2 PCT/US99/13744

[ (et hyl sul f onyl ) am no] benzi m dazol - 5-yl sul f onyl ) am no- 2- )

hydr oxypr opyl ) carbamat e. (3R, 3aS, 6aR)Hekahydr of urof 2, 3- 10

b] furan-3-yl-N((1S, 2R) - I - benzyl - 3- (cycl opent yl oxy) am no- 2

hydr oxypr opyl ) carbamate (Step 2, Exanple 54), (0.065 g, 0.2 mmol) was

ggngined mhhheZibF?ebhnbsﬁbéopukkankgglbgmﬁgnkg@@ohOSthsulﬁgnmhﬁchlor;ﬂe
.071 g, O, i n_anhydr qus under a N2 15 at nosphere. e

resul ting gS%Gm' \%agocﬁﬂl et to%@ar‘uﬁf %W ! sopr 8py !Bt hyHet hyt /ani(Re

(0.080 m, 1895 mmwb)7was diegH Tge5ge% qtief)wag ahl Q}ﬁedlﬁﬁ) Var gpt @, room

terrperature and stirred for hour s eactlon m xture was diluted Th

Et OAc andlfashéd®di th. sall) NéH@QB4 65 5NKHSD!, afd7BrBng6 Omgahiic, 20 phase

was dri=d nd | ven Sghepmnve a Pu,i ficagko

pr epar afl v\g1 %Ecw?gc%wggjﬁf 3 t7O\Ig\{lgcg?/e?qu §85 X %H %ﬁgé Ifleaf)rg%hct as

a white fodl  Ri=20. %8, (654 . hlémESﬂAc)obika\WR@(b:@@13)a@uo9 (1H s), 7.69

(1H,d), 7.43 (1H,d), 7.32-7.08 (5H,m, 6.31-6.18 (2H,m, 5.71-5.59 25

(2H, M, 5.10-4.92 (2H M, 4.85 (1H M, 4.00-3.83 (3H, M, 3.82-3.70 (2H m,

3.62-3.51 ieenP; 3.38 (1H, M, 3.31 (3H,s), 3.10 (1H, ), 3.04-2.80 (4H m,

1.92-1.70 (6H, M, 1.69-1.44 (4H n). LRV (M+H) + 694.0. WD 99/ 65870

PCTI US99/ 13744 138 Exanple 41 4 4

10

(3R, 3as, 6aR) Hexahydrofuro[2,3b] furan-3-yl-N-(1S5,2R) -1-
benzyl-3-[ (isopropyloxy) [ (3-aminophenyl) sulfonyl]amino-2-
hydroxypropylcarbamate.

15 (3R,3a5,6aR)Hexahydrofuro[2,3b]furan—3—yl~N—(lS,ZR)— -
benzyl-3-[ (isopropyloxy) [ (3-nitrophenyl)sulfonyl]amino-2-
hydroxypropylcarbamate (100 mg, 0.17 mmol) was added in 10
mL of NH3 (2N) in MeOH. To this solution was added 100 mg
of 10 % Pd/C. The hydrogenetion was performed under 30 psi

20 of hydrogen over 30 minutes. The catalyst was removed by
filtration throught a pad of celite. The solvant was removed
in vacuo. Recovered 91 mg (96%) of the product as a white
foam. HPLC showed the material to be 98% pure; Ret. time =
9.12 min. IH NMR (CDCl3): 7.09-7.24 (m, 9H), 7.00 (s, 1H),

25 6.84 (m, 1H), 5.58 (d, 1H), 4.97 (m, 1H), 4.78 (m, 1H),
4.44-4.48 (m, 1H), 3.77-3.91 (m, 5H), 3.64 (m, 2H), 2.71-

3.10 (m, 6H), 1.44-1.62 (2x m, 2H), 1.17 (d, 6H). MS (ES+):
Obs M+H @ 550.2 amu.



HOH/ I OBn Pd/IC, H HOH O/ I OH NS a 781 ng, 100% oyNS 02 &2 OX 0; O
Ph 0 ~(Ph H (41) 5 (3R, 3aS, 6aR)hexahydrofuro[ 2, 3-b]furan-3-yl
N ( (1S, 2Ryvop9/6eBRIAZzY| - 3- (cycl opent yl oxy) [ (4- hydr oxyphenyl ) RETVERWNI 441 no- 2-
hydr oxypr opyl ) carbamat e. (3R, 3aS, 6aR) hexahydrofuro[ 2,3- b] furan-3-yl N
(1S, 2R) -1-benzyl-3- [ [ 4- (benzyloxydgphenyl]sul fonyl (cycl opentyl oxy)
am no] -2 10 hydroxypropyl carbamate (Exanple 95), (1.4 mmol, 903 ng) was
stirred vigorously with 10% pal | adi um on carbon (200 ng), glacial acetic
acid (2.8 mol, 0.156 nL) and ethykxagsgiatgg (1 nlL) under hydrogen for 20
hours at roomtenperature. The re | filtered and the filtrate
concentrated to 15 produce 781 ng (>99% of a white solid. Rf = 0.2 (1:1
hexanes/ et hyl acetate); Hl1-NMR\(CDCl3): S 7.66 (2H,d), 7.30-7.12 (6H m,
6.93 (2H,d), 5.78 (1H bs), 5| (1H:8), 4.98 (1IH M, 4.81-4.70 (2 HmM,
3.98-3.80 (4H m, 3.80-g454 b N3.15-2.53 (6H, M, 1.85-1.65 (4H m,
1.65-1.35 20 (4 m H MS. QE NHMO 99/ 65870 PCT/ US99/ 13744 139
Exanpl e 420 \I’ﬁz B’ P Br$=OOIBS '' e2 2. HF/CHSCN Q O o Il
OH.. 0" © H3C

Ph H H Q#NO{IH o -"< :

(35, 3aR, 6aS) Hexahydrofuro[2,3-b]furan-3-yl-N-((1S,2R) -1-

(39)

benzyl-3- (cyclopentyloxy) (2-
[ (methylsulfonyl)aminolbenzimidazol-5-ylsulfonyl)amino-2-
hydroxypropyl) carbamate. (3S,3aR, 6aS) Hexahydrofuro([2, 3-

10 Dbl]furan-3-yl-N-((15,2R)-1-benzyl-3-(cyclopentyloxy)amino-2-
hydroxypropyl)carbamate (0.050 g, 0.1 mmol) was combined
with 2-[(methylsulfonyl)aminolbenzimidazol-5-ylsulfonyl
chloride (0.055 g, 0.2 mmol) in anhydrous DMF (1 ml) under a
N2 atmosphere. The resulting solution was chilled to 0°C

15 and diisopropylethylethyl amine (0.062 ml, 0.4 mmol) was
added. The reaction was allowed to warm to room temperature
and stirred for 24 hours. Reaction mixture was diluted in
EtOAc and washed with sat. NaHCO3, 0.5N KHSO4 and brine.
Organic phase was dried with MgSO4 and solvent was removed

20 1in vacuo. Purification by preparative TLC (5% MeOH/EtOAc).
Recovered 0.051 g (62%) of the product as a white foam. Rf=
0.42 (5% MeOH/EtOAc). 1H NMR (CDCl3) 8.09 (1H,s), 7.76
(14,d), 7.39 (1H€,d), 7.32-7.12 (5H,m), 6.54—6.40 (2H, m) ,
5.67 (1H,d), 5.10-4.92 (2H,m), 4.85 (1H,m), 4.00-3.83

25 (3H,m), 3.82-3.70 (2H,m), 3.62-3.51 (1H,m), 3.38 (1H,m),
3.31 (3H,s), 3.10 (1H,m), 3.04-2.80 (4H,m), 1.92-1.70
(6H,m), 1.69-1.44 (4H,m). LRMS (M+H)* 694.1.



Fi ONN CdI'"' S 2 OOOPh (42) 5

(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-y1 N-[(1S, 2R)- 1-
benzyI-S-@ﬂyymB@mentyloxy) [ 4- (2- hydroxyet hoxy) phenyl ] PCT/US99/13744

sul f onyl am no) - 2- hydr oxypr opyl ) carbamate. (3R, 3aS, 6aR) hexahydrofuro [2,
3-b] furan-3-yl N ((1S, 2R -1 10 _ 43

benzyl - 3- (cycl opent yl oxy) [ (4- hydroxyphenyl)sulfonyl]anlno 2-

hydr oxypr opyl ) carbamat e (Exanple 41), (0.13 nmol, 75 ny),

(2-bronoet hoxy) (tert-butyl)di net hyl giLLang«(3ol6 nnnl, 37 ng), potassium
carbonate (0.40 nmml, 54 ng), and a (0.5 nL) were stirred at
roomtenperature for 20 hours 15 under nitrogen. The reaction was warned to
50C for 2 additional hours. reacti on was concentrated under vacuum
di ssolved in ethyl acetate, od mﬁgh distilled water and brine, and
dried over magnesi um sul Nide material was concentrated under
vacuum and t he 20 reﬁult:nglcleJ IZM@N@Purlfled by silica gel flash

chr omat ogr a ¥ 'atq$—®o yield 60 mg (63% of a clear
oil. The res\l i 13l et &t avas themsc’stirred ina 3:1 (CH3CN HF(490))
solution f our and Bnched with a saturated aqueous sol ution of
sodi um 25 bi onate. TR eaction was concentrated under vacuum

di ssolved in ethyl acetate, washed with distilled water and brine, and
dried over magnesium sul fate. The)desired al cohol was crystallized from an
et her/ hexanes sol uti on WO 99/ 65870 PCT/ US99/ 13744 140 vyielding 20 ng
(3999 of white powdery crystals. Rf = 0.1 (1:1 hexanes/ethyl acetate);

H - NVR ( CDE3R), 328, 6aR¥HeZEh@Hrofuro[2,3-b] furan-3-y1-N-((1S,2R) -1-
benzyl-3-(cyclopentyloxy) (2-

-

[ (methylsulfonyl)amino]lbenzimidazol-5-ylsulfonyl)amino-2-
hydroxypropyl) carbamate. (3R, 3a8, 6aR)Hexahydrofurol[2, 3-

10 blfuran-3-yl-N-((15,2R)-1-benzyl-3-(cyclopentyloxy)amino-2-
hydroxypropyl)carbamate (Step 2, Example 54), (0.065 g, 0.2
mmol) was combined with 2-

[ (methylsulfonyl)amino]lbenzimidazol-5-ylsulfonyl chloride
(0.071 g, 0.2 mmol) in anhydrous DMF (2 ml) under a N2

15 atmosphere. The resulting solution was chilled to 0°C and
diisopropylethylethyl amine (0.080 ml, 0.5 mmol) was added.
The reaction was allowed to warm to room temperature and
stirred for 24 hours. Reaction mixture was diluted in EtOAc

and washed with sat. NaHCO3, 0.5N KHSO4 and brine. Organic

20 phase was dried with MgS0O4 and solvent was removed in vacuo.
Purification by preparative TLC (5% MeOH/EtOAc). Recovered
0.051 g (62%) of the product as a white foam. Rf= 0.53 (5%
MeOH/EtOAc). 1H NMR (CDCl3) 8.09 (1H,s), 7.69 (1H,d), 7.43
(1H,d), 7.32-7.08 (5H,m), 6.31-6.18 (2H,m), 5.71-5.59

25 (2H,m), 5.10-4.92 (2H,m), 4.85 (1H,m), 4.00-3.83 (3H,m),
3.82-3.70 (2H,m), 3.62-3.51 (1H,m), 3.38 (l1H,m), 3.31
(3H,s), 3.10 (1H,m), 3.04-2.80 (4H,m), 1.92-1.70 (6H,m),
1.69-1.44 (4H,m). LRMS (M+H)* 694.0.



7.30-7.12 (6H ), 7.01 (2H,d), 5.64 (1H,s), 4.98 (1H, M, 4.85-4.70 (2H M,
4.18-4.11 (2H, M, 4.04-3.76 (7H, M, 3.73 5 3.55 (2H, M, 3.10 (1H, bs),

3. 04- 2. 55w(hdd68370 2. 10 (1H, m, 1.86-1.68 (4H m, 1,.68-lrcugedhsTay ; M

(ESI) : MrH=621. Exanple 43 CH3 \INHzO\/~N,CHB HRHO,p HRHO.O
0 ""OkNV OOAN W Ob- ™ 10 (43) - 13

(3R, 3aS, 6aR) hexahydr of ur o[ 2, 3- b] f ur an- 3- yl N- (1S, 2R) - 3- [[(3-

N, N- di et hyl am nophenyl ) sul fonyl ] (cycl opent yl oxy) am no]

benzyl - 2- hydr oxypropyl car banmate. Agyg e of 58ng (0.1 rriVbI) of (3R 3aS,
6aR) hexahydrofuro [2, 3-b] furan-3-

(1S, 2R) - 3-[ [ (3-am nophenyl ) sul fonyl ] (cycl opent yl oxy) am no] -

1- benzyl - 2- hydr oxypr opyl ear bamat e (Exanple 77) and 0.25 nL f 37%
formal dehyde in 25 niL etég;n ol was treated with ca.10 20 5% pal | adi um
on carbon and hydrogenat 20 m nutes. The t

at_ 508l for ) ur e \Wesy
filtered, evaporated &fd? ped BHCd2 inch Hl ug of S‘P*IH%S%
net hanol - ¢h di vesl Ry, desh 1 ¥oas~aNw e f oam
(30nmg) . 1R NWRY( 13) : 1921 9 (13H), 2.8 ( 7€6H), @5 3.18 (1H),

3.64 (2H), °F 97(4H), £h75-4.95 (4H), 4.99 (195 05.62 (iM) , 6.95 (1H),
7.0-7.4 (8H). M5 (LC-MB) : 604 (NMH+). WD 99/ 65870 PCTI US99/ 13744 - 141
Exanple 44 OBn OH ff OH/ Pd/C, 2 O0HO/ HO NN\ | N y Hy O

5 (3R, 3as, 6aR) hexahydrofuro{2,3-b] furan-3-yl N-((1S,2R)-1-
benzyl-3-(cyclopentyloxy) [ (4-hydroxyphenyl) sulfonyl ]Jamino-2-
hydroxypropyl) carbamate. (3R, 3a5, 6aR)hexahydrofuro[2, 3~
bl furan-3-y1N-(1S5,2R)~1-benzyl-3-[[4-
(benzyloxy)phenyl]sulfonyl (cyclopentyloxy) aminol-2-

10 hydroxypropylcarbamate (Example 95), (1.4 mmol, 903 mg) was
stirred vigorously with 10% balladium on carbon (200 mg),
glacial acetic acid (2.8 mmol, 0.156 mL) and ethyl acetate
(1 mL) under hydrogen for 20 hours at room temperature. The
reaction was filtered and the filtrate concentrated to

15 produce 781 mg (>99%) of a white solid. Rf = 0.2 (1:1
hexanes/ethyl acetate); H1-NMR (CDCli): & 7.66 (2H,d),
7.30-7.12 (6H,m), 6.93 (2H,d), 5.78 (1H,bs), 5.66 (1H,s),
4.98 (1H,m), 4.81-4.70 (2 H,m), 3.98-3.80 (4H,m), 3.80-3.54
(3H,m), 3.15-2.53 (6H,m), 1.85-1.65 (4H,m), 1.65-1.35

20 (4H,m); M.S. (ESI) M+H=577.



SS 0021 Il OHOPh O_ OO0 Ph 02 (44) 5 (3R 3aS, 6aR) hexahydrofuro
[2, 3-b] furan-3-yl N ((1S, 2R -1-
benzyl - 3- {eysleagant yl oxy) [ (3- hydr oxyphenyl ) sul f onyl ] am no-get/ws99/13744
hydr oxypropyl ) carbamate. This conpound was forned (from Exanple 96) under
the same conditions used for 10 (3R _3a§ 6aR) hexahydrofuro [2, 3-Db]
furan-3-yl N ((1S, 2R) -1-
benzyl - 3- (cycl opent yl oxy) [ (4- hydr oxyphenyl ) sul fonyl] am no-
2- hydr oxypr opyl ) car bamat e ( Exanpl e 5 0.2 (1:1 hexanes/ethyl
acetate); H-NWR (CDC13): S 7.43-7: -m-, 7.30-7.10 (8H nm, 6.63
(1H,bs), 5.70 (1H,s), 5.11-4.95 15 (2H M, 4.79 (1H M, 4.03-3.64 (7H M,
3.16-2.79 (6H M, 1.88-1.69 (4H m, 1.69-1.43 (4H m; M (ESI): M-Na=599.
Exanple 45 CH3 / | \ N N NH" 0OOHO,0 000" O o0 9H U 20 (45)
(3R, 3aS, 6aR) hexahydr of ur qf 2, 3- b] furan,doy b (1S, 2R)-3-[[ (3-
N- et hyl am no}ghenyl@ S@Hf ényl cl operwigxé@ am no]-1 25

I

benzyl - 2-h ?pﬁﬁwbé . A nBxtufe of 40ny 69 WO 99/ 65870
PCTI US99/ K37 182 = mvbl ) oof (3R, @%@@ﬁ}d@xahydr o] [2,3-b]furan-3-yl1 N

(1S, 2R) - 3-PEr3<am noﬁh?enyl )sul fonyl'] (cyclopentyl oxy) am ngd~-°~"on

1- benzyl - 2- hydr oxypr opyl car bamat e (Exanple Exafpl &€ 77), D048 mlL (0. 077
mvbl ) of iodonethane and 0.014 nmi (0. 1/5ybIY W%@ yl'ami ne in (1 m. of
di methyl fornmani de was heated to 80C ioed ho The,vol atiles were renoved
in vacuo A °
(42)
5

(3R, 3a8S, 6aR) hexahydrofuro[2,3-blfuran-3-yl N-{(1S8,2R)~1-
benzyl-3-((cyclopentyloxy) [4- (2-hydroxyethoxy) phenyl]
sulfonylamino) -2-hydroxypropyl ]carbamate.
(3R, 3a5, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-((1S,2R)-1-

10 benzyl—B—(cyclopentyloxy)[(4—hydroxyphenyl)sulfonyl]amino—Z—
hydroxypropyl)carbamate (Example 41), (0.13 mmol, 75 mg),
(2-bromoethoxy) (tert-butyl)dimethylsilane (0.16 mmol, 37
mg), potassium carbonate (0.40 mmol, 54 mg), and anhydrous
DMF (0.5 mL) were stirred at room temperature for 20 hours

15 under nitrogen. The reaction was warmed to 50°C for 2
additional hours. The reaction was concentrated under
vacuum, dissolved in ethyl acetate, washed with distilled
water and brine, and dried over magnesium sulfate. The
crude material was concentrated under vacuum and the

20 resulting clear oil was purified by silica gel flash
chromatography (2:1 hexanes/ethyl acetate) to yield 60 mg
(63%) of a clear oil. The resulting silyl ether was then
stirred in a 3:1 (CHsCN/HF(49%)) solution for 1 hour and
guenched with a saturated aqueous solution of sodium

25 bicarbonate. The reaction was concentrated under vacuum,
dissolved in ethyl acetate, washed with distilled water and
brine, and dried over magnesium sulfate. The desired

alcohol was crystallized from an ether/hexanes solution



and the residue was purified by sem-prep CG18 HPLC to gi ve the desired
nono-anne as a white soild (8 ng). 1HNWR (CDC13):1.5-1.9 (13H), 2.75
(1H), 2.8wb&dsstd. 2.99 (3H), 10 3.15 (1H, 3.7 (1H, 3. Pct/okdos13448 (1H)
5.0 (1H), 5.5 (1H), 7.0-7.4 (7H), 7.5 (2H). M5 (LC-M5) : 590 (MH).
Alternatively this material can also_b tained according to the

follow ng nethod: 15 In a dried flask was introduced 1 eq. of (3R 3aS, 6aR)
Hexahydr of uro[ 2, 3b] furan-3-yl -N- (I S, 2R) 1- benzyl -

[ (cycl opent (3 (N ( hyl - t 0 ny.

sul fonyl ] am %9&9% 2390 g?%p Ic%r e‘gﬁﬁgﬁ? &)fy%%%gﬁ %u in 2 nL
di chl ororrekhaneheJ@néﬁrétlspi U&t@@aﬂ\@}s, agdeuvd 20pals)of tor i7f.raoreaceyi c
acid. The reaction was continued at roomtenperature for 45 m n. The

sol vant waé-eVapotat eHiT) + vAclb {oHea® oi P: o4hélBribe Faler{Hi Tas purified

on flash gradessiybdicangg), ehuighg. mthzﬁom(? ethyhgaget @t e7i mhexanes-
Fracti ons containing the roduct were co |ned evaporated 25 in vacuo and

dried @nde?- %?ghz@al&hurﬁt O ptb¥i i) ( 3R 0825 5%aR§HH€e&ah%/dW)f W @), 3]

furan-3-yl 1 Nse{ 1S58 2R ddy, bF“@le34i({3m|xﬁ>Pe%§| %ﬂ(a@ﬁn@ipyl phenyl )
sul f onyl ] am no- 2 hydr oxypropyi carbanate (17 HPLC showed t he
material to be 98% pure; Ret. tinme = 11.0 30 mn Hl NI\/R (CDC13): 7.12-7.35
(m 9H), 5.60 (m 1H), 4.75- 5.10 (ﬂ%@% §70-3.91 (m 6H, 3.54 (m 2H),
3.29 (m 1H), 2.84-3.09 (m 7H), IT18T: m 9H) and LCM5 (ES+), MtH =
590. 2. WD 99/65870 PCTIUS99/ 13744 143 Exanple 46 Step 1 OHO H2N,, N S

OONH N oH,
> ™
H, O 0 He P o
.0 . .0
H & b H 0 6\K:i7

(43)

10

(3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(1S,2R)-3-[[(3~-
N,N-dimethylaminophenyl) sulfonyl] (cyclopentyloxy)amino]-1-
15 Dbenzyl-2-hydroxypropylcarbamate. A mixture of 58mg (0.1
mMol) of (3R, 3aS,6aR)hexahydrofuro(2,3-b]furan-3-yl N-
(15,2R)=-3-[[(3-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-
l-benzyl-2-hydroxypropylcarbamate (Example 77) and 0.25 mL
of 37% formaldehyde in 25 mL ethanol was treated with ca.l0
20 mg of 5% palladium on carbon and hydrogenated at 50PSI for
20 minutes. The mixture was filtered, evaporated and
purified on a 2 inch plug of silica gel (5% methanol-
dichloromethane) to give the desired product as a white foam
(30mg) . 1H-NMR (CDC13): 1.5-1.9 (13H), 2.8 (4H), 2.97 (6H),
25 3.18 (1H), 3.64 (2H), 3.9 (4H), 4.75-4.95 (4H), 4.%99 (1H),
5.62 (1H), 6.95 (1H), 7.0-7.4 (8H). MS: (LC-MS): 604 (MH+).



5 N[ (2R, 3S) - 3-am no- 2- hydr oxy- 4- phenyl butyl ] -N
(cycl opentyl oxy) - 1H benzi m dazol e- 6-sul fonam de. A m xture of tert-butyl

N- ( 1S, 2R)W%‘J9/63‘d’7'0 benzi m dazol _-6- PCT/US99/13744

yl sul fonyl) (cycl opent yl oxy) am no] - 1- benzyl - 2- hydr oxypr opyl car bamat e

(Exampl e 82), (0.500 g, 0.919 mmol) _10143141d_tri fluoroacetic acid (5nL) was
stirred under an Argon atnosphere at aithi ent tenperature for approxi mately
one hour. The reaction was evaporated in vacuo and the residue was
partitioned between i N aqueous sod gr %i de and dichl oronet hane. After
separating the |layers, the aqueous—%&%&s—e—v\as diluted with saturated .
aqueous brine and extracted three tinmes with dichl oronethane foll owed by
two extractions wth ethyl acetate. The organic | ayers were conbined,
dried over anhydrous sm fate, filtered, evaporated vacuo and
dried under high vacuum ffo provide N-[ (2R, 3S)-3-am no-2 20 OH

hydr oxy- 4- phgnyl bugyl PENO(c pentBd/GxH) - 1H benzi m dazolog- H-s

(0.423 g, 40 C.’\“Hl_ MR -(lc f of M D3) T T80 _ m o4HN. E. 84 (o , 2.52
(m 4H), ﬁgmo 1], 3.0% (m 1H), 3.27( A 8E(nT igh, 4. 90 (m
1H), 7.25(p§ 6H), 7.81(m 2H), 8027(m 2H). VB (ESI9) 445 (MrH) . 25 Step
2: WD 99/ 65870 PCT/US99/13744 144 "HHOH O™ O/NNss O H?~ 1Al - O
ONH N (46) (3R 3aS, 6aR) hexahydrofuro [2, 3-b] furpgn-3-yl N (1S, 2R
-3- [5(1H 5 benzim dazol -6-yl sul fonyl) (cycl opentyl oxyg am no] - 1- benzyl - 2-
hydroxypron%I carbamate. A m xture of (2R, 3aS, 6aR) hexahydrofuro [2, 3-Db]
furan- 2- yd SR réfidrepahydrofuro (2, 3-b] furan-3-y1 N-((15,2R)-1-

benzyl—3—(cyclopentyloxy)[(3—hydroxyphenyl)sulfonyl]amino—Z—

hydroxypropyl) carbamate . This compound was formed (from

Example 96) under the same conditions used for

10 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-({15,2R)-1-
benzyl—3—(cyclopentyloxy)[(4—hydroxyphenyl)sulfonyl] amino-
2—hydroxypropyl)carbamate (Example 41). R = 0.2 (1:1

£
hexanes/ethyl acetate); H1-NMR (CDCls): & 7.43-7.35 (2H, m),
7.30-7.10 (8H,m), 6.63 (1H,bs), 5.70 (1H,s), 5.11-4.95
15 (2H,m), 4.79 (1H,m), 4.03-3.64 (7H,m), 3.16-2.79 (6H, m),
1.88-1.69 (4H,m), 1.69-1.43 (4H,m); MS (ESI): M+Na=599.

Examele 45

CH,

NH, NH
H, © 0 0
| g H 0
O& ""O*N N/ 'b ——— O&"W%Y :
H S H o)

0
e
© 0O O
20

o—z

(45)

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan-3—yl N-(1S,2R) -3-[[(3-
N—methylaminophenyl)sulfonyl](cyclopentyloxy)amino]—1-
25 benzyl—2—hydroxypropylcarbamate. A mixture of 40mg (0.069



carbonate (38.3 ng, 0.124 mmol) and i m dazole (15 ng, 0.222 mmol) were
heat ed under Argon in approximately 2 nL of 10 acetonitrile for 1.5 hrs. To
thi s m xt wmo9%ea870t hen added PCT/US99/13744

(N-[ (2R, 3S) - 3- am no- 2- hydr oxy- 4- phenyl butyl ] - N- )
(cycl opent yl oxy) - 1H benzi m dazol e- 6-sui §pnam de (50 ng, 0.113 mml) and

N, N-di i sopropyl ethylam ne (58.9 L, 0.338 mmol). After heating at refl ux
for an additional 6 hrs., 15 the reaction was cool ed and evaporated in

vacuo. ThemMongsiodug 3msadi, 53®) vestahyaeblivlroacetatg suwashed st haee times
w th 5% aqueous patassium carbonate, washed with brine, dfied over :
anhydr ous 'dodrdm Sallildtedminprphenyd) sid foavapdeacéarentyacny) amhaol esi due
was purifijede0nya-20npuepakatbre1 LLC luting with
95: 5 nethyleneyghlor?de :&%etﬁgngk.b$h§%%Ig%géﬁgéggFféagge?%7gfy t hr ough
evapor at i 6n%8A§ BRen CePitedMadai afwivHoB8tRanehkodobopind: mhet hahol . The

product bandiwvwascr eppyed ated. whth: 4, . ene_chl oride : nethanol
filtered, andwgS evapo?a éghgﬁsvégn%.g%hg%r§§% ﬁéygagof?gﬁﬁgFiygﬁ from
acet oni t r PR8tedwapeBOfE providb. (3Rhe3us]abaRyshexabydenbued [n2vadud]

furan-3-yLoMN +£4S 23 [ : . _ .
benzinidazgl-g-élgﬁgﬁ%ﬁﬁlY?%yé%g%gh?§I%¥y S BT P - beh yIESC viee 991 63870
PCT/ US99/ §B744e51u8d Rodpoxyprepyscarbainbtes¢25dnys BFD) . 1 HINKWVR

11, 2 80 (my 2H 29601 3 2a s T Aol B (n o)

5. 16 {tn gf_l}n% é; 2/ (871K b 7,905, 648 T1BL (0 1HH) 7.2 (muiH
a0 TR P A e (55 b P01 TS
Alternatively this material can also be obtained
according to the following method:

15 In a dried flask was introduced 1 eqg. of (3R,3as, 6aR)
Hexahydrofuro[2,3b]furan—3—yl—N—(lS,ZR)—l—benzyl—B—
[(cyclopentyloxy)[(3—(N>(methyl—tert—Butoxycarbonyl))phenyl)
sulfonyl]amino-2-hydroxy propylcarbamate (21.5 mg, 0.031
mmol) in 2 mL dichloromethane. To this solution was added 1

20 mL of trifluoroacetic acid. The reaction was continued at
room temperature for 45 min. The solvant was evaporated in
vacuo to an oil. The crude material was purified on flash
grade silica gel eluting with 50% ethyl acetate in hexane.
Fractions containing the product were combined, evaporated

25 1in vacuo and dried under high vacuum to provide
(3R,3aS,6aR)Hexahydrofuro[2,3b]furan—B—yl—N—(lS,2R)-l—
benzyl—B—[(cyclopentyloxy)[(3—NLmethylphenyl)
sulfonyl]amino—Z—hydroxypropyl carbamate (17.1 mg, 93%).

HPLC showed the material to be 98% pure; Ret. time = 11.0

30 min. HI-NMR (cDC1l3): 7.12-7.35 (m, 9H), 5.60 (m, 1H), 4.75-

5.10 (m, 3H), 3.70-3.91 (m, 6H), 3.54 (m, 2H), 3.29 (m, 1H),

2.84-3.09 (m, 7H), 1.18-1.98 (m, 9H) and LCMS (ES+), M+H =
590.2.



(47) 3S)tetrahydro-3-furanyl N-((1S, 2R)-1-benzyl - 3-

(cycl opentyl oxy) [ (4- nmet hoxyphenyl ) sul fonyl ] am no-2 15

hydr oxypr soy996s&t0banmat e. A mi xture of 2,5-di oxo-i- pyrrol i BEHYEI9/13744

[ (3S)tetrahydro-3-furanyl] carbonate (13.8 ng, 0.0602 nmol, W94/ 05639),
N1- [ (2R, 3S) -3-am no-2-hydroxy-4- - 143 -

phenyl butyl]-N - (cycl opentyl oxy) - 4- met hoxy-1 benzenesul f onam de x
trifluoracetic acid (Step 1, Exanple 20 48), (30 ngy, 0.0547 mml), and
N, N-di i sopropyl ethyl am ne (23.8 L,ERamgYengel) were conbined at anbi ent
terrperatuag under an Argon at rmsphere After stirring for 18 hours, the
reaction %EBre was evaporated in vacuo to a residue and purified on a
preparative si I ica gﬁLC plate (20x20 cm 25 500 M eluting with 96:4

chl orof orm : net hano he product band was renoved, eluted with 3:1
met hyl ene chl or gue thanol, filtered, evaporat ed in vacuo and dried
under hi gh vac ?o rovi de (3S)tetrahydro -furanyl N-((1S,2R) WO
99/ 65870 146

1- benzyl - 3- (cyScI o] 4 met hoxyphenyl ) sul f onyl ] am no-
2- hydr oxypr opyl aur , 87°/c) as a foam H1-NVR (chloroformD3):
1.73 (m 9H), 2. (m 5H, 3.77 (m 6H), 3.87 (s, 3H, 4.79
(bm 2H), 5.10 (b%, 1H), 5N6. 97(d 2H), 7.23 (m 5H), 7.70 (d, 2H). M
(ESI') : 571 (M+Na). Exanple 48 Step 1: Q~11 O OH9 H2 7 - 'la " 'N
S02 10 N'- (2R, 3S) -3-am no-2-hydroxy-4-phenyl butyl ] -N -

5 N-[(2R,3S)-3-amino-2-hydroxy-4-phenylbutyl]-N-

(cyclopentyloxy) -1H-benzimidazole-6-sulfonamide. A mixture
of tert-butyl N-(15,2R)-3-[(lH-benzimidazol-6~-
ylsulfonyl) (cyclopentyloxy)amino]-l-benzyl-2-
hydroxypropylcarbamate (Example 82), (0.500 g, 0.919 mmol)
10 and trifluoroacetic acid (5mL) was stirred under an Argon
atmosphere at ambient temperature for approximately one
hour. The reaction was evaporated in vacuo and the residue
was partitioned between 1N aqueous sodium hydroxide and
dichloromethane. After separating the layers, the aqueous
15 phase was diluted with saturated aqueous brine and extracted
three times with dichloromethane followed by two extractions
with ethyl acetate. The organic layers were combined, dried
over anhydrous sodium sulfate, filtered, evaporated in vacuo
and dried under high vacuum to provide N-[(2R,3S8)-3-amino-2-
20  hydroxy-4-phenylbutyl]-N- (cyclopentyloxy)-1H-benzimidazole-
6-sulfonamide (0.423 g, 104%). H1-NMR (chloroform-D3): 1.60
(m, 4H), 1.84 (m, 4H), 2.52 (m, 4H), 2.90 (m, 1H), 3.03 (m,
1H), 3.27(m, 2H), 3.86 (m, 1H), 4.90 (m, 1H), 7.25(m, 6H),
7.81(m, 2H), 8027 (m, 2H). MS(ESI): 445 (M+H).
25
Step 2:



(cycl opent yl oxy) - 4- et hoxy- | - benzenesul fonam de. trifluoracetic acid.
Tert-butyl N ((1S, 2R)-1-benzyl-3 15 (cycl opentyl oxy)[ (4-net hoxyphenyl)

sul f onyl ] & pas65870 hydr oxypr opyl ) carbamate (0.693 g, 1.29 nRETYS¥aASTHonbi ned
with trifluoroacetic acid (5 nmL) under an Argon atnosphere at anbi ent
tenperature. After stirring for 20 mhuigs,-the reaction m xture was
evaporated in vacuo. The residue was 20 di ssol ved several tinmes in

di chl oronet hane and evaporated to renove excess trifluoroacetic acid. The

crude product was triturated wh hexane and then evaporated and dried
under high vacuumto provide trifluoracetic acid salt of NIL-

[ (2R, 3S) - 3- am no- 2- hydro H4' enyl butyl]-N1L 25

(cycl openty 4-me hoxy Iﬂ enzenesulfonanlde (0.769g, 108% . H -NWR
(chloroform} ~ 1.78 (m 4H), 2.45 (m 1H), 2.85 (m

1H), 2.96 ( 15_ ) (m 1H), 3.77 (m 1H), 3.88 (s, 3H),
ha - 147 7.00 (m 2H), 7.23 (m

4.78 (m 1 J0 9oFs507 /u'
5H), 7.78 (m 2H) NS(ESI) i) . Step 22 O OHO9 OIl N/~ N~ O

o0 5 (48) 1,3-dioxan-5-y N—((lShQR) 1- benzyl - 3- (cycl opent yl oxy) [ ( 4-
nethoxyphenyl)sulfonyl]an1@@72 hydr oxypr opyl ) carbamate. A 10 m xture of
1, 3-di oxan-5-yl (4-nitrophenyl) carbonate [16.2 ng, 0.0602 nmol,
Application: WD 96-US5473) , N- [ (2R 3S) -3-

ami no- 2- hy BexX¥a4, BARMMERHhYhlo b6 ¢Y CEOBPRLYLAXN) G N- (15, 2R) -3- [ (18-
5 benzimidazol—6—ylsulfonyl)(cyclopentyloxy)amino]—1—benzyl-2—
hydroxypropylcarbamate. A mixture of
(2R,3aS,6aR)hexahydrofuro[2,3—b]furan—2—yl 4-nitrophenyl
carbonate (38.3 mg, 0.124 mmol) and imidazole (15 mg, 0.222
mmol) were heated under Argon in approximately 2 mL of

10 acetonitrile for 1.5 hrs. To this mixture was then added
(N;[(2R,35)—3—amino—2—hydroxy—4—phenylbutyl}— -
(cyclopentyloxy)-1H-benzimidazole-6-sul fonamide (50 mg,
0.113 mmol) and N,N-diisopropylethylamine (58.9 uL, 0.338
mmol). After heating at reflux for an additional 6 hrs.,

15 the reaction was cooled and evaporated in vacuo. The
residue was dissolved in ethyl acetate, washed three times
with 5% aqueous potassium carbonate, washed with brine,
dried over anhydrous sodium sulfated, filtered and

evaporated in vacuo. The residue was purified on a

20 preparative TLC plate (20X20 cm, 1000 uM) eluting with 95:5
methylene chloride : methanol. The plate was allowed to dry
through evaporation and then eluted again with 93:7
chloroform : methanol. The product band was-removed, eluted
with 4:1 methylene chloride : methanol, filtered, and

25 evaporated in vacuo. The residue was lyophilized from
acetonitrile : water to provide
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(18,2R)-3-[(1H-
benzimidazol—6—ylsulfonyl)(cyclopentyloxy)amino]—l-benzyl—Z—



met hoxy- 1 - benzenesul fonam de. trifluoracetic acid (30 ng, 0.0547 mmol], and
N, N-di i sopropyl ethylam ne (23.8 L, 0.137 15 mmol) were conbined in

appr oxi naMQ 99/688% nl acetonitrile at anbient tenperature PEHEPI9EAR74Ar gon

at nosphere. After stirring for 18 hours, the reaction m xture was )
evaporated in vacuo to a residue and- pwified on a preparative silica gel
TLC plate (20x20 cm 500 M eluting with 96:4 20 chloroform: nethanol. The
product band was renoved, eluted wth 3:1 nethylene chloride : nethanol,
filtered, hmdrogyaporsiedrbamsaeud25The, r 832 dueHMasMHI ssol ved in

di et hyl eth % 0 and.dried er_ hj h umto_provide
1, 3-di oxan?é m?ifﬁg%% ?gﬁ}‘gi ggﬁZle OgS HQ? 59 SH £5§’

(cycl opent yﬂnoxw[(42néBI(1mxybH§3ny12)sml fanybh) ank no62¢m, 2H), 3.45 (m,

hydr oxypr o ) car 79 S am H -NVR_ (chl orof orm D3):
1.66 (m 8&8” §9§9 %P 3?8%’( é%—li? V\%gg/ é%mbeCT?Ug%gi%?h% ' 148

769 (m 20 mzmwéﬁ% (g FxampLE 495 N OB HOf UL o N
: m : anp - -
NHNSO Il(:gO kﬁZ' 9 ?QS}I(IJVKI:\@} I‘?L%FgR) %@1 If }[{ (3 am nophenyl)

sul fonyl] (cycl opentyl 10

oxy) am no] - 1- benzyl - 2- hydr oxypr opyl - 2- [ (2- qui nol i nyl

car bonyl ) anm no] but anedi am de. A i 7 ani no- N1-

[ (2R, 3S) - 3- am no- 2- hydr oxy- 4- phenylbutyl]-Nl-
(cycl opentyl oxy) - 1- benzeiesul fonam de (Step 1, Exanple 27), (60 nyg,

0.143), 1-(3-dinethyla ropyl )-3 15 et hyl carbodii m de hydrochl oride (29

ng, 0.15 mol), N OMe
-t
N-

T
(47)

38) tetrahydro-3-furanyl N-((15,2R)-1-benzyl-3-
(cyclopentyloxy)[(4—methoxyphenyl)sulfonyl]amino—2—

15 hydroxypropyl)carbamate. A mixture of 2,5-dioxo-1-
pyrrolidinyl [(3S)tetrahydro-3-furanyl] carbonate (13.8 ng,
0.0602 mmol, WO94/05639) Aﬂ—[(2R,3S)—3—amino—2—hydroxy—4—
phenylbutyl]-N- (cyclopentyloxy) - 4-methoxy-1-
benzenesulfonamide x trifluoracetic acid (Step 1, Example

20 48), (30 mg, 0.0547 mmol), and N,N~-diisopropylethylamine
(23.8 puL, 0.137 mmol) were combined at ambient temperature
under an Argon atmosphere. After stirring for 18 hours, the
reaction mixture was evaporated in vacuoc to é residue and
purified on a preparative silica gel TLC plate (20x20 cm,

25 500 uM) eluting with 96:4 chloroform : methanol. The
product band was removed, eluted with 3:1 methylene chloride
: methanol, filtered, evaporated in vacuo and dried under

high vacuum to provide (35) tetrahydro-3-furanyl N-((1S,2R)-



hydr oxybenzotri azole (20 ng, 0.15 mmol), and (2S)-4-am no-4-

0X0- 2-[ (2-qui nol i nyl carbonyl ) am no] but anoi ¢c acid hydrochloride (49 ny,

0. 15 nmol waawess®at . Appl . EP 432694) was conbi ned under RGH/¥$YOAT44

at nosphere at anbient 20 tenperature in anhydrous dinethylformam de (2 ni).
After addition of N, N- diisopropylethylssmne (76 L, 0.437 mmol), the

m xture was stirred for 16 hours. The reaction solvent was renoved in
vacuo and the residue was dissolved in ethyl acetate. The sol ution was
transf erred-benaysepanayolypehtiuorel [ andmpesbedohsh¢r) Wil Roh )N sedi ot

hydrogen sylfate. The c i ned ague | ayers were extracted wth ethyl
acetate. The XSHB?P{BHOBVSQE?EbFﬁﬁg?s?agrlégm/aéiéﬁ @t f @/@maq}g%\%}g&pot assi um
carbonat e asdlbrbrermdpded over3zanhydemus 2sodi wm) sulif ate, obi kueregd) and ’
evapor at ed_i n_vacuo,_The 99/ 65870 P S99/ 13744 - 149 _resjdue was
U, 11 6 o -8 prEpaPi {va: FLCIBl att (20530 el 4800 %) 141 WbF ngiW th o5 5
met hyl ene ehboride 2unpt hapel (m, The) product (dansH wasms eppyed, stuted with

3:1 nmethylene._ chloride : nmethanol, filtered, and evaporated in vacuo. The
5 residue \/\H%Nﬁbri fied again on a preparative TLC plate (20X20 cm 500 M

eluting with 95:5 nethylene chloride : nethanol. The product band was
renoved, eluted with 3:1 nethylene _chloride; nethanol, filtered, and
evaporated in vacuo. The residue WBX2FRLBLE8i zed from acetonitrile : water

to providesi@p(29) -N- (1S, 2R) -3- [ [ (3-aminophenyl) sulfonyl]
(cycl opentyl oxy) am no]-I|-benzyl -2-hydroxypropyl -2-[(2-quinolinyl carbonyl)
am no] but anedi am (32 ng, 33%9 as a white lyophile. H -NW

(chl orof orm D3) : 7 (m 8H), 2.57 (m 1H), 2.82 (m 4H), 3.09 (m 1H),
3.35 (b, 1H), 3.73\(b, QMel8 (m 3H), 4.74 15 (m 1H), 4.87 (m 1H),
5.47 (b, 1H), 5.96 (b, 7.00 (m 10H), 7.56 (m 1H), 7.73 (m 1H),
7.81 (d, 1H),n_8-L (B , 8.24 (d, 1H), 9.15 (d, 1H). Ms (ESI) : 689

(MrH) . Exanple 50 @

10

N“—[(2R,3S)—3—amino—2—hydroxy—4—phenylbutyl]—Eﬁ—
(cyclopentyloxy) -4-methoxy-1l-benzenesulfonamide.
trifluoracetic acid. Tert-butyl N-((1S5,2R)-1-benzyl-3-

[
w

(cyclopentyloxy) [ (d-methoxyphenyl) sulfonyll]lamino-2-
hydroxypropyl) carbamate (0.693 g, 1.29 mmol) was combined
with trifluoroacetic acid (5 mL) under an Argon atmosphere
at ambient temperature. After stirring for 20 minutes, the
reaction mixture was evaporated in vacuo. The residue was
20 dissolved several times in dichloromethane and evaporated to
remove excess trifluorcacetic acid. The crude product was
triturated with hexane and then evaporated and dried under
high vacuum to provide the trifluoracetic acid salt of N'-
[ (2R, 3S) -3-amino-2-hydroxy-4-phenylbutyl]-N'-
25 (cyclopentyloxy)-4-methoxy-1l-benzenesulfonamide (0.769qg,
108%). H1-NMR (chloroform-D3 + NaOD): 1.58 (m, 4H), 1.78
(m, 4H), 2.45 (m, 1lH), 2.85 (m, 1H), 2.96 (m, 1H), 3.15 (m,
1H), 3.22 (m, 1H), 3.77 (m, 1H), 3.88 (s, 3H), 4.78 (m, 1H),



20NH2 z OOHOHO () NNNNSO-Ile/ HO O Ow (50) (2S5 -N -
((1S,2R) -1-benzyl-3- (cycl open tyl oxy) [ (4 25
met hoxyph&oyd9essiof onyl ] am no- 2- hydr oxypropyl ) - 2-[ ( 2- PCT/US99/13744
qgui nol i nyl car bonyl ) am no] but anedi am de. A m xture of N- [ (2R 39S
- 3- am no- 2- hydr oxy- 4- phenyl butyl] -N--147 -
(cycl-opentyl oxy) - 4- net hoxy- | - benzenesul fonam de (Step 1, Exanple 48), (73
ng, 0.168), 1-(3-dinethylam nopropyl)-3 WD 99/65870 PCT/US99/ 13744 150
ethylcarboﬁmxnlde tydr,ochloay i@g (534 , .. 7@ ygln@ql) M- (ERYdr.oxybenzot ri azol e
(24 ny, #ﬁﬁgﬂD and (2S)-4-am no-4- oxo-2-[(2-quinolinylcarbonyl)
anlno]buta aC|d hydrochl oride (57 ng, 0.18 nmmol, Eur. Pat. Appl. EP
432694) 5 was conbi ned under an Argon at nosphere at ambi ent tenperature in
anhydr ous %lnethylfornanlde (2 m). After addition of N, N di
|sopropyl 2ami ne (896 L 0.513 nmmol ), the mxture was stirred for 16
hour s. The reactlon sol ve was renoved in vacuo and the residue was
di ssolved in ethyl 10 af :te. The solution was transferred to a separatory
funnel and washed twi ce'wHth 1 odbygn hydrogen sul fate. The conbi ned
aqueous | ayers were extéﬁctndqgijﬂ'ethyl acetate. The conbi ned organic
| ayers wer g-w@ashed Wit Ix 5%n-a S potassium carbonate and brine, dried

%’ esiumspl fate, filtered and evaporated in vacuo. The

over anhydfou
rificed n a preparative TLC plate (20X20 cm 1000 M el uting

resi due waso
with 97:3 chloroform:
3:1 nﬁghylene chl ori de

hanol . The product band was renoved, eluted with

(48)

1,3-dioxan-5-yl N-((15,2R) -1-benzyl-3-(cyclopentyloxy) [ (4-
methoxyphenyl)sulfonyl]amino—2—hydroxypropyl)carbamate. A

10 mixture of 1,3-dioxan-5-yl (d-nitrophenyl) carbonate [16.2
mg, 0.0602 mmol, Application: WO 96-US5473), N-[(2R,3S)-3-
amino-2-hydroxy-4-phenylbutyl]- - (cyclopentyloxy) ~4-
methoxy—1—benzenesulfonam1de.trlfluoracetlc acid (30 mg,
0.0547 mmol], and N,N-diisopropylethylamine (23.8 pL, 0.137

15 mmol) were combined in approximately 1.5 mL acetonitrile at
ambient temperature under an Argon atmosphere. After
stirring for 18 hours, the reaction mixture was evaporated
in vacuo to a residue and purified on a preparative silica
gel TLC plate (20x20 cm, 500 uM) eluting with 96:4

20 chloroform : methanol. The product band was removed, eluted
with 3:1 methylene chloride : methanol, filtered, and
evaporated in vacuo. The residue was dissolved in
diethylether, evaporated in vacuo and dried under high
vacuum to provide 1,3-dioxan-5-yl N-((15,2R)~-1-benzyl-3-

25 (cyclopentyloxy)[(4—methoxyphenyl)sulfonyl] amino-2-
hydroxypropyl)carbamate (20. 6 mg, 67%) as a foam. H1-NMR
(chloroform-D3): 1.66 (m, 8H), 2.94 (m, 5H), 3.87 (m, 8H),



met hanol, filtered, and evaporated in vach. ;I'he resi due 20 Wast i
triturated with hexane and diethyl ether. The slurry was evaporated in
vacuo to WOr%&F&ile and dried under high vacuumto provi dPqIASANE ((1S,
2R) -1-benzyl-3- (cyclopentyl oxy)[(4-nethoxyphenyl)sul fonyl]am no-2- -
hydr oxypr opyl ) -2-[ (2- qui nol i nyl car bonyl))4éam no] but anedi am de 25 (49 ny,
41% -as a white solid. H-NWR (chloroformD3): 1.52 (m 4H), 1.75 (m 4H)
2.82 (m 5H, 3.10 (m 1H, 3.82 (b, 1H), 3.84 (s, 3H), 3.91 m 1H, 4.29
(m 1H), 44788(@81H)H 449%6(1tm, 184) , 54784 (lom, 124%1) , 66227(bm 1¥), 7. 00 (m

573 14 (i e I%-én-') ?71522 (g91rf? %gﬁsohf%n&im rvé?%s élm]a/ 04 (I\/I?rH??’-(\O/I\D ”

99/ 65870 PCT/US99/ 13744 - 151 Example 51 Step 1: ()--N-- OPh NN NH H
O CONH2' OH O 5
(2S) - 4- Ani no- 4- oxo- 2- [ (2- qui nol i nyli’éi-rBBJﬁLﬁm no] but anani do
N- (1S, ZR) - 1- benzyl - 3-[ (cycl opent yl oxy) am no] - 2- hydr oxypr opyl car banat e.
Tert-butyl N-(1S, 2R)-1-benzyl - 3-
[ (cycl opentyl oxy) am no -hydroxyprl carbamate (412 ng, 10 1.13 nmol) was
di ssolved in dichlo t hane (8 m.) a 25 nL round bottomed flask under
nitrogen and trifl uro et| C Giei d» gr4CnL)dmstangd sl O¥M Ztaﬁ“ﬁg t he

i on was~_ Sii_r red r rs i ndi cate 0SS O
?rgltg“gl. [Nt e Wbr k¥ip Ee/gc%fg;sibln Step 2, Exanple 54, 15 the residue

was di ssol nhydr o0s DN oni. QL INpwed by _ _
(2S) - 4- am no- 4- oxo- 2- [ ( 2- qui -@ I pnyl ) am no] butanoic acid
hydrochl ori de (320 ng, 1.13 BLF,

(49)

(ZS)—NJ—(IS,ZR)—B—[[(3—aminophenyl)sulfonyl](cyclopentyl

10 oxy)amino]—1—benzyl—2—hydroxypropyl—2-[(2-quinolinyl
carbonyl)amino]butanediamide. A mixture of 3-amino-N-
[(2R,35)—3—amino—2—hydroxy—4—phenylbutyl]—
(cyclopentyloxy)~l-benzenesul fonamide (Step 1, Example 27),
(60 mg, 0.143), 1-(3-dimethylaminopropyl) -3~

15 ethylcarbodiimide hydrochloride (29 mg, 0.15 mmol), N-
hydroxybenzotriazole (20 mg, 0.15 mmol), and (28)-4-amino-4-
oxo-2-[(2-quinolinylcarbonyl)amino]butanoic acid -
hydrochloride (49 mg, 0.15 mmol, Eur. Pat. Appl. EP 432694)
was combined under an Argon atmosphere at ambient

20 temperature in anhydrous dimethylformamide (2 mL). After

addition of N,N- diisopropylethylamine (76 uL, 0.437 mmol),
the mixture was stirred for 16 hours. The reaction solvent
was removed in vacuo and the residue was dissolved in ethyl
acetate. The solution was transferred to a separatory

25 funnel and washed twice with 1N sodium hydrogen sulfate.
The combined aqueous layers were extracted with ethyl
acetate. The combined organic layers were washed with 5%
aqueous potassium carbonate and brine, dried over anhydrous

sodium sulfate, filtered and evaporated in vacuo. The



anhydrous diisopropylethylamne (0.4 nL, 2.26 muol ), 1-(3-

di met hyl - am nopr opyl ) - 3- et hyl car bodi i m de hydrochl oride (220 20 ng, 1.13
mol ), an®Wa9296f8Hoxy- benzotriazole (150 ng, 1.13 mmol). THEI/PERABTHYNn was
stirred for 18 h and concentrated in vacuo. Ethyl acetate (15 nmL) and i N
HCl1 (15 nmL) were added and the | ayerslv¥ere separated. The aqueous | ayer
was -adjusted with solid sodium carbonate to pH 9-and then 25 extracted
with ethyl acetate (25 nL). The organic |layer was dried over sodium

sul fate, fré¢sedee, vandowontiesd rat ed preparaciiore Prigpasadteve(B0Xicacgel TLC
of the res{g@awﬁ?i n 90: 10 chl orof orm nethanol as eluent yielded the .
product as k SEHHRE (Wit g’ 0 TR hrisine ©Bivhor iy ESreEIMqIMEL), 30

532 (M 1) -TW%M%M'&@%&@\%, e kP%eq SHEm &1 n%"thy}\ieﬁje N -SO 1Tk
N OHOHONNHCOZMe CONH2 NH (51) 5
(2S) - 4- Ami FRL A - 2-1g Bk hol § inyi ezeborfld @dansjtnitethaiv doacuo.  The

N (1S, 2R) -ds denzy lwas [Fglpryﬁ%rg(%/all%yarg 25 é)_reparative TLC plate (20X20

{ (met hoxycar bonyl ) am no] - 1H benzi m dazol - _
yl sul f onylgram 5] -124 hyenoxiypy epic @sh@Tatet:h (129 £PAM MG :1Ghethanol .

0x0- 2- [ (2-qui nol i nyl car bopyl Y am no] but anam do- N- (1S, 2R) - 1-

benzyl - 3- [ﬁb%&%%%ﬁ%ﬁ&ﬁ ”ﬁ%ﬁ SRS d o sico pit tarbdndtes hylsmep 1,
above), (4hidkidb 0825cHamD, @t -

(chl or osul fonyl ) - 1+ benzi m- az%@-@ﬁ%ﬁ&ﬁ%%ago(rﬂeﬁg,m CHEE Moy, and

anhydr ous 95815 oA iRt ited o5 mcetpRigride mmlatesrte eowbiised in
anhydt pus EﬁﬂLQh¥Qﬁ@tgﬁ§DBQ%[(3—aminophenyl)sulfonyl](cyclopentyloxy)
amino]—1—benzyl—2—hydroxypropyl—2—[(2—quinolinylcarbonyl)
amino]butanediamide (32 mg, 33%) as a white lyophile. H1-NMR
(chloroform-D3): 1.57 (m, 8H), 2.57 (m, 1H), 2.82 (m, 4H),
3.09 (m, 1H), 3.35 (b, 1H), 3.73 (b, 1H), 4.18 (m, 3H), 4.74
15 (m, 1H), 4.87 (m, 1H), 5.47 (b, 1H), 5.86 (b, 1H), 7.00 (m,
10H), 7.56 (m, 1H), 7.73 (m, 1H), 7.81 (d, 1H), 8.11 (m,
2H), 8.24 (d, 1H), 9.15 (d, 1H). MS(ESI): 689 (M+H).

Example 50

20

(25) -N'- ((18,2R) -1-benzyl-3- (cyclopentyloxy) [ (4~

25 methoxyphenyl)sulfonyl]amino—2—hydroxypropy1)—2-[(2—
quinolinylcarbonyl)aminolbutanediamide. 2A mixture of N-
[ (2R, 35) -3-amino-2-hydroxy-4-phenylbutyl]-N-
(cyclopentyloxy)-4~-methoxy-1l-benzenesul fonamide (Step 1,
Example 48), (73 mg, 0.168), 1-(3-dimethylaminopropyl)-3-



m.) in a 25 nL round bottoned flask under nitrogen. The reaction was
stirred for 24 hours and concentrated in vacuo. Ethyl acetate (30 nL) and
wat er (1OWPLY/6§8P e added and the |ayers were separated. PEE/EYIAE | ayer
was washed with 20 brine (10 m.), dried over anhydrous sodiumsul fate,
filtered, and concentrated in vacuo.-Theoresi due was purified by
preparative silica gel TLC using 90:10 chloroform nethanol as an el uent
to provide the desired product as a white solid (11 ng, 0.014 nmol, - 17
0) . 1HNMRt2Y1(dGbDNBOmide By8&octhlodi8ed (B2, myH) 0.8862med,) JN8 4 Hz, 1H),
8.22-6.94. (m 12 5.19 (d, J=6.2 Hz, 1H), 4.77-4.72 , . 4.02-1.35
(m 17H),h&?§6 ?£h§ﬂfrlﬁ%6é§) gfs?gf(ﬁkiﬁ,mﬁgé)ewﬁﬁﬁ. %é 9ér6§8?9‘4‘
PCTI US99/ b3é44 - l@gquEnaﬂﬂhglﬁarbbn 1Ph 20180 ) bNtBnlic Nec@qH CONH2 OH O 1:
HN- N (52% g g é 2 - 0XO- % 2- qU|noI|nyIcarbonyI)an1no but anam do
N (1S, 2R) Y8R Pric £( §8|8€en9yﬂ xJFOr EHdaz8pT6- APPL. EP 432694)
y|su|f@nymhanbambiaeaydh@éypéapxk@@hbaﬁﬁbgphE%S)aﬂ éﬁb@enﬂ
0X0- 2- [(2 EU|noI|n Icarbonﬁa -am no] but anam do N-(1S,2R)-1 10

[\.

benzyl - EREr8pE ?yFBx?? RFREP- §lﬁ§8h5k§5ﬁﬁgvnéarﬁanﬁﬁé (%féﬁrl
Exanpl e 5%&d1@%6n”9f gazéﬁ?ggg}8p§lgEh Xgmhw_ Qg%z Le 8- %y% 0 e (0. 05

chloride (38 ng, 0.08 5 nmo anhydr ous ||sopr pylef

m., O. 280thﬁomyxmere waenbtmedednfamhydrbusrsetrahydteéutaan(somténtn a 25

m. was removed in vacuo and the residue was dissolved in ethyl

10 acetate. The solution was transferred to a separatory
funnel and washed twice with 1IN sodium hydrogen sulfate.
The combined aqueous layers were extracted with ethyl
acetate. The combined organic layers were washed with 5%
aqueous potassium carbonate and brine, dried over anhydrous

15 magnesium sulfate, filtered and evaporated in vacuo. The

residue was purified on a preparative TLC plate (20X20 cm,

1000 uM) eluting with 97:3 chloroform : methanol. The
product band was removed, eluted with 3:1 methylene chloride
: methanol, filtered, and evaporated in vacuo. The residue
20 was triturated with hexane and diethyl ether. The slurry
was evaporated in vacuo to a residue and dried under high
vacuum to provide (25)—Aﬂ—((lS,2R)—1—benzyl—3—
(cyclopentyloxy)[(4—methoxyphenyl)sulfonyl]amino~2—
hydroxypropyl)-2-[ (2-quinolinylcarbonyl)amino]butanediamide
25 (49 mg, 41%) as a white solid. H1-NMR (chloroform-D3): 1.52
(m, 4H), 1.75 (m, 4H), 2.82 (m, 5H), 3.10 (m, 1H), 3.82 (b,
1H), 3.84 (s, 3H), 3.91 m, 1H), 4.29 (m, 1H), 4.78 (m, 1H),
4.95 (m, 1H), 5.76 (b, 1H), 6.22 (b, 1H), 7.00 (m, S5H), 7.12
(d, 2H), 7.22 (d, 1H), 7.60 (m, 1H). 7.75 (m, 3H), 7.83 (d,
30 1H), 8.14 (m, 2H), 8.25 (d, 1H), 9.15 (d, 1H). MS(ESI):
704 (M+H) .



15 round bottoned flask under nitrogen. The reaction was stirred for 24
hours and concentrated in vacuo. Ethyl acetate (30 nL) and water (10 nli)
were addeW¥9h58Me | ayers were separated. The organi c | ayReT/U/19H4hed
with brine (10 nlL), dried over anhydrous sodiumsulfate, filtered, and 20
concentrated in vacuo. The conpound wa3Stleprotected as described in
Exanpl e 57 and purified by preparative silica gel TLC using 90:10
chl orof orm nethanol as an eluent to provide the desired product as a
white film (9 ng, 0.013 mvol, 15%Exa 51d6-DMSO) S: 8.84 (d, J=8.5 Hz,
1H), 8.615%§ (q( J=8.5 Hz, 1H), 8.31-%.55 (m 13H), 5.24 (d, J=6.6 Hz,
1H), 4.81-%4°2 (m 2H), 3.97 (bs, 1H), 3.68 (bs, 1H), 3.40- 1.20 (m 15H).
MS(ES) : 714 (M+l), 712 (M1). WD 99/65870 PCT/US99/ 13744 - 154 Exanple
53 Step 1: OPh FNi NH OH O6 5 (3S)Tetrahydro-3-furanyl
N (1S, 2R) - | -3- [(oycl nt yl oxy) am no] - 2- hydr oxypr opyl car banat e.
Tert- but (1 2Rﬂ-1- en -[(cycl opentyl oxy) am no] -2 10
hydr oxypr op Y (1.05 g, 2.88 nmol) was dissolved in
di chl oronet hane (1® nLk_in' a b@ b round bottomed flask under ni trogen and
trifluoroacetic acid (8 CM2'was {added slowly. After the solution was
stirred for 4 hours, TLC indig¢atgd | oss of starting material. After the 15
wor kup described in Step 2, Exampfe 54, the residue was dissolved in
anhydregus acetonitrile (15 nL), followed by 1-
([ (3S)tetrahydro-3-furanyl oxy]-car bonyl oxy) di hydro-| H

(28) -4~-Amino-4-oxo-2-[ (2-quinolinylcarbonyl)amino]butanamido

N-(1S,2R) -1-benzyl-3-[ (cyclopentyloxy)amino]-2-
hydroxypropylcarbamate. Tert-butyl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy)amino]-2-hydroxypropylcarbamate (412 mng,

100 1.13 mmol) was dissolved in dichloromethane (8 mL) in a 25
mL round bottomed flask under nitrogen and trifluoroacetic
acid (4 mL) was added slowly. After the solution was
stirred for 4 hours, TLC indicated loss of starting
material. After the workup described in Step 2, Example 54,

15 the residue was dissolved in anhydrous DMF (5 mL) followed
by (28)-4-amino-4-0x0-2-[ (2-quinolinylcarbonyl)
aminolbutanoic acid hydrochloride (320 mg, 1.13 mmol),
anhydrous diisopropylethylamine (0.4 mL, 2.26 mmol), 1-(3-
dimethyl-aminopropyl)-3-ethylcarbodiimide hydrochloride (220

20 mg, 1.13 mmol), and l-hydroxy-benzotriazole (150 mg, 1.13
mmol) . The reaction was stirred for 18 h and concentrated
in vacuo. Ethyl acetate (15 mL) and 1IN HCl1 (15 mL) were
added and the layers were separated. The aqueous layer was
adjusted with solid sodium carbonate to pH 9 and then

25 extracted with ethyl acetate (25 mL). The organic layer was
dried over sodium sulfate, filtered, and concentrated in
vacuo. Preparative silica gel TLC of the residue using
90:10 chloroform: methanol as eluent yielded the product as
a white solid (91 mg, 0.171 mmol, 15%). MS(ES): 534 (M+1),

30 532 (M-1).



pyrrol e-2,5-dione (660 ng, 2.88 mml), anhydrous diisopropyl ethylam ne
(0.50 nmL, 2.88 mmol ), and N, N 20 di net hyl am nopyri dine (105 ng, 0.86 mol).
The react Wsh994870 heated at 50C for 2 hours, allowed to coBFT/Us¥A3744
concentrated in vacuo. After the workup described in Step 2, Exanple 54,
the residue was purified by flush chramategraphy over a bed of silica gel
using a gradient 25 elution of hexane: ethyl acetate (1:2 to 1:5) to give
the desired product as a white foam (440 ng, 1.16 muol, 400). M (ES) :
379 (Mtl).sSB8p VI 99/ 65870 PCT/US99/ 13744 - 155 Step 22 Ph OO O O-NN'S
N) O NH HOHOOI NOH (53) 5 (3S)Tetrahydro-3-furanyl
N- (1S, 2R) - 1- benzyl -3 [(cycl opentyl oxy) (2-[ (et hoxycar bonyl ) am no] - 1H

5-¥ sulfonyl ] - 2- hydr oxypr opyl car bamat e.
N-( S, 2R, 1Pbenzyl - 3-

N ( QL% saLmamate (120 ng, 10 0.317 mol ),
met hyl N[ 5- (ch -. uI f_onylH) benzi @ \‘}—ZNHQ;OzM]e carbamate (100 ng,
0.345 mmol ), anhydrous dom;ig I'z)p | et ne (0.06 niL, 0.345 nmmol), and
N, N- di net hyl am nopyri di ne (12 0. 09 mTB'I ) were conbined in anhydrous
tetrahydrofuran (6 nL) and anhy s N,N 15 dinethylformanide (3 nL) in a
25 nmL round bottoned flask under nitrogen. The reaction was stirred for 24
hours and concentrated in vacl®l) After the workup described in Step

5

(28) -4-Amino-4-oxo-2-[ (2-quinolinylcarbonyl)amino]butanamido
N-(1S,2R) -1-benzyl-3-[ (cyclopentyloxy) (2-
{ (methoxycarbonyl)amino]-1H-benzimidazol-5-
ylsulfonyl)amino]-2-hydroxypropylcarbamate. (2S)-4-Amino-4-
10 oxo-2-[(2-quinolinylcarbonyl)amino]butanamido N-(1S,2R)-1-
benzyl-3-[ (cyclopentyloxy)-amino]-2-hydroxypropylcarbamate
(Step 1, above), (44 mg, 0.0825 mmol), methyl N-[5-
(chlorosulfonyl)-1H-benzimidazol-2-yl]carbamate (24 mg,
0.0825 mmol), and anhydrous diisopropylethylamine (0.05 mL,
15 0.280 mmol) were combined in anhydrous tetrahydrofuran (3
mL) in a 25 mL round bottomed flask under nitrogen. The
reaction was stirred for 24 hours and concentrated in vacuo.
Ethyl acetate (30 mL) and water (10 mL) were added and the
layers were separated. The organic layer was washed with
20 Dbrine (10 mL), dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo. The residue was
purified by preparative silica gel TLC using 90:10
chloroform: methanol as an eluent to provide the desired
product as a white solid (11 mg, 0.014 mmol, 17%). ‘HNMR
25 (de-DMSO) &: 8.86 (d, J=8.4 Hz, 1H), 8.62 (d, J=8.4 Hz,
1H), 8.22-6.94 (m, 12H), 5.19 (d, J=6.2 Hz, 1H), 4.77-4.72

(m, 2H), 4.02-1.35 (m, 17H), 3.80 (s, 3H). MS(ES): 787
(M+1), 785 (M~-1).



3, Exanple 54, the residue was purified by preparative silica gel TLC using
90: 10 chlorof orm nethanol as an eluent 20 to provide the desired product
as a col ow@e%65810ass (43 ng, 0.068 nmol, 21% . ' HNVR ( d6- BVBOp998:3744
7.96-7.08 (m 10H), 5.19 (d, J=6.7 Hz, 1H), 4.96-4.82 (m 3H), 3.81 (s,
3H), 3.75-3.40 (m 6H), 3.09-2.40 (m 143~ 2.09-1.35 (m 8H). M5 (ES) :
632 (M+l) , 630 (M1) WO 99/65870 PCT/US99/13744 156 Exanple 54 Step 1:
OPh O- NNH OHO 5 Tert-butyl

N- (1S, 2R) - 1- benzyl - 3-[ (cycl opent y| ogyampl @042 2- hydr oxypr opyl car bamate. To
a solution of 2- (cyclopentyloxy)-1H1sorndole-1,3(2H)-dione (11.3 g, 48.9
nmml ) in anhydrous tetrahydrofuran (60 nL) in a 200 nmL round 10 bottoned
flask under_gqit Qgen was addegppanhydrous hydrazine (1.6 g, 48.9 mol)

dr opwi se v ge.q ThE reful ti g Ot hick white slurry was vigorously
stirred fo 5, Broyrs | Lseregd through a fritted funnel. The cake
m.) and the conbined filtrates 15
Ef sk under nitrogen and equi pped

was washed V\,itH te raﬁydr%fur n
were placed in a 309 m_\(;gNPd Qibt
with a condenser. Tert-butyl >N /

[ (2S)oxi ranyl | - 2- phenyl et hyl darlbapate (780 g, 28.5 mmol) was added al ong
with anhydrous lithiumtriflate (6.20 g, 39.7 mmol) and the reaction was

heated at reflux for 24 2®hours. The reaction was allowed to cool and was
concentrated in vacuo to a viscous oil. Diethyl ether (150 niL) and water

(50 nmL) were added and the | ayers were separated. The ethereal |ayer was

dried over(2sihydtousno-sDaixroRBul (Bt fdl trefiach r ot I0GHEEE I t8thanl QLACUO.
Flush N-(1S,2R) -1-benzyl-3-[ (cyclopentyloxy) (1H-indazol-6-

Ylsulfonyl)amino]-2-hydroxypropylcarbamate. (2S)-4-Amino-4-
oxo-2-[(2-quinolinylcarbonyl)-amino]butanamido N-(1S,2R)-1-

10 benzyl—B-[(cyclopentyloxy)—amino]—2—hydroxypropylcarbamate
(Step 1, Example 51), (44 mg, 0.0825 mmol), l-trityl-1H-
indazole-6-sulfonyl chloride (38 mg, 0.0825 mmol), and
anhydrous diisopropylethylamine (0.05 mL, 0.280 mmol) were
combined in anhydrous tetrahydrofuran (3 mL) in a 25 mL

15 round bottomed flask under nitrogen. The reaction was
stirred for 24 hours and concentrated in vacuo. Ethyl
acetate (30 mL) and water (10 mL) were added and the layers
were separated. The organic layer was washed with brine (10
mL), dried over anhydrous sodium sulfate, filtered, and

20 concentrated in vacuo. The compound was deprotected as
described in Example 57 and purified by preparative silica
gel TLC using 90:10 chloroform: methanol as an eluent to
provide the desired product as a white film (9 mg, 0.013
mmol, 15%). ‘HNMR (de-DMSO) 6: 8.84 (d, J=8.5 Hz, 1H), 8.61

25 (d, J=8.5 Hz, 1H), 8.31-6.95 (m, 13H), 5.24 (d, J=6.6 Hz,
1H), 4.81-4.72 (m, 2H), 3.97 (bs, 1H), 3.68 (bs, 1H), 3.40-
1.20 (m, 15H). MS(ES): 714 (M+1), 712 (M-1).



25 chromat ography over a bed of silica gel using a gradient elution of
hexane: ethyl acetate (4:1 to 2:1) gave the desired product as a white
solid (8.9®9Y/658. 4 mol, 86% based upon starting epoxi deCT/USIONRIR4 ( CDCL3)
S. 7.32-7.19 (m 5H), 5.90 (bs, 1H), 4.59 (d, J=8.1 Hz, 1H), 4.24-4.20 WO
99/ 65870 PCT/US99/13744 157 (m 1H),13490-3.58 (m 3H), 3.16-2.83 (m
4H), -1.69-1.35 (m 16H) M5 (ES) : 365 (Mtl), 265 (MBOC). Step 2: 5 O Ph
s HOKk HNH OOH O 06 (3aS, 6aR) Hexahydrofuro[2, 3-b]furan-3-yl

N- (1S, 2R) - 1-benzyl - 3-[(cycl opent yEaxsypagi B3] - 2- hydr oxypr opyl car bamat e.
Tert 10 butyl N (IS, 2R)-1-benzyl-3-](cycl opentyl oxy)am no] - 2- :
hydr oxy- propyl carbamate (step 1 above), (1.50 g, 4.12 mmol) was di ssol ved
in dichlogeaet hane (15 nL) in a 50 nL round bottoned flask under nitrogen
and trifluoroacetic acid (10 nlL) was added slowy. After the solution was
stirred for 3 15 hours, TLC indicated |loss of starting material. The
reacti on was concentrpted in vacuo and ethyl acetate (30 nL) was added. A
10% sol uti on of jaqufous sodi um carbonate was added portionw se until the
pH was adj usty ViR ®H | ayers were separated and the organic | ayer was
extracteddf?§mﬁthH N ¢ @20 'nm_). The aqueous | ayer was then neutralized
wth soli S dium carbonate until the pH was 9. The resulting white
precipitate’was di ssol v‘

by the addition of ethyl acetate (100 nL) and
the | ayers were separated/ The aqueous |ayer was extracted w th ethyl
acetate (25 nL) and 25 the conbi ned organic |ayers were dried over
anhydr ous sodi um

(38) Tetrahydro-3-furanyl N-(1S,2R)-1-benzyl-3-

[ (cyclopentyloxy)amino] -2-hydroxypropylcarbamate. Tert-
butyl N-(1S,2R)~-1-benzyl-3-[ (cyclopentyloxy)amino]-2-

10  hydroxypropylcarbamate [Example 54] (1.05 g, 2.88 mmol) was
dissolved in dichloromethane (12 mL) in a 50 mL round
bottomed flask under nitrogen and trifluorocacetic acid (8
mL) was added slowly. After the solution was stirred for 4
hours, TLC indicated loss of starting material. After the

15 workup described in Step 2, Example 54, the residue was
dissolved in anhydrous acetonitrile (15 mL), followed by 1-
([ (3S) tetrahydro-3-furanyloxy]-carbonyloxy)dihydro-1H-
pyrrole-2,5-dione (660 mg, 2.88 mmol), anhydrous
diisopropylethylamine (0.50 mL, 2.88 mmol), and N,N-

20 dimethylaminopyridine (105 mg, 0.86 mmol). The reaction was
heated at 50°C for 2 hours, allowed to cool, and
concentrated in vacuo. After the workup described in Step
2, Example 54, the residue was purified by flush
chromatography over a bed of silica gel using a gradient

25 elution of hexane: ethyl acetate (1:2 to 1:5) to give the
desired product as a white foam (440 mg, 1.16 mmol, 40%).
MS(ES): 379 (M+1).

30



sulfate, filtered, and concentrated in vacuo to a sticky white solid.
Anhydr ous acetonitrile (20 nL) was added, followed by racemc
(3aS, 6aR) maxet658100f ur of 2, 3- b] furan-3-yl 4-nitrophenyl carPCHHBY/18M42]1 (¢,
4.12 mol ), anhydrous 30 diisopropylethylamne (0.72 nL, 4.12 mmol ), and
N, N WO 99/ 65870 PCTI US99/ 13744 158 -dusethyl am nopyridine (150 ng, 1.23
nmml ). The reaction was heated at 50C for 2 hours, allowed to cool, and
concentrated in vacuo. Diethyl ether (50 nL) and 5% sodi um carbonate (20
m.) were adgd 2zand the | ayers were separated. 5 The organic |ayer was
washed with water (ZOPHL)’ brine (15 L), dried over anhydrous sodium .
sulfate, filterem, d’ comxentrated jyn vacuo. Flush chromatography over a
bed of silica gQI sing agiraeient e iope of hexane: ethyl acetate (1:1
to 1:4) gave Pe si fed Ppr('p a$>.aN|p1aI e yellow foam 10 (1.41 g, 33.5
nmol , 810)./' ANVR (d6- ONB@ 2R-7.13 (m 5H), 6.18 (bs, 1H), 5.58-5.52
(m 1H), 4386-4.82 (m 2H 4.14 dbs, 1H), 3.88-3.34 (m 6H), 3.04-2.53
(m 6H), 1.92- 1.30 (m . MS(ES): 421 (Mm+l), 419 (M1). 15 Step 3: Ph O
O HNOHN~ ~-NHCO2Me~/ OH ON O; OHHG6 (54)
(3aS, 6aR) Hexahydr of ur of 2,(35313’]"f uran-3-yl N- (1S, 2R) - 1- benzyl - 20
3-[ (cycl opent yl oxy) (2-[ (et hoxycar bonyl ) am no] - 1H
benzi m dazol - 5-yl sul f onyl ) am no] - 2- hydr oxypr opyl car banat e.
(3aS, 6 R)I-@g:} f 2 =3 N-3- ¥l (1S, 2R - 1-benzyl -
3- [(cygl opent %@‘%@rﬁ%ﬁﬂ‘%ﬁ%xﬁr‘ﬁy%& gar%r)ae%“gy(ll 0 ng,

[ (cyclopentyloxy) (2-[ (methoxycarbonyl)amino]-1H-

benzimidazol-5-ylsulfonyl)amino] ~2-hydroxypropylcarbamate.
(35) Tetrahydro-3-furanyl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy)amino] -2-hydroxypropylcarbamate (120 mg,

10 0.317 mmol), methyl N-[5-(chlorosulfonyl)-1H-benzimidazol-2-
yllcarbamate (100 mg, 0.345 mmol), anhydrous
diisopropylethylamine (0.06 mL, 0.345 mmol), and N,N-
dimethylaminopyridine (12 mg, 0.09 mmol) were combined in
anhydrous tetrahydrofuran (6 mL) and anhydrous N,N-

15 dimethylformamide (3 mL) in a 25 mL round bottomed flask
under nitrogen. The reaction was stirred for 24 hours and
concentrated in vacuo. After the workup described in Step
3, Example 54, the residue was purified by preparative
silica gel TLC using 90:10 chloroform: methanol as an eluent

20 to provide the desired product as a colorless glass (43 mg,
0.068 mmol, 21%). 'HNMR (d¢-DMSO) &: 7.96-7.08 (m, 10H),
5.19 (d, J=6.7 Hz, 1H), 4.96-4.82 (m, 3H), 3.81 (s, 3H),
3.75-3.40 (m, 6H), 3.09-2.40 (m, 4H), 2.09-1.35 (m, 8H).
MS(ES): 632 (M+1), 630 (M-1). '



0.238 mml ), nmethyl N-[5-(chlorosul fonyl)-1H -benzi m dazol -2- 25

yl Jcarbamate (70 ng, 0.238 mmol), anhydrous diisopropylethylamne (0.04 m,
0. 238 mmowo 9weagroN, N- di met hyl ami no-pyridine (9 ng, 0.07 nPOI/YSWABBI4
conbined in anhydrous tetrahydrofuran (5 nL) and anhydrous N, N-

di methyl formam de (3 nlL) in a 25 nL roygg bottonmed flask 30 under nitrogen.
The reaction was stirred for 24 hours and WO 99/ 65870 PCT/ US99/ 13744 159
concentrated in vacuo. Ethyl acetate (30 nmL) and 0.5 N HC1 (10 nL) were
added and the |ayers were separatedy, e ¥panic |layer was washed with
brine (10 nmL), dried over anhydro ulfate, filtered, and
concentrat®ep nt’5 vacuo. Preparative silica gel TLC using 90:10 chloroform
nmet hanol as an el uent provided the product as a white foam (83 ng, 0.123
mml, 52% . 1HNMR (d6-DMBO) S 7.60-7.15 (m 10H), 5.51-5.46 (m 1H), 5.21
(bd, J=5.9 Hz, glH) .~Bh82-4.69 (m 2H), 3.81 (s, 3H), 3.78-3.57 (m 8H),
3.19-2.42 (m jﬂj, 10 2.02-1.30 (m 8H). MS(ES) : 674 (M+tl) , 672 (M1)
Exanpl e 55 epNI: HOOHNH - e OHO0O O 15 6 1, 3-Di oxan-5-yl

N (1S, 2R) - ¥~ enzﬁl-3@H[(¢yclopentyloxy)anino]-2-hydroxypropy|carbanate.
Tert-butyl N-(iS, 2R)-i~0enzyl-3-[(cyclopentyl oxy)anino]-2 20

hydr oxypr opyl car banat .38 g, 3.79 mmol ) was dissolved in

di chl oronet hane (15 nmL)™ n a 50 nlL round bottomed flask under nitrogen and
triflugroacetic acid (8 nL) was added slowy. After the solution was

stirred for 4 hours, TLC indicated |oss of starting material. After the
wor kup Tert-butyl N-(1S,2R)-1-benzyl-3-[(cyclopentyloxy)amino]-2-

hydroxypropylcarbamate. To a solution of 2-
(cyclopentyloxy)-1H-isoindole-1, 3 (2H)-dione (11.3 g, 48.9
mmol) in anhydrous tetrahydrofuran (60 mL) in a 200 mL round
10 bottomed flask under nitrogen was added anhydrous hydrazine
(1.6 g, 48.9 mmol) dropwise via syringe. The resulting
thick white slurry was vigorously stirred for 2.5 hours and
then filtered through a fritted funnel. The cake was washed
with tetrahydrofuran (2 x 20 mL) and the combined filtrates
15 were placed in a 300 mL round bottomed flask under nitrogen
and equipped with a condenser. Tert-butyl N-(1S)-1-
[(2S)oxiranyl]-2-phenylethylcarbamate (7.50 g, 28.5 mmol)
was added along with anhydrous lithium triflate (6.20 g,
39.7 mmol) and the reaction was heated at reflux for 24
20 hours. The reaction was allowed to cool and was
concentrated in vacuo to a viscous oil. Diethyl ether (150
mL) and water (50 mL) were added and the layers were
separated. The ethereal layer was dried over anhydrous
sodium sulfate, filtered, and concentrated in wvacuo. Flush
25 chromatography over a bed of silica gel using a gradient
elution of hexane: ethyl acetate (4:1 to 2:1) gave the
desired product as a white solid (8.90 g, 24.4 mmol, 86%

based upon starting epoxide). 'HNMR (CDCls) &: 7.32-7.19
(m, 5H), 5.90 (bs, 1H), 4.59 (d, J=8.1 Hz, 1H), 4.24-4.20



25 described in Step 2, Exanple 54, the residue was dissolved in anhydrous
acetonitrile (20 nL), followed by 1, 3-dioxan-5- yl 4-nitrophenyl carbonate
(1.02 g, woh965890! ), anhydrous diisopropyl et hyl am ne (0. Gemnisey/d37@4 ol ),
and N, N- di et hyl am nopyri dine (140 ng, 1.14 mol). The reaction was 30
heated at 50C for 2 hours, allowed to gagl, and WO 99/65870 PCT/ US99/ 13744
160 .concentrated in vacuo. After the workup described in Step 2, Exanple
54, the residue was purified by flush chronmatography over a bed of silica
gel using r e td on . of Xa t-hy, t (1 o L4) to give
the 5 desi fhcla'g %?)L)dtr]%:tg(glsyafsﬁh%r?e ﬁ@amrbe 5 51 é?’ Z%rr}rgml t 421%% 354|—Nf\'/R

(d6- DVMSO) BeH)7. 36 (E7: (rﬁ655|—l)M+1@,152€(5bs£M~113r€[)C 4 91- 4. 67 (m 3H)

4.35-3.50 (m 4H) 3.11-2.52 (m 8H), 1.68- 1.36 (m 8H). MS(ES): 395
(M+1). 10 Step 2: Ph OOO 11 O1l~IHN, SS|I N~ ~O N OHOH 0O6 (55)
15 1, 3-Di oX&#R 2yl N- (1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy) (2

{(rret hgxycar bonyl ) am no] - 1H benzi m dazol - 5-

yl sul fonyl ) am no] - 2- hydr oxypr opyl carbamate. 1, 3- Di oxan-5-vyl

N (1S, 2R) - 1- benzyl 3- [ 9bl opent yl oxy) - am no] - 2- hydr oxypr opyl car banat e

(Step 1, abovep_, (oo 0.254 20 mmol ), net hyl
N-[5(ch| yIH— emH m dazol - 2- yl]carbamate (73 ng, 0.254 mol),
anhydrous g OH ©O

e

(3as, 6aR)Hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R)-1-benzyl-
3-[(cyclopentyloxy)amino] -2-hydroxypropylcarbamate. Tert-

10 butyl N-(15,2R)-1-benzyl-3-[ (cyclopentyloxy)amino]-2-
hydroxy-propylcarbamate (step 1 above), (1.50 g, 4.12 mmol)
was dissolved in dichloromethane (15 mL) in a 50 mL round
bottomed flask under nitrogen and trifluorocacetic acid (10
ml) was added slowly. After the solution was stirred for 3

15 hours, TLC indicated loss of starting material. The
reaction was concentrated in vacuo and ethyl acetate (30 mlL)
was added. A 10% solution of aqueous sodium carbonate was
added portionwise until the pH was adjusted to 9. The
layers were separated and the organic layer was extracted

20  withl N HCl (20 mL). The aqueous layer was then neutralized
with solid sodium carbonate until the pH was 9. The
resulting white precipitate was dissolved by the addition of
ethyl acetate (100 mL) and the layers were separated. The
aqueous layer was extracted with ethyl acetate (25 mL) and

25 the combined organic layers were dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo to a sticky
white solid. Anhydrous acetonitrile (20 mL) was added,
followed by racemic (3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-yl
4-nitrophenyl carbonate (1.21 g, 4.12 mmol), anhydrous

30 diisopropylethylamine (0.72 mL, 4.12 mmol), and N,N-



di i sopropyl ethyl-amne (0.05 nmL, 0.254 mmol), and N, N
di met hyl am nopyridine (9 ng, 0.08 mol) were conbined in anhydrous

t et rahydreiomsss705 nli) and anhydrous N, N 25 di net hyl f or mant@CeU§92/1%14% i n a
25 nL round bottoned flask under nitrogen. The reaction was stirred for
concentrated in vacuo. After gde workup described in Step 3,
Exanpl e 54, the residue was purified by preparative silica gel TLC using
93:7 chloroform nmethanol as an eluent 30 to provide the desired product

as a C9L&b%ﬁﬁét@bﬁéﬁlﬁé@yﬁgdlNK)99$@5ﬁ39 PCI3 URROT 13748 e 16dac0i &0 L gmol

hours and

24%

4.82-4.65
3.05-2.40 é@mcéﬁﬁraﬁe@5ln

0 96- 7 10 17 (d, J=6.4 Hz, 1
?ét%iibat },% s, 21#150“93 83111(0296%1)0 c330(718 29 (m 5H)H)

Exanmpl e 56 Ph 11\0 O N NHS
(39) Tetrah%ﬁ%o%a*f%r ahy 1 (Vi%r%padqe%e%ﬁ%t@e fhyers' werd “Shparatea.

[ (cycl apentiyé oxyg4dtt i r@@@pl was Whssthd @nyd d o d0d r 2¢2 OV OXViDF Oy | ceg banat e.
(3S) Tetrah droy%¥furan N (1S, 2R) -

1- benzyl -

ot %x%f)%ifﬁhﬁ?ﬂs ﬁ@@ﬂ%x%%%ﬁcaﬁb]am%d&?%%t ep 1,

IvdQud M I&l_atl’ll_#@ étﬁwﬁér %&nﬁ%&lﬁd 35“465&&&&1& 5
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238 nnnlf anhydrous diisopropyl et hyl am ne (0.04 ni, 0.238
uSLng a gradient elution of hexane: ethyl acetate

(1:1 to 1:4) gave the desired product as a pale yellow foam
(1.41 g, 33.5 mol, 81%). ‘HNMR (de-DMSO): & 7.29-7.13 (m,
S5H), 6.18 (bs, 1H), 5.58-5.52 (m, 1H), 4.96-4.82 (m, 2H),
4.14 (bs, 1H), 3.88-3.34 (m, 6H), 3.04-2.53 (m, 6H), 1.92-
1.30 (m, SH). MS(ES): 421 (M+1), 419 (M-1).

Step 3:

o}

1

“u V»—NHCO,Me
m > 670 o

(54)

Iy,
(@)

(3as, 6aR) Hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R)-1-benzyl-
3-[(cyclopentyloxy) (2-[ (methoxycarbonyl)amino]-1H-
benzimidazol-5-ylsulfonyl)amino]-2-hydroxypropylcarbamate.
(3aS,6aR)Hexahydrofuro[2,3—b]furan—3—yl N-(15,2R)~-1-benzyl-
3-[(cyclopentyloxy)amino] -2-hydroxypropylcarbamate (100 mg,
0.238 mmol), methyl N-[5-(chlorosulfonyl)-1H-benzimidazol-2-
yl]lcarbamate (70 mg, 0.238 mmol), anhydrous
diisopropylethylamine (0.04 mL, 0.238 mmol), and N, N-
dimethylamino-pyridine (9 mg, 0.07 mmol) were combined in
anhydrous tetrahydrofuran (5 ml) and anhydrous N,N-
dimethylformamide (3 mL) in a 25 mL round bottomed flask

under nitrogen. The reaction was stirred for 24 hours and



di met hyl am nopyridine (9 ng, 0.07 nmol) were conbined in anhydrous
tetrahydrofuran (4 nL) in a 25 nL round bottoned 20 flask under nitrogen.
The reactwopowssyostirred for 24 hours and concentrated irpomus913R%t er the
wor kup described in Step 3, Exanple 54, the residue was purified by
preparative silica gel TLC using 1:1 hgxane: ethyl acetate as an el uent

to gi-ve the tritylated product as a colorless film The 25 conpound was
deprotected as described in Exanple 57 and purified by preparative silica
gel TLC usicigedtkaridylin aceiat.e: shexang as yenl )t Qpr guisd

desired prq%n%_ as a colorless fil §? ny, a%% Q3% %L %??;%(50%Hﬁ%% dat.a
avai | abl e)! tL(ESﬁere sggedVvery, ths7 lavery. wm@eggﬁ@%a(teﬁcw U889/ 13744 162
Exanpl e 58rganRit Qaykir QHstgsNedHWQHhCEQHHe @OHmﬂ 61d&§éh over

(3aS, 6aR) Hexa ydrofuro 2,3-b]furan-3 1 N (IS, 2R) - 1-benzy

3- [ (cycl opERYIFGRY) EPA4 Pﬁ‘dé Fagey| §e| ﬁ@ﬁyﬁ)aﬁpdo}:ozcentrated in

hydr oxypr eyhear bareberat3as, xghydrefFu 39l 1Hur : |
N (1S, 2R)- 1- benz I-3?[(cyclopgﬁﬁ%E§x§e¥azggo?gﬁaﬁy9?o%§ f§ﬂ85§6§#0arbanate
(100 ng, geshgn By éBtééugntE?éﬁﬁPée§4Fhe mrpdutylaBHalwhaZeléosmsulfonyl

chl ori de ( 0L, nhy pyl e ylanlne (0.04 n,
0. 238 nnn%% hd Nlégdlne hy%%ﬁ?nop§h3§§ gi g&%ﬁﬂ é nﬁﬂr) -er éC¢ombi ned
i n anhydr 608) 1 etr. 8hydr. aburan (8§)plp.pn apdh UL5 §5HQQUQQ boyt goed  gbask

under n|tr ge Th actio S irr fo 24 hours and concentrated in
vacuo. Aft%f ?ﬁé 3.519%5] O35, 755 gq m, 3.19-2.42 (m, 4H),

10 2.02-1.30 (m, 8H). MS(ES): 674 (M+1), 672 (M-1).
Example 55
Step 1:
o Ph

T 0

15
1,3-Dioxan-5-yl N-(1s5,2R) -1-benzyl-3-
[(cyclopentyloxy)amino]-2—hydroxypropylcarbamate. Tert-butyl

—(15,2R)—l—benzyl—3—[(cyclopentyloxy)amino]—2—

20  hydroxypropylcarbamate (1.38 g, 3.79 mmol) was dissolved in
dichloromethane (15 mL) in a 50 mL round bottomed flask
under nitrogen and trifluoroacetic acid (8 mL) was added
slowly. After the solution was stirred for 4 hours, TLC
indicated loss of starting material. After the workup

25 described in Step 2, Example 54, the residue was dissolved
in anhydrous acetonitrile (20 mL), followed by 1,3-dioxan-5-
yl 4-nitrophenyl carbonate (1.02 g, 3.79 mmol), anhydrous
diisopropylethylamine (0.65 mlL, 3.8 mmol), and N,N-

dimethylaminopyridine (140 mg, 1.14 mmol). The reaction was

30 heated at 50°C for 2 hours, allowed to cool, and



wor kup described in Step 3, Exanple 54, the residue was purified by
preparative silica gel TLC using 1:1 hexane: ethyl acetate as an eluent to
gi ve the woighssad ed product as 20 a colorless film (80 ngprpc39&13mol ,

400). The trityl protecting group was renoved by dissol ving the conpound
in dichloronmethane (3 nl) and adding_t{jifluoroacetic acid (1 nlL). After
2.5 hours of stirring, the reaction was concentrated in vacuo. Ethyl
acetate (15 nL) and 10% 25 aqueous sodi um carbonate (5 nL) were added and
the | ayers cosppanatady The alcpni © ke s ALhed auer aghudiqus. godi um
sulfate, filtered, and concentrated in vacuo. residue was purified by
preparatlvé,sﬂ&am@l@eﬁ4TL@h@sm@@l@u£ weshpmraéeedtéy ﬁémahe as an eluent to

PLRVR 0 98] GER76 RET tB0g) a7 Aa o Y ST0ABeDUR) L. S008e R0 2

7.81-7.67 @hut2Ep, of. 2&xanel? efimy15Hretste1-(3.:26 toml : IH) £o5g25e( dhel= 6 3

Hz, 1 ~83-4..6 : 1 26

(ES) W%oﬁf%ﬁf%d és’S(é)%%H)as é éxanpl ifo%§ gHéhmé N%I %’2 &T %ﬁ% 0006
(58) 10 (3&&Mth@@memaBz§uranmb -M.03S,2R) skyberzyls- 3vs, 1H), 4.91-
[(cyclopentyloxy)(lH-lndazol Y ﬁlsulfonﬁl)anlno] 2- hydroxypro?y%garbanate

(3S) Tet r ahydPd- 3% u8ny| 4NS@1S,-2R) -(m, 11-2.52 (m, 8H)
1- benzyl - 31[@@thpp@@tylomg)@@1no]3g5h¥gqqupropylcarbanate 15 (Step 1,

Exanpl e 53), (120 ng, 0.317 mmmol ), 1-trityl-IH indazol e-6-sulfonyl
chloride (146 ny, 0.317 nnDI), anhydr ous
10 Step 2:
Ph
I /I;r/\ 9 Q>_
.S N OMe
0] N f}l" N—NH
YT UL
) o
(55)

15 1,3-Dioxan-5-yl N-(1S,2R)-1l-benzyl-3-[(cyclopentyloxy) (2-

{ (methoxycarbonyl)amino] -1H-benzimidazol-5-

ylsulfonyl)amino]-2-hydroxypropylcarbamate. 1,3-Dioxan-5-yl
-(15,2R)-1-benzyl-3-[ (cyclopentyloxy)-amino]-2-

hydroxypropylcarbamate (Step 1, above), (100 mg, 0.254

20 mmol), methyl N-[5-(chlorosulfonyl)-1H-benzimidazol-2-
yl]carbamate (73 mg, 0.254 mmol), anhydrous
diisopropylethyl-amine (0.05 mL, 0.254 mmol), and N,N-
dimethylaminopyridine (9 mg, 0.08 mmol) were combined in
anhydrous tetrahydrofuran (5 mL) and anhydrous N,N-

25 dimethylformamide (2 mL) in a 25 mlL round bottomed flask
under nitrogen. The reaction was stirred for 24 hours and
concentrated in vacuo. After the workup described in Step
3, Example 54, the residue was purified by preparative
silica gel TLC using 93:7 chloroform: methanol as an eluent

30 to provide the desired product as a colorless glass (40 mg,



di i sopropyl ethylamne (0.06 nL, 0.317 muol ), and N, N- di nmet hyl am nopyri di ne
(12 ng, 0.1 mol) were conbined in anhydrous tetrahydrofuran (5 nm) in a
25 L r ourfh byysgred 20 fl ask under nitrogen. The reacti onpepessiistgsed for
24 hours and concentrated in vacuo. After the workup described in Step 3,
Exanpl e 54, the residue was purified by ,pyeparative silica gel TLC using
1:1 hexane: ethyl acetate as an el uent to give the tritylated product as a
colorless film (100 ng, 25 0.125 mmol ). The conpound was deprotected as

described i 57 and puyrified by preparative i i.c el TLC using
3:1 ethyl @qui%e% ab%?s anHWBegijT %Qg\aﬁ{ ‘de 1 _Jd'e]sfi'arg?i p)]roggUCt as a
colorl ess glass (B0 nts. 01083710y 824%0Mes (ot NV, (,d@.%@)bss 833 (bs,
1H), 8.07- 00 (m WO 99/ 65870 PCT/US99/13744 - 164 7. 49 41 (m
11 7 26 08 (1 S S GERAE (W B BT Y5 (i G0 2 VEES)
559 (M+1), 155470(M1)8H Exa/s)59 %40 FM-Q)N ddeO fvN)HS J:D: N H H CH
A OHO (59 (3as, 6aR) Hexahydro[2 3- b]furan 3-y1 N (1S, 2R) - 1-benzyl -3- 10
[ (cycl oEent yl oxy) (1H i ndazol - 6-yl sul fonyl )am no] - 2 hydr oxypr opyl car bamat e.

(3aS, 6aR) Hexahydrof uro[ 2, 3-b] furang le 56
N- (1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy)‘)%%ﬂ‘n'cﬂ-z hydr oxypr opyl : car bamat e
(Step 2, Exanple 54), (100 ng, 0.238 mmol),

1- trltyI-IH-lndazoIe 6 ul fonyl chloride (110 ng, 15 0.238 mmol ), anhydrous

di i sopropyl et hyl aﬁm 04OTL 0.238 nmml), and
NN—dlrrethyIamn d| N 07 mol ) were
II N
OH o
(56)
10

(38) Tetrahydro-3-furanyl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy) (1H-indazol~5~ylsulfonyl)amino]-2-
hydroxypropylcarbamate. (3S)Tetrahydro-3-furanyl N-(1S,2R)-
l-benzyl-3-[ (cyclopentyloxy)amino]-2-hydroxypropylcarbamate

15 (Step 1, Example 53), (90 mg, 0.238 mmol), 1l-trityl-1H-
indazole-5-sulfonyl chloride (110 mg, 0.238 mmol), anhydrous
diisopropylethylamine (0.04 mL, 0.238 mmocl), and N,N-
dimethylaminopyridine (9 mg, 0.07 mmol) were combined in
anhydrous tetrahydrofuran (4 mL) in a 25 mlL round bottomed

20 flask under nitrogen. The reaction was stirred for 24 hours
and concentrated in vacuo. After the workup described in
Step 3, Example 54, the residue was purified by preparative
silica gel TLC using 1:1 hexane: ethyl acetate as an eluent
to give the tritylated product as a colorless film. The

25 compound was deprotected as described in Example 57 and
purified by preparative silica gel TLC using 3:1 ethyl
acetate: hexane as an eluent to provide the desired product
as a colorless film (6 mg, 0.0l mmol, 5%). (no HNMR data
available). MS(ES): 559 (M+1l), 557 (M-1).



conbi ned i n anhydrous tetrahydrofuran (5 nL) in a 25 nL round bottoned
flask under nitrogen. The reaction was stirred for 24 hours and
concent r alRylogigagracuo. After the 20 workup described in Stepr/@soohsaapl e 54,
the residue was purified by preparative silica gel TLC using 1:1 hexane:
ethyl acetate as an eluent to give the g¢fitylated product as a colorless
film (117 ng, 0.139 nmol, 580). The corrpound was deprotected as descri bed
in Exanple 57 and purlfled by 25 preparative silica gel TLC using 3:1 ethyl
acetate: hexane as an eluent to p I8 desired product as a colorless
film(60 ng, 0.100 mml, 72% . 'HN = ) S: 8.33 (bs, 1H), 8.08-7.99
(m 2H), 7.50-7. 45 (m 1H, 7.23- 7 15 (m b5H), 5.51-5.45 (m 1H), 5.26
(bd, J=5.9 Hz, 4.85:,4.66 30 (m 2H), 3.77-1.14 (m 22H). MS(ES) : 601 -
(M+1) , 599 (Ml) \2309 6‘587OOPCT/ US99/ 13744 165 . Exarrple 60 Ph / \N Ol

OSN ONN g1l HJO- OB _O% S (60) 1,3-D oxan-5-yl

N- (1S, 2R) - ~k@nz@ ™~ 3N[ ( typgmm

i ndazol - 6-(@onyl l)"am(JmD] O2- hydeBxyor opyl car bamat e. 1, 3- Di oxan- 5-yl
N(1S, 2R) - zyl -3-[ (cycl entyl oxyd am no] -2 10 hydroxypropyl car bamat e
(Step 1, Exdhple 55), (100 nm¥ 0.254 mol),

1-trityl -1 Hindazol e-6-sul yl chloride (117 ng, 0.254 mmol), anhydrous
di i sopropyl ethyl am ne (0.@5,n, 0.254 nmol), and N, Ndinethylani nopyridine
(9 ng, 0.08 nmmol) were conbl ned i n anhydrous tetrahydrofuran (5 nL) in a
25 nL 45 round bottoned flask under nitrogen. The reaction was

(3as, 6aR) Hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R)-1-benzyl-
3-[(cyclopentyloxy) (1H-indazol-5-ylsulfonyl)amino]-2-
hydroxypropylcarbamate. (3aS, 6aR)Hexahydrofuro[2,3-b]furan-
3-yl N-(1S,2R)-1-benzyl-3-[ (cyclopentyloxy)-amino]-2-hydroxy

10 propylcarbamate (100 mg, 0.238 mmol) (Step 2, Example 54),
l-trityl-1lH-indazole-5-sulfonyl chloride (110 mg, 0.238
mmol), anhydrous diisopropylethylamine (0.04 mL, 0.238
mmol), and N,N-dimethylaminopyridine (9 mg, 0.07 mmol) were
combined in anhydrous tetrahydrofuran (5 mL) in a 25 mL

15 round bottomed flask under nitrogen. The reaction was
stirred for 24 hours and concentrated in vacuo. After the
workup described in Step 3, Example 54, the residue was
purified by preparative silica gel TLC using 1:1 hexane:
ethyl acetate as an eluent to give the tritylated product as

20 a colorless film (80 mg, 0.095 mmol, 40%). The trityl
protecting group was removed by dissolving the compound in
dichloromethane (3 mL) and adding trifluorocacetic acid (1
mL) . After 2.5 hours of stirring, the reaction was
concentrated in vacuo. Ethyl acetate (15 mL) and 10%

25 aqueous sodium carbonate (5 mL) were added and the layers
separated. The organic layer was dried over anhydrous
sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by preparative silica gel TLC using 3:1
ethyl acetate: hexane as an eluent to provide the desired

30 preoduct as a white solid (30 mg, 0.05 mmol, 53%). 'HNMR



stirred for 24 hours and concentrated in vacuo. After the workup described
in Step 3, Exanple 54, the residue was purified by preparative silica gel
TLC usi ngwéodsk@sane: ethyl acetate as an eluent to gi ve Forauseyii7gd at ed
product as 20 a beige foam The conpound was deprotected as described in
Exanpl e 57 and purified by preparatLygléjllca gel TLC using 3:1 ethyl
acetate: hexane as an eluent to provi the desired product as a colorless
glass (53 ng, 0.0922 nnol 360) . " HNWR (d6 DNBC» S: 8.32 (bs, 1H),

£ 0 00 (Ml £ e A% AU Uy b3 00 (L Uy Rl (20

(ES) : 575.4M1p, 5ﬁ3,(&4$1 5\\D6 965810, PQTQ9398/131643 ﬁ@ﬁ 1Exanmpl e 61 O

1. TFA/CH 2 / 50 \ NF+2 tBuO DI EA, CFbCN,
ON NEERR B B oG, 04 Gk Cbg) (T Ky Set 2ahvdPnln t bRhel N

(1S, 2R ﬁs (Esh : (3so0ammephengbdsumMionyl ] (i sopropoxy)am no] - 1- benzyl -
hydrog¥propylcarbanate. tert-Butyl N (1S,2R)-3-[[(3-

am no enyl)sulfonyl](isopropoxy)anino]-I-benzyI 2 10
hydr oxypr opyl car bamate (0. 50 g, *appwL) swas di ssolved in
TFA/ CH2C12(50/50, 5.0 ni) at the TFA/ CH2C1l2 was renoved

in vacuo and the reside was partltloned betmeen CH2C12(100 m.) and 1.ON
NaOH (50 nlL) . The organic | ayer s washed with water (1 x 25 nL), brine

(1 x 25 nL), drped (MySe4 I I'Yppred, and evaporated to give the free
base. To a sotyiio of thg pase in CH3CN( 10 nlL) was added DI EA
‘\\O N [}j’ 1 H
{ 5 H on o ©
) O
(58)

(38) Tetrahydro-3-furanyl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy) (1H-indazol-6-ylsulfonyl)amino]-2-
hydroxypropylcarbamate. (3S)Tetrahydro-3-furanyl N-(1S,2R)-
l-benzyl-3-[ (cyclopentyloxy)amino]-2-hydroxypropylcarbamate
15 (Step 1, Example 53), (120 mg, 0.317 mmol), 1-trityl-1H-
indazole-6-sulfonyl chloride (146 mg, 0.317 mmol), anhydrous
diisopropylethylamine (0.06 mL, 0.317 mmol), and N,N-
dimethylaminopyridine (12 mg, 0.1 mmol) were combined in
anhydrous tetrahydrofuran (5 mL) in a 25 mL round bottomed
20  flask under nitrogen. The reaction was stirred for 24 hours
and concentrated in vacuo. After the workup described in
Step 3, Example 54, the residue was purified by preparative
silica gel TLC using 1:1 hexane: ethyl acetate as an eluent
to give the tritylated product as a colorless film (100 mg,
25 0.125 mmol). The compound was deprotected as described in
Example 57 and purified by preparative silica gel TLC using
3:1 ethyl acetate: hexane as an eluent to provide the

desired product as a colorless glass (30 mg, 0.0537 mmol,

43%). ‘HNMR (d¢-DMSO) &: 8.33 (bs, 1H), 8.07-8.00 (m, 2H),



(0.175 m., 1.01 nmmol) and 2, 5-di oxo-1-pyrrolidinyl

[ (3S)tetrahydro-3-furanyl] carbonate (0.213 g, 0.93 mml) respectively

Wi th stirgwigwesgort. After 1.0h., the reaction 20 m xtureparnassoodsaar at ed
and the crude residue purified by columm chronmat ography: 40/ 60 hexane/ et hyl
acetate to give the product as a whitggsolid (0.320g, 630). Ms: M+NA =
530. - "H NWR (CD3OD) 1.25(m 6H) ; 1.80(m 1H) ; 2.05(m 1H) ; 2.40-
3.10(m 4H); 3.45(d, 1H); 3.75(m 1H); 3.70-3.90(m 5H); 25 4.50(m 1H) ;

o o . / 0
gc??ﬁgggll%mﬁ %ggq Eig)ﬁ e 6%%@} O%H) IFFAlz’Eljfiozéif%S% o %g)%? 65Q€E7H 2.

DI EA, CH3@GNBIrtl.€5 ~m, tBLQ@ H NMS (ESQ:O HSR $SMKO) ZZNW GM @H.N H O ON HS
(62) 5 (3S)tetrahydro-3-furanyl N-((iS, 2R)-1-benzyl -2-hydr oxy- 3-

i sopropoxy|[ (2- oxo- 2, 3-di hydro-1 H 1, 3- benzi m dazol - 5-

yl ) sul f onyl ] am nopr opyl ) car banmat e. ERempdee8dSusi ng the procedure outlined
in Ex |l e 61. The product was purified 10 by col unmm chromat ography: 97/3
CH2C12/ MeOH and i sol at ed as a {te solid (400) . Ms: M+H = 549 1H NWR

(CD30D) 1.25 (m M, 95(m 1H); 2.40-3.10(m 4H); 3.40(d,
1H); 3.70-3. 90( 5 4 55 O(m 1H); 7.20(m 5H); 7.80(m 2H)
8.20(s, 1H) ,:8 rT§O(m 6 ; 7.50(m 15 2H). Exanple 63 ( 1.
TFA/ CH ZCI 2 50) OH o

|—T

(59)

(3as, 6aR) Hexahydro[2,3-b]furan-3-yl N-(1S,2R)-1-benzyl-3-

10 [ (cyclopentyloxy) (1H-indazol-6-ylsulfonyl)amino] -2~
hydroxypropylcarbamate. (3aS, 6aR)Hexahydrofuro[2, 3-b]furan-
3-yl N-(15,2R)-1-benzyl-3-] (cyclopentyloxy)-amino]-2-
hydroxypropy:carbamate (Step 2, Example 54), (100 mg, 0.238
mmol), l-trityl-1H-indazole-6-sulfonyl chloride (110 mg,

15 0.238 mmol), anhydrous diisopropylethylamine (0.04 mL, 0.238
mmol), and N,N-dimethylamino-pyridine (9 mg, 0.07 mmol) were
combined in anhydrous tetrahydrofuran (5 mL) in a 25 mL
round bottomed flask under nitrogen. The reaction was
stirred for 24 hours and concentrated in vacuo. After the

20 workup described in Step 3, Example 54, the residue was
purified by preparative silica gel TLC using 1:1 hexane:
ethyl acetate as an eluent to give the tritylated product as
a colorless film (117 mg, 0.139 mmol, 58%). The compound was
deprotected as described in Example 57 and purified by

25 preparative silica gel TLC using 3:1 ethyl acetate: hexane
as an eluent to provide the desired product as a colorless
film (60 mg, 0.100 mmol, 72%). 'HNMR (d¢-DMSC) &: 8.33 (bs,
1H), 8.08-7.99 (m, 2H), 7.50-7.45 (m, 1H), 7.23-7.15 (m,
5H), 5.51-5.45 (m, 1H), 5.26 (bd, J=5.9 Hz, 1H), 4.85-4.66

30 (m, 2H), 3.77-1.14 (m, 22H). MS(ES): 601 (M+1), 599 (M-1).



I r)..

IS :

XOHON OV O ONHS H (63) 20 (3S)tetrahydro-3-furanyl

N- (1S, 2Ry wédofsdg 1, 3- benzi m dazol - PCT/US99/13744
5-yl sul fonyl ) (i sopropoxy) am no] - 1- benzyl - 2- hydr oxypr opyl car bamat e.
Prepared using the procedure outlined;gn Exanple 6. The product was

purified by colum 25 chromatography: 97/3 CH2C12/ MeOH and i sol ated as

;e 2. DDEA, CHCN, rt o Oof NtBUOHNO CANNS ~) OdANHH

white solid (31% . Ms: M#H = 533 1H NMR (CD30D) 1.25(m 6H) ; 1.60(m WO
99/ 65870 PCT/ US99/ 13744 - 168 1H); 1.95(m 1H); 2.40-3.10(m 4H); 3.40(d,

1H); 3.70- 3.90(m 5H); 4.55(m 1H); 4.90(m 1H); 7.20(m 5H); 7.80(m 2H)
8.20(s, 1H); 8.40(s,1H). 5 Exanpl eEgamgleH6Q C : 111, OV OH O Ove N-~N, 1.
TFACHZOZ Ou NN, OYO0=0000001Il =0-0 2. UWAO 0 DEA(64) 10

(3S) tetrahydro-3-furanyl N ((1S,2R) -1-benzyl-3

(cycl ohexyl oxy) [ (4- met b@xyphe | f onyl ] am no- 2-

hydr oxypr opyl ) carha teﬁl- N-((1S, 2R) - 1- benzyl -
n

(cyclohexyloxy)%}g
(0.09 mulg ) S

10

15

20

25

d| Q{lved |n

(60)

1,3-Dioxan-5-yl N-(1S,2R)-1l-benzyl-3-[ (cyclopentyloxy) (1H-
indazol-6-ylsulfonyl)amino]-2-hydroxypropylcarbamate. 1, 3-
Dioxan-5-yl N-(18,2R)-1-benzyl-3-[(cyclopentyloxy)amino]-2-
hydroxypropylcarbamate (Step 1, Example 55), (100 mg, 0.254
mmol), l-trityl-1H-indazole-6-sulfonyl chloride (117 mg,
0.254 mmol), anhydrous diisopropylethylamine (0.05 mL, 0.254
mmol), and N,N-dimethylaminopyridine (9 mg, 0.08 mmol) were
combined in anhydrous tetrahydrofuran (5 mL) in a 25 mL
round bottomed flask under nitrogen. The reaction was
stirred for 24 hours and concentrated in vacuo. After the
workup described in Step 3, Example 54, the residue was
purified by preparative silica gel TLC using 1:1 hexane:
ethyl acetate as an eluent to give the tritylated product as
a beige foam. The compound was deprotected as described in
Example 57 and purified by preparative silica gel TLC using
3:1 ethyl acetate: hexane as an eluent to provide the
desired product as a colorless glass (53 mg, 0.0922 mmol,
36%). 'HNMR (d¢-DMSO) &: 8.32 (bs, 1H), 8.06;8.00 (m, 2H),
7.49-7.46 (m, 1H), 7.33-7.16 (m, 5H), 5.22 (d, J=6.5 Hz,
1H), 4.85-4.66 (m, 3H), 4.23-3.00 (m, 12H), 2.01-1.43 (m,
8H). MS(ES): 575 (M+1), 573 (M-1).

f onyl ] am no- 2- hydroxypropyl ) car bamat e



15 a 1:1 solution of CH2C12/ TFA (1 nL) and allowed to stir at room
tenperature for 1 hour. The solution was then extracted into ethyl
acetate, ywapdpgdsii th saturated sodi um bicarbonate sol uti opcposhoasigae,
dried over magnesium sulfate, and concentrated to a clear oil. The
resulting oil 20 was then dissolved infE (1 n) and conmbined with 2, 5-

di oxo-1-pyrrolidinyl [(3S)tetrahydro-3-furanyl] carbonate (0.05 mmol, 13
ng) DIEA (0.08 nmml, 14 L) and allowed to stir for 15 hours. The reaction
was neutralized by the addition ofpacefic agid and partitioned between
wat er and 25 ethyl acetate. The orga-nrcé}—a'y-ef was washed with saturated
sodi um bi carbonate and brine, and dried over magnesium sulfate. The crude
product was concentrated to a white solid and purified by _sjilica gel

chr omat ogr aphy ( 1: hexanes/ et hyl acetate), providing 19 (379 of a
white WO 99/ 6587 | US99/ 137441 TEAGBECL, (8401 d. EDL\I ( S 7.70
(2H,d), 7.29-Z 1 B0 ~6-N/ eBkddmcR-Al (1H ) ﬁ? ,Neﬁ\,@/i“ﬁ
(1Hm, 3. 883 ), ¥ 38703, 70 (6H,m o 3.68-3.60 (1H 1, & @6 (LM bs),
2.89 (2H m, 2.0F% 7 1.89 ( ,n%},ﬁl.?l (2H,rr),1.28-1.087-5-(6H,n); VB
(ESI): MtNa =585. Exanple 65 oM~/ TFAONKe HOH Ol HOHI'IN t BuO NN
SV 2. oi N2'" NN OOo-xo\ "J\O .0 11 + D EA DMAP, (£H3CN (65) 10
1, 3-di gxan-5-yl N-((1S, 2R)-1-benzyl - 3-(cycl ohexyl oxy) [ ( 4-

met hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) carbamate. tert-butyl N
((1S, 2R) ¢dsbeszyd hyddrd-cychonmol ayid, A&h-3-1[ (3-

aminophenyl)sulfonyl](isopropoxy)amino]—1—benzyl—2—

hydroxypropylcarbamate. tert-Butyl N-(1S,2R)-3-[[(3-
aminophenyl)sulfonyl](isopropoxy)amino]—l—benzyl—Z—

10 hydroxypropylcarbamate (0.50 g, 1.01 mmol) was dissolved in
TFA/CH,C1,(50/50, 5.0 mL) at rt. After 0.5h., the TFA/CH,Cl,
was removed in vacuo and the reside was partitioned between
CH,Cl; (100 mL) and 1.0N NaOH (50 mL). The organic layer was
washed with water (1 x 25 mL), brine (1 x 25 mlL), dried

15 (MgS0s) , filtered, and evaporated to give the free base. To
a solution of the free base in CHsCN( 10 mL) was added DIEA
(0.175 mL, 1.01 mmol) and 2,5-dioxo-1-pyrrolidinyl
[ (3S)tetrahydro-3-furanyl] carbonate (0.213 g, 0.93 mmol)
respectively with stirring at rt. After 1.0h., the reaction

20 mixture was evaporated and the crude residue purified by
column chromatography: 40/60 hexane/ethyl acetate to give
the product as a white solid (0.320g, 63%). MS: M+NA = 530.
'H NMR (CD;OD) 1.25(m, 6H); 1.80(m, 1H); 2.05(m, 1H); 2.40-
3.10(m, 4H); 3.45(d, 1H); 3.75(m, 1H); 3.70-3.90(m, 5H);

25 4.50(m, 1H); 4.95(m, 1H); 6.90(d, 1H); 7.05(d} 1H); 7.10-
7.35(m, 7H).



met hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) carbamate (0.09 15 nmmol, 50
ng) was stirred in 1 nL trifluoroacetic acid (TFA) at roomtenperature for
5 hours. {@oolfshyoras renoved under vacuum and the resul t pefuseaizsise was
di ssolved 1 n ethyl acetate, washed with 5% aq. potassi um carbonate
solution, brine, dried over nagne5|un1§ylfate and concentrated to a 20
residue. The resulting free am ne, 1,3-dioxan-5-yl 4- nitrophenyl carbonate
(0.09 mol, 25 ng), diisopropylethylamne (0.14 nmol, 0.024 nL), a crystal
of N,N—dinethylaninopyridine, 4 A_nol ecul sieves and acetonitrile (0.5
m.) were conbined and stirred at rgéﬁmgg—kggperature for 20 hours. The
reaction solution was concentrated to a residue, dissolved in ethyl
acetate, washed wiith 1IN HClL, 5% aq. potassium carbonate | ution, brine,
dried over nagneS| sul fate, andro@icenifoased under va The crude
resi due was pori by siljca C;Eg 137440 170,

chronatogrg X Nethyi acepéﬁéi and<ﬁjly pi%nz:jfdglether
Id 10 |te solid. Rf # Ogg
Eﬁ-

and hexanes t OHyI

hexanes/ et hyl acet at NNR ( CWHS 7.69 (2H, d) , 7r29-7.18 (6H
m , 6.96 (2H d) , 01493(1H M, 4.93-4.85 (1H n), 4. 74-4.70
(1H. n), 4.51- 4.45 (1H m), 4.22-4.11 (1H n), 3.95-3.72 (7H, 5) 3. 86
(3H,s), 3.00-2.80 (3Hn), 2.10-1.97 (2H, ), 1.79-1.67 (2H ny¢’1.61-1.53

(2H, M3 1.38-1.02 (6H, M ; M (ESI) : MrH=580. 10 Exanple 66 1. TFA L1.J
HyN  Ove %38')4% tg_ihgd/roo 9 QrzgﬁlyP{\I %S &R?—P\Lenzyf—Z hydro Ho 9 OH N M

isopropoxy|[ (2-oxo-2,3-dihydro-1H-1,3-benzimidazol-5-

Yl)sulfonyl ]aminopropyl)carbamate. Prepared using the
procedure outlined in Example 61. The product was purified
10 Dby column chromatography: 97/3 CH,C1l,/MeOH and isolated as a
white solid (40%). MS: M+H = 549 'H NMR (CDsOD) 1.25(m, 6H);
1.60(m, 1H); 1.95(m, 1H); 2.40-3.10(m, 4H); 3.40(d, 1H):;
3.70-3.90(m, S5H); 4.55(m, 1H); 4.90(m, 1H); 7.20(m, 5H);

7.80(m, 2H) 8.20(s, 1H); 8.40(s,1H) 7.20(m, 6H); 7.50(m,
15 2H).

Example 63

1. TFA/CH ,Cl, (50/50)

» O
o O
< 2. DIEA p
tBuo’lLN NS “\5 » CHaCN, t Q P Ocg Ny
H ! 0 0" N N 7
oH o N N H on o
H D‘o ONHS )_ N

20
(38) tetrahydro-3-furanyl N-(1S,2R)-3-[(1H-1,3-benzimidazol-
5-ylsulfonyl) (isopropoxy)amino]-1-benzyl-2-
hydroxypropylcarbamate. Prepared using the procedure
outlined in Example 6. The product was purified by column

25 chromatography: 97/3 CH,Cl,/MeOH and isolated as white solid
(31%) . MS: M+H = 533 'H NMR (CDsOD) 1.25(m, 6H); 1.60 (m,



Il ~~N '"Oi i O'/ /] HO .0 OCON + EDC, HOBT, DIEA, 4A ms.,
(66) 15 (2S) -N - ((1S,2R) -1-benzyl-3- (cyclohexyloxy) [ (4-

met hoxy ph®@A9%68870f onyl ] ami no- 2- hydr oxypr opyl ) - 2-[ ( 2- PCT/US99/13744
qgui nol i nyl car bonyl ) am no] but anedi am de. tert-butyl N - ((1S, 2R
-1-benzyl -3- (cycl ohexyloxy) [ (4 206 168 -

met hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) car banate (0.18 mol,

DIV

100 ng)

was stirred in 1 nL trifluoroacetic acid (TFA) at roomtenperature for 1
hour. ThelHDFA e (tonohBd: Lihd@ 3 Metum4Hind 3.1 (dgs ulH)ing rEsi due was

di ssol ved; idy gf h\y) acet ed4 Wi, 50/@ e7pcbtoa@ns :)é%garp

ntre

sol ution, 25 brine, dr| e gneS| um’su

resi due. 2Fhe &-&SUli ngl) ,ré3e.4eC>miSt1dH (-2S) - 4- ami no- 4- 0x0- 2-

[ (2- qui nol i nyl carbonyl) am no] butanoic acid hydrochl ori de
ng), 1-hydroxybenzotriazole hydrate (0.18 mmol, 25 ng),

% (Tto a

(0.18 mml, 56

N- ( 3- Bi met hyl ami nopropyl ) - N - et hy|Eoantyddi iéd de 30 hydrochl oride (0.20 mmol,
1 (0.91 mol,
0.157 m.) and anhydrous N, N-di nethyl formam de (0.5 nmlL) were conbi ned at

roomtenperature ani rred for 15 hours. The crude yeaction mi xture was

38 ng), diisopropylethylam ne WO 99/ 65870 PCT/ US99/ 13744 17

concentrated to a

5% 5 aqg. potassium darbopatgysol ution, brine and driee over
sul fate. The scpql utitor? Qﬁ@/

DIEA
(64)

10 (38) tetrahydro-3-furanyl N-((1S,2R)-1-benzyl-3-
(cyclohexyloxy) [ (4-methoxyphenyl) sulfonyl]amino-2-

hydroxypropyl) carbamate. tert-butyl N-((15,2R)-1-benzyl-3-

(cyclohexyloxy) [ (4-methoxyphenyl)sulfonyl]amino-2-

hydroxypropyl)carbamate (0.09 mmol, 50 mg) was dissolved in

due, dissolved in ethyl aceta washed with i N HCL,

nagnesi um
=Mby silica
ng a fluffy

oncentrated to a reS| dige, opur
gel chr o@g@ ackt BVEY2Cland | yINi zEd_pi @
white sol 13 NMVR ¢ CbC13) m ) rr)_‘ 8. ?g_-g 0 (1H m,

15 a 1:1 solution of CH,Cl,/TFA (1 mL) and allowed to stir at

room temperature for 1 hour. The solution was then
extracted into ethyl acetate, washed with saturated

bicarbonate solution and brine, dried over magnesium

sulfate, and concentrated to a clear oil. The resulting oil

20 was then dissolved in THF (1 mL) and combined with 2,

dioxo-l-pyrrolidinyl [(3S)tetrahydro-3-furanyl] carb
(0.05 mmol, 13 mg) DIEA (0.08 mmol, 14 pL) and allow

stir for 15 hours. The reaction was neutralized by

addition of acetic acid and partitioned between wate

25 ethyl acetate. The organic layer was washed with saturated

sodium

5-
onate
ed to
the

r and

sodium bicarbonate and brine, and dried over magnesium

sulfate. The crude product was concentrated to a wh

solid and purified by silica gel chromatography (1:1

ite

hexanes/ethyl acetate), providing 19 mg (37%) of a white

8. 23-



10 8.16 (2H,m, 7.89-7.87 (1H M, 7.79-7.76 (3H,m, 7.65-7.61 (1H m,
7.13-7.11 (2H, M, 7.05-6.94 (6H M, 5.73-5.64 (1H M, 5.41-5.33 (1H m,
4.96- 4. 85W0199/63370 4.28-4.08 (2H, m, 3.89-3.74 (1H m, 3. 8&TBE4P7443. 25
(1H,bs), 2.95- 2.79 (5H M, 2.65-2.60 (1H n), 2.04 (2H bs), 1.70 (2H, bs),
15 1.57-1.41 (1H, m, 1.30-1.10 (SH, M ;1486 (ESI): MH=719. Exanple 67 Step
1. O ~I \ O OHO OHOH i t-BuOUNNS TFA HyN~-~N, IIIl 0,00\ =0 O
20 N[ (2R, 3S) - 3- am no- 2- hydr oxy- 4- phenyl but yl ] - N- (sec- but oxy) -

4- met hoxyhgnzenexsukienanhde,) § & t7 bl YioiNA)(19 2R=7L-17 (6n,m), 6.97
benzyl - 3- sec- but oxy[ (4- met hoxyphenyl ) sul f onyl'] am no-2 25

hydr oxy- priépy ) caPhamdid, 61, 94nmbl (1H,g) r wAs1dt i(EHed) i n3n8at (3H,s),

trifluorogeghie ol dehTRA) 8t cposmsbenparalure ber (1uhsuf, oThg TFA was

renoved under vacuum and € resul'ting fesidué "was dirssolvéd in ethyl
acet ate, vadghad, wet R25%3Hgm) pol ag8i uiil, mar bdnate (88l udi dn28biti A8 and dried

over gnegi,um sujtat 0 T, rL sol ution was concentrated under vacuum
and s?%reg%atggglg§8fgsagT/U@Sgg13$32' - 172 as a sticky white solid.
H-NWR (CDC13): S 7.81 (2H,d), 7.28-7.16 (SH m, 7.01 (2Hd), 4.31

(2H,bs), 4.01-3.90 (1H bs), '3.88 ﬁ;; o 85°-2.5 (1H bs), 3.33 (2H, bs),
2.89 (2H,bs), 2.63 (2H,bs), 1.71 % —*.43-1.40 (1H m, 1.27 5 1.19
(3H, M, 0.98-0.85 ( m; M5 (ESI): MrH=423. Step 22 OHOAOW (~, 0 _O O
O~ \ O CHOT-

1. TFA
h 94 © /l:::]/OMe > H O ,l:::I/OMe
- H 1
t-BuO.__N N.
IS SCASIESE T IS8 S O¢s
@ o, ko o = o ‘o
+ DIEA, DMAP, CH5CN \©

(65)

w0

mp

1,3-dioxan-5-yl N—((ls,2R)—1—benzyl-3—(cyclohexyloxy)[(4—
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) carbamate.
tert-butyl N-((1S,2R)-1-benzyl-3-(cyclohexyloxy) [ (4-
methoxyphenyl)sulfonyl]amino-2-hydroxypropyl) carbamate (0.09

15 mmol, 50 mg) was stirred in 1 mlL trifluorcacetic acid (TFA)
at room temperature for 5 hours. The TFA was removed under
vacuum, and the resulting residue was dissolved in ethyl
acetate, washed with 5% ag. potassium carbonate solution,
brine, dried over magnesium sulfate, and concentrated to a

20 residue. The resulting free amine, 1,3-dioxan-5-yl 4-
nitrophenyl carbonate (0.09 mmol, 25 mqg),
diisopropylethylamine (0.14 mmol, 0.024 mL), a crystal of
N,N-dimethylaminopyridine, 4 A molecular sieves and
acetonitrile (0.5 mL) were combined and stirréd at room

25 temperature for 20 hours. The reaction solution was
concentrated to a residue, dissclved in ethyl acetate,
washed with 1N HCl, 5% aqg. potassium carbonate solution,
brine, dried over magnesium sulfate, and concentrated under

vacuum. The crude residue was purified by silica gel



HZNNIs | ONNO.O OO
(3S)tetrahydro-3-furanyl

~ S 11Z DEA THE 10 (67)
N-((1S, 2R) - 1- benzyl - 3- sec-

but oxy[ ( 4wureddssswphenyl ) sul f - onyl ] am no- 2- hydr oxypr opyl ) ceatiassat1a744

N-[ (2R, 3S) - 3-am no- 2- hydroxy-4 15

50

phenyl butyl ] - N- (sec- but oxy) - 4- met hoxybepzenesul fon-am de (0.12 nmol,
my), -1-([(3S)tetrahydro- 3-
f uranyl oxy] car bonyl oxy) di hydro-1 H pyrrol e-2,5-dione (0.12 mml, 29 ng),

di i sopr oy &It e
conbi ned and stirre

at room 20 tenperature for 20 hours.
product wds'S

Sl 1 £hedi due

* 0.218 man&/@%ﬂ)ace%@ie@nw ous THE (1 nm) were

The reaction

hegairEised odiviedd y yndsi(Li%¢ad gel

chr omat ograp He2:sb ihexanes/ et byb ageiaﬁ@%aﬁag/étﬁiah&b%gée f;ﬁﬂldl et hyl

ether providing 40 ng (63% of a white crystal
7.74-7. TOMRHGRC1:7: 30 77169(62-1;Inn)1 71 009-26. B8 966K 2H, M) 6 .

(11100). ALt (D) SATAY Db 327370

(1H,
(11 ]

OF Qi H O '%fao) BOE?*%%E%%HZ@Q"HS NS 0% 2%%37‘14
I \\ \ O2H,m), 1.61-1.53 (2H,m), 1.38-1.02 (6H,m) MS
M+H=580.

Example 66

1. TFA

HoN
oH O

t-BuO N\/\/N

+ EDC, HOBT, DIEA,
4A m.s., DMF

(66)

15
(28) -N'-((18,2R) -1-benzyl-3- (cyclohexyloxy) [ (4-

%0147 884 e Dy Ty

41,.478- (115%) (,1+4 192- 41.147- ]leEh )(,1H,.195-31.724-(THL ) (31,6, 0. 94- 0. 84

OMe 2.
H o ] o ©
his o NS A OH R ” v ¥
o \© P ) Z o =

%6 112K A, bs) ,

3. 65§ fq

4.75

Exarrple 68
L-VIH O C

EECpes

(ESI):

20

25

30

methoxyphenyl) sulfonyl]amino-2-hydroxypropyl) -2-[ (2~
quinolinylcarbonyl)amino]butanediamide.

((15,2R)-1-benzyl-3-

tert-butyl N-
(cyclohexyloxy) [ (4-

methoxyphenyl) sulfonyl]amino-2-hydroxypropyl)carbamate
100 mq)

at room temperature for 1 hour.

(0.18

mmol, (TFA)

was stirred in 1 mL trifluorocacetic acid
The TFA was removed under
vacuum, and the resulting residue was dissolved in ethyl

acetate, washed with 5% ag. potassium carbonate solution,

brine, dried over magnesium sulfate, and concentrated to a
(25)
[ (2-quinolinylcarbonyl)amino] butanoic acid hydrochloride
(0.18 mmol, 56 mg), (0.18

25 mg),

hydrochloride

residue. The resulting free amine, ~4-amino-4-o0xo-2-
l-hydroxybenzotriazole hydrate
mmol, N- (3-Dimethylaminopropyl)

(0.20 mmol, 38 mg),

-N’-ethylcarbodiimide
diisopropylethylamine



DIEA, CH3CN H O (68) 5 (3R 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-yl

N-((1S, 2R) - 1- benzyl - 3- sec- but oxy[ ( 4- net hoxyphenyl ) sul f onyl ] am no- 2-

hydr oxypr eyxydgesgrobamat e. N-[ (2R, 3S) - 3- ami no- 2- hydr oxy- 4-  PCT/US99/13744

phenyl butyl ] - N- (sec- but oxy) - 4- net hoxybenzenesul f on-am de 10 (step 1,

Exanpl e 67) (0.12 mmol, 50 ng) was conbiped with

(2R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-2-yl 4-nitrophenyl carbonate (0.12
mol , 35 ny), diisopropylethylamne (0.18 mmvol, 0.031 nL) and acetonitrile

(1 m). The reaciion vmslsﬁlldm%& Ar)drAfs ﬁg\m&ﬁ{&%{ Y G algel > hours,

then 15 heated to reflux for a mnute and cool €d to roo terrperature The
reacti on wes TAHOena%R epmipned/@ll gwaai Itempfiredoingedinch sdtilyledadetrat e,

washed wi tihs 3N HGL, spidirated r%ﬁacﬁ%% Wb %%atc%n%énfl eag;%byt&“ ne and

dried over esium sul fate. crude product was puri silica 20
gel chr ormlftetﬁlalgﬁy (A:SEHeseshdsy ettipl]l acsttatte) ardhect yeittal Ith&ItGlon 5fr om an

et her/ bexanes AAdd QR ¢ eld 3 39 ) %E = 0.2
(1:1 hexaﬁég/ et hyaiu;l acetée%ltrgo a&l %N&nqé%éi/%ﬁg% 399?71% % 7 28 7.14
(6H m , TROEE.WY 2 TBIGG@OEU&Z 1Masrr)CO,nd'§erﬁ5’a¢eﬁBt25a 1H m,
4.87-4.75 Ak, 3. H s), 3.68
(2H ), 3.10 (dPH bgj) 366" ﬁ’(ylglrp(fﬁ r%%% %}‘%%Fag’@(‘%hﬁ’) %%hé(g 1.32 (1H M),
1.23-1.18 qBHane) , @r@ts-lorca@y(laraet@ pnvsl(daslg) a nﬂamafi@owmﬁ@g/\lgﬁsagm <
PCTI US99/ a 6 / 3
T 0700 NNER ISl Dhee, (A £, (U 110 SBAN o T, 6237
10 8.16 (2H,m), 7.89-7.87 (1H,m), 7.79-7.76 (3H,m), 7.65-7.61
(1H,m), 7.13-7.11 (2H,m), 7.05-6.94 (6H,m), 5.73-5.64
(l1H/m), 5.41-5.33 (1H,m), 4.96-4.85 (1H,m), 4.28-4.08
(2H,m), 3.89-3.74 (1H,m), 3.86 (3H,s), 3.25 (1H,bs), 2.95-
2.79 (bH,m), 2.65-2.60 (1H,m), 2.04 (2H,bs), 1.70 (2H,bs),
15 1.57-1.41 (1H,m), 1.30-1.10 (5H,m); MS (ESI): M+H=7109.

Example 67
Step 1
y OH ? OMe OH \O(\ OMe
t-BuOTN\/'\/N\ TFA HZN\/:\/
2 o,, \\O o o’l \‘o

(0] \@ <

. ¢
N-[ (2R, 38) -3-amino-2-hydroxy-4-phenylbutyl ] -N- (sec-butoxy) -
4-methoxybenzene-sulfonamide. tert-butyl N-((1S5,2R)-1-
benzyl—3-sec—butoxy[(4—methoxyphenyl)sulfonyl]amino—2—

25 hydroxy-propyl)carbamate (1.9 mmol, 1 g) was stirred in neat
trifluoroacetic acid (TFA) at room temperature for 1 hour.
The TFA was removed under vacuum, and the resulting residue
was dissolved in ethyl acetate, washed with 5% agqg. potassium

carbonate solution, brine and dried over magnesium sulfate.

30 The dried solution was concentrated under vacuum and stored



(69) 5 1,3-dioxan-5-yl N ((1S, 2R)- 1- benzyl - 3- sec- but oxy[ ( 4-

nmet hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) car bamate. N-

[ (2R, 3S) - S«r9wa38r02- hydr oxy- 4- phenyl but yl ] - N- (sec- but oxy) - 4PCT/US99/13744

met hoxybenzenesul fon-am de (Step 1, Exanple 67) (0.09 mmol, 10 38 ny),

1, 3-di oxan-5-yl 4-nitrophenyl carbonate7¢0-09 mmol, 24 ng),

dii sopropyl ethylamne (0.13 mol, 0.024 nL), 4 A nolecul ar sieves, a
crystal of N, N-dinmethyl am nopyridine and acetonitrile (1 nL) were conbi ned
and allo t r tC?@ atu e |on was
then 15 \(lz\ﬁ%cea(r)\tfttat e&f ?“ré‘lzc%r e%ﬁg‘d‘z %t&l ssol ve nget h§/Ie7 a%gt é’%ﬁa& Washed with
i N HC , 5%.&f-"Ppditasitum)carbdrat@Hsal)ut 4ol  (BH, ves,) ,ardd Odr—|3e(900ver

magnesi um fat €. JTheg r tlon S ur i ddlre ly, allj zation
froma sol(f#{ ‘on df ?eé thgr%and%he%fé{lhg)s t’o yl%te3l 0‘2% %0‘%9 of white
20 crystal @H,Rs)5 @ 763(1211 ey anés/iét hyH, acet, atle ;3 -Hl. 4NNR1H(,@DC,‘13) 275

7.72-7569 1 70297 o8 3-4.93 (1H ),
4. 93-4787 1%%:? mBHZ“?e 4% O(%?Hrp%“ PIy 55‘@4 %Z?I(IH % %2%8-4. 25 ElH,r’rm),
3. 95-3. 72 (7Hrr) 3.86 (3H, s) . 3.24-2.62 (3H, ), 1.76-1.60 (1H ), 25

1.47-1.29%%5&) 122116 (3H ), 0.94-0.83 (3H m: M8 (ESI): M-H=553.
WO 99/ 658 /'US99/ 13744 - 175 Exanple 70 OH O/ | Ow HO OH H CH O Ow
H2NN; S HO NL_/\INIS ' EDC, HOBT, DIEA, O\O ~ODWMF (70) 5
N- ('sec- but oxy) - 2R 38) 2- hydr oxy- 3- ( 3- hydr oxy- 2-
met hyl ani | i no) - 4-] | Rty ] 4- rrebhoxybenzenesul f onanyde> Ve
C i I OH O
H2N ~ o o H\V/E\\/ﬁ\
™o o, oc:r 1{ H %

10 (67)

(35) tetrahydro-3-furanyl N-((1S,2R)-1-benzyl-3-sec-
butoxy[ (4-methoxyphenyl) sulf-onyl ]amino-2-
hydroxypropyl) carbamate. N-[ (2R, 3S)-3-amino-2-hydroxy-4-
15 phenylbutyl]-N-(sec-butoxy)-4-methoxybenzenesul fon-amide
(0.12 mmol, 50 mg), 1-([(3S)tetrahydro-3~-
furanyloxylcarbonyloxy)dihydro-1H-pyrrole-2, 5-dione (0.12
mmol, 29 mg), diisopropylethylamine (0.18 mmol, 0.031 mL)
and anhydrous THF (1 mL) were combined and stirred at room
20 temperature for 20 hours. The reaction product was
concentrated to a residue, purified directly by silica gel
chromatography (2:1 hexanes/ethyl acetate) and crystallized
from diethyl ether providing 40 mg (63%) of a white crystal.
H1-NMR (CDCls): & 7.74-7.70 (2H,m), 7.30-7.17 (6H,m), 7.00-
25 6.96 (2H,m), 5.11 (1H,bs), 4.75 (1H,bs), 4.31-4.30 (1H,m),
3.87 (3H,s), 3.87-3.75 (6H,m), 3.65-3.60 (1H,m), 3.21-2.64
(1H,bs), 2.89 (2H,bs), 2.15-2.01 (1H,m), 1.95-1.78 (1H,m),
1.78-1.58 (1H,m), 1.47-1.32 (1H,m), 1.24-1.13 (3H,m), 0.94-
0.84 (3H,m); MS (ESI): M+Na=560.



N [ (2R 3S) -3-am no-2-hydroxy-4-phenyl butyl ] -N (sec-butoxy) -

4- met hoxybenzenesul fon-am de (Step 1, Exanple 67)(0.12 mol, 10 50 ng),

3- hydr oxywd-99%687W| benzoic acid (0.12 mol, 18 ng), 1-hydrRCEUEAAZHAI azol e
hydrate (0.12 mml, 16 ng), N (3- Dinethyl am nopropyl)-N -ethyl carbodii m de
hydrochl oride (0.13 nmol, 25 ng), diisgpropylethylam ne (0.14 mmol, 0.025
m.) and anhydrous N, N-di nethyl formam de (0.5 nL) were 15 conbined at room
tenperature and stirred for 18 hours. The crude reaction m xture was
concentrated to a residue, dissolgggmpneectdyl acetate, washed with i N HCL,
5% aq. potassium carbonate sol ution, %rlne and dried over magnesi um

sul fate. The solutlon was concentrated to a residue, 20 purified by RPHPLC

(mater/acetonlt and | yophylized providing 20 ng(3Q0% of a white
solid. H-N onvre 2607 73 Hdp), 7.32-7.23 (5 , 70R0- 6. 97
(3H,n'),6 85 B3 (1H, 59@(2#18)42427

(2H, M, S{1 7b(§H sS), 302 = ?ﬁfSH/ 2.05-1.95

(3H, M, 1 77 1H le?ES 22 (TH, n¥ L 2d- 1 'O(éH m, 0.93-0.86
(3H,m; M+H:557 FE%870 PCTI Us99/ 137 @ 176 Exanple 71 H2N

O HzN ~~ CNE HCI O OH/ I N NOHOOHO/ | O MN-iNN S1, HOC-)NA
NOO N + EDC, HOST, DIEA, 4A ms., DMF (71) 5 (288rN- ( (1S, 2R
- 1- benzyl - 3- sec- but oxy[ (4-
met hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) - 2-[ ( 2-
(3R, 3as, 6aR) hexahydrofuro[2,3-b]furan-3-yl N-((1S,2R)-1-

benzyl-3-sec-butoxy[ (4-methoxyphenyl) sulfonyl ]amino-2-
hydroxypropyl) carbamate. N-[(2R,3S)-3-amino-2-hydroxy-4-
phenylbutyl]-N- (sec-butoxy)-4-methoxybenzenesulfon-amide

10 (step 1, Example 67) (0.12 mmol, 50 mg) was combined with
(2R, 3a85, 6aR) hexahydrofuro (2, 3-b] furan-2-yl 4-nitrophenyl
carbonate (0.12 mmol, 35 mg), diisopropylethylamine (0.18
mmol, 0.031 mL) and acetonitrile (1 mL). The reaction was
allowed to stir at room temperature for 15 hours, then

15 heated to reflux for a minute and cooled to room
temperature. The reaction was concentrated to a yellow oil,
dissolved in ethyl acetate, washed with 1N HCl, saturated
aq. sodium bicarbonate solution, brine and dried over
magnesium sulfate. The crude product was purified by silica

20 gel chromatgraphy (1:1 hexanes/ethyl acetate) and
crystallization from an ether/hexanes solution to yield 30
mg (43%) of white crystals. Rf = 0.2 (1:1 hexanes/ethyl
acetate); HI1-NMR (CDCl;): & 7.74-7.71 (2H,m), 7.28-7.14
(6H,m), 7.00-6.97 (2H,m), 5.63-5.62 (1H,m), 5.05-4.93

25 (l1H,m), 4.87-4.75 (1H,m), 4.36-4.23 (1H,m), 3.98-3.76
(4H,m), 3.87 (3H,s), 3.68 (2H,m), 3.10 (1lH,bs), 3.08-2.70
(6H,m),1.77-1.57 (1H,m), 1.50-1.32 (1H,m), 1.23-1.18 (3H,m),
0.93-0.86 (3H,m); MS (ESI): M+Na=601.



qgui nol i nyl car bonyl ) am no] but anedi am de. N-[ (2R, 3S)- 3-am no-

2- hydr oxy- 4- phenyl butyl ] - N- (sec-but oxy)-4 10 nmet hoxybenzenesul f on-am de

(Step 1, ®o9yms87067) (0.114 mmol, 48 ny), (2S)-4-am no- 4-RBXUDI[134

qui nol i nyl car bonyl ) am no] but anoi ¢ aci d hydrochl oride (0.136 mmol,

1- hydr oxybenzotri azol e hydrate (0.1361maol, 19 ng),

N- ( 3-Di nmet hyl am nopropyl ) -N

42 ng),
-et hyl carbodi i m de 15 hydrochl oride (0.148

mwol, 28 ng), diisopropylethylamne (5.68 mmol, 0.990 nl) and anhydrous
N, N-di met hyl formam de (0.5 nmL) wes iged at room tenperature and
stirred for 15 hours. The crude reacti xture was concentrated to a-
resi due, dissolved in ethyl acetate, washed with 1IN HCl, 5% 20 aq.
pot assi um carb solution, brine and dried over esi um sul fate. The
sol uti on was &Q en @¢ tova, residee, purified bé a grd
chr omat ogg aph ,gL 1. Mexan th cetate) andHcr IIi on from et her
and hexare 8 § diI'ng 26—+g—(25%—eh aoDi R 25 (CDC13): S
9.20-9.18 (1 §. 32-8. 36E4, DMamka mB., 22 6 O( O 7389 7.87 (1H, m,
7.80-7.76 (3H 7.65-7.6Q4CN1H, m), 7.14-7.11 (2H, 7.05-6.97 (6H M,
5.76-5.64 (1H'bs), 5.49-5.26 (1H m, 4.94-4.86 (1H™M), 4.36-4.14 (2Hm,
3.99-3.80 (1H M, 3.86 (3H,s), 3.14 (1H bs), 2.98 30 2(& (SH m, 2.71-2.59
(1H, m., 1.80-1.52 (1H m, 1.48-1.30 WO 99/65870 PCT/US99/ 13744 - 177
(1H, m, 1.22-1.14 (3H M, 0.94-0.80 (3H,mM; M (ESI) MH=692. Exanp!g 72
5 CJ 1 Tfidilin -0 Gt QBRRR Cbddy 0 D dbd-s BN N S 22, 11 N 0
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) carbamate. N-
[ (2R, 3S) -3-amino-2-hydroxy-4-phenylbutyl]-N- (sec-butoxy)-4-
methoxybenzenesulfon-amide (Step 1, Example 67) (0.09 mmol,
10 38 mg), 1,3-dioxan-5-yl 4-nitrophenyl carbonate (0.09 mmol,
24 mg), diisopropylethylamine (0.13 mmol, 0.024 mL), 4 A
molecular sieves, a crystal of N,N-dimethylaminopyridine and
acetonitrile (1 mL) were combined and allowed to stir for 20
hours at room temperature. The reaction was then
15 concentrated to a residue, dissolved in ethyl acetate,
washed with 1IN HCl, 5% aqg. potassium carbonate solution,
brine, and dried over magnesium sulfate. The reaction was
purified directly by crystallization from a solution of
diethyl ether and hexanes to yield 30 mg (60%) of white
20 crystals. R: = 0.7 (1:1 hexanes/ethyl acetate); H1-NMR
(CDCl3): & 7.72-7.69 (2H,m), 7.29-7.18 (6H,m), 6.98-6.95
(2H,m), 5.03-4.93 (1H,m), 4.93-4.87 (1H,m), 4.76-4.69
(l1H,m), 4.53-4.44 (1H,m), 4.38-4.25 (1H,m), 3.95-3.72
(7TH,m), 3.86 (3H,s), 3.24-2.62 (3H,m), 1.76-1.60 (1H,m),
25 1.47-1.29 (1H,m), 1.22-1.16 (3H,m), 0.94-0.83 (3H,m); MS

(ESI): M+H=553,



0- O O0OO0OIO OO+ DEA CH3CN (72) (3S)tetrahydro-3-furanyl

N- (1S, 2R) -1 - benzyl - 2- hydroxy-3- 10

[ [ (4- met hwwywplessT9l ) sul f onyl ] (t et rahydr o- 2H pyran-4 yl oxy) ®GTIEN99/13744

propyl carbamate. tert-butyl N (1S, 2R) -1-

benzyl - 2- hydr oxy- 3-[ [ (4- met hoxyphenyl ) 3sl fonyl ] (t etrahydro-

2H pyr an- 4-yl oxy) am no] propyl car banate, (Exanple 18), (0.09 nmol, 50 ny)
was stirred in 1 nL trifluoroacetic acid (TFA) 15 at roomtenperature for 1
hour. The TFA was renoved under god the resulting residue was

di ssolved in ethyl acetate, washéd w HCl, 5% aq. potassium carbonate
solution, brine, and dried over nagne5|un1sulfate The resulting free

am ne, 1-([(38 ahydro 3 20

furanyloxy]cq;b ny Qe hy dra- rrole -dlone uuMg 22 ny),
dllsoprom,JethyManl (0.14 i 0 Y24 n) dHace omlt (0.5 M) were
conbi ned an¥ s |,~ 0" at room per at yr ¢of o esa e reaction
product was" centrated t@o@%b@ﬁbﬂue di ssol ved 7 acetate, 25
washed with i Cl, 5% aq. meaSS|un1carbonate solut , brlne and dried

over magnesi um sul fate. The crude solution was concentrated, and the
purified reaction product crystallized out of di(@bhyl ether providing 28
mg (55% of a white crystal. Rf = 0.1 (1:1 hexanes/ethyl acetate); Hl-NWR
WO 99/ 65870 PCT/ US99/ 13744 - 178 (CDC13) : S 7.70 (2H, d) , 7.32-7.15
(6H m ,Nﬁig&cﬁbhxody)rNSl]ER,GSH Bshydéoﬁi 3-(3-0¢lreky-2-44-4.35 (1H m,
3.97-3.70 thT,ﬁ) _3.&7 (3E’S§ b 3.52-3.33 (2H m, 3.25-2.5
(1H, bs) , ™8 tyy13nddins)-gy-phen %bEtgé](éFr“ hoxybgnzepgsylfeppmjide 57-1. 41
(2H m; M5 [((BR|, Bis) MsHzR680- 2Ex3aPLE v 3- Bhenylbutyl] -N- (sec-butoxy) -
4-methoxybenzenesulfon-amide (Step 1, Example 67) (0.12 mmol,

10 50 mg), 3-hydroxy-2-methylbenzoic acid (0.12 mmol, 18 mg),
l-hydroxybenzotriazole hydrate (0.12 mmol, 16 mg), N-(3-
Dimethylaminopropyl)~N’-ethylcarbodiimide hydrochloride
(0.13 mmol, 25 mg), diisopropylethylamine (0.14 mmol, 0.025
mL) and anhydrous N,N-dimethylformamide (0.5 mlL) were

15 combined at room temperature and stirred for 18 hours. The
crude reaction mixture was concentrated to a residue,
dissolved in ethyl acetate, washed with 1IN HC1l, 5% aq.
potassium carbonate solution, brine and dried over magnesium
sulfate. The solution was concentrated to a residue,

20 purified by RPHPLC (water/acetonitrile) and lyophylized

providing 20 mg (30%) of a white solid. H1-NMR (CDCli): &
7.76-7.73 (2H,m), 7.32-7.23 (5H,m), 7.00-6.97 (3H,m), 6.78-
6.76¢ (i1H,m), 6.56-6.53 (1H,m), 5.90 (1H,bs), 4.42-4.27
(2H,m), 4.09-3.95 (1H,m), 3.87 (3H,s), 3.25-2.27 (5H,m),

25 2.05-1.95 (3H,m), 1.77-1.58 (1H,m), 1.55-1.22 (1H,m), 1.24-
1.20 (3H,m), 0.93-0.86 (3H,m); MS (ESI): M+H=557.



P,,, O 1. TFAOV O HOHHOHHOHOzt, t-BuoyNNS 2. Ho o Noz
OYN, ,;~,~Nis” a \ ' oo HO\ H+ D EA DVAP, CH3CN % 10 (73)

(3R, 3aS, 6we) d9mssddydr of uro[ 2, 3-b] furan-3-yl N- (1S, 2R)-1-  PCT/US99/13744

benzyl - 2- hydr oxy- 3-[ [ (4- met hoxyphenyl ) sul fonyl ] (tetrahydro-

2H pyran- 4-yl oxy) am no] propyl carbamate7d5 tert-butyl

N- (1S, 2R) - 1- benzyl - 2- hydr oxy- 3-[ [ ( 4-

met hoxyphenyl ) sul fonyl ] (t et rahydr o- 2H pyran- 4- yl oxy) am no] pr opyl car banat e
(Exanple 18), (0.09 nmol, 50 ng) waampibkrrwed in 1 nL trifluoroacetic acid
(TFA) at room tenperature for 1 hour. The TFA was renoved under vacuum 20
and the resulting residue was dissolved in ethyl acetate, washed with 5%

ag. pota55|un1carbonate solutlon,Hbrlne dried over nagnesiun1su|fate, and

concentrated tOY& Yesid The ge Ptlng free ar

(2R 3aS, 6aR)r9éxah furo[m en-2-yl 4-nj trop elgfyloc Mate (0.09
mol , 27 nb)/\2§50| soprop ane ne (0 N(HNP%& a crystal of
N, N—dlnethyl opyrldlneT_A_A_anLecuhar %n?trlle (0.5 nL)

wer e combi ned d stirred akpco@wvr Bieaperature for 15 rs The reaction
solution was concentrated #&ma. PMEi due, di ssolved in ethyl acetate, WO
99/ 65870 PCTI US99/ 13744 179 washed with i N HC1, §% ag. potassium
carbonate solution, brine, dried over nagnesiun1§ ate, and concentrated
under 5vacuum The crude residue was purified by silica ge

(28) -N'- ((15,2R) -1-benzyl-3-sec-butoxy|[ (4-
methoxyphenyl) sulfonyl Jamino-2-hydroxypropyl) -2-[ (2-
quinclinylcarbonyl)amino]butanediamide. N-[ (2R, 3S5)-3-amino-
2-hydroxy-4-phenylbutyl]-N- (sec~butoxy)-4-

10 methoxybenzenesulfon-amide (Step 1, Example 67) (0.114 mmol,
48 mg), (2S8)-4-amino-4-oxo-2-[(2-
quinolinylcarbonyl)amino}butanoic acid hydrochloride (0.136
mmol, 42 mg), l-hydroxybenzotriazole hydrate (0.136 mmol, 19
mg), N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide

15 hydrochloride (0.148 mmol, 28 mg), diisopropylethylamine
(5.68 mmol, 0.990 mL) and anhydrous N,N-dimethylformamide
(0.5 mL) were combined at room temperature and stirred for
15 hours. The crude reaction mixture was concentrated to a
residue, dissolved in ethyl acetate, washed with 1N HC1l, 5%

20 aqg. potassium carbonate solution, brine and dried over
magnesium sulfate. The solution was concentrated to a
residue, purified by silica gel chromatography (1:1
hexanes/ethyl acetate) and crystallization from ether and
hexanes, providing 20 mg {(25%) of a pink solid. H1-NMR

25 (CDCl1ls): & 9.20-9.18 (1H,m), 8.32-8.30 (1H,m), 8.22-8.16
(2H,m), 7.89-7.87 (lH,m), 7.80-7.76 (3H,m), 7.65-7.61
(1H,m), 7.14-7.11 (2H,m), 7.05-6.97 (6H,m), 5.76-5.64
(1H,bs), 5.49-5.26 (1H,m), 4.94-4.86 (lH,m), 4.36-4.14
(2H,m), 3.99-3.80 (lH,m), 3.86 (3H,s), 3.14 (1H,bs), 2.98-

30 2.71 (5H,m), 2.71-2.59 (1H,m), 1.80-1.52 (l1H,m), 1.48-1.30



chromat ography (1:1 hexanes/ethyl acetate) and 5 crystallization from ether
and hexanes to yield 20 ng (3699 of white crystals. R =0.2 (1:1
hexanes/ emwoy$9/6&a8®Wt ate); H - NVR (CDC13) : S 7.71 (2H, d) ,PQI/83997A3 M3

(6H, M, 6.99 (2H, d) , 5.65-5.61 (1H M, 5.05-4.95 (1H n), 4.90-4.72"

(1H M, 4.49- 4.34 (1H ), 4.00-3.76 (7H, ), 3.88 (3H s), 3.71-3.60 10
(2H, m), 3.48-3.35 (2H, ), 3.40-2.40 (1H bs), 3.28-2.61 (5H, ), 3.04-2.71
2H, M), 2.09-1.97 (2H, m: MS (ESI): M-H=607. Exanple 74 1500 HOH O

(
Ove OH O (1HOMe , t1-.BieGUNNS :(3H,n$,~1v.'92-¥Q 8l0 L3HJEA;OM3 NENI):0 2. r 0 0 G a
NC Or C _+ DI DVAP, 4A ms., CH3CN (74) 1, 3-dioxan-5-yl :

N- (1S, 2R vl - 2- hydr oxy- 3-[[ (4- 20

met hoxyphenyl ) sul fonyl ] (t et rahydr o- 2H pyran-4 yl oxy) am no] pr opyl car bamat e.
tert-butyl N-(is,2R)-1-benzyl-

2- hydr oxy- 3- [ [ (4- met hoxyphenyl ) sulEP@HPLe 7t r ahydr o- 2H-

pyrang4-yl oxy) am no] propyl carbamate (Exanple 18), (0.09 mol, 50 ng) was
stirred in 1 nL trifluoroacetic acid (TFA) 25 at roomtenperature for 5

hours. The TFA was ved under vacuum and the resulti g~r esi due was
di ssol ved in ethyl etate, ‘washged with 5% ag. potassi ung/gr bonat e
solution, brine,_ drl eﬁ@MeW&gﬁe‘&l—&m—Sﬂ‘l—f’at e, and congeny

at gd_bwe a WO
99/ 65870 PCTI U8953H1§’74 80 P ue resul tipgtfree m

t-Bu
1, 3-di oxan-%ﬁfy']'\:ﬂl-\/ X >58¢
O - O O O - O O
+ DIEA, CHCN

(72)

(35) tetrahydro-3-furanyl N-(1S5,2R)-1-benzyl-2-hydroxy-3-

10 [[ {(4-methoxyphenyl)sulfonyl] (tetrahydro-2H-pyran-4-
yloxy)amino] propylcarbamate. tert-butyl N-(15,2R)-1-
benzyl-2-hydroxy-3-[[ (4-methoxyphenyl)sulfonyl] (tetrahydro-
2H-pyran-4-yloxy)amino]lpropylcarbamate, (Example 18), (0.09
mmol, 50 mg) was stirred in 1 mL trifluoroacetic acid (TFA)

15 at room temperature for 1 hour. The TFA was removed under
vacuum, and the resulting residue was dissolved in ethyl
acetate, washed with 1N HCl, 5% ag. potassium carbonate
solution, brine, and dried over magnesium sulfate. The
resulting free amine, 1-([(38)tetrahydro-3-

20 furanyloxy]carbonyloxy)dihydro-1H-pyrrole-2, 5-dione (0.09
mmol, 22 mg), diisopropylethylamine (0.14 mmol, 0.024 mL)
and acetonitrile (0.5 mL) were combined and stirred at room
temperature for 30 minutes. The reaction product was
concentrated to a residue, dissolved in ethyl acetate,

25 washed with 1IN HC1l, 5% aqg. potassium carbonate solution,
brine, and dried over magnesium sulfate. The crude solution
was concentrated, and the purified reaction product
crystallized out of diethyl ether providing 28 mg (55%) of a
white crystal. R; = 0.1 (1:1 hexanes/ethyl acetate); H1-NMR



ni t rophenyl carbonate (0.08 mml, 22 ng), diisopropylethylamne (0.14
nmml, 0.024 nL), a crystal of N, N-di nethyl am nopyridine, 4 A nolecul ar

si eves anW9%s8t0onitrile (0.5 nmL) were conbi ned and sti r rRCI/HSI913T
tenperature for 20 hours. The reaction solution was concentrated to a
resi due, dissolved in ethyl acetate; 1washed with i N HC1, 5% aq. potassium
carbonate solution, brine, dried over magnesi um sul fate, and concentrated
under 10 vacuum The crude residue was purified by silica gel

chr omat ogreaphy) € 1: § hex@n@_@&e@hyhagg_e.tatpg aaxe mcr yﬁ@é I (g@tapn grplm et her

and hexanes to yield 3 n% of white crystals
hexanes/ etlfiyosacetdattd) 4 ]].—Nl\lﬁ ) cDAL3R -4 .§57 (88, 2H, 3d)97 37 @2 7.17

(OH M, §e38r(2H, B (5185, 02494 )AMM o 4284 48714 o 4576:4. 69

(3H s), 3(.lzﬁi9b@. 02(:_91;1—@) 883 2@1 e, 85)12-3 .y 3‘3315m(>2H1 3= 128@9 2 78

(2H M, 247-1.9 H-my; .) 1. le 75 0 ~~0 1. TFA
O\ve n%—l oil%’é[‘}’lgd%ﬁ Aot g@;&g& PSI\BAJ?F\E% &QHE%%@F) N,/~N~ OOO\ + EDC
HOBT, DIEA, 4A ms., DWF (75) 25

N- (1S, 2R) - 1- benzyl - 2- hydr oxy-3-[ | %&whenyl ) sul fonyl ]
(tetrahydro-2H pyran-4-yl oxy)am n =3~ hydr oxy-2- net hyl benzam de.
tert-butyl N-(is,2R)-1-benzyl-2-hydroxy- 3-

[ [ (4-met hoxyphenyl ) sul fonyl ] (tetrahydro-2H pyran- 4-

yl oxy) am no] pr opyl @amate (Exanpl e 18), (0.10 nmol, 54 @V\D 99/ 65870

PCT/ US99/ 13744
OMe
.S<
ISSCMIEEIT 0 o Sges
\© + DIEA, DMAP, CH3CN \©

10 (73)

OMe 1. TFA

II\O

?
N

£ 4

(3R, 3a8, 6aR) hexahydrofuro[2,3-b]furan-3-yl N-(1S5,2R)-1-
benzyl-2-hydroxy-3-[[ (4-methoxyphenyl) sulfonyl] (tetrahydro-
2H-pyran-4-yloxy)amino]propylcarbamate

15 tert-butyl N-(1S,2R)-1-benzyl-2-hydroxy-3-[[ (4-
methoxyphenyl)sulfonyl] (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate (Example 18), (0.09 mmol, 50 mg)
was stirred in 1 mL trifluorocacetic acid (TFA) at room
temperature for 1 hour. The TFA was removed under vacuum,

20 and the resulting residue was dissolved in ethyl acetate,
washed with 5% ag. potassium carbonate solution, brine,
dried over magnesium sulfate, and concentrated to a residue.
The resulting free amine, (2R,3aS,6aR)hexahyd;ofuro[2,3—
bl furan-2-yl 4-nitrophenyl carbonate (0.09 mmol, 27 mg),

25 diisopropylethylamine (0.14 mmol, 0.024 mL), a crystal of
N,N-dimethylaminopyridine, 4 A molecular sieves and
acetonitrile (0.5 mL) were combined and stirred at room
temperature for 15 hours. The reaction solution was

concentrated to a residue, dissolved in ethyl acetate,



181 was stirred in 1 nL trifluoroacetic acid (TFA) at room tenperature
for 5 hours. The TFA was renoved under vacuum and the resulting residue
was di ssowoad/6s810et hyl acetate, washed with 5% aq. pot asHAAWWMTdhat e
solution, brine, 5 dried over magnesi um sul fate, and concentrated to a
residue. The resulting free am ne,~ 31 dr oxy- 2- net hyl benzoic acid (0.10
mml . 15 ng), 1-hydroxybenzotriazole hydrate (0.10 mml, 14 ng),

N- ( 3- Di net hyl am nopropyl )-N -et hyl carbodi i m de hydrochl oride (0.11 mml, 21
ng), diiwephepywethylldntaoe, %0 £6.1botwmpkiuf. 626bohitandoanbydnpus

N, N-di megh Ifor e .5.nL ned_at roomt rature and .
stirred ©20 68&5OV%’ﬁemégi}%gngaéF?gbLﬁi x?ﬁitj Cﬂﬁge%ggggﬁ r‘é?gﬁ to a
resi due, velr:ssml velthencetiigl ras%aéewawa}sheﬁfy\ecﬁhbgkl\ksHCiLcaS%Iaq pot assi um
car bonat e, sol uti an ri dried, over iumsul fate. The sol ution
was concglﬁfff’a éagifépgy ?gs?dggxaﬁﬁﬁ/ﬁﬁ?ﬂl ag® %Q‘Efy%?gtl lization from ether
and SﬂexangstpmmzditmgnZirnm éBH% ehdah#kahes sobi dieRf ZOOm@ (gas 1l

7 00- 0. 04T SR RF. COVITaLir By 55 (0 CRERN /S Hiils T (A ”}‘4 494, 28

(2H m, ﬁMﬁ%@D@? (3H n7),713 %1 Q§H ). ,313747123 (32, &8"' "5‘),993 %@r% 20
(1H, bs), 14304(2H rr), 3.0~ 8 (2H m, 2581 8 (2 rr) 5761

(3H s), B-#51536(2LH) ™) MES(ESH}: 9%%8[52 25. %kaﬁp?é 78H, R, 14TF5A H2N  2H
Y I OV g shi2hhf, Ve ©o03thEH b R 8Os (RYQY NS HGE B N - NS

10 (2H,m), 3.48-3.35 (2H,m), 3.40-2.40 (1H,bs), 3.28-2.61
(5H,m), 3.04-2.71 (2H,m), 2.09-1.97 (2H,m); MS (ESI):
M+H=607.

Examgle 74
15

+ DIEA, DMAP, 4A m:s.,
CHaCN

1,3-dioxan-5-yl N-(1S5,2R)~1l-benzyl-2-hydroxy-3-[[(4-

20 methoxyphenyl)sulfonyl] (tetrahydro-2H-pyran-4-
yvloxy)amino]propylcarbamate. tert-butyl N-(15,2R)-1-benzyl-
2-hydroxy-3-[{ (4-methoxyphenyl)sulfonyl] (tetrahydro-2H-
pyran-4-yloxy)amino]propylcarbamate (Example 18), (0.09
mmol, 50 mg) was stirred in 1 mL trifluorocacetic acid (TFA)

25 at room temperature for 5 hours. The TFA was removed under
vacuum, and the resulting residue was dissolved in ethyl
acetate, washed with 5% ag. potassium carbonate solution,

brine, dried over magnesium sulfate, and concentrated to a



S \ NNOH\ O00..0l i i HOI/ /| HC .O + EDC, HOBT, DIEA, 4A ms., DW
(76) WD 99/65870 PCT/US99/ 13744 - 182 (2S) -N- (1S, 2R

- 1- benzyl wo 9%6d870xy- 3- [ [ (4- met hoxyphenyl ) sul fonyl ] PCT/US99/13744
(tetrahydro-2H pyran-4- yl oxy) am no) propyl - 2-[(2-quinolinyl carbonyl)

am no) but anedi am de. tert-butyl N {102R) -1 5

benzyl - 2- hydr oxy- 3-[ [ (4- met hoxyphenyl ) sul fonyl ] (t etrahydro-

2H pyr an- 4-yl oxy) ani no] pr opyl car bamat e (Exanple 18), (0.09 nmol, 50 ny)
was stirredidoel nmhbrk%bu@t@@getk@eaﬁhdnéTFéo3 -atokeanptenperature for 5
hours. The TFA was.renoved under vacuum and the resulting residue was -

di ssol veB1itROBPAPY116258P4EE, (RalRel™ilt h2508°d¢r pot assi um car bonat e

sol uti ondiibbpiepydeitaglavehemagnesi mbsyl babes ang, ceneepteatedrto a
resi due. The resulting free am ne, éZS) 4-am no- 4- oxo- 2-[( 2-
qui nol i n@’lfé’aPBE‘WPY%ﬁWﬁBFBMFé%P@'a & RydpeehREr Fd8VES. 899 nmol, 28 nm),

1- hyds oxybenagat kir-azal eohygdnat ewtPe08ciMPhed18ndSsiltred at room
N- ( 3- Di net hyl am nopr opy et hyl carbodi i m de hydrochloride (0.10 mol,

19 ng), aﬁmgéﬁﬁéﬁy?eﬁﬁy|éﬁlh@uree 2PhAmBEacHion7SALYLARE WARydr ous

N, N-di methylEarparideto( Q. 5e%hu@er@1§98@b8§dlﬁteﬁﬁ9m Lenpgtat ure and
stirred for 20 hours. The crude reaction m xture was concentrated to a 20

resi due, warpbs6l védhi ANelRYl adefét ePORASHEHNWERRLPREHELSOBWS 188, pot assi um

Carbonat%r%ﬁEUtB?@edb6b8§ ABgndeh gl QMEEatgagﬁﬁé'HHhéHhE@E%edTh§d§9|Ut'on
was concentrafed to a residie, purif d by silica gel chromatography (20:1

ethleacgagpémnetﬁaﬁopruéﬁdr@ﬁyépalwaﬁapuﬁhf#eénbﬁtﬁéﬂlaﬁdge25 hexanes,

provi di g8, téé%%pﬁy glpun5e§9hb§/eHﬂ NNBceQQPQ S 9.18 (1H d) ,
8.31 (1H d) . 8.24°8 (1H, d) o 9974 (3H m ., 7.66-7.60
(1H m, ¢ry§tal@gzatlon from ether and hexanes to yield 3 mg (6%) of

white crystals. R: = 0.2 (1l:1 hexanes/ethyl acetate); H1-NMR
(CDCl3): & 7.69 (2H,d), 7.32-7.17 (6H,m), 6.98 (2H,d),

15 5.02-4.94 (1H,m), 4.94-4.87 (l1H,m), 4.76-4.69 (1H,m), 4.53-
4.45 (1H,m), 4.45-4.34 (1H,m), 4.00-3.70 (9H,m), 3.87
(3H,s), 3.49-3.30 (2H,m), 3.10 (1H,bs), 3.47-3.35 (2H,m),
2.99-2.78 (2H,m), 2.07-1.95 (2H,m); MS (ESI): M+H=581.

20 . Example 75

0O O

Q 1.TFA
OMe

;. /©/ ﬁj,m Qﬁ(
\© + EDC, HOBT, DIEA,

4Ams DMF

>|||O
mo

t-BuO

(75)

25 N-(1S8,2R) -l1-benzyl-2-hydroxy-3-[[ (4-methoxyphenyl) sulfonyl]
(tetrahydro-2H-pyran-4-yloxy)amino]propyl-3-hydroxy-2-
methylbenzamide. tert-butyl N-(1S5,2R)-1-benzyl-2-hydroxy-3-
[[ (4-methoxyphenyl)sulfonyl] (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate (Example 18), (0.10 mmol, 54 mg)



2H, M), 7.08-6.93 (6H m, 5.74 (1H bs), 5.46 (iH bs), 4.94- 4.85 (1H m,
44-4.35 (1H, M, 4.27-4.18 (1H nm, 3.96-3.80 30 (3H, M, 3.88 (3H, s) ,
47- 3. 34 WQ@by6sp70 3. 14 (1H,bs), 2.98- 2.76 (5H, M, 2.72-2.BOT/U$99/13]44
2.09-1.95 (2H,bs), 1.65-1.39 (2H, M ; M5 (ESI) : MH=720. WD 99/ 65870
PCT/ US99/ 13744 - 183 Exanple 77 \iHgH 9H HV O- N~_ N O (77) 5

(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-yl N (1S, 2R)-3-[[(3-

am nophenyl ) sul fonyl ] (cycl opentyl oxy) am no] -1 - benzyl - 2-

hydr oxyprapy | sarhadmten 1Thits dvatanidlo s @bt ined feromdthe-odzxpr r espondi ng
mnitro precursor (Exargal e 100, Step 1) via 10 hydrogenation. The material
was i dent i SRR YD P FOUBcanpiie FEA BesnpISdofEd Unpes Gy oH O

00V H H L Qe BuQ@NZ i dd o NGZuZHwe GNINvdd 1@ @0 deetalle, /O O S-0
\ "ol \ H+ DIEA DVAP, CHBCN 15 (78)

(3R, 3aS, G ARYdY ot Urds -2 PRUSS - CAPPIREY B, 1ayion, brine,

benzyls- 3-d£yed anesey Inpghd {idmrethegrhend UMW AABNA 22 residue.
hydr oxypr opyl ) carbamate. tert-butyl N ((1S, 2R)-1-benzyl-3 20

(cycl ohexiytoxyHT4-IEt HoBfp eSS i ToRIPAM eI HRENGAisT @59 car bamat e
(0.09 mmo|g, B0 M1 Wass std)r,f adHyirbxybenzotriazole hydrate (0.10

mmol, 14 mg), N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide

(
4
3

hydrochloride (0.11 mmol, 21 mg), diisopropylethylamine

10 (0.15 mmol, 0.026 mL) and anhydrous N,N-dimethylformamide
{0.5 mL) were combined at room temperature and stirred for
20 hours. The crude reaction mixture was concentrated to a
residue, dissolved in ethyl acetate, washed with 1N HC1l, 5%
ag. potassium carbonate solution, brine and dried over

15 magnesium sulfate. The solution was concentrated to a
residue, and purified by crystallization from ether and

hexanes providing 21 mg (37%) of a white solid. Rf = 0.2

(1:1 hexanes/ethyl acetate); H1-NMR (CDCli3): & 7.73 (2H,d),
7.33-7.17 (5H,m), 7.02-6.94 (3H,m), 6.77 (1H,d), 6.53

20 (1H,d), 5.84-5.76 (1H,m), 4.49-4.28 (2H,m), 3.99-3.89
(3H,m), 3.87 (3H,s), 3.47-3.35 (2H,m), 3.50-2.50 (1H,bs),
3.14-3.04 (2H,m), 3.00-2.88 (2H,m), 2.08-1.88 (2H,m), 2.01
(3#,s), 1.7-1.3 (2H,m); MS (ESI): M+H=585.

25 Example 76

o
1. TFA °©
H,N
2. HaN :
OH O ome o o) ° on oo OMe
1BUO_ N AN evoi 9 N S
Y oY s! Ny N OH S N w~Neg
- [e)de} H =
0 \© Z o 2 o] ~ :O o

+ EDC, HOBT, DIEA,
4A m.s., DMF

Y

(76)



mL trifluoroacetic acid (TFA) at roomtenperature for 5 hours. The TFA was
renoved under vacuum and the resulting residue was dissolved in ethyl
acetate, welss870i t h 5% aq. WO 99/ 65870 PCT/ US99/ 13744 1PLT/GRID/AIE4 um
carbonate solution, brine, dried over magnesium sulfate, and concentrated
to a residue. The resulting free amege,-(2R 3aS, 6aR) hexahydrofuro [2,
3-b] -furan-2-yl 4- nitrophenyl carbonate (0.09 mmol, 27 ng), 5

di i sopropyl et hylam ne (0.13 mml, 0.018 nL), a crystal of

N, N- di rre(tztg;;l_am.QQQyQRgiLmebeﬂzﬁlnnggafa{cysgeygmand acetonitrile (0.5 n)
were conbined and stirred at room tenperature for 3 days. The reaction.

sol ut i ometdexyrherensaldenyd la (tediralydrei-gdopyaani-d et hyl acetate, 10
washed Ql,g % t nate solution, brine, dried over
nmagnesi dm W%]ﬁfpgﬁnceq (%Z?é“g 3@9@ vacuum The crude residue was
purifi ecbdx;bmwsmlﬂncz]aiumeduamxw herteira—youglyd N5 (A5, CRI%L-of white
crystal H1- N CDC13 2H, . d , 97 (2H d)
" YE5E, BeriZal 1 DS gL GBS v BT (e hystes s

(lH,n) Zﬁ#ﬁyﬁéﬁﬁ%4YNd%9,am3d51gﬁﬂﬂyibar&aﬁ%t% GExa@%HeWHB 3 Q@ OBH, bs)

3. 05- 72(6Hr9 210198 (2H, m, 2H, m) %,(6Hn) VB
(ESI): X9 EMRTpISE 175 6§ 470 Fl}lmref/lclo O@Heél/c aﬁld NTER

O 1r N-/dt Nfdre terpLdMNrOZF 0 0O50Ho(D)s . 2The TFA was removed under
(3S, 3aR, 7aS) hexahydr o- 4Hfuro[ 2, 3-b] pyran-3-yl N (1S, 2

L Ca anTRGaHBIy 1S R EoRcop STy A RSB By Zhy
hydi oXy I QBH 1A b will3R 323/ aRoesan el @edidoindte] 2c3ution,

brine, dried over magnesium sulfate, and concentrated to a
residue. The resulting free amine, (2S)-4-amino-4-oxo-2-[(2-
quinolinylcarbonyl)aminolbutanoic acid hydrochloride (0.09
mmol, 28 mg), l-hydroxybenzotriazocle hydrate (0.09 mmol, 13
15 mg), N-(3-Dimethylaminopropyl)-N’-ethylcarbodiimide
hydrochloride (0.10 mmol, 19 mg), diisopropylethylamine
(0.27 mmol, 0.047 mL) and anhydrous N,N-dimethylformamide
(0.5 mL) were combined at room temperature and stirred for
20 hours. The crude reaction mixture was concentrated to a
20 residue, dissolved in ethyl acetate, washed with 1N HCl, 5%
ag. potassium carbonate solution, brine and dried over
magnesium sulfate. The solution was concentrated to a
residue, purified by silica gel chromatography (20:1 ethyl
acetate/methanol) and crystallization from ether and
25 hexanes, providing 6 mg (8%) of a pink solid. HI1-NMR
(CDCls): & 9.18 (1H,d), 8.31 (1H,d), 8.24-8.13 (2H,m), 7.88
(1H,d), 7.80-7.74 (3H,m), 7.66-7.60 (l1H,m), 7.15-7.08
(2H,m), 7.08-6.93 (6H,m), 5.74 (1H,bs), 5.46 (1H,bs), 4.94-
4.85 (1H,m), 4.44-4.35 (1H,m), 4.27-4.18 (1H,m), 3.96-3.80
30 (34, m), 3.88 (3H,s), 3.47-3.34 (2H,m), 3.14 (1H,bs), 2.98-
2.76 (5H,m), 2.72-2.60 (1lH,m), 2.09-1.95 (2H,bs), 1.65-1.39
(2H,m); MS (ESI): M+H=720.



b] pyran-3-yl N (1S, 2R -3-[[(3

am nophenyl ) sul fonyl ] (cycl opent yl oxy) am no] - 1- benzyl -2 WD 99/ 65870

PCT/ US99/ w®A94587085 hydr oxypr opyl carbamate. A mi xture of RQRSI%AT44 7aR) +

(3S, 3aR 7aS) hexahydro-4Hfuro [2, 3-b] pyran-3-yl (4-nitrophenyl) -

carbonate (332 ng, 1.074 mmol, WO 963FB7), 3-am no-N1l-[ (2R 3S)-3-am no-

2- hydr oxy-4-phenyl butyl]-N " 5 (cycl opentyl oxy) - 1-benzenesul fonam de (Step

1, Exanple 27), (150 ng, 0.358 mmol ), and N, N-dii sopropyl et hyl am ne (249 L,

1.432 mol) were conbined in apprpxamplel y73 nL of acetonitrile and

stirred at anbient tenperature under an rgon atnosphere for 18 hours. The

reaction solvent was 10 renoved in vacuo and the residue was partitioned

bet ween dichl oronet hapesand 1N NaOH. After separating the layers, the

aqueous phase was extr@ed wi t h di chl oronet hane. -The conbi ned organic

| ayers were conbi ned, dried anhydrous magnesiumsul fated, filtered

and evapf \eq i n vacddt 9hej@esi due was purified on three preparative

silica ge w L_es\éfz'ﬁf 0 CTmNBO0O0 M eluting with 65:35 ethyl acetate
hexaneH preduct band s renoved, eluted with 4:1 nethylene chloride
met hanol, filtered,yyand evaporated in vacuo. The residue was dissol ved

i n di chl oronet hane, d il 20 over anhydrous magnesium sul fate, filtered,

evaporated in vacuo, and dried under high vacuumto provide a 1:1 m xture

of (3S, 3aR, 7aS) hexahydvp-4Hfuro [2, 3-b] pyran-3-yl N (1S, 2R) -

3-[[(3-am nophenyl ) sul fonyl ] (cycl opentyl oxy)am no] - 1- benzyl -

2- hydr oxypropyl carbamat e and (3R, 3aS, 7aR) hexahydro-4H 25 furo [ 2, 3-D]

pyran- 3- xBRNsaéle§R)BB)cah drbfﬁr&le 3- b]furan 3-yl N-(1S,2R)-3-[[(3-

am nophenyl )sul fonyl ] (cyc entyl oxy) am noj - benzyl - 2-

hydr oxyp?@ﬁ?PEB?Bﬁﬁﬁ?él 7B Mcyebweagyéomh«Wlw nNvreepgst hénol - D4) 1. 14

() 17 ahoibe bty il gE B0 Megp el g 70 (0

1FD 7. 02ofmesponding m-nitro precursor (Example 100, Step 1) via

10 hydrogenation. The material was identical to isomer 1 of

Example 31.

Example 78

o} \©
+ DIEA. DMAP, CH3CN i

15 (78)

(3R, 3a8, 6aR) hexahydrofuro[2,3-b]furan-3-yl N-((1S,2R)-1-
benzyl-3- (cyclohexyloxy) [ (4-methoxyphenyl) sulfonyl Jamino-2-
hydroxypropyl)carbamate. tert-butyl N>((1S,2R)—l—benzyl—3—
20 (cyclohexyloxy) [ (4-methoxyphenyl) sulfonyl]amino-2-
hydroxypropyl) carbamate (0.09 mmol, 50 mg) was stirred in 1
mL trifluorocacetic acid (TFA) at room temperature for 5
hours. The TFA was removed under vacuum, and the resulting

residue was dissolved in ethyl acetate, washed with 5% aq.



1H, 7.09 (m 1H, 7.14 (m 1H, 7.22 (m 5H. MS(ESI): 612(M:Na). WO
99/ 65870 PCT/ US99/ 13744 186 Exanmple 80 Step 1: CHHI | N~ /~i NNKz O
5 tert-buwwd 9Nésg101S, 2R) - 1- benzyl - 3- hydr azi no- 2- hydr oxypr opyt/Usaribarat e. A
m xture of tert-butyl N (1S)-1- [(2S)oxiran-2-yl]-2-phenyl ethyl carbanate
(2.50 g, 9.51 mmol) and anhydrous hydgazine (3.00 nL, 95.0 nmol) in 15 nL
of 10 isopropanol was heated at reflux under an Argon atnosphere for 18
hours. The reaction solvent was renoved in vacuo and the residue was

trituratedodddi i eldieiher sofiuktiehedbande, duired Ul haghekagmum t o
provi de tert_-hutyl

N[(1
benzyl - 3- W dedhinerst Wmﬁ%ﬁﬁ [fCafbaRELEUEL. 766y Ie63H- 11 4£€8 white
solid. HiWR (q@h@G%kg%%ﬂ@%kx%h%@reéur%wh 3 b @Er@Qr24?h 42.89 (m 4H),
3.91 (m 3H), 63 (m 1H), ESI) ; (MtNa) . Step 2:
OHH N NltE@Hb@%YJbWbONaF@lSOZIQ% @mgémzﬁﬁ BI( 2-
cycl OQemdﬁlﬂW nanféyqromiy;pfn%w 1 02haMREe., aAcSQs4ki10B fof
tert-butyl (1S, 2R) - I- benzyl - 3- hydrazi no-2 25 hydroxypropyl ] carbamat e
(500 ngy, M. N6GSmewRhvL airrnn@pm;l@%rlneusé pPopadsculades iAvgsn ands treated with

cycl open af%%%l(tﬁfie"\%g%/ ﬁ@g@%g'&ﬁ%%%%%% 187 by 21038opmol ). After

stirring appr oxi mat el
temperature for 3 days. The reaction solution was

concentrated to a residue, dissolved in ethyl acetate,

10 washed with 1N HCl, 5% ag. potassium carbonate solution,
brine, dried over magnesium sulfate, and concentrated under
vacuum. The crude residue was purified by crystallization
from ether to yield 15 mg (27%) of white crystals. H1-NMR
(CDCls): & 7.71 (2H,d), 7.28-7.16 (6H,m), 6.97 (2H,d),

15 5.63-5.61 (lH,m), 5.00-4.98 (lH,m), 4.87-4.77 (1H,m), 4.24-
4.11 (1H,m), 3.98-3.79 (4H,m), 3.87 (3H,s), 3.72-3.61
(2H,m), 3.05 (1H,bs), 3.05-2.72 (6H,m), 2.10-1.98 (2H,m),
1.78-1.68 (2H,m), 1.37-1.04 (6H,m); MS (ESI): M+H=6005.

20 ExamEle 79

25 (358, 3aR, 7aS) hexahydro-4H-furo[2,3-blpyran-3-yl N-(1S,2R)-3-
[ [ (3-aminophenyl)sulfonyl] (cyclopentyloxy)amino]l-1-benzyl-2-
hydroxypropylcarbamate + (3R,3aS,7aR)hexahydro-4H-furo[2,3-
blpyran-3-yl N-(1S,2R)-3-[[(3-
aminophenyl) sulfonyl] (cyclopentyloxy)amino]-1-benzyl-2-



the reaction solvent was renoved in vacuo and the residue was triturated
with diethylether. The slurry was filtered and the solid was dried under
hi gh vacuwg dogsgyoovi de tert 5 butyl PCT/US99/13744
N-[ (1S, 2R) - 1- benzyl - 3- (2- cycl opent yl i denhydr azi no) - 2-

hydr oxypr opyl ] carbama.te (85 ng, 14%;gas-a white solid. Hl- NWR
(chloroformD3) 1.34 (s, 9H), 1.54 (b, 2H), 1.73 (m 2H), 1.83 (m 2H),

2.22 (m 2H), 2.35 (m 2H), 2.90 (m 1H), 3.02 (m 1H), 3.14 (m 1H),

(m 1H
(APCI)

361

tert-but YBRNBESA1TRR) {15 bdmRya 3 I2exaicy dpert 4 futent2 - J{Alpyran-3-y1

ot noxy R 2l anyl ) gk asl s 248 SPHRASERTRS gafy ot on of
cycl openBydimﬂreasrhlylaf[a(ﬁm@)S)}Mﬁmyar—@milr]o&@r—bamte@yawtvyg,] ~N)-210 nmol ) in

2 rrL50f
Wit h~4-

anbi ent

el uting

(bRt Rttt AR Er il e S D A
di i sopropytethy! agm peg (38 b) Lanc?-t@,%él-]m&

Al ald 1,0 2B &4 117, At

3. 38

S bimetiardia 6 (I dili 082 (M 19,7 25 (n S e

tenperature over approximately 18 Hours. me reaction solvent was
renoved 1nd¥acuwobndvehe ¢esbhoued wmsaprrdfiretoly 3 asth gf ade silica gel

i %i? . ef hyl . LaDexane r 'QQ§ t.al ni he product
WO 99/ 65 %P ‘US%LQ/ %‘Eﬁﬁﬂ%éd cKt/\gre coer%'tl)t%:nﬁge&?l$ evaplgrfé;t@cf{gl Png%/ﬁacuo to a
resi due Angontainesphed wieh hexamer and Tthetigdcetdrerso Ientsofaent s were

re ed
pr o ;6de

15

20

25

30

in vac%o.and t he r%%tual solid was dri ed. u.nderd t'geqthweevnacuum to
) =

FEPeVROLIT KECP9S S RIS wAs partitione

dichloromethane and 1N NaOH. After separating the layers,
the agqueous phase was extracted with dichloromethane. The
combined organic layers were combined, dried over anhydrous
magnesium sulfated, filtered and evaporated in vacuo. The
residue was purified on three preparative silica gel TLC
plates (20x20 cm, 1000 uM) eluting with 65:35 ethyl acetate
: hexane. The product band was removed, eluted with 4:1
methylene chloride : methanol, filtered, and evaporated in
vacuo. The residue was dissolved in dichloromethane, dried
over anhydrous magnesium sulfate, filtered, evaporated in
vacuo, and dried under high vacuum to provide a 1:1 mixture
of (35,3aR,7aS)hexahydro-4H-furo(2,3-b]pyran-3-yl N-(1S,2R)-
3-[[ (3-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-1l-benzyl-
2-hydroxypropylcarbamate and (3R,3a$S,7aR)hexahydro-4H-
furo[2,3-blpyran-3-yl N-(1S,2R)-3-[[(3-
aminophenyl)sulfonyl] (cyclopentyloxy)amino]-1-benzyl-2-
hydroxypropylcarbamate (146 mg, 69%) as a foam. H1-NMR
(methanol-D4) 1.14 (m, 1H), 1.78 (m, 11H), 2.56 (m, 1H),
3.05 (m, 3H), 3.41 (m, 1H), 3.76 (m, 5H), 4.06 (m, 1H), 4.84
(m, 1H), 4.96 (m, 1H), 5.06 (m, 1H), 6.93 (m, 1H), 7.02 (m,
1), 7.09 (m, 1H), 7.14 (m, 1H), 7.22 (m, 5H). MS(ESI):

612 (M+Na) .



5 cycl opentyliden-I-[ (4-nmethoxyphenyl)sul fonyl)hydrazi no- 2-

hydr oxypr opyl ) carbamate (26 ng, 23% as a solid. H-NWR (chloroformD3):
1.34 (m Qidoseds62 (m 4H), 1.83 (m 2H), 2.42 (m 1H), Ze@vusmmsal), 3.12
(m 1H), 3.58 (m 1H), 3.83 (m 5H), 4.32 (m 1H), 4.57 (b, 1H), 6.97 (m
2H), 7.20 (m 10 5H), 7.69 (m 2H).- Mg4dAPCl) : 554 (MtNa) . Exanple 81 OH
NOw '~ NO2 15 (81) tert-butyl N ((1S, 2R)-1-benzyl -2-hydroxy-3-1-[(4-
met hoxyphenyl ) sul fonyl ]-2-[(2Z)-2-net hyl propyl i dene]

hydrazi nopropyl ) carbamate. A sol ugion~9E ggrt-butyl N 20

[(1S. 2R)-| - benzyl - 3- hydr azi no- 2- hySTORyPTopyl ) car bamate  (Step 1, Exanple
80), (100 ng, 0.339 mmol) in approximately 2 nL of dichl oronmet hane under
Argon waS§tepeated with isobutyral dehyde (46.2 L, 0.508 mmol). After
stirring at anbient tenperature for 20 mnutes, 4 25 net
hoxyphenylsulphqmyl Qlde (77 mg, 0.372 mmol) and N, N-

diisopro , 0.508 mol) were added and the reaction was
nalntalne§|foroan—add|t|onal 18 hours. The reaction mxture was evaporated
in vacuo and purifi n WD 99/65870 PCTI US99/13744 189 flash grade
silica gel eluting\z§:§ 3:7 éthyl acetate hexane. Fractions containing the
product were conbi ne¥;, evaporated in vacuo, and crystallized from ethyl
acetate and hexane. The slurry was filtered, washed with hexane, and 5
dri ed under high vacuumto provide tert-butyl N ((1S, 2R)-1-

benzyl - 2 teydrbuyy3- N;H«4sn2Rhexybéﬁzyl)suh?dn;hlna EQZ) 2-

nmet hyl pr opyl i dene] dra2|nopropyl car bamat e % olid.
H1- NVR (E‘NPSPE&VBFHPD% caybgpatfy ~ ofy) MAtUEe (! ﬁ“bﬁtiﬁ Pl 1%&5% 2.57 (m

1H), 2.94 om) o3kran32941¢0p-LEbnylethylcarbamate (2.50 g, 9.51 mmol)

and anhydrous hydrazine (3.00 mL, 95.0 mmol) in 15 mL of

10 isopropanol was heated at reflux under an Argon atmosphere
for 18 hours. The reaction solvent was removed in vacuo and
the residue was triturated with diethylether, filtered and
dried under high vacuum to provide tert-butyl N-[(1S5,2R)-1-
benzyl-3-hydrazino-2-hydroxypropyl]carbamate (1.766 g, 63%)

15 as a white solid. H1-NMR (chloroform-D3) 1.35 (d, 9H),
1.67 (b, 4H), 2.89 (m, 4H), 3.91 (m, 3H), 4.63 (m, 1H), 7.25
(m, 5H). MS(ESI): 318(M+Na).

20

tert-butyl N-[(1S,2R)-1-benzyl-3-(2-

cyclopentylidenhydrazino) -2-hydroxypropyl]carbamate.

A solution of tert-butyl N-[(1S5,2R)-1-benzyl-3-hydrazino-2-
25 hydroxypropyl]carbamate (500 mg, 1.695 mmol) in 5 mL of

isopropancl under Argon was treated with cyclopentanone (180



10 3.93 (s, 3H), 3.94 (m 2H), 4.35 (m 1H), 7.02 (m 2H), 7.17 (m 2H),
7.31 (m 4H), 7.81 (m 2H). MS(ESI): 542(MtNa). Exanple 82 HOH O

>' QUL N-""woobfess7 1les ONH 15 N (82) tert-butyl PCT/US99/13744

N (1S, 2R) - 3-[ (1H benzi m dazol - 6-yl sul fonyl) )
(cycl opentyl oxy) am no] - 1- benzyl - 2- hydrgexypr opyl carbamate. A 20 sol ution of
tert-butyl N ((1S, 2R)-1-benzyl -

(cyclopentyloxy)[(3 4- di am nophenyl ) sul f onyl ] am no- 2-

hydr o r bana 4 Exa le 10), (0.600 ) | in
Dy RLepYa) aah REBL e (ChEPer AT 700 et D Pt b T e 580 L,
1.69 mmthefeéé@wanbyoz5eﬁtl&éé‘%é&ﬁ&@é&%ﬁdxﬂc&é%ﬁd Hhd r@aphye After

stirring at anbient tenperature under an Argon atnosphere for 1.5 hrs.

the react#dntHi ktEReeHad! Guehtrery W treSevetat HHOPEY 0fa 505 1 WL efueous

pot assi Uﬁh&a’éﬂ?@”%flé”9a§V§PQé§t&QdéP P{%g’slovac&ﬁ}@ E@%P&@la‘@stéﬂfi fied on
flash grade silica gel WD 99/65870 PCTI US99/ 13744 190 sequentially

el utisng WERL 4N1 [ ét ByPRacktherzyl hex bhecyOl@enlyl edeiyhvaeat tre (9.5 L) ;
and 95: &Péﬂc %8%2%%&%9@80&85(&? Hs) Féécé'mfté?oé‘éﬁicﬁ“ ngyihe

product re C evaporated i n vac uo to a residue and dried under
hi gh vacNMR15Chb0p©6vrmeDBértlb&%yKSb+%HE;2F§5% [Q&F?%bnzln?ﬁa@@A-G-

| sul f t,
{0 870 0 b0y o Ph i ?é?%e y?’l“m%%ﬁ?ze i) o d%‘ﬁ”"“%%%r (m 8,
2.47 (m 316R, 12,7IDH(m3;LH§l (R, OBH{ m 328, (18, SBH M 326§ , (dm851¥m 10 1H),

53,1‘51%”1,3513 1? i{i«? %/E%%S|31201&W SH s (n61skf, Melapcsy 81 (d. 1H), 8.04

361 M+Na .

Step 3:

15 (80)

tert-butyl N-((1S,2R)-1l-benzyl-3-2-cyclopentyliden-1-[(4-
methoxyphenyl) sulfonyl Jhydrazino-2-hydroxypropyl) carbamate.
A solution of tert-butyl N-[(1S,2R)-1-benzyl-3-(2-

20 cyclopentylidenhydrazino)-2-hydroxypropyl]carbamate (76 mg,
0.210 mmol) in 2 mL of dichloromethane at ambient
temperature under Argon was treated with 4-
methoxyphenylsulphonylchloride (46 mg, 0.221 mmol) and N,N-
diisopropylethylamine (38.5 puL, 0.221 mmol) and allowed to

25 stir at ambient temperature over approximately 18 hours.
The reaction solvent was removed in vacuo and the residue
was purified on flash grade silica gel eluting with 2:3

ethyl acetate : hexane. Fractions containing the product



géﬁ&mgykécﬁxgnple ?3 15 Ph /'-1 OO-(\/I RN NRaney Nickel N,o H OH |1S02
CAR Bos 6 sot N CNI N,. \H2 H HOH OR=p //oand o o H H (83
[(2, S, 6af beesaiy dr of ur o[ 2, 3-b] furan-3-y1 N- (1S, 2R) - 3- [ ( 3PCRWS99/13744
Zyl:g?kggfggylzgnlPo]pgenylsulfonyl)(cyclopentyloxy)anino]- 1- ben
N-(lS,?R)-3-{F3-py carbamat e and (3S,13@R-6aS) hexahydr of uro[ 2, 3-b] furan-3-y1l
[ (2- anlnoethyl)anino]phenylsulfonyl)(cyclopentyloxy)anino]

1-benzy! ;,2; by dpoxyREQDY
1.1 n1xtur5 ? U6 B57 5%$%§§%§?%%géﬁlggggbl?Blgzréééaueginao 041 mmol) of a
E% sof%engs were

hexahydr btakorpeed3whfhf herans- ghandietlylorfhey.:

benzyl & cyan t,.ay am,po I
(cyclopen% %O%é)aﬁl%gF g h%ﬁrg§$p%§ggaﬁéfggﬁg?g 2%3 dfé%d gggfr62égh

hexahydr obgnom[ 20 Brbyifiar arr3-phtyl Pis$( 1§R¥R1115benzyl‘ 4T

benzy a t hyl)
(cycl peﬁ&&ﬁ8&%f§%ﬂﬁ§?n > &gg;ggkggggﬁgggggﬁgﬁgk ggé 2¥§ﬁﬁzén08%§ in 8 nL
of 2M NH&&MBGHypmo@yEatarbamBke Wa$é tweafsd)wesha appiexi nBLeMfR20 ng of

Raney nlckel T e resultin
parYor § oo leRE=E Veader el porle 15?2%3?EQ‘HESWE{SS"%??FF?P%?TO‘S’O
é

t hrough 2celbi t@,and)the BWIUmatéHConﬁeﬁQrdmedlﬁm,véeéﬁ (The 1Fesi du
(m, SH), 4.32 (m, 1H), 4.57 (b, 1H), 6.97 (m, 2H), 7.20 (m,
10 5H), 7.69 (m, 2H). MS(APCI): 554 (M+Na) .

Example 81

15 (81)

tert-butyl N—((1S,2R)—1—benzyl—2—hydroxy—3-1—[(4—
methoxyphenyl)sulfonyl]—2—[(Z)-2—methylpropylidene]
hydrazinopropyl)carbamate. A solution of tert-butyl N-

20 [(ls,ZR)—1—benzyl-3—hydrazino—2—hydroxypropyl]carbamate
(Step 1, Example 80), (100 mg, 0.339 mmol) in approximately
2 mL of dichloromethane under Argon was treated with
isobutyraldehyde (46.2 uL, 0.508 mmol) . After stirring at
ambient temperature for 20 minutes, 4-

25 methoxyphenylsulphonylchloride (77 mg, 0.372 mmol) and N,N-
diisopropylethylamine (88.6 uL, 0.508 mmol) were added and
the reaction was maintained for an additional 18 hours. The

reaction mixture was evaporated in vacuo and purified on



was dissolved in a mnimumvolume of CH2Cl12 and the solution added
dropwise to rapidly stirred 1:1 ether/hexane. A white solid precipitated
whi ch waswgpdogioed by filtration and 15 dried in vacuo. ypelosobasf (640).
1H NWVR (DVBO-d6) : 7.32- 7.03 (7H), 6.95-6.78 (3H), 6.20 (1H), 5.45 (M,
5.19 (1H), 4.82-4.65 (2H), 3.81-3.4Q47H), 3.18-2.60 (9H), 2.39 (1H),
1.93-1.04 (10H). MS(ESI): 619( MtH). 20 Exanple 84 1Ph ONO-0 -N~0--0 SS
R H1S02 acetyl chloride, DOEA, THE 7 SO2 OHi Ip N,NH2 6N ,N'Ilr HH aO

OH O /
(3R, 3asR§9%ﬁe§5 *3%% %ﬁ%?z&%ﬁ %?g?\g VTN ISR R TTIRE
([arzn E}gi:etllyeaanﬁo) efhyt}amﬁo@@@h@ir)sm fomg| qx@@mbmwl exyyined,
r o] /
PR R bR s s lahaRal et %@‘?%%f%%%%%@”“
gﬁ{ gacetllytte)aahao) eThyl $hurnppheflyf)ﬁtléf©@yl \]Jésly@di opetﬂtl yhexshe, and
en ro t A
of 1. 19prReuratar B EALPe Rk Ba R Re e ke bt T s T SRRk ey N
E%g aﬁf%ﬁé?ﬁya Q3hydr0ﬁy 3|1 |f4 methoxyphenyl)sulfonyl] -2-[(2)-2-
am n enyl sul f on I
1- benzylm?tﬁ%%%??%ﬂ)g??% rBéﬁﬁ?éY%ﬁ))ré %{ alg% ané% %ﬁdr%?u%{) [2, 3-D]
{?;agnln%ét%;ﬁ?%%?nz?ahNﬁRl[Cégorofgrm D? l OO (m, 6H), 1.44 (s,
o] phenyl sul f on
1- benzyl 2 hyélr&%yé?‘opwégr banat é% &é}/c gpg %%ﬁs Q’Hézl irf‘ otihas
treaied wi t_als Q501@Hmr (309@5$mmmh) of, . BN ﬁ;lmpr opybet hyt) apiine 7ol7owed by

0.004 nL (0 06 nmmol % of
2H), 7.31 (m, 4H), 7.81 (m, 2H). MS(ESI): 542 (M+Na).

ExamEle 82

H =
:K(Oer\¢/\\/NsoQ
z 08
GRS
AORYS
15 N
(82)

tert-butyl N—(lS,2R)—3—[(1H>benzimidazol—6—ylsulfonyl)

(cyclopentyloxy)amino]—l—benzyl—2—hydroxypropylcarbamate. A
20 solution of tert-butyl N-((1S,2R)-1-benzyl-3-

(cyclopentyloxy)[(3,4—diaminophenyl)sulfonyl]amino—Z—

hydroxypropyl)carbamate (Step 4, Example 10),

(0.600 g, 1.12 mmol) in absolute ethanol (15 mL) was treated

with triethylorthoformate (280 uL, 1.69 mmol) followed by

25 trifluoroacetic acid (15 pL, 0.19 mmol). After stirring at
ambient temperature under an Argon atmosphere for 1.5 hrs.,
the reaction mixture was quenched with several drops of 5%
w/v aqueous potassium carbonate and evaporated in vacuo.

The residue was purified on flash grade silica gel



acetyl chloride. The resulting solution was allowed to warm to RT with
stirring. After 18 hours the solution was 15 concentrated in vacuo and the
resi due | to flash chromatography (silica gel, 9 sb% 2M NH3
in MeOH) S\’#Qg%%s?(grd 30 ng (86% of the deS| red product as$g§M|t%?‘{)am
1HNWR (CDC13) : 7.71-7.00 (10H), 29( , 6.40-6.02 (1H), 5.62 (1H),
5.32.(1H), 4.99 (1H), 4.80 (1H), 4.0 g 40 (7H), 20 3.38-2.60 (8H),
2.20-1.40 (13H). LCIVB( ESI) 661( I\/H—I) Exanple 85 O Ph A N 0-0 urea-hydrogen

S SR IR Bt KR e g
99/ 6587) BCTéUSQB/a‘I@e?tzlaate (1.953 L) (3%@95@)@@1@@5111@[ 2 @ tijefngrlan- 3

N (1S, 2 [(3 [£2- noZooeth

(cycl opem 3? oxy’) arrEl( 1o ﬁa{ql Senczor} n g[%ep%opwy barraet eQ:yC!a"%lb n (dS‘S, 3aR,
6aS) he)@\l‘mﬁfﬁﬁwc@ i vaéudi)]tcf 04 an’bsﬁqde Nind 15 i@Runder [hidh Sracuum

[ (2- am no- 2- oxoe hyI am no] pheny quony )
(cycPoperi? y@%@(‘iﬁ) Ly él o STREH DI L %50l uti on of

g l%]Clofg ngs%ﬁg’i?rqmp )cpél@péntlymx@i Lﬁnelrﬁf -(-3RnAaS;26aR) hexahydrofuro [2,
uran-3-y

benzyl - 31'15[%130}{3(&%36%%@%9%@ nb(i phEhy sul¥ony 151 PR
(cycl opepd yhoxy %@éﬁm&xﬁd@y@wxym om'I psa,r bma,t el a ( 3%H)3aR . BaS)
hexahydr of uro [ b] fur an ﬁll N- R)
(m, 1H), 2.70° (m, 99 m, 3. 55 (m, 2H), 4.85 (m,
10 1H), 5.14 (m, 1H), 6.67 (4, 1H), 7.20 (m, 6H), 7.61 (d, 1H),

7.81 (d, 1H), 8.04 (s, 1H), 8.52 (s, 1H). MS(ESI):

545 (M+H) .
Example 83
15
Ph
g e 0
’ : ¢
R/U\N /Q/;N*SO Raney Nickel "y
H  GH ? 2M NHy/MeOH 'S0,
N
N~ ~CN
N NN
H
He 2 H, P
H H
(83)

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan-3—yl N-(1S,2R)-3-[(3-
20 [(2—aminoethyl)amino]phenylsulfonyl)(cyclopentyloxy)amino]—
1-benzyl-2-hydroxypropylcarbamate and
(38, 3aR, 6aS) hexahydrofuro[2,3-b]furan-3-yl N-(18,2R)-3-[ (3-
[(2—aminoethyl)amino]phenylsulfonyl)(cyclopentyloxy)amino]—
1-benzyl-2-hydroxypropylcarbamate. A solution of 25 mg
25 (0.041 mmol) of a 1:1 mixture of



benzyl - 3-[ (3-[ (cyanonet hyl ) am no] phenyl sul f onyl )

(cycl opent yl oxy) am no] - 2- hydr oxypr opyl car banate (see exanple 86) and 5.0
my (0. 033wHRless7af K2COB in 2 nL of 3:1 15 acetone/water wasSrig@asagd W th
0.150 g (1.63 nml) of urea- hydrogen peroxide addition conpound and -
stirred at RT. After 18 hours tlc Ls% gca gel, 95:5 CH2Cl12/ MeOH) i ndicated
no remai ning starting material at 3, a ngjor new conponent at

Rf =0. 21, and a | esser conmponent at Rf=0.61. 20 The soI ution was diluted

th CH2 : d A, d
\(I:Moncent rated. j’%%% resﬁ%hg%\%gs ugug)é) 8{2’3' a?’lvasﬁl chr :%?t{%ééygghy (Sinl ica
gel, 95:HerHACTZ/ IMSCH) dytana)ﬁtfedrm@l49mr@o(]®&%1ydfsmllf@nl§fl#0 21 product as a
white f 4 5 .6.,60- 5.60 (2
5 064, 770 P ) iyt 2-Ba b EEbpyfR e e gt T, > 0 (29

LCMVB( ESI ) ( 3553133(Hv+ﬂa~)s NAR99/EHI T oPCT BUBI Fuk3 744 - v194- (Bsam)e 186 O Fh _ ~}

o8 e e 2 RS e A B 2 ok
(3R, 3aS, &aﬁ&hﬁx&hMﬁﬂQk@ﬂ@hﬁn@-bhﬁMW@mo&yﬁko@yﬂb&r&ﬁhale (see example

penayl- Sdt ot o b an gl B LIS e ereatea wits
(3S, 3aR, Gapriexatadief Boon, &fbhb@b@nnSC%blN-(rﬁeZBkshltlng mixture
was subjected to hydrogenation at 30 psi for 1 hour. The
10 vessel was purged, catalyst removed by filtration through
celite and the filtrate concentrated in vacuo. The residue
was dissolved in a minimum volume of CH,Cl, and the solution
added dropwise to rapidly stirred 1:1 ether/hexane. A white
solid precipitated which was collected by filtration and
15 dried in vacuo. yield=16 mg (64%). 1H-NMR (DMSO-d¢): 7.32-
7.03 (7H), 6.95-6.78 (3H), 6.20 (1H), 5.45 (1H), 5.19 (1H),
4.82-4.65 (2H), 3.81-3.40 (7H), 3.18-2.60 (9H), 2.39 (1lH),
1.93-1.04 (10H). MS(ESI): 619 (M+H).

20 Example 84

O
j\/‘ 'S0, acetyl chloride, DIEA, THF 50,
@NNNHZ @ N
H

O O
H @c
=0 i) and o A 0
H H

25 (3R, 3a8, 6aR) hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R)-3-[[(3-

(84)

[2-(acetylamino)ethyl Jaminophenyl) sulfonyl] (cyclopentyloxy)
amino]l-1l-benzyl-2-hydroxypropylcarbamate and



10 benzyl -3-[(3-[(cyanonet hyl ) am no] phenyl sul fonyl ) (cycl o

pent yl oxy) am no] - 2- hydr oxypr opyl carbamate A solution of 0.200 g (0.347
mol ) of Qobodsgtd Xture of (3R, 3aS, 6aR) hexahydrof uro [ 2cTardedni744 an- 3-yl
N ((1S, 2R) -1- benzyl-3-(cycl opentyl oxy)[ (3-am nophenyl ) sul fonyl ] am no- 2
15 hydr oxypropyl)carbamate and (3S, BaFgga_S) hexahydr of uro[ 2, 3- b] furan-3-yl
N ((1S, 2R) -1-benzyl-3- (cyclopentyloxy) [ (3-

am nophenyl ) sul f onyl ] am no- 2- hydroxypropyl )carbamate (see exanple 31),

0. 050 rrL F(n%! ri nd, 0.1 of

N, N-di i sopr 0;7)3% €t E?)am ne-in m_qc%:"t3 6)]%%%& ou%’ngyF%gh}éatBe t%s 80C.
with sti r[ﬂ%aatﬁwaaicécét@lbm%e@hh&ﬂf&ntth (29idlicpeh tyasxggol ed to
RT and concentr.a 0, The residue_was dissolve_.in CH2Cl2. _ The
resul ti n§ SULT o?‘iD qxﬂé’sﬁwwrgayéwbama&@ -(38) sol@bied Grer3

anhydr oumglvg(SOft)SBamﬁhdenQﬁmar at:edrli&tehirenegs. 25 The crude product was
purifie %flash chromatograp y d(%SI lica gel, 95:5 CH2C12/ IVEO—D to afford

145 hgaShvalr ofius@ler 3a) & uran-Solild N-1HSNIR) (BvED3d6)

/ [S) 1 ent O C mirn )
741 }’\?H)%zﬁ%%%(op%ﬂﬂ%%{ R dhern 1108 bt (TABLER0 16N B8 (11)

(5H), 2.40be@fﬁol-2rwrpxy@r@mﬂ4)carﬁvs@a$m an@15(|v|+H). 5 Exarrple 87 O Ph

E%BrFPC;AﬁsoﬁééjéES'Neﬁfﬁyd?o%u§€%2 @L%$fu?gﬁh389§ %§QHSC§R @H% @h’ N H

(2-aminoethyl)amino]lphenylsulfonyl) (cyclopentyloxy)amino] -

10 l—benzyl—2—hydroxypropylcarbamate in 3 mL of anhydrous THF
at 0°C was treated with 0.010 mL (0.058 mmol) of N,N-
diisopropylethylamine followed by 0.004 mL (0.06 mmol) of
acetyl chloride. The resulting solution was allowed to warm
to RT with stirring. After 18 hours the solution was

15 concentrated in vacuo and the residue subjected to flash
chromatography (silica gel, 95:5 CH,Cl,/2M NH; in MeOH) to
afford 30 mg (86%) of the desired product as a white foam.
1H-NMR (CDCls): 7.71-7.00 (10H), 6.90 (1H), 6.40-6.02 (1H),
5.62 (1H), 5.32 (1H), 4.99 (1H), 4.80 (1H), 4.02-3.40 (7H),

20 3.38-2.60 (8H), 2.20-1.40 (13H). LCMS(ESI): 661 (M+H).

Example 85
. o~
/g/ urea-hydrogen peroxide =N
'S0, addition compound SO,

@\ Ko,CO3, acetone/water @\

O
H H, O
=0 "o and o 7 Yo
H H



/1H (87) 10 (3R 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-yl N (1S, 2R)-1-
benzyl - 3-[ (cycl opent yl oxy) (3-[ (2- nor phol i no- 2-

oxoet hyl ) av@ ero§sptoenyl sul f onyl ) am no] - 2- hydr oxypr opyl car baPET/ES2rid744
(3S, 3aR, 6aS) hexahydr of uro[ 2, 3- b] furan- 3-yl )
N- (1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy)1(e3 (2 15

nor phol i no- 2- oxoet hyl ) am no] phenyl sul f onyl ) am no] - 2-

hydr oxypr opyl car bamate. A solution of 0.100 g (0.174 mmol) of a 1:1

M xt ur e of3R3Ba8p6a RERREKPRYST @F [ D] 2Bt Phfakad=-r ¥l (15,2R)-3-[(3-
N-((1S, 2R£- 1- benzyl - 3- (cycl opent yl oxy) [ ( 3- :
ani nophenV (% s#PiBAy? TeRPRBo P! bk e iphemy} ebferie e and 20 (3S, 3aR 6aS)
hexahydr o - f -3ty _ S_ = J-

benzyl - 3- f%@%ﬁ%@%ﬁ{%ﬂ;i Eg??m %o%%%%}l)%su@%?/ a?r?%l—cfrbamate and

hydr oxypr 6§} 3zRr bafthexdsedrefanp| 2, 31p] firan- 3y W261S, 280+ 3 - DE3-

N- (br enoacet vyl ) nor phol i ne d 0.050 nL (0.26_mmo of

N, N-di%i sogf%pﬁ”é?%y a?ﬁ‘%%t?ﬁfmn%?p}éﬁ%‘éfsoﬁy was 25 heated to 80C

Wi th stir(¢yel dpertBbakerhhiie] - MbEk 2yl 52 - ik Scbpors@l ¢ diimas. cool ed to
RT and was treated with an WO 99/ 65870 PCT/US99/ 13744 "~ 196 additional 54.0

mg of N- (BrdtbAtEY 9ot phd? i hel0 ah?f guesh @A 7 ot 26 MpTYrofot

N, N-di i sopsRpyd ef bwkpmd nenydher s U | any) pas, feated at (89G 4ary an
addi tional 18 hours, cooled to RT, and concentrated in vacuo. The crude

product VWRRRNPUFTIT BBl byyanemat il ot myrapiny sil faw gel , Et OAc) to give
a vipgcougcyeld i1 Ty ' ' ved i }{ ni mum vol une of
CH2C12 angc)zlhe I'g)éfl)yllu ioo?y)v\%{éﬁél%@-te%%%ér ra%lxgz?@?%z%rrq%eﬂdﬂleélar{eq her/ hexane. A

whi t e sol [ 35S pPaii i § etk whdohf wes( 2,03 1 ekfwcariny3-fyl th-atieRnddried in 10

B i L LA ke ek AR A
(13H), 3. vl @eerEH)ox Y. B8OldH)3-hid9%: Vip b ( kb anzG5( ES9) (e XERR(1MHH) .
86) and 5.0 mg (0.033 mmol) of K,CO; in 2 mL of 3:1
15 acetone/water was treated with 0.150 g (1.63 mmol) of urea-
hydrogen peroxide addition compound and stirred at RT.
After 18 hours tlc (silica gel, 95:5 CH;Cl,/MeOH) indicated
no remaining starting material at R:=0.43, a major new
component at R=0.21, and a lesser component at R=0.61.
20 The solution was diluted with CH,Cl,, washed with water
(3x), dried over anhydrous MgSO,, and concentrated. The
residue was subjected to flash chromatography (silica gel,
95:5 CHyCl,/MeOH) to afford 49 mg (46%) of the Rs=0.21
product as a white foam. 1H-NMR (CDClj): 7.46-6.92 (11H),
25 6.60-5.80 (2H), 5.60 (2H), 5.06-4.77 (2H), 4.03-3.40 (7H),
3.24-2.43 (6H), 1.91-1.32 (10H). LCMS(ESI): 633 (M+H).



15 Exanple 88 step 1: OH OCH O s D EA CH2AZ Br~Br + CH3 HCl Br OCH3
CH3 20 N-net hoxy-N-net hyl br onbacet am de A solution of 4.5 nL (51.3 mmol)
of bronmoawetWiesa’6m de and 5.00 g (51.3 nmmol ) of N, O di mretREIVERPHRIRY | am ne
hydrochl oride in 80 nL of anhydrous CH2Cl2 at OC was treated wth a -
solution of 18.7 nmL (108 mmol ) of N-N123 dii sopropyl ethylamne in 40 nL of
CH2C12 via addition funnel over 10 mnutes. A dark brown solution resulted
which was allowed to warmto RT. After 18 hours the solution was washed
with 5% aqueous citric acid (3x), Bamid &8k aqueous NaHCOB (3x), dried
over MgSO4, and concentrated to give a ark brown oil. This material was
subjected to flash chromatography (8:2 to 6:4 hexane/EtOAc) to afford 2. 97
g WO 99/ 65870 PER/ US99/ A3744 197 (32% of the deS| red oduct as a

yel l owbro qui d.,0 I\/R CDC13) : 4.22 (2H) Q—@—Q , 3.20 (3H

step 2: n .~ FE%X I@é?fgm'eH OH |s§em SC2 DI EA, DWF,
80C CH3 NH2H OE‘I 2 0 H O Lo and o HY*2 5 H (88)
(3R, 3aS, 6aR) hexahy ro[ 2,3 b[furan-3-yl N[ (1S, 2 -

NH,
O
H H, O
R = ‘o @and o 7 Yo
H H

(3R, 3as, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(1S,2R)-1-

N

N CN
H

(86)

benzyl-3-[(3-[ (cyanomethyl)amino]phenylsulfonyl)
(cyclopentyloxy)amino] -2-hydroxypropylcarbamate and
(35,3aR, 6aS) hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R) -1~
10 benzyl-3-[(3-[(cyanomethyl)amino]phenylsulfonyl) (cyclo
pentyloxy)amino] -2-hydroxypropylcarbamate
A solution of 0.200 g (0.347 mmol) of a 1:1 mixture of
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-((1S,2R)-1-
benzyl-3- (cyclopentyloxy) [ (3~aminophenyl)sulfonyl]amino-2-
15 hydroxypropyl)carbamate and (3S,3aR, 6aS)hexahydrofuro[2, 3-
b] furan-3-yl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
aminophenyl)sulfonyl]amino-2-hydroxypropyl)carbamate (see
example 31), 0.050 mL (0.70 mmol) of bromoacetonitrile, and

0.12 mL (0.70 mmol) of N,N-diisopropylethylamine in 5 mL of

20 anhydrous DMF was heated to 80°C with stirring in a sealed
tube. After 21 hours the solution was cooled to RT and
concentrated in vacuo. The residue was dissolve in CH,Cl,.
The resulting solution was washed with aqueous brine (3x),
dried over anhydrous MgSO,, and concentrated to dryness.

25 The crude product was purified by flash chromatography
(silica gel, 95:5 CH,Cl,/MeOH) to afford 145 mg (67%) of the
desired product as a tan solid. 1H-NMR (DMSO-d¢): 7.41



benzyl - 3- ((cycl opent yl oxy) [ 3- (2- [ met hoxy(net hyl ) am no] -2 10

oxoet hyl am no) phenyl ] sul fonyl am no) - 2- hydr oxypropyl ] car bamat e and

(3S, 3aR, 6w® 9wsgmaydr of ur o[ 2, 3- b] f uran- 3-yl PCT/US99/13744

N[ (1S, 2R) - 1- benzyl - 3- ((cycl opentyl oxy) [ 3- (2- [ nmet hoxy(net hyl)am no]-2

oxoet hyl am no) phenyl ] sul f onyl am no) -219%5-hydr oxypr opyl ) car bamate. A

solution of 0.100 g (0.174 mol) of a 1:1 m xture of

(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b]furan-3- yl N ((1S, 2R) -1-benzyl-3-

( cxécl ?ggnt%mxy% . 288) 463.-99hm 9;@9?661363 wag)quj ;zmﬂ 01022- lra/.ctroo?mmsmmzd .)8c2evr1 bggat e

an , : e rof ura - uran- 3-y , -

benzyl - 3.4 vl 0 vl o)) (8 am Tl ) S oy Qi i) 25K 2200

hydr oxypr opy) ) cardenpt e (semexany es3l):;, ¢ @+rg (0. 210 nmol ) of

N- met hoxy- N- net hyl br onbacet am de, and 0.040 nL (0.21 nmol) of

N, N-di i sopropyl ethylam ne in 3 nL of anhydrous DWF was heated to 80C with

stirrgng in a sealed 25 tube. Aftggf;_ﬂ:#@qws t he solution was cooled to RT

and was treated with an additiona -0 mg of N nethoxy-N

met hyl br onbacet am de and 0.020 nL of N, N WD 99/ 65870 PCT/US99/13744 - 198

di i sopropyl et hyl ami ne. The solution was again warned to 80C. After an

addi tional 18 heyrs the~.sol ution V\,L_asN:ﬂQ;ﬁred to RT and was concentrated in
dn

vacuo. The & esfdue we ssol ved CH2C12. The sol upd was washed with
sat ur at eder,ékg Nbrife (3x), dried over MySO4, §a-m;i cornCentrated to
dryness. TheHcride pPBduct was PAEAT PME. B9°G ash ‘chr$feat ography (silica
gel, 85:15 hexane/ ) to afford 40 ng (3249 of desire poduct as a
white foam 1H NWVR 13) : 7.40-6.84 (11H), 5.62 : S.E?

}jl. 87 (2H),
4.81 10 (1H), 4.05 ( NH3,99-3.53 (8H), 3.26-2.70 ( ”I\QQ 741 (10H).
LCMS (ESI) : 677 (MtH) . Exanple 89 1O Fh o)

@] )
H H/,
R = 0 l/o and O A 0
H H

10 (3R, 3as, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(1§,2R)-1-

(87)

benzyl-3-[ (cyclopentyloxy) (3-[ (2-morpholino-2-
oxoethyl)amino]lphenylsulfonyl)amino]-2-~
hydroxypropylcarbamate and (38,3aR,6aS)hexahydrofuro[2,3-
bl furan-3-yl N-(1S,2R)-1-benzyl-3-[(cyclopentyloxy) (3-[(2-
15 morpholino-2-oxoethyl)amino]phenylsulfonyl)amino]-2-
hydroxypropylcarbamate. A solution of 0.100 g (0.174 mmol)
of a 1:1 mixture of (3R,3a$5,6aR)hexahydrofuro(2,3-b]furan-3-
vyl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
aminophenyl) sulfonyl]amino-2-hydroxypropyl)carbamate and
20 (35S, 3aR, 6aS)hexahydrofuro([2,3-b] furan-3-yl N-((15,2R)~1-
benzyl-3-(cyclopentyloxy) [ (3—aminophenyl)sulfonyl]amino-2-~
hydroxypropyl) carbamate (see example 31), 54.0 mg (0.261
mmol) of N-(bromoacetyl)morpholine, and 0.050 mL (0.26 mmol)
of N,N-diisopropylethylamine in 4 mL of anhydrous DMF was

25 heated to 80°C with stirring in a sealed tube. After 4.5

hours the solution was cooled to RT and was treated with an



J~ O0-0 R H N urea-hydrogen peroxide N OH ' SO2 addition conmpound SO2

K2C03, acetone/water I HRCNNO HOHOR=0 *iIOand 0 O 15 H ~~H (89)

(3R, 3aS, 6w dvensstoydr of ur o[ 2, 3-b] furan-3-y1 N ((1S, 2R)-1- PCT/US99/13744

benzyl - 3- (cycl opent yl oxy) [ (3-ni trophenyl ) sul fonyl ]am no-2 2C )

hydr oxypr opyl ) car bamat e and (3S, 3aR-6aadexahydr of uro[ 2, 3- b] furan-3-yl

N-((1S, 2R) - 1- benzyl - 3-(cycl opent yl oxy) [ ( 3-

ni t rophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) carbanmate A solution of 0.100 g

]go 1633m1iaaa§ﬁ@ioﬁa1 44 m)xlhglr@fojr- (6360 23Sk y Patw rpex ey el ofNg oo [ @50 3- b]
uran- y

benzyl - {031P(%9a1ﬁ16?r39t h9f)%Nn%}bﬁ@mwgul%hylwt%} o The solution

pent yl oxy hydr oxypr | carb t.e a 99/ 65870 P 9 3744 -
199 (3S, &lggnl'ﬁg%t%i %gxggycgrfgc%ro [aélaCH% ran SNC O(Of§CJ LZJI% %{Tl
?enzrl 3-5163- &éﬁg@ﬂ@ﬂ@t%&Lignva@&@henyﬁéU%f@@?'ﬂroduct waslpur%£$ 450
cyc am noj - roxyprop carbamat e (see exanple an

my (O. gb%ngfgg%fc%&% PRy bFl 5192 IgbetbHAGAt &P FEEStdeated with
0.150 g (:i68ous0)d1 Dw Us£a: hmqiwq@@t@@wxl@&s agldi 44 o goposind and was
stirred at, RT. After 18 hours tlc (silica 95:5 CH2C12/ MeOH) i ndicated

no remai My BB P hgt et Br§EC Lat aFin @hﬁ3soguﬁﬁj36rwﬁév@@6ﬁﬁoﬁ@nt at

Rf =0. 21, msll@we%ﬁfr@@npope@ﬁh@%/ﬁx&a@l aAlfhithe solygion was dil uted
with CH2C12, washed with water (3x}@q ried over anhydrous MySO4, and

concent r arf%%mﬁh%at%swk&@wa%s T@ﬁt@fﬁh&W%ﬁ@mwr@k@d (Bilica
gel, 1095: g &RCL 4qngaf ngi) 15 mﬁ@%%ﬁs I 0%1617 oRroduct as a

vvhltefoam 1H N CDClS (1H) 7.75 (1H),
7.31-7.14((%H) , 7503556(&3-1) 3}5 ,086 26 (1H), 5.45 (1H), 5.18 (1H), 4.71

(2H), 3.92 (2H), 3.79-3.22 (13H), 3.08-2.60 (5H), 2.39 (1H),
1.95-1.04 (10H). LCMS(ESI): 703 (M+H).

15 Example 88
Step 1:
. \j\ H.-OCHs DIEA, CH,Cl, \/ﬁ\
Br Ly, HCI > N0

1
CH;

20 N-methoxy-N-methylbromoacetamide
A solution of 4.5 mL (51.3 mmol) of bromoacetylbromide and

5.00 g (51.3 mmol) of N,0-dimethylhydroxylamine

hydrochloride in 80 mL of anhydrous CH,Cl, at 0°C was treated
with a solution of 18.7 mL (108 mmol) of N,N-

25 diisopropylethylamine in 40 mL of CH,Cl, via addition funnel
over 10 minutes. A dark brown solution resulted which was
allowed to warm to RT. After 18 hours the solution was
washed with 5% aqueous citric acid (3x), saturated aqueous
NaHCO; (3x), dried over MgS0O,, and concentrated to give a

30 dark brown oil. This material was subjected to flash

chromatography (8:2 to 6:4 hexane/EtOAc) to afford 2.97 g



4.78 (3H), 3.98-3.57 (5H), 3.22-2.60 (6H), 1.95-1.40 (10H). LCMS(ESI):
606( MtH). Exanple 90 20 Step 1 N OHO- | HzN~j~N. ~ 1 ~SoON O

(3R, 4S) - 4wan9res870- (cycl opent yl oxy) - 5- phenyl - | - (6- qui noxal RCE/US99/13744

sul fonyl)-3-pentanol. 25 A m xture of tert-butyl N [ (1S, 2R) -1-benzyl -
(cycl opent yl oxy) - 2- hydr oxy- 4- (6- qui-noxal i-nyl sul fonyl ) butyl ] carbamate (563
ng, 1.01 nmmol) and trifluoroacetic acid (5 nL) was stirred under an Argon
at nosphere for 0.5 hrs. The acid was renoved in vacuo and WD 99/ 65870

PCT/ US99/ 13244 020@net B@s'i@ébldp@owaét pakt bt yenedwbetyrgni dighlor omet hane
and 1IN sodium hﬁgrom e. The organic |ayer was separated and the aqueous

| ayer wasNBERt r5EFed aghi#? w4l dithl%or oHbthahel© ) combi ned organic

| ayers were dried over anhydrous sodiumb5 sulfate, filtered and evaporated -
in vacuo. The crude product was purified on flash grade silica gel eluting
with di cAF6Pofet hane : nethanol (98:2). Fractions containing the product

wer e conbi ned evap ted in vacug and dried under high vacuumto
provide (3Rj4S)-4- ampn'@ 10 ar I, 0
(cycl openk ggnyl -1 - (6- qU| noxé‘fl nyI sul fon%ﬂ”) pent anol as a foam
(379 ny, 82 &). gHL- NWR (chl ofof orm D3F™ 1. 66 ( 66 m , 2.51 (m 1H), 2.86
(m 1H), 3.07 (m 3.23 (molé):I)DM,S (m 1H) 84 (mCHJ.H) 4.90 (m
1H, 7.20 (m 5H), Ey( 1H), 8.28 ( 1H), 9 (m 15
2H). MS (ESI) : 457 (M Step 2: H “ocHy |
H, O H/,
= ) d
(88)

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-[(1S8,2R)-1-
benzyl-3-((cyclopentyloxy) [3-(2- [methoxy (methyl)amino] -2~

10 oxoethylamino)phenyl]sulfonylamino)-2-
hydroxypropyl]carbamate and (3S,3aR, 6aS)hexahydrofuro([2,3-
b]}furan-3-yl N-[(1S,2R)-1-benzyl-3-((cyclopentyloxy) [3-(2-
[methoxy (methyl)amino]-2-
oxoethylamino)phenyl]sulfonylamino) -2-

15 hydroxypropyl]carbamate. A solution of 0.100 g (0.174 mmol)
of a 1:1 mixture of (3R, 3a5, 6aR) hexahydrofuro[2, 3-b] furan-3-
yl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (3~
aminophenyl)sulfonyl]amino-2-hydroxypropyl) carbamate and
(35,3aR, 6aS) hexahydrofuro[2, 3-b] furan-3-yl N-((1S,2R)-1-

20  benzyl-3-(cyclopentyloxy) [ (3-aminophenyl) sulfonyl]amino-2-
hydroxypropyl)carbamate (see example 31), 40.0 mg (0.210
mmol) of N-methoxy-N-methylbromoacetamide, and 0.040 mL
(0.21 mmol) of N,N-diisopropylethylamine in 3 mL of
anhydrous DMF was heated to 80°C with stirring in a sealed

25 tube. After 24 hours the solution was cooled to RT and was
treated with an additional 20.0 mg of N-methoxy-N-
methylbromoacetamide and 0.020 mL of N,N-



"\HHOHON1 OONN SJ NHOOO (90) 20

(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-y1 N-[(1S, 2R)- 1-

benzyl - 4- W9 8YV&SEENt yl oxy) - 2- hydr oxy- 4- (6- qui noxal i nyl sul f BET/USWHBTA4]
carbamate. A m xture of (3R 4S)-4-am no-i-(cycl opentyl oxy)-5-phenyl-1-(6
25 qui noxal i nyl sul fonyl ) - 3- pent anol {5098y, 0.110 mmol),

(2R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-2-yl 4-nitrophenyl carbonate (37.3
ng, 0.121 mol ), and N, N- diisopropylethylamne (47.8 L, 0.274 mol) were
conbi ned dincep rapyArghy latminepheréec Bodpprioxi makekyalnSwikmeld WO 99/ 65870
PCT/ US99/ 13744 - 201 acetonitrile. After stirring at anbient tenperature
for 16 h8QrSs; thELehl Rntddasieeabyvbl Rauyactie apell ¢ hEoR e gueoaked

di ssol ved +i\n et t ed .t ti i . 5% aqueous

pot assi umtlgaf\go%glltde%'%hgbglg%%?ﬁ\ggggqg&t%%gol'aﬁ?g%gégé&\%\éxt racted with
et hyl acetiaseolved édonbiHpnel:. orljemnise lvayiems waesr &/asdsdae it Isainiraeeddr i ed
over hy nesi ul f,at filtered.and evaporated in cuo. The
crudea%rogﬁg#%ﬁ/ggggﬁg?f Hggsiéndgagpeﬁgregtl \950‘11(?% a %n?%%te% ©1000 M
el uti ng widrhnesss diftkl cronet banductnmetbhapakifi68dThe piedhct band was

d, ' -1 et hyl ot iLde: neth ilt
cvapor ai ed LaRgsEREBeles (STt an R cPra  nG HF EAERRAEl hPoRTSaERURPt 0
provi de (B8R, (34%) 64Rrhhexehydedf prodf2t 3sbh #hias- Boyh. N [HFHR 2R) - 1-
b | - 4- tyl -2-h -4-(6-..15
qﬁinfl)c/)xal i g%g%?’?gzﬂ)%& %%aygg}g);’%/é (ég( ]n%) ' Ty ]0%_.4 1§ I\ﬁ\ﬁ'\ﬁ)(’chq dHof or m D3) :
1.58 (tn 6HH),14805( tRHAH) 3.2980.6mMm (8H), 3.26-2.70 (9H), 1.92-1.41
(10H) . LCMS(ESI): 677 (M+H).

Example 89
¢ ("o 0
. o)
R/U\N N_ urea-hydrogen peroxide $—N,
H L1 SO, addition compound SO,
K,CO3, acetone/water
S
N“ N NO,

O (o]
H ﬂc
R=o ‘4o and o 7 Yo
15 . H H

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-((15,2R)-1-

(89)

benzyl—3—(cyclopentyloxy)[(3—nitrophenyl)sulfonyl]amino—Z—
2C  hydroxypropyl)carbamate and (35,3aR, 6aS) hexahydrofuro[2, 3-
blfuran-3-yl N-((15,2R) -1-benzyl-3-(cyclopentyloxy) [ (3~
nitrophenyl)sulfonyl]amino—2-hydroxypropyl)carbamate
A solution of 0.100 g (0.163 mmol) of a 1:1 mixture of
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(1S5,2R)-1-
25 benzyl—3—[(3—[(cyanomethyl)amino]phenylsulfonyl)(cyclo
pentyloxy)amino]l-2-hydroxypropylcarbamate and



2.95 (m 4H), 3.17 (m 1H), 3.65 (m 2H), 3.88 (m 4H), 4.85 (m 2H), 4.98
(m 1H, 5.62 (d, 1H, 7.21 (m 5H, 8.08 (m 1H), 8.26 (d, 1H), 8.63 (m
1H), 9. 00womvetsdp. M5 (ESI) : 20 613 (MHH) . Exarrpl e 91 CP(FIMU$99413144O NNS
X1TIJN 11 HH O 25 (91) (3aS, 6aR) Hexahydrofuro[ 2, 3-b]furan-3-yl

N- (1S, 2R) - 1- benzyl - - 199 -

3-[ (cycl opent yl oxy) (benzotri azol e-5-yl sul fonyl ) am no] - 2-

hydr oxypr opyl car bamat e. (3aS, 6aR) Hexahydrof uro[ 2, 3-b] furan 30 3-yl

N- (IS, 2R) {35pearyba 8y héLyey@PSRL Y DXy = @mlmpin% 99L 658 /9HRrPCIL US99/ 13744
- 202 hydrox P p¥l car bamate (280 ny, 6 %St ef 2, Exanpl e 54),
benzotr i z%?%zé ATt bRy I %ﬁ?%‘?‘?‘%ﬁéhf(llh@“%@ @h%@% gnyLland anhydr ous

di i sopr opyt gt hypant feok P i md- Q-}?@@rmsg&ﬁ Lricombi peds b o apdpyd ous
tetrahydrgf%r anﬂ)(S irarLc)) ?)n al i oun b%lt) ]él fl ask gsnder ni t}?{)gen

The react?dh &< 59|W?eﬂof%1°’3Zm%ur%fal‘ﬁ?@%ohéeﬁtmétéé Balvacuo. After the
wor kup deseétbed/ i St epas, t RXaw®h .54 ¢ hesd @y%m&nopwéf'&dem

preparatlve silica gel TLC using 90:10 chloroform nethanol as an el uent
to give thgd 5?%%&6%%%%03%%0@ AR MR nD. Was Fbrred 7@ RT: HNVR

(d6- DMBO) pfteB- # h&@ﬁs ‘é'-i'& §1ﬂ-§cz£ %el 1"@5 CE @ﬁc(lQ%Meéﬁb J 1Kdg§at?e&5 (m
5H), 5.51-5.47 (m 1H), 31 5.

1H), 3.7999. ﬁ@nimlmwtawr%)mamlqmt) Rf6=@043(,|v|a1)najp§ Exaafnpl e 92 Ph
~x1 /| &bmponent at R=0.21, and a lesser component at Rs=0.61.
10 The solution was diluted with CH,Cl,, washed with water
(3x), dried over anhydrous MgSO,, and concentrated. The
residue was subjected to flash chromatography (silica gel,
95:5 CH,Cl,/MeOH) to afford 15 mg (15%) of the Re=0.61
product as a white foam. 1H-NMR (CDCls): 8.62 (1H), 8.51
15 (1H), 8.06 (1H), 7.75 (1H), 7.31-7.14 (6H), 5.65 (1H), 5.08-
4.78 (3H), 3.98-3.57 (5H), 3.22-2.60 (6H), 1.95-1.40 (10H).
LCMS (EST): 606 (M+H).

Example 90
20 Step 1

OH O ]
FbN\¢/\\/N

1,\\

1s)

(3R,48) -4~-amino-1-(cyclopentyloxy) -5-phenyl-1- (6~
quinoxalinyl sulfonyl)-3-pentanol.

25 A mixture of tert-butyl N-[(1S,2R)-1l-benzyl-4-
(cyclopentyloxy)-2-hydroxy-4- (6-
quincxalinylsulfonyl)butyl]carbamate (563 mg, 1.01 mmol) and
trifluorocacetic acid (5 mL) was stirred under an Argon

atmosphere for 0.5 hrs. The acid was removed in vacuo and



OH\ N 6 H (92) 20 1, 3-Di oxan-5-yl N (1S, 2R)- 1- benzyl - 3-

[ (cycl opentyl oxy) (benzotri azol e-5-yl sul fonyl ) am no] - 2-

hydr oxypr w@49sas®amat e. 1, 3- Di oxan-5-yl N (1S, 2R) - 1- benzy|RCT/US99/13744

3-[ (cycl opent yl oxy) am no] - 2- hydr oxypr opyl carbamate (Step 1, 25 Exanple 55),
(130 ng, 0.330 mol ), benzotriazol e-5-3wd fonyl chloride (72 ng, 0.330
nmmol ), and anhydrous dii sopropyl ethylamne (0.06 nL, 0.330 nmol), were
conbined in anhydrous tetrahydrofuran (5 nL) in a 25 nL round bottoned

fl ask undéheniresager. walse preadtionevabesiveenedital c30ma4hhadr snandy

concentra ter the worku 99/ 65870 PCT/US99/ 13744 203 .

descrlbedgﬁglgge §§¥%é%§ﬁple ﬁ,Ofﬁéansxggﬁrmﬁgspﬁ?PFFéHeﬁyanﬁrEBﬁrative
sLIhca gebqﬁb@uusﬂage?OWm@ ekternotesmgaehhaneh d@&h&@r@h@@?ggbgwggyésthe
product a e fi 5 3099 . ' HNMR

8. 43 (bs, %&}*’9&5 2789 m %&%z? §§r€n$rgg§ OWE?@W@WHF 5pflium 86- 4. 66
(m 3H), s4123:£8,02i(nepr2dHindle93pdrdfe@mn8ihcud/S(EBhe 5Z6a6M+1), 574

Ewth)N S gggﬁsﬁgsygé?pSFEF%eguPylfy Sgrg etlfflcgkgenglugﬁkg)Egg O oPh

N- (1S, 2R) dicbéozyghe8hphd- ¢ brezyboxy) phenyl] Fractions containing the
product were combined and evaporated in vacuo and dried
under high vacuum to provide (3R,4S)-4-amino-1-

10 (cyclopentyloxy)—5—phenyl—l—(6—quinoxalinylsulfonyl)—3—
pentanol as a foam (379 mg, 82 %). H1-NMR (chloroform-D3):
1.66 (m, 11H), 2.51 (m, 1H), 2.86 (m, 1H), 3.07 (m, 1H),
3.23 (m, 1H), 3.32 (m, 1H), 3.84 (m, 1H), 4.90 (m, 1H), 7.20
(m, 5H), 8.16 (m, 1H), 8.28 (d, 1H), 8.70 (m, 1H), 8.99 (m,

15 2H). MS(ESI): 457 (M+H).
Step 2:
H H 2H 9 s
S L0 _N__Z__N ~
© YO SO YN
H\‘O o = o ©O

20
(3R,3aS,GaR)hexahydrofuro[z,B—b]furan-3—yl N-[(18,2R)-1-
benzyl—4—(cyclopentyloxy)-2—hydroxy—4—(6—
quinoxalinylsulfonyl)butyl] carbamate. A mixture of
(3R,4S)—4—amino—1—(cyclopentyloxy)—5—phenyl—1—(6-

25 quinoxalinylsulfonyl)-3-pentanol (50 mg, 0.110 mmolL),
(2R,3as,6aR)hexahydrofuro[2,3—b]furan—z—yl 4-nitrophenyl
carbonate (37.3 mg, 0.121 mmol), and N,N-
diisopropylethylamine (47.8 pL, 0.274 mmol) were combined

under an Argon atmosphere in approximately 1.5 mL of



15 sul fonyl (cycl opentyl oxy) am no] - 2- hydr oxypropyl carbamate. tert-butyl N
(1S, 2R) -1-benzyl-3- [ (cyclopentyloxy)am no] -2- hydroxypropyl carbamate
(3.5 mmol we®®ssn)) , 3- phenoxybenzenesul fonyl chloride (3.BCTHsH9/137440 Q) ,
and diisopropylethylamne (5.3 nmol, 0.924 nL) were dissolved in 20 -
anhydrous THE (10 nlL), and the solut+omowas stirred at room tenperature
under. nitrogen for 72 hours. The reaction was concentrated to a white
solid under vacuum dissolved in ethyl acetate, washed with iN HCL, iN
NaCH, bri neetdniedilever ATagresitumrsulgl ate aand ce@neenbeabedreTHercnsde

product 25 was purified by silica gel chromatography (2:1 hexanes/ et hyl
acet at e) iﬁ&rfleﬁggds qd§%§ PSS SBPVEWHTL §28 Pl&nngpé reppgdue was

31phenoxy@eﬁsen®%wlh&nphh@hl@tbd@t@a%n@rﬁaah@@ Eh@@b4tlmes with 5%
bronnphen§lben%%jether Corr.i e, b %ageor i ou, J. Chem Soc.
Perkin Tr £§98, PY §§flumRFar 6r8tes: F §OCH@?éﬁ§§/éﬂHﬁPuécetate)

Hi-NNRB(CD@@%ks 5e?e63at2HedkraE£ba9h@5&7@tBQI/HS%Q%$3744Thgoéomglﬂéd7 28
(SH.m . 720719 (BHW 7,03 (BH). .5 (2H 79 (1Hm. 4. 56
(1H,n), OfﬁaPéﬁ jgyers. ?fre(fﬁ 5 %t62b€iﬂ dr26§10F§H ARhYIregs (1H m,
1. 85- 67ma@ﬁHsﬁhm ku@fate43f64He&kd énaZeQSHOSEtea Exannkeo94 thoH H d
SOZOBn C%ﬁFN O,0 DIEA, THE OH O OyNO Ph BnO S 02 O 11 Ph §94%2010

tert- butyF 18T9RPCE. BaR,PPr3fied PReAzPFERGFphérsl TEGI POAGE
br epar ed Gader o nE R e e ogeY AR aOR bR g o T PR O ST oE ( 15, 2Ry -
10 The product band was removed, eluted with 3:1 methylene
chloride:methanol, filtered, and evaporated in vacuo. The
residual solid was dried under high vacuum to provide
(3R,3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-[(1S,2R)-1-
benzyl-4- (cyclopentyloxy)-2-hydroxy-4- (6-
15 quinoxalinylsulfonyl)butyl]carbamate (53 mg, 79 %). H1-NMR
(chloroform-D3): 1.58 (m, 6H), 1.81 (m, 4H), 2.80 (m, 1H),
2.95 (m, 4H), 3.17 (m, 1H), 3.65 (m, 2H), 3.88 (m, 4H), 4.85
(m, 2H), 4.98 (m, 1H), 5.62 (d, 1H), 7.21 (m, 5H), 8.08 (m,
1H), 8.26 (d, 1H), 8.63 (m, 1H), 9.00 (m, 1H). MS(ESI):
20 613 (M+H).

Example 91

25 (91)

(3as, 6aR) Hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R)-1-benzyl-

3-[(cyclopentyloxy) (benzotriazole-5-ylsulfonyl)amino]-2-

hydroxypropylcarbamate. (3aS, 6aR)Hexahydrofuro[2,3-b]furan-
30 3-yl N-(15,2R)-1-benzyl-3-[(cyclopentyloxy)-amino]-2-



1- benzyl - 3-[ [ 4- (benzyl oxy) phenyl ] sul fonyl 15

(cycl opent yl oxy) am no] - 2- hydr oxypr opyl carbamate. Rf = 0.3 (5:1

hexanes/ eMy$9/68mt at e) ; HL-NVR (CDCL13): S 7.44-7.30 (8H, nfCT/USPO3ITM416

(7H, M, 5.08 (2H,s), 4.79 (1H M, 4.53 (1H ), 3.78 (2H bs), 3.34 (1H, bs),

3.06 (1H, M, 2.91 (2H M, 1.85-1.66 (A4 m, 1.66-1.43 (4H m, 1.32 (9H,s).

20 Exanple 95 1. TFA 4 2. DIEA, THF, 4A ms. 10 HOH OBn HO 0 H9H O,

Bn 0O NNSV I O,,~AHONNS S~0OCNP=0 0Ph2HOOPh2 (95 25

WO 99/ 658K9d9632&5889&133§6a1618@5 lésﬁt ﬁﬁs G?Risblel;ﬁﬁbyﬁr Qéulép[z fﬁfebﬁpnan-&yl

N- (1S, 2R b 4 enz oxy) phenyl ] sul f on cycl opentyl o :

anfno] Z)ﬁ%&rosﬁﬁ¥85§9%gﬁﬁaﬁa§é f?ﬁ%i EBAPBUAS ﬁéégpmgpapeé (FWBHyExanple

33%)] U][]derahgeaﬁﬁ%@k%%ﬁ%&ﬂ%@ﬁﬂi?9@e%Hf/l5111{133 (8284 RaR) ohexghygdrefuro [ 2,
uran

benzyl - 3- veye?’eﬁ@?wsﬁy}p(anﬁﬁ@lﬁw?ph@hww@r%ﬁyw Afi BBl 2in a 25 mL

hydr oxypr epyhiicBrbaprEE. foas% QnaechnitbéejéﬁeSéﬁéhy!eace%ﬁa&zs)s H - NVR

(CDC13): S 7.70 (2H, E& 44-7.31 (SH m, 1 (6H m, 7.05 (2Hd),

5.63 (1H, §}lr56§11f€2 é)h0%55a0@ mnpﬁﬁltrat% Anma@\zﬂ rr)AfBe%tBe?s

(4H m, 3w§Zku§25%58}1be§ 08 é%E% S)Exaﬁppé g494tﬁgkkegld8% wgg (2H, TFA '

2.81 (2Hm 87-1 H m
purlfled by preparatlve 51llca gel TLC using 90 10

chloroform: methanol as an eluent to give the product as a
10 white foam (70 mg, 0.116 mmol, 17%). 'HNMR (d¢-DMSO) &: 8.42

(bs, 1H), 8.16 (bs, 1H), 7.84 (bs, 1H), 7.26-7.15 (m, 5H),

5.51-5.47 (m, 1H), 5.31-5.28 (m, 1H), 4.85-4.70 (m, 2H),

4.12 (m, 1H), 3.79-1.15 (m, 21H). MS(ES): 602 (M+1l), 600
(M-1) .
15
Example 92
o Ph 9
o OJ\ﬁ/g/\'?"E\Q:N“N
k OH O H'
e
(92)
20

1,3-Dioxan-5-yl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy) (benzotriazole-5-ylsulfonyl)amino]-2-
hydroxypropylcarbamate. 1,3-Dioxan-5-yl N-(1S,2R)~1-benzyl-
3—[(cyclopentyloxy)amino]—2—hydroxypropylcarbamate (Step 1,
25 Example 55), (130 mg, 0.330 mmol), benzotriazole-5-sulfonyl
chloride (72 mg, 0.330 mmol), and anhydrous
diisopropylethylamine (0.06 mL, 0.330 mmol), were combined
in anhydrous tetrahydrofuran (5 mL) in a 25 mL round
bottomed flask under nitrogen. The reaction was stirred for

30 24 hours and concentrated in vacuo. After the workup



OBn 2. DDEA, THF, 4Ams. 4 ®Bn HOHOHOOHOHO, , TNPh 1 O, HO-N
NSOPNPS OPh Oz HO ZPh Oz H O (96)

(3R, 3aS, oadpwessahydr of uro[ 2, 3-b] furan-3-y1l N (1S, 2R)-1- 2®CT/US99/13744
benzyl - 3-[ [ 3- (benzyl oxy) phenyl ] sul f onyl (cycl opent yl oxy)

am no] - 2- hydr oxypr opyl car bamat e. Thi-s Zy@pound was prepared under the
condi-tions (from Exanple 94) described for (3R 3aS, 6aR) hexahydrofuro
[2, 3-b] furan-3-yl N ((1S, 2R) -1-

benzyl - 3- ﬁéyek@b@ayh@xsiéﬁ43neghgmyp@esyl)ﬁHéfﬁéyi&@€1@QSZpgélfled RKR
hydroxyprog ) car bamat e, é 1 hexanes/ et hg acetate)

(CDC13): Br#PraBaiigg ﬁeiﬂﬁﬁ 9?13@L 43ing 798P0 b @r@i@rms)met@ﬁ@@ﬂ(zri s)

, 4.97 (1§%nln élﬁgnész 1ve3tgé rgauéékhgja @hfée3f§Zm(?§%qig,3 12

(1H, bs), 3.05-2.90 WD 99/65870 PCT/ US99/ 13744 - , 2.90-2.72
(3 ,m), 108891361m(>21H APS) 1. BIMR 4Rle- (msipszExa&pna 95's 51& Kchoa Dll\_|/FO_|HOO-|
o/ N Ph F 4 Fi a
5 N | AU_H{P,T,B§ gh! % ’C\I)Uil,ﬁ 057?5 YQ OB By PRIOBRLAF QA

4.23-3.02 (m, 13H), 1.93-1.40 (m, 8H). MS(ES): 576 (M+l),

574 (M-1).

Example 93
10

OH : 2
H E H
0 = I :I

(93)

tert-butyl N-(1S,2R)-1-benzyl-3-][[4-(benzyloxy)phenyl]

15 sulfonyl (cyclopentyloxy) amino]-2-hydroxypropylcarbamate.
tert-butyl N-(1S,2R)-1-benzyl-3-[ (cyclopentyloxy)amino]-2-
hydroxypropylcarbamate (3.5 mmol, 807 mg), 3-
phenoxybenzenesulfonyl chloride (3.5 mmol, 1.0 g), and
diisopropylethylamine (5.3 mmol, 0.924 mL) were dissolved in

20 anhydrous THF (10 mL), and the solution was stirred at room
temperature under nitrogen for 72 hours. The reaction was
concentrated to a white solid under vacuum, dissolved in
ethyl acetate, washed with 1IN HCl, 1N NaOH, brine, dried
over magnesium sulfate and concentrated. The crude product

25 was purified by silica gel chromatography (2:1 hexanes/ethyl
acetate) and yielded 1.08 g (50%) of a white solid. Note:
The 3-phenoxybenzenesulfonyl chloride was prepared from 4-
bromophenylbenzylether (Corrie, J.; Papageorgiou, G. J.
Chem. Soc., Perkin Trans. 1 1996, 1583). R; = 0.3 (5:1

30 hexanes/ethyl acetate); H1-NMR (CDCls): & 7.69 (2H,d),



(3R 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-yl N-[(1S, 2R)-1- 10

benzyl - 3- ((cycl opent yl oxy) [ 3-(2-hydroxyet hoxy)

phenyl ] suwiomesksrai no) - 2- hydr oxypropyl ] carbamate. This cornpE@iuiwsdInzrg4

synt hesi zed (from Exanpl e 44) under the same conditions as Exanple 42
(3R 3aS, 6aR) hexahydrofuro [2,3- b] furapm 3-yl N[ (1S, 2R) -I-benzyl-3- (
(cycl-opentyloxy) [4- (2 15 hydroxyet hoxy) phenyl ]
sulfonylanino)-2-hydroxypropy|] carbamate. Rf = 0.1 (1:1 hexanes/ et hyl
acetate); 7Hman/st(¢B@;La) 7627 -4713. 16u(80H, m 035,68, G311 51115, 00 (1H ),
4.88-4.70 %éH 7% 32 gﬁH,n), 3.94-3.72 (SH,ng, 3.72-3.51
(2H, 1), 1r Bsy? 3: 7mé aé ?éH mbp 3.38 (2H,BEY; 2:89-1.69 (4H ),
1.69-1.42 (mem USOCESLY, m) MkbE621(2M0n09/ 65830 PATRUSO9] 4374467 207
Exanpl e 9§4 4 v off 9 DEAD, Ph3 THE NN, I\ " OO0Ph HOH
oH 0 oN') 48/ Ry - NEsOLr ey 4P| (Hignoy Lo3Ph ! 9@98) 5

(3R, 3&S, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 N[ (1S, 2R)-1-

benzyl - 3- ((cycl opentyl oxy) [ 4-(2-norpholinoet hoxy) phenyl ]

sul f onyl ami no) - 2- hydr oxypropy| | car Ba#pee ¥4 a solution of (3R 3aS, 6aR)
hexahydrofuro [2, 3-b] furan-3-yl N ((1S, 2R) -1 10

benzyl - 3- (cyclo enkmloxy 4- hyﬁg@xyphenyl)sulfonyl]anino£;>

{11 phery! eSS @%‘éﬁ’e jeX Mﬂ.ﬂm.' ) @
‘S

BnO
0,

/IIH

O
Ph

(94)

10 tert-butyl N-(1S,2R)-1-benzyl-3-[[3-

' (benzyloxy)phenyllsulfonyl (cyclopentyloxy) amino]-2-
hydroxypropylcarbamate. This compound was prepared under
the same conditions described for the tert-butyl N-(15,2R)-
l-benzyl-3-[[4- (benzyloxy)phenyl]sulfonyl

15 (cyclopentyloxy)amino]-2-hydroxypropylcarbamate. Re = 0.3
(5:1 hexanes/ethyl acetate); H1-NMR (CDCls): & 7.44-7.30
(8H,m), 7.29-7.16 (7H,m), 5.08 (2H,s), 4.79 (1H,m), 4.53
(l1H,m), 3.78 (2H,bs), 3.34 (1H,bs), 3.06 (1H,m), 2.91
(2H,m), 1.85-1.66 (4H,m), 1.66-1.43 (4H,m), 1.32 (9H,s).

20

Example 95

1. TFA -
2. DIEA, THF, 4A m.s.
T /J:::I/Osn H o . om0 /[:::I,oan
0_N__A__N. 0 ) H o N_AUN.
Ty Y Li§;]“o)k0PNp —~ T Y S
0 H o 02
Ph © Ph

25



hydr oxyet hyl ) nor pholine (0.16 mmol, 0.020 nlL), and anhydrous THE (0.5 ni)
stirring under nitrogen, 15 diethylazodi carboxylate (0.17 nmol, 0.027 nl)
was i nj ecvanlog/esstoe reaction stirred for 3 hours at room t er@BUSNMSB4aNd was
then concentrated to a viscous oil under vacuum The crude was purified
directly by silica gel flash chromatogpgphy (1:1 hexanes/ethyl acetate)
resulting in 50 ng (56% of a 20 white solid. Rf = 0.15 (ethyl acetate);
H1-NWR (CDC13) : S 7.70 (2H,d), 7.30-7.10 (6H, m, 6.99 (2H,d), 5.63
(1Hs), 59, a4} 68r) Ho rdrdonz-H- i 79_ (4H M,
3.78-3.58 (6H m, 3. 1)5- 2.69 (9H, m, 2235#(%%3&)12!:&_@11. é‘g_-(ll.g%6 )4_%, n, :

1. 66- 1. 43 Rene -3\ 4 Edenzicken Fhenyd 13168830 (RETLIBEIthA DY) 208

Exampl e 99:H : HO.NO | | 0 O0QPh 2 b,
oL DA dEA BB il b Sonll 0.2 020
(3R, 3aS, 6aR)rvex dnpddfeursd) 2 Brderf whan <3nyil thfohsl 3e2Rribed for
benzyl = 3- (( 0 t vl 0x >?§er nor, p;}ol i_.noet hoxy)
phenyl ]r’sul %ﬁiﬁaﬁ%@@@]a@ BEGVAr Ea?r]gélﬁﬁpe'?"?ﬁi &~ (ddmpadnd ras
prepar ed foreomBxarmicy Adhendaoxtg @amR thQ xgpnd E/'l@@%l%%@/lgoramti?l%—Z—
preparation of Exanpl e 98 (3R, .3aS 6aR2) hexahi/dr ofuro [2, 3-b] furan-3-yl
N[ (1S, PHRFOXYPLOPY .2 (2
acetate); HI-NMR (CDCl;3): & 7.70 (2H,d), 7.44-7.31 (5H, m),
7.29-7.11 (6H,m), 7.05 (2H,d), 5.63 (1H,s), 5.11 (2H, s),
10 5.00 (1H,m), 4.88-4.74 (2H,m), 3.96-3.78 (4H,m), 3.67
(2H,m), 3.08 (1H,bs), 3.05-2.94 (2H,m), 2.90 (2H,m), 2.81
(2H,m), 1.87-1.68 (4H,m), 1.68-1.44 (4H,m).

)carbamate. R = hexanes/ethyl

Example 96

1. TFA -
OBn 3 DIEA THF dAms OBn
BIN< NN E 3T
D B et
0O H

15

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(18,2R)-1-

20 benzyl—3-[[3—(benzyloxy)phenyl]sulfonyl(cyclopentyloxy)
amino] -2-hydroxypropylcarbamate. This compound was prepared
under the conditions (from Example 94) described for
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan~3—yl N-{((1S5,2R)-1-
benzyl—B—(cyclohexyloxy)[(4—methoxyphenyl)sulfonyl]amino—Z—

25 hydroxypropyl)carbamate. R = 0.2 (2:1 hexanes/ethyl
acetate); HI-NMR (CDCls): & 7.48-7.30 (8H,m), 7.30-7.11
(7H,m), 5.59 (1H,s), 5.09 (2H,s), 4.97 (1H,m), 4.78 (2H,m),
3.95-3.77 (4H,m), 3.71-3.57 (2H,m), 3.12 (1H,bs), 3.05-2.90



benzyl - 3- ((cycl opent yl oxy) [ 4- ( 2- nor phol i noet hoxy)

phenyl ] sul f onyl am no) - 2- hydr oxypropyl ] carbamate. Rf = 0.15 (ethyl

acet ate) ; wioloolkfR0( CDC13): S 7.44-7.14 (10H m, 5.62 15 (1RE&EYUS9S/1884( 1H, nm),
4.79 (2H, M, 4.16 (2H,nm, 3.98-3.60 (10H m, 3.12 (1H bs), 3.02-2.71"

(8H m, 2.58 (4H mM, 1.90- 1.72 (4H,-moe 1.72-1.42 (4H m ; M5 (ESI)
MrH=690. Exanple 100 20 Phosphate ester of

(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan- 3- vyl

N- (1S, 2R) -(34] n( 3- anonepheny | (Bsiykf onyl. Beeycleopgatykgxy) . 67-1. 42

am noj] -1 - Bgﬁz | - 2- hydr oxypr opyl car bamat e. WD 99/ 65870 PCTI US99/ 13744 209
Step 1: )OO BocNHNOONNOOO HOOZ11/\ 5 A solution of 0. 792¢g
(2.18 mwol) of tert-butyl N (1S, 2R)-1-

benzyl - 3-[ (cycl opent yl oxy) am no] - 2- hydr oxypr opyl carbanmate (Exanple 54),
0.445g (2.4 m\bl) of mnitrobenzenEXalPa8yP7 chloride and 0.35 nL (2.5
mvbl ) of triethylamne in 10nm. of tetrahydrofuran was stirred at rt for
12h, diluted with 10 ethyl acetate and exracted with 1N HC1l and sat urated

sodi um bi carbonate. Pu ication on silica gel afforded the desired
sul fonam de which was treated W|th SQ(?& Bl;vlgl trifluoroacetic acid/
di chl oronet hane for loHad r Evaporativn_ of the volatiles and
partitioningtb yﬁewm et ate~and° N sodi u droxi de, afforded the
free base%g Was treatcgd wi tH ol ) 3R, 3aS, 6aR) -
hexahydr of U¥ ca b] Ter an- 3-yl (4- yl) ca&po ate~10 ng of
di net hyl ani'ho pyridine, and 0.7 nL of trlHetguyI;gm ne f\‘n n1_ of oH
tetrahydrofuran for 12h at rt. The re gjr X O o

05 0 _\Ph :

H

(97)

(3R, 3a8s, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-[(15,2R) -1~

10  benzyl-3-((cyclopentyloxy) [3-(2-hydroxyethoxy)
phenyl]sulfonylamino) -2-hydroxypropyl ]carbamate. This
compound was synthesized (from Example 44) under the same
conditions as Example 42 (3R, 3aS, 6aR) hexahydrofuro [2, 3-
b] furan-3-yl N-[(18,2R)-1-benzyl-3-((cyclopentyloxy) [4~ (2~

15 hydroxyethoxy)phenyl] sulfonylamino)-2-hydroxypropyl]
carbamate. R = 0.1 (l:1 hexanes/ethyl acetate); H1-NMR
(CDCl3): & 7.47-7.14 (10H,m), 5.63 (1H,s), 5.00 (1H,m),
4.88-4.70 (2H,m), 4.12 (2H,m), 3.98 (2H,m), 3.94-3.72
(5H,m), 3.72-3.51 (2H,m), 3.14 (1H,bs), 3.07-2.69 (5H,m),

20 2.20 (1lH,bs), 1.89-1.69 (4H,m), 1.69-1.42 (4H,m); MS (ESI):
M+H=621.



20 m xture was | oaded onto a bed of silica gel and eluted with 50%to 100%
et hyl acet at e- hexanes) to give the desired conpound (750 ng) as a white
foam WO 99 86380 PCTI US99/ 13744 210 Step 2: YN N2 / | RMERUSH/1BI4D O O
I'" OUNSOOLI O-NNSp O2 HH OOPGBH ~--/ (100) 5 A solution of 60.5
ng (0.1 mmol ) of the material obtained2ion -Step 1 above, 0.042 nL (0.125
nol )} of diisopropyl am no- di benzyl phosphite and 9 ng (0.13 nmol) of
tetrazole in 2 nL of dichloronmethane was stirred for 3 h at rt and then

| oaded onto a bed of silica gel amﬂ%@obgvith 30% et hyl acet ate 10 hexane
to give the internedi ate phosphite Tch was re- dissolved in 3 nL of
acetonitrile and treated with 48.3 ng (0.15 mmol) of i odosobenzene

di acetate. The m xture stirred at rt for |h and then | oaded on a pl ug
of silica gel and el utzai\wth 80% et hyl acet at e- hexane. The resulting 15

phosphat e ester was olz)tHal AS_aH\BEADe PPRAMHE4A8 ng), which was

re-di ssol ved n050 Nm net; nd ca. nmg of S% pal | adi um
on car bon. (—Tze.jm\f(t Ur/\WaSs genat ed K\ 5PSI fo h, filtered and
evapor at edg-Lupi fo caly oy ofi2 C— 18 sg ative HPLC gaye ¢ he. desired
phosphate (6 Rg) 20 as awhltefluffy SO|I : ll-HNI\/?{“‘(ﬁE 7 -\d/\N 4-2.0
(14H), 2.65 (1H), 2.9 (1H), 3.2 (2H), % N 6t N LA/(DlH),

4.65 (1H), 4.8 (2H), 5.6 (1H), 7.2-7.6 G31R VR %. 1 ppm I\/B(LC-I\/B):
656 (MH+). WD 99/ 65870 PCTI USQ9/ 13744

(98)

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-[(15,2R)-1-
benzyl-3- ((cyclopentyloxy) [4- (2-morpholinoethoxy) phenyl ]
sulfonylamino) -2~hydroxypropyl ]carbamate. To a solution of
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—B—yl N-((1S5,2R)-1-

10 benzyl—3—(cyclopentyloxy)[(4—hydroxyphenyl)sulfonyl]amino—Z—
hydroxypropyl)carbamate (Example 41), (0.13 mmol, 75 mg),
triphenylphosphine (0.16 mmol, 43 mg), 4-{(2-
hydroxyethyl)morpholine (0.16 mmol, 0.020 mL), and anhydrous
THF (0.5 mL) stirring under nitrogen,

15 diethylazodicarboxylate (0.17 mmol, 0.027 mL) was injected.
The reaction stirred for 3 hours at room temperature and was
then concentrated to a viscous oil under vacuum. The crude
was purified directly by silica gel flash chromatography
(1:1 hexanes/ethyl acetate) resulting in 50 mg (56%) of a

20  white solid. Rf = 0.15 (ethyl acetate); H1-NMR (CDCl3): &
7.70 (2H,d), 7.30-7.10 (6H,m), 6.99 (2H,d), 5.63 (1H, s),
5.00 (1H,m), 4.86-4.73 (2H,m), 4.16 (2H,m), 3.97-3.79
(4H,m), 3.78-3.58 (6H,m), 3.15-2.69 (9H,m), 2.57 (4H, m),
1.88-1.66 (4H,m), 1.66-1.43 (4H,m); MS (ESI): M+H=690.



Example 101 O O HOOHO O O O~-NN16 O0) NN~Sp HOHO \ /
OPBH2 U ~/ (101) 5 Phosphate ester of

(3R, 3aS, cwR)dessgraydr of ur o[ 2, 3-b] furan- 3- vyl PCT/US99/13744
N-((1S, 2R) -1 -benzyl - 3- (cycl opent yl oxy) [ (4- met hoxyphenyl )

sul f onyl ] am no- 2- hydr oxypr opyl ) car bamag®s -A solution of 0.6 g (1 rrrml) of
(3R, -3aS, 6aR) hexahydrofuro [2, 3-b] furan-3-yl N 10

((1S, 2R) - 1- benzyl - 3- (cycl opentyl oxy) [ (4

nmet hoxyphenyl ) sul fonyl ] am no- 2- hydggw L@pyb) carbamate (Exanple 102), 0.42
nmL (1.25 nmol) of diisopropylam no- ZyTphosphite and 0.09g (1.25 mmol)
of tetrazole in 10 nL of dichl ororrethane was stirred at rt for 12h. The 15
m xture was | oaded onto plug of silica gel and eluted with 40% -

et hyl acet at e- hexane to e the desired phosphite. 250 ng of the materi al
so obtai ned were d| ssql ved | EABf prRCELPNitrile and treated with 0.19
g (0.6 mmI)Hof do b nm r 2h at rt, the m xture was
20 dilute 3 hyel/\ac tsa ) extrace with i N and i N NaCH. The
vol atil es re rem)\re and:t he res chr omat leaphed on sili ca gel
to give 2205 of the hprotected ph sphate as a wy -=- 100 t he
so obtained material was dissolved in 204nl, ofy rrEt Olg* 25 tt d W th
ca. 20 ng of 5% pal |l adi um on car bon. at‘g/oﬁ/q{] and
filtration gave the desired acid whic d®ss&l yed °h 2M net hanol i ¢

amoni a WO 99/ 65870 PCTI US99/ 13744 - 2%2° and rePevapor ated. The ammoi num
salt was isolated as a (99)

5

(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-[(1S8,2R)~-1-
benzyl-3-((cyclopentyloxy) [3- (2-morpholinoethoxy)
phenyl]sulfonylamino) -2-hydroxypropyl lcarbamate. This
compound was prepared from Example 44 under the same

10 conditions used for the preparation of Example 98
(3R, 328, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-[(1S,2R)-1-
benzyl—3—((cyclopentyloxy)[4-(2—morpholinoethoxy)
phenyl]sulfonylamino)-2-hydroxypropyl]carbamate. R; = 0.15
(ethyl acetate); H1-NMR (CDCls): & 7.44-7.14 (10H,m), 5.62

15 (1H,s), 5.00 (1H,m), 4.79 (2H,m), 4.16 (2H,m), 3.98-3.60
(10H,m), 3.12 (1H,bs), 3.02-2.71 (8H,m), 2.58 (4H,m), 1.90-
1.72 (4H,m), 1.72-1.42 (4H,m); MS (ESI): M+H=690.

Example 100

20
Phosphate ester of (3R,3aS,6aR)hexahydrofuro([2,3-b]furan-3-
vi N-(1S,2R) -3-[[ (3-aminophenyl) sulfonyl] (cyclopentyloxy)
amino]-1l-benzyl-2-hydroxypropylcarbamate.



white solid (65ny). 1H NVR (nethanol-D4):1.5-2.2 (14H), 2.7 (1H), 2.9 (3H),
3.15 (1H), 3.4-4 (5H), 3.97 (3H), 4.2-4.7 (2H), 4.9 (2H), 5.6 5 (1H), 7.2
(3H), 7.3w04b5870. 85 (2H). 31P-NVMR 0.08ppm M5 (LC MS) : PETUSONHTH4
Example 102 Ove O kN\ | OHOOON 16 -i OONN* b OOHO 10

(102) (3R 3aS, 6aR) hexahydrof uro[ 2, 3- dauran-3-y1 N-((1S, 2R)-1-

benzyl - 3- (cycl opent yl oxy) [ (4- net hoxyphenyl ) sul fonyl ] am no-2 15

hydr oxypropyl ) carbamate. This conpound was obtained in anal ogous manner to
Exanpl e 29tepsing the appropriate optically pure activated carbonate.
1HNWR (CDC13): 1.4-1.9 (12H), 2.75 (2H), 2.9 (1H), 3.1 (2H), 3.65 (2H),
3.9 (6H), 4.75 (2H), 5.00 (1H), 5.62 (1H), 7.0 (2H), 7.15 (5H), 7.75 20

2H) . Exanplke 103 Prepared as outlined for aqpl e 86, usingyghiral
gte:?ti ng aterials. WO 99/ 65870 PCT/ US99 44 21 arrpfe 104 0 Ph
0 NHCO2Me NNO\ \NHOHON OH 6 ‘ 5
H .0
—_— ‘4 /S:
0 “0 N0

oé\Q

5 A solution of 0.792g (2.18 mMol) of tert-butyl N-(1S,2R)-1-
benzyl—3—[(cyclopentyloxy)amino]—2—hydroxypropylcarbamate
(Example 54), 0.445g (2.4 mMol) of m-nitrobenzenesulfonyl
chloride and 0.35 mL (2.5 mMol) of triethylamine in 10mL of
tetrahydrofuran was stirred at rt for 12h, diluted with

10 ethyl acetate and exracted with 1IN HCl and saturated sodium
bicarbonate. Purification on silica gel afforded the
desired sulfonamide which was treated with 50 mL of 1:1
trifluorocacetic acid/ dichloromethane for 1h at rt.
Evaporation of the volatiles and partitioning between ethyl

15 acetate and 1IN sodium hydroxide, afforded the free base
which was treated with 0.885g (3 mmol) of (3R, 3as, 6aR)-
hexahydrofuro[2, 3-b] furan-3-yl (d-nitrophenyl) carbonate, 10
mg of dimethylamino pyridine, and 0.7 mlL of triethylamine in
20 mL of tetrahydrofuran for 12h at rt. The resulting

20  mixture was loaded onto a bed of silica gel and eluted with
50% to 100% ethylacetate-hexanes) to give the desired

compound (750 mg) as a white foam.



1, 3- Di oxan-5-yl - N- (1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy) ( 3-

(car bonmet hoxyam no) -i ndazol e- 5-yl sul fonyl ) am no] - 2- hydr oxypr opylcar banat e.
1, 3- Di oxam®9wds8N- ( 1S, 2R) - 1- benzyl - PCT/US99/13744

3-[(cycl opentyl oxy) (1- car bonet hoxy- 3- (car bonet hoxyam no) 10 )

i ndazol e-5-yl sul fonyl ) am no] - 2- hydr oxypropyl carbamate (Exanple 120), (40
ng, 0.057 mmol) and lithiumiodide (23 ng, 0.17 mmol) were dissolved in
pyridine (3 nmL) in a 10 nL round bottoned flask and heated at 95C for 2
hours. Thetepeacti on was allowed to cool and then concentrated in vacuo. 15
The product was purlfled by preparative silica gel TLC using 90:10 :
chl orof orm net hang e > g, -N.054

1H), 7.62 (my2H) . 76-4.18
(m 5H), 7 AOMB( ES) :
648 (Mrl), o 5--N"\/ OH O

N6 H Q5 (\10%)» WO 99/658'0 P S99/ 1374

N- (1S, 2R) - 1-benzyl - 3- (cy®l Opemxy)(Z-[(B- \Q
chl or opr opi onyl ) am no] - 1H benzi zol -5 yIsquonyI)anino s,

2- hydr oxypropyl carbamate. Tert-butyl N-(lS 2R) 1- benzyl -

[ (cycl opent yl oxy) (2- ami no- | H benzi ni dazol - (1 0)
yIsquonyI)anlno] 2- hydroxypropylcarbanate (Step 2, Exanple 8) (65 ng,

0. 116 nmol ) chl oropropionyl chloride (0.01 niL, 0.116 nmol), and

4, 4- dﬁ%etﬁyﬁéﬁ?ﬁbﬁ?rPél 8 Wefe ¢Bnbi Weali nof ahhydrater THE ¢5taiyednim 25 ni

round bot teapdif kBskecUndeds2 m1, (0.125 mmol) of diisopropylamino-

dibenzylphosphite and 9 mg (0.13 mmol) of tetrazole in 2 mL
of dichloromethane was stirred for 3 h at rt and then loaded
onto a bed of silica gel and eluted with 30% ethylacetate-

10 hexane to give the intermediate phosphite which was re-
dissolved in 3 mL of acetonitrile and treated with 48.3 mg
(0.15 mmol) of iodosobenzene diacetate. The mixture was
stirred at rt for 1lh and then loaded on a plug of silica gel
and eluted with 80% ethylacetate-hexane. The resulting

15 phosphate ester was obtained as a white foam (48 mg), which
was re-dissolved in 50 ml methanol and treated with ca. 50
mg of 5% palladium on carbon. The mixture was hydrogenated
at 55PSI for 8h, filtered and evaporated. Purification on
C-18 semi-preparative HPLC gave the desired phosphate (6 mg)

20 as a white fluffy solid. 1H-NMR (methanol-d4): 1.4-2.0
(14H), 2.65 (1H), 2.9 (1H), 3.2 (2H), 3.55 (1H), 3.6-4.0
(4H), 4.4 (1H), 4.65 (1H), 4.8 (2H), 5.6 (1H), 7.2-7.6 (9H).
31P-NMR: 1.1 ppm. MS (LC-MS): 656 (MH+).



nitrogen. The reaction was stirred for 18 hours and then 10 concentrated in
vacuo. After the workup described in Step 3, Exanple 54, the residue was
purified by 9resgrarati ve silica gel TLC using 10: 3: 0.5 chlRGTE9OMBT44

met hanol : water as an eluent to give the product as a white solid (17 ng,
0.026 mol, 22% . 1HNWMR (d6-DMSC) S:27155-6.62 (m 8H) , 5. v8 (bs, 15
1H), -4.62 (bs, 1H), 4.15 (bs, 1H), 3.57 (m 2H), 3.10-1.40 (m 16H), 1.18
(s, 9H). MS(ES): 650, 652 (M+1l). Exanple 106 20 Prepared as outlined in
Exanple 8, Step 2. Exanple 107 O PRabQ:Pho® CH3 O H NO\ N~-NH2 XONt NH2 %
CH3 25 (107) Tert-butyl N- (1S, 2R-I-benzyl-3-[(cycl opentyl oxy) (2-am no-I -
nmet hyl - 1H benzi m dazol - 5-yl sul fonyl) am no]-2- hydroxypropyl carbamat e and
Tert-butyl N-(1S, 2R)-1-benzyl - 3,4 99/ 65870 PCTI US99/ 13744  215ve

[ (cycl opent yl oxy) (2- am no- 3- et iyl - | H benzi m dazol - 5-

yl sul fonyl )am no] - dr oxypr op¥¢car bamate. Tert -

(1S, 2R) - 1- benzyl -3 cl open y) (2-am no-| H

benzi m dazel - | sulTfon)l ) am n 2- hydr oxyp | - c@r ba tep 2,
Exanpl e 8) 120\ny, 0. 214 mypol ) &-Gret hyl i 0¢{ de}.. (O, 129%mmol ), and
anhydr ous di r'opyl yNAM™NE v (0. 07 nmQ” 0yd29'omoN Foithi ned in

anhydr ous (HAM) in 256rrL ound bot d flask unger oy trqgen. The
reaction was heated at refl ux18 hours and t hen conomst}gai n 10
vacuo. After the workup described—n Step 3, Exanple 54, the rwesidue was
purified by preparative silica gel TLC using 90:10 chl qr qf\or m et hanol as
an eluent to give the product as mxture of two corrpodné)s)met hyl ated at

the 1-5and 3- positions of the imidazole ring (76 ng, 0.133 mmol, 620).

Phosphate ester of (3R,3aS$,6aR)hexahydrofuro[2,3-b]furan-3-
Yyl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-methoxyphenyl)
sulfonyl Jamino-2-hydroxypropyl) carbamate. A solution of 0.6
g (1 mmol) of (3R,3a$5,6aR)hexahydrofuro[2,3-b]furan-3-yl N-

10 ((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-
methoxyphenyl) sulfonyl]lamino-2-hydroxypropyl) carbamate
(Example 102), 0.42 mL (1.25 mmol) of diisopropylamino-
dibenzylphosphite and 0.09g (1.25 mmol) of tetrazole in 10
mL of dichloromethane was stirred at rt for 12h. The

15 mixture was loaded onto a plug of silica gel and eluted with
40% ethylacetate-hexane to give the desired phosphite. 250
mg of the material so obtained were dissolved in 15 mL of
acetonitrile and treated with 0.19 g (0.6 mmol) of
iodosobenzene diacetate. After 2h at rt, the mixture was

20 diluted with ethyl acetate and extracted with 1N HCl1 and 1N
NaOH. The volatiles were removed and the residue was
chromatographed on silica gel to give 220 mg of the
protected phosphate as a white foam. 100 mg of the so
obtained material was dissolved in 20 mL of methanol and

25 trated with ca. 20 mg of 5% palladium on carbon.
Hydrogenation at 50 PSI for 1lh and filtration gave the

desired acid which was dissolved in 2M methanolic ammonia



15 LG Ms: 574 (M+l), 572 (M1). Exanmple 108 Fh n jfONM2 HONNSN _ H

OHOOI / N Oz OH H®6 20 (108)

(3R, 3aS, owl)ddergmhydr of uro[ 2, 3-b] furan-3-yl N- (1S, 2R)-1-  PCT/US99/13744

benzyl - 3-[ (cycl opent yl oxy) ( 3- am noi ndazol e- 5-

yl sul fonyl )am no] - 2- hydr oxypr opyl carbamat e. 25

(3R, 3aS, 6aR) Hexahydr of uro[ 2, 3-b] furan-3-yl N (1S, 2R)-1-

benzyl - 3-[ (cycl opent yl oxy) ( 1- car bonet hoxy- 3- am noi ndazol e- 5-

ylsulfonyhhanreekvapbyét@aypr@ﬁ&lgameaﬂahesé190wgg i80148cq4mppl ) and

I|th|un1|og ﬂg §g gtg % 0.37 mmol) were dissolved in pyridine (3

m) in a Yot h 8 ?8hed flask 30 and heated at 75 C for 5 hours. The

reaction MHSNHRIomgdha@oytb99/§5319 fCJiy§99/j374@1H2162 gongpnd tf§n

concentra gg 3vgh$ é The product was uri fi by preparative S|l|ca ge
o]

TLC usi ng of br n? - At hdRbl 4s2ah- Elﬁ%%t td-9i €28 a gl@ss (76 ny,

0. 124 5ok 1584 3ﬁmﬁ d6- 355

7 56- 7 14 ﬁ1 2%2 : Es g%§x»575%g(g§Hgs5 3t Nﬁh %§§%9<d J=6.5
Hz, , éL% 9 | n§7%+ﬁM B 78- 1.14 (m 22H). MS(ES) : 616 (Mrl), 614

(Mly ammm:mg 10 Step 1: OO/ VO~ ~ ~ + LN O DIEA, THE H ~ O CZS

OLN, S
Example 102

OMe OMe
o) H, © o)
.0 e
s . " §7
—_ o/kN N0 o?}? 'o)J\N N0
//T/ o) o) H o)
O s Y
10
(102)

(3R,3aS,6aR)hexahydrofuro[2,3-b]furan—3—yl N-((158,2R)-1-
benzyl—3—(cyclopentyloxy)[(4—methoxyphenyl)sulfonyl]amino—2—
15 hydroxypropyl)carbamate. This compound was obtained in
analogous manner to Example 29, using the appropriate
optically pure activated carbonate. 1H~-NMR (CDC13): 1.4-1.9
(12H), 2.75 (2H), 2.9 (1H), 3.1 (2H), 3.65 (2H), 3.9 (6H) ,

4.75 (2H), 5.00 (1H), 5.62 (1H), 7.0 (2H), 7.15 (5H), 7.75
20 (2H) .

Example 103

Prepared as outlined for Example 86, using chiral starting

25 materials.



Oz 15 N1-(cycl opentyl oxy) - 4- ( nmet hoxynet hoxy) - 1- benzenesul f onam de The

4- met hoxynmet hoxybenzenesul fonyl chloride (2.4 mmol, 568 ng) was prepared

f r om met hwionmies&yRy - pr ot ect ed 4- br onophenol (Corrie, J.; RHBM@EGM@MOU G

J. Chem Soc., Perkin Trans. 1 1996, 1583) and was conbined with

cycl opentyl hydroxylam ne 20 (2.4 mml 21243 ng) in the presence of

dii sopropylethylamne (3.6 mmol, 0.628 nlL), and anhydrous THF. The
reaction stirred under nitrogen for 36 hours at roomtenperature and was
concentrat ed under vacuum The resgkghﬁgeohb4mas diluted in ethyl acetate,
washed with i N HCl, 5% potassium 25 carbonate, brine and was dried over .
magnesi um sul fate. The crude product was concentrated under vacuum and
purified by silica gelphchronmatography (5:1 hex/ethyl acetate) foll owed by
crystallization f om ther/H%xanes NieOaMeact i on produced 173 ng (24% of
white crystals &13 hexanes/ et hyl acetate); HL-NWR (CDC1l3) b
7.82 (2H, ?2 2H, d)|06 (1H s) , 5.23 (2H, s) , 4.58 (1H m,
3.47 (3H, 1. 84- 1064 o4H NG64-1.43 (4H, m. WO 99/ 65870

PCTI US99/ 134 217 Step & H ..o Phosphazine cO8Q + ~OyN Base 02 0 P THE
OO Ph HOHI-sroU 1" " OPh 5 (109) tert-butyl
N-((1S, 2R) - 1- benzyl - 3- (cyclTopentyl oxy) [ (4- met hoxymet hoxyphenyl ) sul fonyl |
am no- 2- hydroxypropyl) damlBamate. N - (cycl opentyl oxy) -4-nmethoxynet hoxy- |
10 benzenesul fonam de (0.57 nmol, 173 ng) was conbined with

1,3—Dioxan—5-yl—N—(18,2R)—1—benzyl—3—[(cyclopentyloxy)(3—
(carbomethoxyamino)—indazole—S—ylsulfonyl)amino]—2—
hydroxypropylcarbamate. 1,3-Dioxan-5-yl N-(1S,2R)-1-benzyl-
3—[(cyclopentyloxy)(1—carbomethoxy—3—(carbomethoxyamino)

10 indazole—S—ylsulfonyl)amino]—2—hydroxypropylcarbamate
(Example 120), (40 mg, 0.057 mmol) and lithium iodide (23
mg, 0.17 mmol)were dissolved in pyridine (3 mL) in a 10 mL
round bottomed flask and heated at 95°C for 2 hours. The
reaction was allowed to cool and then concentrated in vacuo.

15 The product was purified by preparative silica gel TLC using
90:10 chloroform: methanol as an eluent to yield a beige
solid (35 mg, 0.054 mmol, 95 %). 'HNMR (de-DMSO) &: 13.12
(s, 1H), 10.26 (s, 1H), 8.42 (s, 1H), 7.62 (m, 2H), 7.25-
7.09 (m, 6H), 5.12 (d, J=6.2 Hz, 1H), 4.76-4.18 (m, S5H),

20 3.76-2.91 (m, 9H), 3.66 (s, 3H), 1.90-1.40 (m, 8H). MS(ES):
648 (M+1l), 646 (M-1).

Example 105

Ph

%ﬁ.’g\(:[ \>—N

OH

O

25 (105)



tert-butyl N-(1S)-1-[(2S)oxiran-2-yl)-2-phenyl ethyl carbamate (0.46 mol,

121 ng) and anhydrous THE (1 nL) under nitrogen. Phosphazi ne base

P<t / 4>t - BHO®Y68830 nmol , 0.092 nl, 1M in hexanes) was i nj ecttéd/¥S0/&37¢he

stirring solution. The 15 reaction was allowed to stir for 4 hours at room

tenperature and was quenched by the-addét+on of a few drops of gl acial

aceti-c acid. The reaction product was concentrated to an oil and

partitioned between ethyl acetate and 1N HCl. The organic |layer was

separ at ed Tant-vasthdd Nui ¢18 ,2RY Na®e raryd -205- [b(rdymﬂop@rit@doomr(zmgmesi um

sul fate an concentrate under um t.o ar oi.l . rude pr.oduct.

was purlflgl&qn)?prﬁal émla?r]o\r/}gﬁ’ %@51 TeXhTed, /tjétrwgtl)aé{% dte) and

crystalli mmmd‘wo@m@alﬂm pm@w@myll&—msc@&% 106 eng yhist-e

crystal . I?f QL -1 hexanes/ethyl acetate); H 25 NVR (CDC13) 7.69

(2H, d), 7. BEYELAR PG 1KY 1A 2rpndpg-dfi-benziTidaaody 5-4. 83- 4. 75 (1H, ),

4.61- 4551 y(leld,lrfbnya %&l&oﬁﬂz 8k 1&%‘2’13 %n)at 3sk2y 295E€<%H M,

2.95-2.87 (2H m, 2 8- (% vkl inea Anm,. 1 g 3 (4H

1.33 (9H%):(aEnEEs|))-1 |\ﬁ+|ﬂi£@é8f %W@og@m&m@w@lcm@gﬁﬁ@m@ 021le

ELX??Iilsezé)bo 11b@'|n@o|¥ S Qrd @, 4Rk Y163 Ay Aot A UA ned in
enz

(cycl opentaﬂhdﬁy‘)o-uf- Aydr o(>?‘ym£1¢ (61q@i RéxalLi mpled bemyopedhdtipiskc anbamat e. A

m xture ot i(38@S).- 4ramieds: tirred f

(cycl o&mr;t ;I ox?)% 5- phenyl -Ic- (lgnqmar?ofalllrﬁfl sulofro Iflogrfoaggnttgﬁgl (50 nmg,

0. 110! fmolcpnceng raitedo1n pacuel-i difglr t[f1(838)3tré(upah1§96ca513eﬁunanﬂltppcav bonat e

823729’ E%%%pqgobﬂ,w@%egﬁégigﬁg)w%gdpﬁr fq SBQrBQ%b%EQ h%glg%lg47 8 uL,

Hm,

gel TLC using 10:3:0.5 chloroform: methanol: water as an
eluent to give the product as a white solid (17 mg, 0.026
mmol, 22%). 'HNMR (de-DMSO) &: 7.55-6.62 (m, -8H), 5.08 (bs,

15 1H), 4.62 (bs, 1H), 4.15 (bs, 1H), 3.57 (m, 2H), 3.10-1.40
(m, 16H), 1.18 (s, 9H). MS(ES): 650, 652 (M+1).

Example 106

20 Prepared as outlined in Example 8, Step 2.

Example 107

Ph Ph
2,0 L0 g
.S N S
H P O D>—NH, | /—NH;
>< OH O N >< H on 6° >_
@ - é?
25 (107)

Tert-butyl N-(1S,2R)-1-benzyl-3-[(cyclopentyloxy) (2-amino-1-
methyl-1H-benzimidazol-5-ylsulfonyl)amino]-2-
hydroxypropylcarbamate and Tert-butyl N-(1S,2R)-1-benzyl-3-



mmol ) were conbi ned under Argon at anbient tenperature in approxi mately
1.5 nmL of acetonitrile. After stirring for 15 approximately 16 hours at
anbi ent t NpW@EB9re, the reaction nixture was evapor at ed PEI/YSI(18744nd
partitioned between ethyl acetate and aqueous potassium carbonate (5%
wv). The |ayers were separated and- tdies aqueous | ayer was back extracted
with.ethyl acetate. The conbi ned organic | ayers 20 were washed twice with
I N sodi um hydrogen sulfate. The acid |ayers were conbi ned and back

ext ract ed [Wevklepenityaostrat(e -amThe-Bembithell-DHgbBhe imagaes1were washed with
brine, dri d ver h dr ou gagne5|un1sulfate filtered and evaporated in
vacuo. Th¥PBFATELIARI BRI AT Bdd bR UPEPERAPAFPBR YR plaFE-DECE20%20 om
1000 M el(usi, g) W[lt-beﬁayz 3dl[@B};@n@ﬁeﬁhgméxwwbaaﬁhnoIhﬁ product band was
renoved, . eluted w Tﬁ met hyl ene chloride: nmethanol, filtered, and

evapor at e8¢ PﬁlWégﬁéo eyﬁégﬂHagyﬁégmé?9§f%TFV?EGXMPFHPV@T99?%%%?@9

PCT/ U309/ 18744 2; BiOmpseveral1dpopg, ob veihanel ), Thechesi dygiqsol i d was
dried wunder high vacuumto grOV|de (SS)tetrahydro 3-furanyl

[ (1S, 2R) - 19p8AzHF: 40¢ 98| BBent y| 8x¢) anbiigaeesydiisepranyhekhyiayine

f ! b we of3i
?ghl gpgfé?% %g] fagy ! @rrm(zg £241 MY §Q/Q I?aé ﬂ‘eké yhi sﬁhfa%%ﬂg'\'&@* g

3.20 (m 2»mM2 58’(9L(ﬁ?u’6131)b0 nozsgd(maqlq)undegsn(mom 5he14r¢mt:u_¢1) 7 28
(m_SH). Baddnebfralbh c8rddy(for 1h n8yd9 {dy Ly 8or9e‘§?\f(§ra€%ﬁ e (ESh)

571 (M+H) . le 111 Step
10 wvacuo. After he workup descrlbed in Step 3, Example 54, the

residue was purified by preparative silica gel TLC using

90:10 chloroform: methanol as an eluent to give the product

as mixture of two compounds methylated at the 1- and 3-

positions of the imidazole ring (76 mg, 0.133 mmol, 62%).
15 LC-MS: 574 (M+1), 572 (M-1).

Example 108

20 (108)

(3R, 3a8, 6aR) Hexahydrofuro[2,3-b]furan-3-yl N-(1S,2R)-1-
benzyl-3-[ (cyclopentyloxy) (3-aminoindazole-5-
ylsulfonyl)amino]-2-hydroxypropylcarbamate.

25 (3R, 3as, 6aR)Hexahydrofuro[2,3-b] furan-3-yl N-(1S,2R)-1-
benzyl-3-[ (cyclopentyloxy) (1-carbomethoxy-3-aminoindazole-5-
ylsulfonyl)amino]-2~hydroxypropylcarbamate (100 mg, 0.148
mmol) and lithium iodide hydrate (50 mg, 0.37 mmol) were
dissolved in pyridine (3 mL) in a 10 mL round bottomed flask

30 and heated at 75 C for 5 hours. The reaction was allowed to



(1S, 2R) - 1- benzyl -3-(tert-butyl oxy)[ (phenyl)sul fonyl]am no- 2-

hydr oxypr opyl am ne hydrochl oride. tert-Butyl-N((1S, 2R)-1-

benzyl - 3- MI%658i4t y| oxy) [ (phenyl ) sul f onyl ] am no- 2 hydr oxyptey$dpdatamat e
(Exanple 112, Step 2), (0.060 g, 20 0.12 mml) was dissolved in Et QAc (50
m). Dry hydrochloric acid gas was -bubld ed through the stirred solution 15
mnutes at -10 C. The reaction was warned to anbi ent tenperature, solvent
renoved in vacuo and the resulting crude residue wused directly in the next
reacti on. cﬁﬁﬂ9QhGSSK@nPGEhHgﬂﬂkéBéé4ln229cu§tepTBe b&@hb@t/wag 00-0

(111) 5 (38% getra dro- 3-furanyl - N %18 2R) - 1- benzg é

but yl oxy) Ptph ﬁﬁ?) | PORYPT R KB- 51 hyERoX§pr 6BYI €& B

(1S, 2R) -1 cbenzyshfosm(taéthanbyl QKYhh(Qm@@Mt)téul/i@mw Jaamags (76 09
2- hydr oxy ggﬁlanl §¥dg8chlpr|de(0 12 nmmol ) was conbi ned
I 0° )

wi t
di i soprop e~k |n1éH§é125101@i@ ﬁ1ﬁ5 To the
reaction was aHded7255 dlmxoxh pYHVPI5d39bes[(§§» tgtg@hygr0335fyranyl]
car bonat e %0 ?ﬁ§g5 2 1% with stlrrlng 3 h_at anbient
t enper at uf’ r éact Fon P xPuite: whe!) cohe ﬁf?af%d Fn %Btuo,3taken up in
Et OAc, washed wmih2g8l. ags B@tKIBelandeI;pegth@MoIganlc 15 phase was
dried over MyS04, filtered and sol vent renoved in vacuo. Purification by
preparative TLC (1:1 Et OAc/Hex). Recovered 0.044 g (67% of the product as
a white foam Rf= 0.38 (1:1 Et OAgf e i (M+H) + 507. 3. WD 99/ 65870
PCT/%%?9/13744 -221 Exanple 112 .

Step 1:

O O
/©/ N, HzN'O\Q DIEA, THF O\ /©/ ~°
ClO,S

15 If—(cyclopentyloxy)-4—(methoxymethoxy)—l—benzenesulfonamide
The 4-methoxymethoxybenzenesulfonyl chloride (2.4 mmol, 568
mg) was prepared from methylmethoxy-protected 4-bromophenol
(Corrie, J.; Papageorgiou, G. J. Chem. Soc., Perkin Trans. 1
1996, 1583) and was combined with cyclopentyl hydroxylamine

20 (2.4 mmol, 243 mg) in the presence of diisopropylethylamine
(3.6 mmol, 0.628 mL), and anhydrous THF. The reaction
stirred under nitrogen for 36 hours at room temperature and
was concentrated under vacuum. The resulting oil was
diluted in ethyl acetate, washed with 1N HC1l, 5% potassium

25 carbonate, brine and was dried over magnesium sulfate. The
crude product was concentrated under vacuum and purified by
silica gel chromatography (5:1 hex/ethyl acetate) followed
by crystallization from ether/hexanes. The reaction

produced 173 mg (24%) of white crystals. Rf = 0.15 (1:1
30 hexanes/ethyl acetate); H1-NMR (CDCl;): & 7.82 (2H,d), 7.12

(2H,d), 6.67 (1H,s), 5.23 (2H,s), 4.58 (1H,m), 3.47 (3H,s),
1.84-1.64 (4H,m), 1.64-1.43 (4H,m).



N,, ,NH tert-Butyl-N((1S, 2R)-1-benzyl-3-(tert-butyl oxy)am no-2-
hydr oxypropyl ) carbamate. tert-Butyl-N((1S)-1-
[ (2S) oxi r ¥Q9[6580phenyl et hyl car bamat e (0. 155 g, 0.59 mol )PCHKHEPI/13744
O (tert-butyl)hydroxyl am ne hydrochloride (0.089 g, 0.71 10 nmol) were
heated wi th diisopropyl ethylamne (0-1347m-, 0.88 mml) in isopropanol (2
m) in a sealed tube at 60C for 5 days. The reaction m xture was
concentrated in vacuo, taken up in EtOAc, washed with sat. ag. NaHCO3, and
brine. The organic phase was dried over MgSH, filtered and sol vent 15
renmoved ir’;se/%:u?_. Purication by colum chromatography (1% MOCH in CH2Cl12)
gave 100 ngy a white solid which was used directly in the next reaction.
Step 22 CGHNN, OOO 20 (112) tert-Butyl-N((1S,2R)-1-benzyl-3-(tert-
butyl oxy) [ (phenyl ) sul f gnyl] am no- 2- hydr oxygr opyl ) carbamate. WO 99/ 65870
PCTI u599/1@;1 - T8 > Bu yb- NR. (LS h? azing_ henzgyl - 3-
(tert-buty - Nagw 2- hydr ypﬂ6p_ ) Car bartéte 0. 12@, 0.28 mmol ) was
conbi ned with didsopropyl et hyl ani%e B, 075 mHF 0. 43 1) o etd2el2 (10
m ). Benzenesul fonyl chloride (0.060 g, 0.34 mvly Vs % and t he
reaction was stirred at room'tenperature o el Se et m xture was
concentrated in vacuo, taken up in EtOAc, shed & th s& . ag. NaHCO3, and
brine. The organic phase was dried over MgSO4, fil t'€red and sol vent
renoved in vacuo. Purication by preparative TLC 10 (1: 1/1ESQAc/ Hex) .
Recovered 0.064 g (46% of the product as a white foam Rf= 0.78
(1:1/Et OAc/ Hex), LRMS (MtH) + 493.4. Exanple 113

tert-butyl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (4-

methoxymethoxyphenyl) sulfonyl] amino-2-hydroxypropyl)
carbamate. Aﬁ—(cyclopentyloxy)—4—methoxymethoxy—1—

10 benzenesulfonamide (0.57 mmol, 173 mg) was combined with
tert-butyl N>(lS)—l—[(25)oxifan—Z—yl]—2—phenylethylcarbamate
(0.46 mmol, 121 mg) and anhydrous THF (1 mL) under nitrogen.
Phosphazine base P<t/4>t-Bu (0.09 mmol, 0.092 mL, 1M in
hexanes) was injected into the stirring solution. The

15 reaction was allowed to stir for 4 hours at room temperature
and was quenched by the addition of a few drops of glacial
acetic acid. The reaction product was concentrated to an
01l and partitioned between ethyl acetate and 1N HCl. The
organic layer was separated and washed with 1 N NaOH and

20 Dbrine, dried over magnesium sulfate and concentrated under
vacuum to a clear oil. The crude product was purified by
silica gel chromatography (5:1 hexanes/ethyl acetate) and
crystallization from ether/hexanes providing 110 mg (43%) of
a white crystal. R = 0.5 (2:1 hexanes/ethyl acetate); Hl-

25 NMR (CDClsz): 7.69 (2H,d), 7.31-7.16 (6H,m), 7.11 (2H4,d),
5.21 (2H,s), 4.83-4.75 (1H,m), 4.61-4.51 (1H,m), 3.85-3.70
(2H,m), 3.47 (3H,s), 3.12-2.95 (1H,m), 2.95-2.87 (2H,m),
2.87-2.68 (1H,m), 1.86-1.66 (4H,m), 1.66-1.43 (4H,m), 1.33
(9H,s); MS (ESI): M+H=565.

30



O Ph R~N O Et 02CN=C=0 0--0 H OH "S&N THE -N' S02 0 _,NH2 -,,,,NUN H H |
O HOH OR=0O0"/oand OO /H 15 H (113) Ethyl

2-[ ([ 2- (3VMJ 9&B8878S) - 3- ([ ( 3R, 3aS, 6aR) hexahydr of ur o[ 2, 3- PCT/US99/13744

b] f ur an- 3-yl oxy] car bonyl am no) - 2- hydr oxy-4 20

phenyl butyl ] (cycl opentyl oxy) am no] suldpnyl anilino)ethyl]amn
ocar bonyl )am no] acetate and ethyl 2-[([2-(3-[[(2R, 3S)-3-

([ (3S, 3aR, 6aS) hexahydr of ur o[ 2, 3- b] f ur an- 3- yl oxy] _
car bonyl am no) - 2- hydr oxy- 4 phenyl litamhdi&yci®pentyl oxy) am no]

sul fonyl ani | i no) et hyl ] am nocar bonyT)am noJacetate. 25 A solution of 50 ny
(0.081 nmmol) of a 1:1 m xture of (3R 3aS, 6aR) hexahydrofuro [2, 3-D]
furan-3-yl N (1S, 2R) -3- (3- [(2-am noet hyl ) am no] phenyl sul f onyl)
(cycl opentyl oxy)am no] WO 9 ’5870 PCTI US99/ 13744 - 223

1- benzyl - 2- hydroxyprop | carb d (3S, 3aR 6aS) hexahydrofuro [2, 3-b]
furan- 3-yl N-é§S|4 130 [ EF

am noet hyl o N opent yl oxy) am no] - 1-

benzyl - 2- ydroxy royl car hamat e ( anple 83) in 1.5 nL of 5 anhydrous THE
was treate@with 0.0 0.085 mml ) of ethyl isocyanatoacetate. The
resulting solution mggliﬁlrred at RT. After 18 hours the solution was
concentrated in vacu d the residue subjected to flash chromatography

(silica gel, 95:5/CH2d z/ ?% H3 in MeOH) to afford 56 ng 10 (92% of the
desired product as a whi £ am 1H NWR
5

(38) tetrahydro-3-furanyl N-[(1S,2R)-1-benzyl-4-
(cyclopentyloxy)—2—hydroxy—4—(6-quinoxalinylsulfonyl)
butyl]carbamate. A mixture of (3R,4S)-4-amino-1-
(cyclopentyloxy) -5-phenyl-1-(6~quinoxalinylsulfonyl)-3-

10 pentanol (50 mg, 0.110 mmolL), 2,5-dioxo-1-pyrrolidinyl
[ (3S) tetrahydro-3-furanyl] carbonate (28 mg, 0.121 mmol, WO
94/05639) and N,N-diisopropylethylamine (47.8 ulL, 0.274
mmol) were combined under Argon at ambient temperature in
approximately 1.5 mL of acetonitrile. After stirring for

15 approximately 16 hours at ambient temperature, the reaction
mixture was evaporated in vacuo and partitioned between
ethyl acetate and aqueous potassium carbonate (5% w/v). The
layers were separated and the aqueous layer was back
extracted with ethyl acetate. The combined organic layers

20 were washed twice with 1IN sodium hydrogen sulfate. The acid
layers were combined and back extracted with ethyl acetate.
The combined organic layers were washed with brine, dried
over anhydrous magnesium sulfate, filtered and evaporated in
vacuo. The residue was purified on a preparative TLC plate

25 (20X20 cm, 1000 uM) eluting with 93:7
dichloromethane:methanol. The product band was removed,
eluted with 3:1 methylene chloride: methanol, filtered, and

evaporated in vacuo. The residue was crystallized with



(CDC13) : 7.60-7.06 (13H), 6.00-4.80 (4H), 4.34-2.62 (19H), 2.10-1.43
(10H), 1.32 (3H). LCMs (ESI) : 748 (M+tH). Exanple 114 15 HOH QO YO llk
O O ~- NH WN996384) 1, 3- Di oxane-5-yl N (1S, 2R) - 1- benzyl - 3- PCT/US99/13744

[ (cycl opentyl oxy) (2- 20 acetam do)]-benzot hi azol - 6-yl sul fonyl ) am no] - 2-
hydr oxypr opyl carbamate. To 21 ng (0.903Z19mol) of 1,3- D oxane-5-yl

N- (1S, 2R) - 1- benzyl - 3- [ (cycl opentyl oxy) ( 2-

am no) ] - benzot hi azol - 6-yl sul fonyl ) am no] - 2- hydr oxypr opyl car banat e,

(Exampl e fls%5,er8tleplr35ps difsselthedoiln 25ht wesotiudicbboranmetBaneiadd cool ed

to apprOX|nate .0C, was added 5.3 L of chlLorotrinethyl sil ane.
The reactPEFwas 9 Wﬁ§&upot?5€r8ﬁéd§tl?ﬁé&egSPhX§rﬁlﬁu€8§ang$rWéthylanlne

(12 L, 2.5 @eg, bﬁwai—%@@Q@lLQL|vé§q ?E ngk (- % drbx9tsa (@il ute sol ution
of (24 | acetyl chloride in IUSQ /137 4 - 224 nlL CH2Cl2)
The reactH@ﬁn@é§lépwﬁré&lépnzéﬁbﬂéwléCHéna@ateloé4Lmes 86&¢. RSof 1.0 M

tetrabut ylamwenisgmill uan Laervwashiadded andst hergactponsghi riedef o, 1 hour.
The solvent was renoved in vacuo and the residue was purified by

preparati ¥&)5 éhpgndﬂogﬁﬁﬂhy2t87gl §th 8f 28arBangte; 2140 HPLC6§homed

the mat erijalgst meel‘ﬁ\fer 480% RHJ 61H§6t5 GgMey= 1Q)487Mb8. (nlCENB, MWrik=
649.1. Exanple 115 10 Ow
(m, 1H), 8.31 (d, lH) 8.69 (d, lH), 9.05 (s, 2H).

MS (ESI) : 571 (M+H) .
10
Example 111
Step 1:
OH o
HCILHAN A NS
o
15
(1S,2R) -1-benzyl-3- (tert-butyloxy) [ (phenyl) sulfonyl ]Jamino-2-
hydroxypropylamine hydrochloride. tert-Butyl-N-((1S,2R)-1-
benzyl-3-(tert-butyloxy) [ (phenyl)sulfonyl]amino-2-
hydroxypropyl) carbamate (Example 112, Step 2), (0.060 g,
20 0.12 mmol) was dissolved in EtOAc (50 ml). Dry hydrochloric

acid gas was bubbled through the stirred solution 15 minutes
at -10 °C. The reaction was warmed to ambient temperature,
solvent removed in vacuo and the resulting crude residue

used directly in the next reaction.



O (115) 1IN-(3-Methylsul fonylisobutyryl)-(1S, 2R)-1-benzyl-3- 15

(cycl opent yl oxy) [ 4- met hoxyphenyl sul f onyl ] am no-2 hydr oxypr opyl am ne.

(1S, 2R) - 1-Wwenv§i878- (cycl opent yl oxy) [ (4- PCT/US99/13744

met hoxyphenyl ) sul f onyl ] am no- 2- hydr oxypropyl am ne trifluoroacetic acid
salt (0.012 g, 0.03 nml) was conbined 2 th 3-net hyl sul fonylisobutyric
acid-(0.005 g, 0.03 nmmol) 20 and 1-hydroxybenzotriazol e hydrate (0.004 g,
0.03 mmol) in anhydrous DM (1 m). Triethylamne (0.010 m, 0.05 nmol)
was added fBallowed by |- (3-di met hyl am nopropyl )-3- ethyl carbodiim de
hydrochl oride (0.009 g, 0.03 mmml). Reaction was stirred at room
tenperature for 2 hours. 2 eactiom m xture was diluted in Et OAc and
washed with sat. NaHGR, £ 5 SO4 and brine. Oganic phase was dried
with MgSO4 and thm enoved in vacuo. Purification by
preparativ 08 DBt SACLREX ) Recovered 0.010 g (70% of WD 99/ 65870
PCTI US99/ 13 -022 ©pduct as a colorless residue. Rf=0.44 (3:1
Et OAc/ Hex) . 1H NWR (% 8.78 (1H,d), 7.38-7.17 (SH,m, 7.05-6.98

(2H m, 6.09 (0.5Hd), 8 (0.5H,d), 5.80 (1H M, 4.32 (0.5H M, 4.20
(0.5H, M, 4.02 (0.5H, nz 3.90 (3H,s), 5 3.60 (0.5H, M, 3.49 (1H,m,
3.12-2.96 (2H M, 2.9512)70 (4H m, 1.90-1.70 (4H m, 1.69-1.50 (4H m,
1.20 (1.5H,d), 1.00 (1. 5H, d) . LRV (MtH) + 583.0. Exanple 116 10 Step
1. (3S, 3aS, 6aR) hexahydr of uro[ 2, 3b] f uran- 3- p-ni trobenzoyl ester (A and
(3R, 3aR 6a$pRexanydrbYdrof 3 BbranyarN3{ps, AR} rbbleannyl -B8s{eertB) 15 OH O

NO2 dNC2 butyloxy)[(phenyl)sulfonyl]amino—2—hydroxypropylcarbamate.
(15,2R)~1-benzyl-3-(tert-butyloxy) [ (phenyl) sulfonyl]amino-
2-hydroxypropylamine hydrochloride (0.12 mmol) was combined
with diisopropylethylamine (0.064 ml, 0.37 mmol) in CH2Cl2

10 (10 ml1). To the reaction was added 2, 5-dioxo-1-pyrrolidinyl
[ (3S) tetrahydro-3-furanyl] carbonate (0.042g, 0.18 mmol)
with stirring. After 3 h at ambient temperature, the
reaction mixture was concentrated in vacuo, taken up in
EtOAc, washed with sat. ag. NaHCO3, and brine. The organic

15 phase was dried over MgS0O4, filtered and solvent removed in
vacuo. Purification by preparative TLC (1:1 EtOAc/Hex).
Recovered 0.044 g (67%) of the product as a white foam. Rf=
0.38 (1:1 EtOAc/Hex), LRMS (M+H)* 507.3.



(A (B) In adried flask was introduced 1 eq. of 20 (3S, 3aS, 6aR
- 3- Hydr oxyhexahydrofuro [2, 3b] furan (200 ng, 1.54 mol) in 10 nL of
dri ed THFwdo9/¢d87s sol ution was introduced 1.1 eq. of PPhBCTA8®/13m44 1. 69
mml) and 1.1 eq. of p-nitrobenzoic acid (282 ng, 1.69 nmol). The solution
was cooled to OC and then 1.2 eq of diethyl azodicarboxylate 25 (290 uL,
1.84 .mmol ) was added dropwi se. The reaéfion was continued at room
tenperature for 24 h. The solvent was evaporated in vacuo to an oil which
was sol ubilized in dichloronethane washed with i N hydrochl oric acid,
sat ur at ed sodi um bi carbonate and bExkampl&héldrganic | ayer was dried 30 over
anhydrous nmagnesium sul fate, filtered and evaporated in WO 99/ 65870
PCTI US99/ 13744 -226 vacuo to a residue. The crude material was purified on
fl ash grasd@eﬁillj ca gel eluting with 20-50% et hyl acetate in hexane.
Fractions containing the product were conbi ned, evaporated in vacuo and
dried under high vacuum t\g/provide 5 (3S, 3aS, 6aR) Hexahydr of uro
[ 2, 3b] furan- 3- p-nitrgge oyl ester (914 ng, 98% . HPLC showed the nmateri al
to be 98% pure; Het: tipp = 9.88 mn. 1H NVR (CDCl13): 8.14-8.24 (dd, 4H),
5.88 (d, 1 N 29 % , 4.07-4.17 (m 2H) , 3.83-3.93 (m 2H), 2.97
(m 1H), 2719-25283m_1H), 1.86-1.98 (m 1H) 10 Step 2:
(3S, 3aS, 6aR) - 3- Hydro @» ahydrofuro[ 2,3b]furan (C) and
(3R, 3aR, 6aS) - 3- Hydro gxahydrofuro[ 2,3b]furan (D) 15 PHHH '"10 HH (O
(D) In a flask was introduced 1 eq. of (3R3aR, 6aS)Hexahydrofuro

5

tert—Butyl—N—((ls,2R)—1-benzyl—3—(tert—butyloxy)amino—Z—
hydroxypropyl) carbamate. tert-Butyl-N-((15)-1-
[(2S)oxiranyl]-2—phenylethylcarbamate (0.155 g, 0.59 mmol)
and O- (tert-butyl)hydroxylamine hydrochloride (0.089 g, 0.71

10 rmmol) were heated with diisopropylethylamine (0.154 ml, 0.88
mmol) in isopropanol (2 ml) in a sealed tube at 60°C for 5
days. The reaction mixture was concentrated in vacuo, taken
up in EtOAc, washed with sat. aqg. NaHCO3, and brine. The
organic phase was dried over MgSO4, filtered and solvent

15  removed in vacuo. Purication by column chromatography (1%

MeOH in CH2Clp) gave 100 mg of a white solid which was used

directly in the next reaction.

Step 2:

20

tert—Butyl—N—((1S,2R)—1—benzyl—3—(tert-
butyloxy)[(phenyl)sulfonyl]amino—2-hydroxypropyl)carbamate.



20 [ 2, 3b] furan-3-p-nitrobenzoyl ester (1.34 g, 4.82 mol) in 20 nL of

met hanol . To this solution was introduced at room tenperature 1 eq. of
lithi um hwdyxsste (202 ng, 4.82 mol). After 45 nmin the saivesyy/1wvas
evaporated in vacuo to an oil who was purified on flash grade silica gel
eluting with 50 25 100% et hyl acet atesibp hexane. Fractions containing the
product were conbi ned, evaporated in vacuo and dried under high vacuumto
provi de (3R, 3aR, 6aS) - 3- Hydr oxyhexahydrofuro [2,3b]furan (401 ng, 80% . 1H
NVR (CD01§¥ t5B§@yisN1§QlS ﬁRﬂfﬁ(Sén -'3-3 EgEéLéﬁkﬁfoj”leﬁ%.éz 2.76 (m
1H), 06 30 2.14 TH), 60-1. 66 . WD 99/ 65870
PCT/ usgglllzdnquprqwl @?ékpa@atq 3@ GHR)Q-Ie%&thde uw[ Z@@ilﬁlﬁdan 3-y1
(4-nitro I

(3R, 3aR, gg%?%e%éﬁ% r of ur%)%t‘?ﬁ@b?f ur an- 03 %/715 mSl (4O -4n3| II%mroolphenylc)H car bonat e
(F) OO N2 MnDR. dB&hiemdb @ forPO dhidfik)e (F). D lgy & .4 edhdfll) askeswas

i ntroduce q f 3S 3a 6aR) 3- dr.ox exah rofur 3b furan (210
ng, 1%61 gd&?? ané’ t ar‘cdlr @i ch lorrro t‘%ar{e sr[ “§tion was

i nt roduce@lvérnﬁght of Ipemﬁi@benmzydm arandf Qfdmi@t(r&&drg,n Jvaﬁclzom‘ml ) and 1

eq. of N-rrethlrmr (177 pL, 1.61 mo The reaction

cont i nued-&f° fré%%&?ﬁ'urvéasf}gerd 2“’41‘[&‘ Sthe ﬁ%C|I\ﬁHtcé)[ hrllnteered of f
and the spfllé/aﬁ gAYeSc B afed d JRCHR L MgRY) Oidi] tHIR LT4e shakehi-al was
purified on flash grade silica gel eluting with 50% ethyl acetate in

hexane. Femevédnsn contadni it e tpiraod Ugt p/xmpearcactmmmamc evaporated 20 in

vacuq ~and r t r o
(3S, O 6%\%} %]%?ﬂro[ ?l%gﬂl{?e{?reaaﬁ Og' (ﬂiﬂ rﬁ6t6ro erchfljle) proéjr t%ngfse (350
ng, 990) aHﬁLﬁéhﬂyﬁﬁj t her4eg erd adl.thﬁ%p%%@ , LRMS (M+H)*t 493.4.

Example 113

/g/_ Et0,C._ N=C=0 0
Sf O THF R ‘50,

N/\/NH2
H
0 0
H H,
=0 7o and o 7 O
H H

Ethyl 2-[([2-(3-[[(2R,38)-3-([ (3R, 3as, 6aR) hexahydrofuro[2, 3-

O
.
=<ZI
}o
)

(113)

blfuran-3-yloxy]carbonylamino) -2-hydroxy-4-

20 phenylbutyl] (cyclopentyloxy)amino]sulfonylanilino)ethyl]amin
ocarbonyl)amino]acetate and ethyl 2-[([2-(3-[[(2R,38)-3-
([ (35,3aR, 6a8) hexahydrofuro[2,3-b] furan-3-yloxy]
carbonylamino) -2-hydroxy-4 phenylbutyl] (cyclopentyloxy)
amino]lsulfonylanilino)ethyljaminocarbonyl)amino]acetate.

25 A solution of 50 mg (0.081 mmol) of a 1:1 mixture of
(3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-(15,2R)-3-[(3-
[ (2-aminoethyl)amino]phenylsulfonyl) (cyclopentyloxy)amino] -



pure; Ret. time = 8.8 mn. 1H NWR (CDC13): 7.28-8.25 (dd, 4H), 5.88 (d,
1H), 5.05 (s, 1H), 4.04-4.15 (m 2H), 3.80 25 3.91 (m 2H), 2.97-3.01 (m

1H), 2. 18wid&Mms¢nmy 1H), 1.77- 1.83 (m 1H). WD 99/65870 P%iﬁ&@)@/ﬂ'ﬂ?44 228
Step 4: P ONp OHO®RS HHI OO OH(116) 5

(3R 3aR, 6aS) hexahydrof uro[ 2, 3b] furan=3,y4 -N- (1S, 2R) - 1-
benzyl - 3-[ (cycl opentyl oxy) [ (4- met hoxyphenyl ) sul f onyi ] am no-
2- hydr oxypropyl carbamate. In a dried flask was introduced 1 eq. of

N -[(2R, 3 n I |

(cyE:I(open?);;F%%% 9 g?%%%%ﬁ%%%%%{Hg%alranngl %gf ?Fﬁor oécetl c acid (40.9
ng, O. osshmhydrrnfmrnﬁzoﬁ N) l&lurdnﬁét-muf\ler(mﬁnﬁﬁe 3F¥6 (BRi(g2s0l uti on was
?g?ﬁidt rloéﬁgl%w)g&(\{g %%l ?Eb?%‘? ég ﬁﬁgﬁoééatg%ﬁyy%%? kﬁyl am ne
(58 15 preﬁzylﬁﬁbhydrEﬁhgprelayncanbmsteom:kamlsﬂeﬁB?rOan 1t5nﬁﬁrﬁfgr e Iﬁr 4
d ohe LQn ture S lLubl )iz n et etate washed w
V\/Z%/Zr and %ﬁ§ Ou%he org%ﬁl f‘gﬁgr %\t@ @r?% Bhef E{ 9§§d%9§ ) n@gnesi um

sul fate, ethyerédocgadacvapetated i Dhyacedulvifgresiddeon Thescstdera@t erial

was 20 ur fLed o atlve TLC plate (20x20 cm. 1 eluting wth
50% et h)F/)I gst?at eﬂ?ﬁ Eeig ouxf et ofRtEt b%dwﬁ;%tsco?%%vme@lh{led

(4: 1/ di chi-geepebhanenhaet8anghd . sibltered 8dr1asn chromatography
(silica gel, 95:5/CH,Cl,/2M NH; in MeOH) to afford 56 mg
10 (92%) of the desired product as a white foam. 1H-NMR
(CDCls): 7.60-7.06 (13H), 6.00-4.80 (4H), 4.34-2.62 (19H),
2.10-1.43 (10H), 1.32 (3H). LCMS(ESI): 748 (M+H).

Example 114

15

(114)

1,3-Dioxane-5-yl N-(1S,2R)-1l-benzyl-3- [ (cyclopentyloxy) (2~

20 acetamido) ]-benzothiazol-6-ylsulfonyl)amino]-2-
hydroxypropylcarbamate. To 21 mg (0.034 mmol) of 1,3-
Dioxane-5~yl N-(1S,2R)-1-benzyl-3- [ (cyclopentyloxy) (2-
amino) ]-benzothiazol-6-ylsulfonyl)amino]~2-
hydroxypropylcarbamate, (Example 125, Step 35, dissolved in

25 1 mL of dichloromethane and cooled to approximately 0°C, was
added 5.3 puL (1.2 eq.) of chlorotrimethylsilane. The

reaction was warmed to 25°C and stirred for 45 minutes.
Triethylamine (12 pL, 2.5 eq.) was added followed by 100 ul

(1.2eg.) of a dilute solution of (24 pul acetyl chloride in 1



evaporated in vacuo and dried under high vacuumto provide (3S, 3aS, 6aR
Hexahydrofuro [2, 3b] furan-3-yl N ((1S, 2R -1 25

benzyl - 3- woywlesgmnt yl oxy) [ (4- met hoxyphenyl ) sul f onyl | am no-BCT/US99/13744

hydr oxypr opyl ) carbamate (19.5 ng, 400). HPLC showed the naterial to be 96%
pure; Ret. time = 11.88 min. 1HNWR (6bBgl3): 7.65 (d, 2H), 7.13-7.24 (m
5H), -.6.92 (d, 2H), 5.71 (m 1H), 4.73-4.82 (m 3H), 3.71-3.91 (m 7H),
2.68-3.03 (m WD 99/65870 PCTIUS99/ 13744 - 229 7 H), 2.12 (m 1H),

L 48-1 74 0@, aNdTHE EESHLioMHtks <910 Qagpb@ 247 35,485 . 3aS,

6aR) hexahydrofuro [2 , 3b] furan-3-yl- (1S

benzyl - 3- [X%@d!bpéht@/l@l(y) [€2-Ted hbx%ﬁmtyiﬁﬂdnﬁmnaldmrﬁMrlde was
2! 0 10 0 Fi Q}l?) I n

2- hydr oxyp hc

a dried flécg{ymgl n% o1 drué(::)aecdtlloréqs[%%‘?r%\cﬁ ﬁo(l?g 3h§ur3 the ‘Solvent

am no- 2- hyldmmwe@ﬂ mewélb@taﬂd -Me (el dpeniad Q:Xi@lf‘he'kﬁ by preparative
met hox enzenesul f m detrifluoroacetic acid (40 ng 0.081 mml) in

1nL o rﬁ‘?jegl"leo & Mm% o dlanhad s 1d(fded HPIL egowsid

(3S, 3aS, Gﬂ&emwm W bd 23 faranmd-y] @i ttrl@f@eﬂwc) rpenate (26
ng, 0.089 |) and 5 09 of triethylamne (56 pL, 0.4 mmol The 20
reaction Teontt rﬂjed %4 rloom tenperature for 4 days The reactl on

m xture was solubilized in ethyl acetate washed

Example 115

10

1N—(3—Methylsulfonylisobutyryl)—(15,2R)—1—benzyl-3—

15 (cyclopentyloxy)[4—methoxyphenylsulfonyl]amino—2—
hydroxypropylamine. (15,2R) -1-benzyl-3~ (cyclopentyloxy) [ (4-
methoxyphenyl)sulfonyl]amino—2—hydroxypropylamine
trifluorocacetic acid salt (0.012 g, 0.03 mmol) was combined
with 3-methylsulfonylisobutyric acid (0.005 g, 0.03 mmol)

20 and l-hydroxybenzotriazole hydrate (0.004 g, 0.03 mmol) in
anhydrous DMF (1 ml). Triethylamine (0.010 ml, 0.05 mmol)
was added followed by 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.009 g, 0.03 mmol).
Reaction was stirred at room temperature for 2 hours.

25 Reactiom mixture was diluted in EtOAc and washed with sat.

NaHCO3, 0.5N KHSO4 and brine. Organic phase was dried with
MgSO4 and the solvent was removed in vacuo. Purification by

preparative TLC (3:1/EtOAc/Hex). Recovered 0.010 g (70%) of



with water and brine. The organic |ayer was dried over anhydrous magnesium
sulfate, filtered and evaporated in vacuo to a residue. The crude materi al
was puri f waslogssm 25 preparative TLC plate (20x20 cm 1 mMmpPCcRUsdIRTH4WM t h
50% ethyl acetate in hexane. The product band was renoved, eluted -~
(4: 1/dichl oronmet hane: met hanol ), filteregsand evaporated in vacuo and dried
under. high vacuumto provide (3S, 3aS, 6aR) Hexahydrofuro [2, 3b]
furan-3-yl N ((1S, 2R) -1 WD 99/ 65870 PCﬂ US|9?/ 13(57]44 - 230

benzyl - 3- | et hoxy phenydysul fronyd Jam no

hydr)c/)xyprg%ﬁ)car badng%y%ilgéa%l, 380) . HPLéC showed the mat erial to be 96%
pure; Ret.EtQie/Hex)l. 8 lrﬁrNMRI.HCNM:i3(®(ZlS3) 1H,.®05 (d.38H).17. 1534, @)24 (m

5 6. 92 2 571 5 ( 73-4.82 (m ,371391m7H)

2%83%% @% %W@d%%ﬂ,ﬁ%?rﬂ%% g%@miﬁq mMEH =

591 0. Exanpmze M%H,l@ NH2, 0 NiVEsH, @)\, |4 |02 Qo.du,m HOL HAQ), 0 ON N
HUO O OPOBH27 Phos hat'e est er of

(SR Sag 6’;‘[??’\%1%%691 ‘F¥ur o 2 %B- b dan 33“11252yl96 Hym), 2.95-2.70

N- (1S, 2R) - B@P[,[n(S N- reg-hyl &mi epheny 1) ssdf10md 148, m), 1.20 (1.55,d).,

(cycl opent yl oxy) ani no] - 1- benzyl - 2- hydr oxypr opyI carbamat’e. A ‘sol’uti‘on of

0. 145g ( 0.28 0\l -)5Hhfd)(.3R LR¥ES, (MBaR)" Heddaly.drofuro [2, 3-b] furan-3-yl N
(1S, 2R) -3- [ [ (3- N-am nophenyl)sul fonyl]

(cycl opent yl oxy) am no] - 1- benzyl - 2- 20 hydr oxypr opyl car bamat e (Exanple 77),
0.042 nL (0.3 nmwol) of triethyl anErempnd ©1881g (0.3 mwbl) of 2,4

10
Step 1:
(35,3aS,6aR)hexahydrofuro[2,3b]furan—3-p—nitrobenzoyl ester
(A) and (3R, 3aR, 6aS) hexahydrofuro[2,3b] furan-3-p-
nitrobenzoyl ester (B)

15

B0, di%

() (B)

xIhe

In a dried flask was introduced 1 eqg. of
20 (35,3a$5, 6aR) ~3-Hydroxyhexahydrofuro[2,3b] furan (200 mg,
1.54 mmol) in 10 mL of dried THF. To this solution was
introduced 1.1 eq. of PPh3 (443 mg, 1.69 mmol) and 1.1 eq.

of p-nitrobenzoic acid (282 mg, 1.69 mmol). The solution was
cooled to 0°C and then 1.2 eq of diethyl azodicarboxylate

25 (290 uL, 1.84 mmol) was added dropwise. The reaction was
continued at room temperature for 24 h. The solvent was
evaporated in vacuoc to an oil which was solubilized in
dichloromethane washed with 1N hydrochloric acid, saturated
sodium bicarbonate and brine. The organic layer was dried

30 over anhydrous magnesium sulfate, filtered and evaporated in



di ni trobenzenesul fonyl chloride in 2 nL of tetrahydrofuran was treated
wth 0.2 nL of pyridine and 0.03 g of 4-N, N di methylam no pyridine and
stirred afvodoessmer ni ght. The 25 m xture was diluted with edyvssessase and
extracted with iN HCl and saturated sodi um bi carbonate. Chronat ography on
silica gel (1:1 ethyl acetate-hexanes),gave 75ng of a yellow foam which
was dissolved in 1 nL of dinethylformamde and treated with 0.03 nL of

i odonmet hane and 0.06 nmL of WD 99/ 65870 PCT/ U899/ 13744 -231 triethyl am ne.
The resul tydddriog W & Maseated 10 uti0G la%%a%ng then &y aporAat.ed.

Chr omat ogr aphy on silica (40% et hyl acet at e- hexan gave a white foam
whi ch was @ |Sdedca 1§ elélftléikgemmht Ei0-e Ogn@ thym_ a@fet@t@hll@r onet hane.
This 5 50h+§£éHéVwﬁkédﬁ¥gﬂ§jdﬂﬂﬂéﬂ%fya P, 0 %r@HE%QZ%QQ% QP '
phosphoram dite and 0.02g of tetrazole. resulting sol ution'was stirred
at rt for VBW Rt dvapecarcednd @lirrl@ﬁlaﬂl@gheéphyg@n V@cmwaq@l p(r4>®%ie

et hyl aget at I rI i i_ch i.ssalve 1rrL
of 10 acet o T T e L e of SRIERGAE and PrORCBE R A 025 o

[ odosobenzéidél dicacexbatle. AMPLEr shmzeldomhs abtetriatheo bel %Id @&mere rem)ved

and the t i.due S re d| SsQ chI or t hane. The sol uti on was
treated vm stl W% gwﬁﬂg f(SP § mn {'Tié na4t Hgﬁ'e%{borat ed.
15 Chrorratsowesamay am)si |5l Q@gals (@@1 6 euhyhaeet at gy, h@xanaesys_gave apyel | ow
oi |l which was di ssol ved in 20 2M ammoni a in net hanol and freaf ed

with 5 mg26f 5% Fdl | Edi di) 0n20é1958n28 The AfixtutedRas -APdridgerdted for 1 h
at 500Sl, filtered and evaportated to give 15 ng of a white powdery

sol id. 1HMNVR 20 (CDBCN) :1.5-1.9 (13H), 2.75 (1H), 2.8-3.0 (3H, 2.90(3H),
3.15 (1H) St8P72(1H), 3.9 (5H), 4.8 (1H), 5.0 (1H), 5.5 (1H), 7.0-7.4 (7H),
7.5 (2H). 31P NVR (CD3CN) 2.1 ppm) LG-Ms: 671 (MH+). Exanple 120

(38,3as, 6aR) -3-Hydroxyhexahydrofuro[2,3b]furan (C) and
(3R, 3aR, 6a8) -3-Hydroxyhexahydrofuro[2,3b]furan (D)

(C) (D)

In a flask was introduced 1 eq. of (3R3aR, 6aS)Hexahydrofuro
20 [2,3b] furan-3-p-nitrobenzoyl ester (1.34 g, 4.82 mmol) in 20
mL of methanol. To this solution was introduced at room
temperature 1 eq. of lithium hydroxide (202 mg, 4.82 mmol).
After 45 min the solvant was evaporated in vacuo to an oil

who was purified on flash grade silica gel eluting with 50-

[\)
[83]

100% ethyl acetate in hexane. Fractions containing the
product were combined, evaporated in wvacuo ahd dried under
high vacuum to provide (3R, 3aR, 6aS)-3-Hydroxyhexahydrofuro
[2,3b] furan (401 mg, 80%). 1H NMR (CDC13): 5.82 (s 1H),
4.15 (s, 1H), 3.74-3.94 (m, 4H), 2.72-2.76 (m, 1H), 2.06~
30 2.14 (m, 1H), 1.99 (s, 1H), 1.60-1.66 (m, 1H).



25 O PONHCO2Me 'A, f, hu OOHNOOHON Ob®2M (120)

1, 3-Di oxan-5-yl N (1S, 2R)- 1-benzyl -3-[ (cycl opentyl oxy) (1 30

car bonet heyyeoksgmar bonet hoxyam no) i ndazol e-5 WO 99/ 65870 PﬁHf/Uﬁj)ﬁ/jm744 -
232 vyl sul fonyl)am no] - 2- hydr oxypr opyl car bamat e. 1, 3- Di oxan- 5-yl

N- (1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy) aghno] - 2- hydroxypropyl car bamat e
(Step 1, Exanmple 55), (130 ng, 0.330 mmol),

1- car bonet hoxy- 3- (car borret hoxyami no) i ndazol e-5 5 sul fonyl chloride (110 ng,
0.330 mmlgye@ng. anhydrous diisopropyl ethylamne (0.06 nL, 0.330 mmol),
wer e conbi ne I n anhydrous tetrahydrofuran (5 nL) in a 25 nL round
bottoned fl ask under nitrogen. The reactl on was stirred for 24 hours and
concentr at i . S ed, | fe anpl e 54,
t he resi dugéjs\/\/a:%=l pur iHeeﬁl%)@drfo%p%%)g{ %ﬁ"ca%{ ('#L(?lu%&ooé’%’y?et hyl
acet at e: hecearioreste afE Jelareht (3R, B;N,esam)euqafa}@t&tofa&oa[qujb](ﬂﬂram}@ll29

390 'HNI\/R(d O .. 10.99 8.73 (s, 1H), 8.35 (d, J=8.9
Hz, 2"9 Rwsgrﬂ%“atﬁ 275()7 16 (m 15 5H), 5.24 (d, J=6.5 Hz,
1H), 485463(m 3H) 4.06 (s, 3H), 3.80-3.00 (m 11H), 3.76 (s, 3H),
1.97-1.40 (m 8H M5 (ES) : 706 (M+l), 704 (M1). Exanple 121 20 O Ph O

R 11, N N Methyl QI S nq\kgzz, HOH S22/, 4 ox,qazga Sot
o)
H H

(E) (F)

10 In a dried flask was introduced 1 eq. of (35,3a$, 6aR)-3-
Hydroxy hexahydrofuro[2,3b]furan (210 mg, 1.61 mmol) in 5 mL
of dried dichloromethane. To this solution was introduced 1
eq. of p-nitrobenzylchloroformate (325 mg, 1.61 mmol) and 1
eq. of N-methylmorpholine (177 pL, 1.61 mmol). The reaction

15 was continued at room temperature for 24 h. The precipitate
was filtered off and the solvant was evaporated in vacuo to
an oil. The crude material was purified on flash grade
silica gel eluting with 50% ethyl acetate in hexane.
Fractions containing the product were combined, evaporated

20 in vacuo and dried under high vacuum to provide
(35, 3as, 6aR)Hexahydrofuro[2, 3b] furan-3-yl (4-nitrophenyl)
carbonate (350 mg, 99%). HPLC showed the material to be 99%
pure; Ret. time = 8.8 min. 1H NMR (CDCl3): 7.28-8.25 (dd,
4H), 5.88 (d, 1H), 5.05 (s, 1H), 4.04-4.15 (m, 2H), 3.80-

25 3.91 (m, 2H), 2.97-3.01 (m, 1H), 2.18-2.26 (ﬁ, 1H), 1.77~
1.83 (m, 1H).



\' I Nv~-NH2 NN\u CH HHII 3 O HOHOR=O""/foand OHO0O HH(121) (3R
3aS, 6aR) hexahydrofuro [2 , 3-b] furan-3-yl N (1S, 2R) -1- 25

benzyl - 3- fMeyomgsgpent yl oxy) (3-[ (2-[ (et hyl am no) car bonyl ]  PCT/US99/13744

am noet hyl ) am no] phenyl sul f onyl ) am no] - 2 hydr oxypr opyl car bamat e and

(3S, 3aR, 6aS) hexahydrof uro[ 2,3 WO 99/ 6584Q PCT/ US99/ 13744 - 233

b] furan-3-yl N (1S, 2R) -1-benzyl -3-[ (cyclopentyl oxy) (3-[(2- [(nethylam no)
carbonyl] am no ethyl)

am no] phery{ecgyljpnyl ) am no] - 2- hydr oxypr opyl carbamate. A solution of 33 ny
(0.053 nmmol ) of a 1:1 mxture of 5 (3R, 3aS, 6aR) hexahydrofuro [2, 3-Db]
furan-3-yl N (1S, 2R) -3- [ (3-

[ (2- am noet hyl ) am no] pheni’ sul fonyl ) (cycl opent yl oxy) am no] -

1- benzyl - 2- hydro ropyl garbamate and (3S, 3aR, 6aS) hexahydrofuro [2, 3-Db]
furan-3-yl N (&S, YR - (3-

[ (2-am noet hyl ) §m o] phenpl sul fonyl ) (cycl opentyl oxy) am no] - 10

1- benzyl - 2-h OXNPpr py r)l:ar bamate (Exanple 83) in 1 nL of anhydrous

1, 4- di oxane thes A U4 0. 003 nL (0.05 nmml) of nethyl isocyanate.
The resul ti spl ution wasg irred at RT. After 2 hours the solution was
concentr at {T¥ vacuo to ood 35 ng (97% of the desired product as a
white foam 718 1H NWR (CDC 13): 7. 43-7.01 (13H), 5.76-4.80 (4H), 4.08-2.70
(18H), 1.90-1.30 (10H).¢)LCMS(ESI): 676 (MrH). Exanple 122 o Pn 0 0 -0 R-N
N~ et hanesul fonyl chI or| de, ~-N, H Sot DI EA, THE SO2

(3R, 3aR, 6aS) hexahydrofuro[2,3b] furan-3-yl1-N-(1S,2R) -1-
benzyl-3—[(cyclopentyloxy)[(4—methoxyphenyl)sulfonyl]amino—
2-hydroxypropylcarbamate. In a dried flask was introduced 1
eq. of Nl—[(2R,3S)—3—amino—2—hydroxy—4—phenylbutyl]—Ni—

10 (cyclopentyloxy)-4-methoxy-l-benzenesul fonamide
trifluorocacetic acid (40.9 mg, 0.083 mmol) in 1 mL of N, N~
dimethylformamide. To this solution was added 1.1 eq. of
(3R, 3aR, 6aS) hexahydrofuro [2,3b] furan-3-yl-(4-nitrophenyl)
carbonate (27 mg, 0.091 mmol) and 5 eq. of triethylamine (58

u

BL, 0.4 mmol). The reaction was continued at room

Y

temperature for 4 days. The reaction mixture was solubilized
in ethyl acetate washed with water and brine. The organic
layer was dried over anhydrous magnesium sulfate, filtered
and evaporated in vacuo to a residue. The crude material was

20 purified on a preparative TLC plate (20x20 cm, 1 mm) eluting
with 50% ethyl acetate in hexane. The product band was
removed, eluted (4:1/dichloromethane:methanol), filtered and
evaporated in vacuo and dried under high vacuum to provide
(35,3a8, 6aR) Hexahydrofuro [2,3b] furan-3-yl N-((1S,2R)-1-

25 benzyl—3—(cyclopentyloxy)[(4—methoxyphenyl)sulfonyl]amino—z—
hydroxypropyl)carbamate (19.5 mg, 40%). HPLC showed the
material to be 96% pure; Ret. time = 11.88 min. l1H NMR
(CDC13): 7.65 (d, 2H), 7.13-7.24 (m, 5H), 6.92 (d, 2H), 5.71
(m, 1H), 4.73-4.82 (m, 3H), 3.71-3.91 (m, 7H), 2.68-3.03 (m,



OHH N,, iINR N- HHOH O~R=0.,,0and oo 2 0 HH((122)
(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 N[ (1S, 2R)-1-
benzyl - 3-Wwooweksipent yl oxy) [ 3- (2-[ (net hyl sul fonyl ) 25 PCT/US99/13744
am no] et hyl am no) phenyl ] sul f onyl am no) - 2- hydr oxypropyl ] car bamate and-
(3S, 3aR, 6aS) hexahydrofuro[ 2, 3- b] furan-gyyl
N-[ (1S, 2R) - 1- benzyl - 3-((cycl opentyl oxy) [ 3-(2 WD 99/65870 PCTI US99/ 13744 -
234 [ (et hyl sul f onyl ) am no] et hyl am no) phenyl ] sul f onyl am no) - 2-
hydr oxypr gpyh ] car bamage. 1Ay soh uggo f _‘L m xture
of (3R 3aS 6?311R) hexa[@dr of ur o[% %Bb]ﬂf 3§a§1§ ngo}({p Qéé I%mé §+P ﬁﬂ} [
(2- am noePRYL9-ami no ] phenyl sul fonyl ) 5
(cycl opent yl oxy) am no] - 1- benzyl - 2- hydr oxypr opyl carbamate and (3S, 3aR,
6aS) hexahydrofuro [ 2, 3-b] furan-3-yl N (1S, 2R -3- [ (3-
[ (2-ami noet hyl ) anmi no] phenyl sul f onBXample ddént yl oxy) ani no] -
1-benzyl - 2- hydr oxypropyl carbamate (Exanple 83) in 2 nL of anhydrous THE at
OC was treated with 0.010 nmL (0.059 nmol) 10 of N, N-diisopropyl ethyl am ne
fol  owed bySP38656aR) (€x8bydrabhyo bf , 3] harestd feryl- ¢hépzRpel - The

i i was._ al | owed mto RT with stirring. After 3 hours

| |
the” sol ?—%ﬁh‘%@n&&ﬁ%@%??%?@ﬂl?wbh&%@%ﬂaow?wmélgrefbyle&wwo £1 ash

chr omat 092 e r &£y bt68y D8Arb&Rate CH2C12/ 2M NH3 in 15 NeOH) to afford 31 ny
(86% of the desired product as a white foam 1H NVR (CDC13) : 7.40-6.81

(12H), 5.62 (1H), 543504(1H) 4.99 (1H), 4.81 (1H), 3.97-2.60 (18H),
1.90- 1.30 (10H). LCMS( 697 (MH). 20 Exanple 123 HH OH 0 i t K2CCB,
Mel OyN- N,SN

JL N

(117)

10

In a dried flask was introduced 1 eq. of Nl-[(2R,35)-3-
amino—2—hydroxy—4—phenylbutyl]—Nl—(cyclopentyloxy)~4—

15 methoxy-l-benzenesulfonamidestrifluoroacetic acid (40.2 mg,
0.081 mmol) in 1 mL of N,N-dimehylformamide. To this
solution was added 1.1 eq. of (35,3a85, 6aR) hexahydrofuro
[2,3b}furan-3-yl (4-nitrophenyl) carbonate (26 mg, 0.089
mmol) and 5 eq. of triethylamine (56 pL, 0.4 mmol). The

20 reaction was continued at room temperature for 4 days. The
reaction mixture was solubilized in ethyl acetate washed
with water and brine. The organic layer was dried over
anhydrous magnesium sulfate, filtered and evéporated in
vacuo to a residue. The crude material was purified on a

25 preparative TLC plate (20x20 cm, 1 mm) eluting with 50%
ethyl acetate in hexane. The product band was removed,
eluted (4:1/dichloromethane:methanol), filtered and
evaporated in vacuo and dried under high vacuum to provide

(35, 3as5, 6aR)Hexahydrofuro [2,3b] furan-3-yl N-((1S5,2R)-1-



z O N~~N,

benzyl - 3-

OPhSO OII - 022z 0OON Ph (123) 25

(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b]furan-3-y1 N-[(1S,2R)-1
wWeygdsement yl oxy) [ (3- met hoxyphenyl) PCT/US99/13744
am no) - 2- hydr oxypropyl | car bamat e WO 99/ 65870 PCT/ US99/ 13744

sul fonyl |
(3R, 3aS,
benzyl - 3-

6aR) hexahydrofuro [2, 3-bL fggan-3-yl N ((1S, 2R) -1-
(cycl opentyl oxy) [ (3- hydr oxyphenyl ) sul f onyl ] am no- 2-

235

hydr oxypr opyl ) carbamat e was conbi ned wi th potassium carbonate (0.86 mol,

120 ng),
under nit

b@@h@@&tban@y@o%@nmbxﬁ Q54m§t%}<%}pﬁ@ﬁy§nQ)ﬁ@‘fegﬁl%lﬁg 5-n)

ro The reaction stirred ours at

concent r at¥ rPéypéﬁpdﬁlC&ﬁ&émaﬁﬁcdéﬁl4dm9ut§§°|n etRyF gberateth@ashed with

distilledua g&agnqob5%n§6oaggrgrlﬁgaovggmga ?%'%”@ﬁHlf@ﬁeNMRThe crude

reaction

product was concent rated puri silica ge

chr omat ogrl&pRy-3( 1: 1/ kéxdAesPBl hyl’ . aGel’atd) amd5Hy»e6déa 58, ngH{»989% 1of a

SR P SR Gl LS T R (P

fine MQII

S 7.46-

(1H m, 57639 42942( 1, MiH) 4. 8444-71762Kmn) 108) 95nd. B4 (BEFmM ,M3u84 15

(3H, s)
(4H, M
N SOz net

10

15

20

25

5;3 ? 61 (2H,m, 3.13 (1H, bs), 3.06-2.72 (5H ), 1.87-1.69

‘54 (4H,m; M5 (ESI) : M+H=591. Exanple 124 Ph 11 OO RMH

hyl chlorofornmate, % ss N OH DIEA, THE 7 SO2
Example 119

NH, NHMe
O g; o} :;:
" " i - "O —_— " *, i /S:'O
o) “0” N N" o o) ‘07 N N" o
| |

opo;g\(ii7

(119)

Phosphate ester of (3R,3a$,6aR)hexahydrofuro[2,3-b]furan-3-
yl N-(1S8,2R)-3-[[ (3-N-methylaminophenyl) sulfonyl]
(cyclopentyloxy)amino] -1-benzyl-2-hydroxypropylcarbamate.

A solution of 0.145g (0.25 mMol) of

(3R,3a8, 6aR) hexahydrofuro([2, 3-b] furan-3-yl N-(1S,2R)-3-[[(3-
N-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-1l-benzyl-2-
hydroxypropylcarbamate (Example 77), 0.042 mL (0.3 mMol) of
triethylamine and 0.081g (0.3 mMol) of 2,4-
dinitrobenzenesulfonyl chloride in 2 mL of tetrahydrofuran
was treated with 0.2 mL of pyridine and 0.03 g of 4-N,N-
dimethylamino pyridine and stirred at rt overnight. The
mixture was diluted with ethylacetate and extracted with 1N
HCl and saturated sodium bicarbonate. Chromatography on
silica gel (1:1 ethyl acetate-hexanes) gave 75mg of a vellow
foam which was dissolved in 1 mL of dimethylformamide and

treated with 0.03 mL of iodomethane and 0.06 mlL of



\' I HNH2Z -\, NOCH3 HO HOH OR=o0 11/0 and o0 0 20 H'H (124)

(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-y1 N-[(1S, 2R)- 1-

benzyl - 3- (Weyebsspent yl oxy) [ 3- (2-[ (et hoxycar bonyl ) 25 PCT/US99/13744

am no] et hyl am no) phenyl ] sul f onyl am no) - 2- hydr oxypropyl ] car bamate and-
(3S, 3aR, 6aS) hexahydr of uro[ 2, 3- b] furan434yl

N-[ (1S, 2R) - 1- benzyl - 3-((cycl opentyl oxy) [ 3-(2 WD 99/65870 PCT/US99/ 13744 -
236 [ (net hoxycar bonyl )am' no] et hyl am no) phenyl ] sul f onyl am no) - 2-

hydr o r amate oluti of 33 0. 053 mml of -1 mxture
A IR SN As tu e ey o Shekty PR P B R B o 2
(2-am noethyh ) amdn figed en@mytatsed. f abdonatography on 51llcagel (40°

(cycl opent yl oxy) am no] -.1- benzyl - 2- hydr oxypr opyl car hamat e and 3aR,
6aS) hexah% %ﬁ: %‘l Igeﬁnef ragha‘f{g/yal 1yg SoxRwWhich Wasy dlssolvec?‘

[1(t2) am lnogiﬂny%mar@ﬂoacp@tﬁnyi%mﬂ@%aélcm Qpﬁ;;&ﬁd}@%’ﬁcﬁmﬂ?ﬂne . 'I(‘jhls THE

- benzyl - r oxypr opyl car te anpl e n of . anhydrous at
0C was tre%? 4t JV\?I%‘/ %Spotftﬁﬁega nelp)mll(?’%fdll@%%ﬂjt Q}bﬁ%\flhyl am ne

f ol | owed th@s;ﬂ%rmldﬂt@fandﬂm'OZg)foﬂmiéMam&r of HdTet s u i g esul ti ng
solution was, allowed to warm wth stirring, After 3 hours the

sol ution v%%l‘é%]r&‘ériﬁ‘sdt%ﬁnfl??@a?c%or%nwl% He % dsiadise SARVRRE: to flash

chr omat ogr@phymd sdd+Leh @edn @511&45@0124034\4é%ﬂarte1t%d\@04)hé>&@§ ord 32 ny
(89% of the desired product, as white foam. 1H NWR (CDC13) : 7.40-6.81

(12H), 5.6%3{aAH OB LRSE 80711(2*%1%@63 Cpsolyey-in g3 agH), 1. 90- 1. 30
(10H) 10 LQM=E&ESI0ri1Shd ML 20 B @ mdhad ALt L MNeg with OO0 0

~ N2 0.2g of iodosobenzene diacetate. After two hours at rt, the
volatiles were removed and the the residue was re-dissolved
in dichloromethane. The solution was treated with 1.5 mL of
n-propylamine for 15 minutes and then evaporated.

15 Chromatography on silicagel (60% ethylacetate - hexanes)
gave a yellow oil which was dissolved in 20 mL of 2M ammonia
in methanol and treated with 5 mg of 5% palladium on carbon.
The mixture was hydrogenated for 1 h at 50 PSI, filtered and
evaportated to give 15 mg of a white powdery solid. ‘H NMR

20 (CDsCN) :1.5-1.9 (13H), 2.75 (1H), 2.8-3.0 (3H), 2.90(3H),
3.15 (1H), 3.7 (1H), 3.9 (5H), 4.8 (1H), 5.0 (1H), 5.5 (1H),
7.0-7.4 (7H), 7.5 (2H). P NMR (CDsCN): 2.1 ppm). LC-MS:
671 (MH+) .

Example 120

25
Ph
j\ L‘/\ o NHCO,Me

S

0~ °N N71 N

o | o\©\/<,"‘

O COzMe

(120)

1,3-Dioxan-5-yl N-(1S,2R)-1-benzyl-3-[ (cyclopentyloxy) (1-

30 carbomethoxy-3- (carbomethoxyamino)indazole-5-



N (125) 25 Preparation of 1,3-D oxane-5-yl N (1S, 2R)- 1-benzyl - 3-

[ (cycl opentyl oxy) (2-am no)] - benzot hi azol - 6-

yl sul f onyw@e9/63870- 2- hydr oxypr opyl car bamat e WO 99/ 65870 PCTp¢i50890m3744 237
Step 1: To a suspension of 2-am nobenzothiazole (4 g, 26.6 mml) in 20 n
of dichl oronmethane under nitrogen was agded 4 nlL of anhydrous DMF. The

sol ution was cooled to -5C and 5 triethylamne (7.4 nL, 53.2 mol, 2.0 eq.)
was added. Methanesul fonyl chloride (2.3 m, 29.3 mml 1.1 eq.) vvas

added overy, s i 3RS Jrpld VB Ry AR rH¥¥ba%éﬁe 1,9 %ﬂb%%%ﬁ%t

The reacti'on was war ned to 25C° Arter approximtely 24 "Nours at 25 the
reacti on Was( duedioheldbEm ap i3 slatawcdicae niivdartyo ratieod ol2ut i on and

partition geﬁyﬁgﬁ% et e gque er
extract ed% ﬁﬂg%et aa?[{e}ﬁdcand@yclhg g(Srrb%er%%ncI];!iré S%ﬂl co(lli%?er we\r/%%owashed
wi th wat ermn(041>{),, lsatantatmed: Hord e —s(alautbone t hdediyedh iowe i ndeadilemssul f at e,

filtereg qﬁg S e din va 15 tqQ give 9 of a residue
t hat vvas S Or}ﬁ'l %a‘\’}‘é’}tlde g@\éﬁal al\bm(?slé;6 Ao pSéd&&d a'f‘g’é’nggﬁﬁl ned aqueous
| ayers \A/@lrlasemrrca;@tlacthmliame»ece@s Ogst myl, acestat mmo‘[heseze@reganmlnledyer S

wer e wash I Ql_uti@n rledo odlumsulfate
filtered g%d %&d}fﬁ;\% ee&al?l dn unra\?ac?f ngo o d g 61f product that
was shown kigtt}dlﬁls@ afri@slkCl\ﬁctea nb&r@\gem 97%purreade3bmed;a|@r @;ciuﬁrtrewhlfoln was
used with Wi £ atlon 229.Q(_MtH) .. Step 2: 25 To 2.4 nL
(35 mmol , %glohoutys 61rcc?§ léilc cuosﬂ%&é&%ﬁ&&r wﬁ’ir%}lggen at -40C,
was atided d%—smrb@mb-lnslssltfe@nam caﬁ&laeupZL@t Bu4azehe ¢Skepud) wbe40QumrBfidd7bynmol)
in snmall pportl ons _over, .10 m nl.it The suspel)m on_was stirred

eparative silica gel TLC using ethyl acetate:hexane as

an eluent to give the product as a oil (91 mg, 0.129 mmol,
39%) . 'HNMR (de-DMSO): 10.99 (s, 1H), 8.73 (s, 1H), 8.35
(d, J=8.9 Hz, 1H), 7.95 (d, J=8.9 Hz, 1lH), 7.27-7.16 (m,

15 5H), 5.24 (4, J=6.5 Hz, 1H),v4.85—4.63 (m, 3H), 4.06 (s,
3H), 3.80-3.00 (m, 11H), 3.76 (s, 3H), 1.97-1.40 (m, 8H).
MS(ES): 706 (M+1), 704 (M-1).

Example 121

0 0— S
N Methyl isocyanate, —N
/(l/_ 'S0, Y y 3 'S0,

1,4-dioxane
[i:LN/\/N% Ei]\
H
M

(3R,3as, 6aR) hexahydrofuro([2,3-b] furan-3-yl N-(1S,2R)-1-

20

©(121)

25 Dbenzyl-3-[(cyclopentyloxy) (3-[(2-[ (methylamino) carbonyl]
aminoethyl)amino]phenylsulfonyl)amino]~2-

hydroxypropylcarbamate and (3S,3aR,6aS)hexahydrofuro[2,3-



at -40C for 5 mnutes, then was warnmed to OC for 2.5 30 hours, then warned
to 25C. After approximately 4 days at 25C, the reaction was quenched by
addi ng dr geydez@sto well stirred ice water. A small anountpef/uswliBthswas
filtered off and shown by HPLC to contain only a snmall anount of the WO
99/ 65870 PCT/US99/ 13744 - 238 desiregszproduct. The aqueous |ayer was
extracted with ethyl acetate (2x) and the conbined organic | ayers were
washed wth saturated brine solution, dried over sodiumsulfate, filtered

and the solyeRtak efDyedyl apRho_1 Q. i ey 1416 f i fed- paterial.
HPLC showedyt hea mat er 1 al og’be -8%%&%%}?&‘4 e{gﬁor‘éei{@%?)‘n{%[%e :
mat eri al  whénehyll amiholtarbonyhlEmipus i fi cation. Step 3: 10 To 64 ng (.26

(2% ol < BT OAEEOHI G &5 0 S N no 21 S iy Fa AR 2 10

(.26 mmol,
(N—E§(I S, I2R) -SH.-ixeth;/ieIB-c(ICdW:%?ant(yJCZB(yaa:![ﬁideIO)%?clrf ra/dlrpmmgm_ yﬁ@%@amt e

anpl.e e n of 4- dinet anm nopyri di ne. e mxture was
di ssol ved F%R’?arr{ %%R@sem% i Hite" H R i Ve la el 4 vt Bot il Gir. Sol i d
formed wif (2-farbi o duitEls) aichd fih SUSIRANSE AT St [dy @b iin 2k x e | -
ni trogen, f%wro |ma£elgl 21 hours. The reaction was "quenched with
sat ur at ed K¢ bicdr WIS Gt e &Ml acetate. The sol vent

removed i N(YACIKR,Eh $)HENE 20 SAORSS, P [diiem -2nd, it he residue Jas 5
extracted with ethyl acet ayt?(% (2x).[82'l‘he c]orrbi r?ed or gani(::l ’aé%r s3V\€\[/e(r3e washed

with sat ul et eI s slol asinen phdm v ueviem yslo diawe I efrdtyad ox yfidntierodd and
the sebvent_yas, femuvad idy t9 9 00 Ef;a,%f -
2- am nobenzot hi a}rzol e- 6-sul f'ony c%ﬁ%é?:%a:%\,tje( 2() : q& fg)shlélmeld IIflheOfmat erial
to be 94%3Uredr et 1,447 oxa81e34& Sritirea tHue wikthe 0 .8)0 3vad, uged Swirtdadyt
further pwyd fi&atjon.c, ( chl-qr.of or m 5.7 v 2 8.62 (d,, 1H),
7.95 (d, 1H), 8% (Ss‘f&fwgfﬁd I:I%el\/é sﬁulg%)é“ngé?.llé‘ cl@r?in)W’rar?s SrG‘Ec}r(fed at

RT. After 2 hours the solution was concentrated in vacuo to

afford 35 mg (97%) of the desired product as a white foam.

15 1H-NMR (CDCls): 7.43-7.01 (13H), 5.76-4.80 (4H), 4.08-2.70
(18H), 1.90-1.30 (10H). LCMS(ESI): 676 (M+H).

Example 122

Ho L DIEA, THF )
@N/\/NHz QN/\,H LCHy
H

7N
0
H H/IO
R= o ‘%45 and o
A
20 H H

o)
(122)
(3R,3aS,6aR)hexahydrofuro[2,3-b]furan—3—yl N-[(1S8,2R)-1-
benzyl—3—((cyclopentyloxy)[3—(2—[(methylsulfonyl)
25 amino]ethylamino)phenyl]lsulfonylamino)-2-
hydroxypropyl]carbamate and (3S,3aR, 6aS) hexahydrofuro[2, 3~

b]furan-3-yl N-[(15,2R)-1-benzyl-3-((cyclopentyloxy) [3-(2-



met hanesul fonyl group present. 30 Exanple 126 Step 1: WD 99/65870

PCTI US99/ 13744 - 239 H O Br 3-Bronb-N-tert-butoxycarbonyl aniline.

3- BromnoanMoi9%5870. 50 i, 4.6 mmol) di-tert-butyl di car bondE/YSPI2YF44, 5.5
mmol ) 5 and 4-di et hyl am nopyridine (0.003 g) were conbined in anhydrous
CH2C12 (10 m). Solution chilled to e@3nd triethylamne (1.28 m, 9.2
nmol ) was added. Reaction was allowed to warmto roomtenperature then was
heated to reflux for 1 hour. Reactiomm xture was diluted in EtOAc 10 and
washed w t{l{imeahyldabfoRyl)ahhnKHSE ybarihe) pRenl Jail Eonphanenvps24dri ed

W th S nd the solyent was renoved |(n . vacuo. Purlflcatlonb flash
chrom@ogpgaﬁﬁmrﬁpﬁh&éfﬁé%at‘?o 1435p5ukion oReddvBEed0106% I@m%hh% of

the produgt asiai }nhglahrxebkowewhh@l 6&@9&%&&&@9@9/ kiezstuﬁkhNﬁ/R 15
( CDC13) 768(1H s), 7.22-7.10 (3H, nj . Step 2:
NuO 11 Ll Po(BS, QRBrénéi&Ft[éQtalbmmﬁyhﬁlb@mymkphemh%‘ahﬂ)nﬂé 3- Bronp- N-

0
R o e S ggber’fa%%%*@%y&,ﬁﬁg ST Rl i o
and the dépFoBeRatrEhhwashgtirofedo [203nbhiitesnad-yboNt { BEp2RAt B €(3Met hyl
odi de (01371 noe2ng: IR hoYBRAYTET SOV Y (2D 108 L §REL] PR 1BS) Sti T ed

l-benzyl-2-hydroxypropylcarbamate (Example 83) in 2 mL of
anhydrous THF at 0°C was treated with 0.010 mL (0.059 mmol)

10 of N,N-diisopropylethylamine followed by 0.005 mL (0.06
mmol) of methanesulfonyl chloride. The resulting solution
was allowed to warm to RT with stirring. After 3 hours the
solution was concentrated in vacuo and the residue subjected
to flash chromatography (silica gel, 95:5 CH,Cl,/2M NH; in

15 MeOH) to afford 31 mg (86%) of the desired product as a
white foam. 1H-NMR (CDCls): 7.40-6.81 (12H), 5.62 (1H),
5.43-5.04 (1H), 4.99 (1H), 4.81 (1H), 3.97-2.60 (18H), 1.90-
1.30 (10H). LCMS(ESI): 697 (M+H).

20 Example 123

'(123)

25 (3R, 3a8, 6aR) hexahydrofuro([2,3-b]furan-3-yl N-[(1S,2R)-1-
benzyl-3-((cyclopentyloxy) [ (3-methoxyphenyl)
sulfonyl ]amino) -2-hydroxypropyl]carbamate



overni ght at roomtenperature. Reaction m xture was diluted WO 99/ 65870
PCTI US99/ 13744 -240 in Et CAc and washed with H2O and brine. The organic
phase wa¥vQiY¥es#owi th MySO4 and and the sol vent was renoveRCT/HSI%IdH4o t o
give 0.51 g (96% of the product cleanly as a light vyellowoil. Rf=0.63
(1:4 Et OAc/ Hex). 1H NWR (CDC13) 7.41-233H,s), 7.30 (1H m, 7.20 (2H m,
3.23.(3H,s), 1.49 (9H,s). Step 3: \ I NO 1< 10

N-t ert - But oxycar bonyl - 3-chl or osul f onyl - N-nret hyl ani | i ne. 3-

Brono- N-t éBR, Battoxg&ahbraitdNoffrerbybadi-bi ferbA-3580, N1.(21sppm) }1was

di ssol ved i eshly distil TH under a N2 atnosphere. The
sol ution vva{s%z&%i_?l- h pgg%yg%yﬁ gg EM%WXVP B fﬁ?%@y amyne- {1
sol ution hydwxyphepgﬂlecaibé’maﬂﬁow&sv\asmdﬂ@d withepotbshinunt es, sul furyl

chl ori de ad edadthe reacti on wa aIIovvedto
WarmI %ggéwg%%ﬁ%e 13 emﬁﬂgj) s\t{\?Srinﬂg ‘BIBﬁWﬁH%d Blvéﬁn?“@%% 078 was

rem)véd blyLEVapndaanhydaodsthleFresuBtng ﬁﬁ@éﬂuﬁlt\ﬁé @R, . ditpted in Et OAc.
Organi ¢ phase was washed with H20O and brine before %el ng dried with MSO.
The sol veh£2GAsOn r 8hbyEad| fogad uboupsr & fi 8a1G cmldowa‘s mmmm esyrtaphy

(1: 197 Bt OB/ bex gradh hlchonl: 9, andothen Lo di o Repovered, 9 988, 9 (23%

of the product as a colorless ol

( CDC13) 7d9§t{31¥|5§)wai7€80a1(14|—bm)ne 72168 c@me@l)ové'r 57aqridh tom s&lBﬂat(éBH s),

1.50 (9H, 5

(3R 3aS, 6aRi Hexa éf/d?% %?l?ré %]E)?thﬁ?%nw%s yIORETAE e angpurified by

benz;?»lO 3-$% S%r%@yl@XWTEQGQQMQMt hiyi T flesst a s QO 6B 740 ST 4JSHH AL 3744

- 241 But oxycasbenyl )nphenydq) syt fonyllanino: 2- hydr oxypr opyl carbamate
hexanes/ethyl acetate); 'H NMR (CDC1l3): & 7.46-7.39 (1H,m),
7.38-7.32 (1H,m), 7.32-7.13 (8H,m), 5.65-5.60 (1H,m), 5.03-
4,94 (1H,m), 4.84-4.71 (2H,m), 3.95-3.84 (5H,m), 3.84

15 (3H,s), 3.70-3.61 (2H,m), 3.13 (1H, bs), 3.06-2.72 (5H,m),

1.87-1.69 (4H,m), 1.70-1.54 (4H,m); MS (ESI): M+H=591.

Example 124

Ph

5 ("o 0
N methyl chioroformate, =N,

0, DIEA, THF SO,
©\ A~NH Ej\ y
N A~ N OCH,

H O H, O
7,
R= 0 ‘4o and o
2, ©
20 H H

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-[(15,2R)-1-

(124)

benzyl-3-((cyclopentyloxy) [3-(2-[ (methoxycarbonyl)

25 amino]ethylamino)phenyl] sulfonylamino) -2~
hydroxypropyl lcarbamate and (38, 3aR, 6aS) hexahydrofuro[2, 3~
bl furan-3-yl N>[(1S,2R)—1—benzyl—3—((cyclopentyloxy)[3—(2-



O ONHHO®S N Boc OOHS5 (126) In a dried flask was introduced 1 eq.
of (3R, 3aS, 6aR) Hexahydrofuro[2,3b]furan-3-yl-N (1S, 2R)-1-benzyl - 3-

[ (i sopr opW@/658Hni no] - 2- hydr oxypr opyl carbamate (53.6 ng, ROT/USWA3IM4pl ) in
2 mL of dried pyridine. To this solution was added 1.2 eq. of )

N-t ert-But oxycar bonyl - 3-chl or osul f ony 236 -net hyl aniline (50 ng, 0.16 mmol)
and catal ytic anount of N, N-di nethyl am nopyridine. The reaction was
continued at roomtenperature for 24 h. The solvent was evaporated in 15
vacuo to annmethosyecardonsal)ainios edhiyd asl hyl) pheat/at) e unEshed amdnbly -2N
hydrochl ori c, acid, and .brine. The organic | ayer was dried over anhydrous

magnesi umYAERREr Py EAERTRES - ev ApSPALEE OPn O addo ™o (] -Pesi Blel) The

crude mat gfd &l 1vwas miRkirel 8¢ QR A bash sdradexahlhica raeh (el utiyiguwihh350%
ethyl 20 acetate in hexane. Fractions containing the product were

conbi ned, YévapdiareR)idVdeud (@némdpiredhiadenihrgphearvdamlfonypd ovi de (3R,
3as, 6aR) 6% 23 301 -fULAR5 31 ¥ b= N o]
1-benzy|-ékﬁ?ﬁg%%%gggfg%Q%ﬁﬁgg?mﬁ(%%?ﬁgﬁ-?eyydgﬁgg§§§§¥%8%§Ff?ate and
phenyl ) sul (BénplaFafiado haxhpgdory u2b [pr Spyl Carbardtel( 29.(2SpgR) 386) .(3HPLC

howed th i al 980 ; _time = 12.1 mn, 1H NMR (CDC13
T e R A T e 13 S
1H), 3.5713b88z{25HYdraxgnropyl8kybaRadé (Hxa2ple B372ifnp MO 89/ 65870
PCTI U899/1?éz}§4 1,42-1.50 (m¥s, 13H), 1.19 (d,

- 242 1H), 2.56 (m 1H) , ( ,
6H and PEOEIFRYSS) TERHAT=086473 Bepife btr & 010 nl (0.056 ‘mmol)

10 of N,N-diisopropylethylamine followed by 0.005 mL (0.06
mmol) of methyl chloroformate. The resulting solution was
allowed to warm to RT with stirring. After 3 hours the
solution was concentrated in vacuo and the residue subjected
to flash chromatography (silica gel, 95:5 CH,Cl,/2M NH; in

15 MeOH) to afford 32 mg (89%) of the desired product as a
white foam. 1H-NMR (CDCl;): 7.40-6.81 (12H), 5.61 (1H),
5.40-4.87 (2H), 4.80 (1H), 3.97-2.63 (18H), 1.90-1.30 (10H).
LCMS(ESI): 677 (M+H).

20 Example 125

25 Preparation of 1,3-Dioxane-5-yl N-(1S,2R)-1-benzyl-3-
[ (cyclopentyloxy) (2-amino) ] -benzothiazol-6-
vlsulfonyl)amino]-2-hydroxypropylcarbamate



(3R 3aS, 6aR) Hexahydr of uro[ 2, 3b] furan-3-yl -N- (1S, 2R) - 1-

benzyl - 3-[ (i sopropyl oxy) [ (3- N- et hyl phenyl ) sul f onyl ] am no- 2-

hydr oxypreopybiss’Bamate OP Y ONiv | HHO 02S NH 1. 1 10PCINSIYIF440 O H
(127) In a dried flask was introduced 1 eq. of (3R 3aS, 6aR)
Hexahydr of uro[ 2, 3b] furan-3-yl -N- (i S,2R37% benzyl -3 15

[ (i sopropyloxy)[(3-(N-(nethyl-tert-Butoxycarbonyl))phenyl)

sul f onyl ] am no- 2- hydr oxy propyl carbamate (10.8 ng, 0.016 nmol) in 1 nL

di chl or oretdyanie. To this solution was added 600 pL of trifluoroacetic
acid. The reagtion was continue m tenperature for 4 . The

sol vent was evapdt ated BT 59T \Pafg&o aLHHn:? i4° @*? Lcileuo(é1 r‘?dt? ‘8 was
purifiedreml)f liase @grdde £Sidica cgeImeaindtnen Gindicrh n3@%ceteny lwaac elcaeel i4n
hexane. Fr acti ons containing the product were conbi ned, evaporated in
vacuo andldrdfedintous gMBrac fing 9 lprdwind@as( 3RO 184S o6 aRf CHeRAhydr of ur o

[2, 3B] f 2 I ) ad
benzyl - tty(l r%ajﬁny oxyl7?(43% rTESt%ﬁyzl Sﬁlenyl )s'ul fgnyl ]Waasm"jno-e Z- hydr oxypr opyl
car barrat é’le(th@erﬁgll igleowed 3t ., @ét.er imalo 1o 1bé @8 pwes; Ret .

T %%ﬁﬁmﬁﬁ%@%@@ P1g 38 (it Soofrorll 5 58 (0

PCT/ US99/diz#di4 rome2hdned. 71rhd &?ea(dﬂt%,n s, whrffedl £80 2(5"’@: 3HAFtdr 17 (d, 6H)
and LCMS (ES+), MtH = 564.3. Exanple 128 5

(3R, 3aS, caRrrexatatdriof Wiol@ B fair &9°G, yEhdt tS-2Rprlwas quenched
ben2¥b 3VL&§ysa L%%&ykpﬁﬁkk&%b gﬁ n%%q%kl%%r%nd partitioned between
water and ethyl acetate. The aqueous layer was extracted
with ethyl acetate and the combined organic layers were
washed with water (4X), saturated brine solution, dried over
sodium sulfate, filtered and the solvent removed in vacuo
15 to give 930 mg of a residue that was shown by LCMS to
contain almost no product. The combined aqueous layers
were extracted with excess ethyl acetate. These organic
layers were washed with saturated brine solution, dried over
sodium sulfate, filtered and the solvent removed in vacuo
20 to give 1.2 g of product that was shown by HPLC and LCMS to
be over 97% pure desired product which was used without

further purification. LCMS: 229.0(M+H).

Step 2:

25 To 2.4 mL (35 mmol, 20 eq.) of chlorosulfonic acid,
stirred under nitrogen at -40°C, was added 2-methane-
sulfonamidobenzothiazole (Step 1) (400 mg, 1f75 mmol) in
small portions over 10 minutes. The suspension was stirred
at -40°C for 5 minutes, then was warmed to 0°C for 2.5

30 hours, then warmed to 25°C. After approximately 4 days at
25°C, the reaction was quenched by adding dropwise to well
stirred ice water. A small amount of solid was filtered off

and shown by HPLC to contain only a small amount of the



But oxycar bonyl ) ) phenyl ) sul fonyl]am no-2- hydroxypropyl carbamate 10 P O O
,O NHHO @S N~, Boc Ncr 10-1 O OH(128) 1In a dried flask was

i nt r oduceWa9%870of (3R, 3aS, 6aR) Hexa PCT/US99/13744

hydr of ur o[ 2, 3b] furan-3-yl -N- (1S, 2R) - 1- benzyl -3 15 [ (cycl opent yl oxy)

am no] - 2- hydr oxypr opyl carbamate (60 rR386.14 nmol) in 2 nL of dried
pyridine. To this solution was added 1.3 eq. of

N-t ert-But oxycar bonyl - 3-chl orosul fonyl -N- net hylaniline (57 nmg, 0.19 mmuol)
and cat al yes¢ranopnbdott. N, Nadi agtbylhani sopyridsnextfhetegant tBNe YASG]

conti nued 20 r temperature for 24 h. The solvent was evaporated in
vacuo to ggggﬁgemggxmagggoﬁﬁﬁiF?@%ﬂn?% Efﬂﬁ?lﬁcZ?ﬁ?ﬁsmﬁ%ﬁ%dwaﬂﬁ?ﬂ 1N
hydr ochl owiithasatlurahddbbrhre Fbeudigani erleyesvemssodiig@ds@vestanhydrous

magnesi um_s %fatg, fiI%ered ?nd evaporated . in vacuo to a residue. The crude
mat eri al &ég e589 3P FRE BALTPRASh §rated si i KacHel tel & VRgl &b t/hd 5056 et hyl

acet at’e i dhbedanerefragteonsl CoNtalOi S8oHEE PROGHELWBLE +&0DI gk
evaporated in vgcuo and dried under higﬁ vacuumto provide (3R 3aS, 6aR)

hexahydr oPUF 8’ [ 28t 3t 1P eran? 8491 mhe - (18re apgteriahewzy| uged[without

(cycl opentytoxyy pufdriédiigmethyl-tert WO 99/ 65870 PCTI US99/ 13744 - 244
But oxycar bonyl ) ) phenyl ) sul fonyl]am no-2- hydroxypropyl carbamate (26.8 ng,
280). HPLC showed the material to be 99% pure; Ret. time = 12.88 nin.

H1I-NVR  sStep 3:

10 To 64 mg (.26 mmol) of 2-aminobenzothiazole-6-sulfonyl
chloride, (2), was added 102 mg (.26 mmol, 1.0 eqg.) of 1,3-
Dioxane-5-yl N-(15,2R)-1-benzyl-3-(cyclopentyloxyamino) 2~
hydroxypropylcarbamate (Example 55, Step 1) and 7 mg of 4-
dimethylaminopyridine. The mixture was dissolved in 3 mL of

15 anhydrous pyridine to give a yellow solution. Solid formed
within 5 minutes and the suspension stirred at 25°C, under
nitrogen, for approximately 21 hours. The reaction was
quenched with saturated sodium bicarbonate solution and
ethyl acetate. The solvent removed in vacuo to remove

20 excess pyridine, and the residue was extracted with ethyl
acetate (2x). The combined organic layers were washed with
saturated brine solution, dried over sodium sulfate,
filtered and the solvent was removed in vacuo to give 100 mg
of 2-aminobenzothiazole-6-sulfonyl chloride, (2). HPLC

25 showed the material to be 94% pure, Ret. time = 8.343 min.
The material was used without further purification.

'H NMR (chloroform-D3) 5.71 (s, 2H), 8.62 (d, 1H), 7.95 (d,
1H), 8.29 (s, 1H) and LC/MS, M+H = 248.9 confirms no
methanesulfonyl group present.

30

Example 126

Step 1:



(CbC13): 7.74 (m 1H), 7.09-7.51 (m 9H), 5.60 (m 1H), 5.25 5 (bs, 1H),
4.94 (q, 1H), 4.77 (q, 1H), 3.71-3.86 (m 6H), 3.52 (m 1H), 3.24 (m 3H),
3.08 (m We99/638785-2.93 (m 4H), 2.68 (m 1H), 1.73-1.83 RGHUDP)IT44
1.42-1.59 (m+s, 12H) and LCMS (ES+), MtH = 690.2. 10 Exanple 129 Step 1:
HDFi ONN p~~0 NO2 O - 239 -
tert-Butyl-N-((1S, 2R) - 1-benzyl - 3-(cycl opentyl oxy) [ ( 3-

ni t rophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) carbanate. 15

tert-Butyl - N-(@ls R) - 1- benzyl - 3- (cycl opent yl oxy) am no- 2

hydr oxypr ¢f e (0.52 g, 1.4 mol) was conbined with

3-nitrobeg uesuﬁfo yl chloride (0.47 g, 2.1 mmol) in freshly distilled
THE (5 m).T D isopropylethylamne (0.74 mnm, 4.3 mmol) was added and the
reaction wdr stirred at room 20 tenperature overnight. Reaction m xture was
diluted in EtOAc and washed with 0.5 N KHSO4, and brine. Organic phase
was dried with MgSO4 and sol vent was renoved in vacuo. Purication by flash
chr omat og3 aphgme-IN At & Aoy texy cariobreritanitloide 3, 3-Bdomhaninl dnd andﬂlhen to
2:1). Recover d 0.44 5 (56%. of the roduct as a white foam = 0.45
(2:1 Et e m?[?—llﬁll\ﬁ%% ’&ﬁsﬁu%y%dm fponate gl @ 1, W) I@CD@ (1H, d),
7.77 G1H anqg, 4—7dﬁﬁe1ﬂ1§2.l7arﬁﬁfd)pﬁmdﬁlé38 dJdMg) 4vd% dHhNeyg 3:,88-3. 71
(2H,m, 3.41 (1Hb), 3.07 (1H b), 2.98 WO 99/65870 PCT/ US99/ 13744 - 245
2.79 (3H3hydress CHEYAH Y nil. 73-Sh 5% iotHal)il ledi%o (UM &)d. Step 2:

OHO H2
r%rleté%f¢hlne (1.28 ml, 9.2 mmol) was added. Reaction was
allowed to warm to room temperature then was heated to
reflux for 1 hour. Reactiom mixture was diluted in EtOAc

10 and washed with sat. NaHCO3, 0.5N KHSO4 and brine. Organic
phase was dried with MgSO4 and the solvent was removed in

vacuo. Purification by flash chromatography (1:4/EtOAc/Hex

to 1:3 to 1:2). Recovered 1.01 g (81%) of the product as a
light yellow solid. Rf=0.62 (1:4 EtOAc/Hex). lH NMR
15 (CDC1l3) 7.68 (1H,s), 7.22-7.10 (3H,m), 6.48 (1H,b), 1.51
(SH, s) .
Step 2:
|
;: ,N\N,O\r:
o
20 Br

3—Bromo—N—tert—butoxycarbonyl—N—methylaniline. 3-Bromo-N-
tert-butoxycarbonylaniline (0.50 g, 1.8 mmol) was dissolved
in anhydrous DMF (5 ml). Sodium hydride (0.088 g, 2.2 mmol)

25 was added to the solution and the deprotonation was stirred
10 minutes at room temperature. Methyl iodide (0.137 ml,
2.2 mmol) was added slowly and the reaction was stirred

overnight at room temperature. Reaction mixture was diluted



7 X%OONR 5 ~ (1S, 2R)-1-benzyl -3-(cycl opentyl oxy) [ ( 3-

ni trophenyl ) sul f onyl ] am no- 2- hydr oxypropyl am ne. tert- Butyl-N ((1S, 2R

- 1- benzyl W 9%65§M opent yl oxy) [ (3 10 nitrophenyl) sul f onyl PCT/US99/13744

am no- 2- hydr oxypropyl ) carbanate (0.34 g, 0.6 muvol) was dissolved in CH2C12
(3 mM) . Trifluoroacetic acid was addeg4wi-th stirring and the reaction was
stirred 15 mnutes at roomtenperature. The solvent was renoved by
evaporation and the resulting residue 15 was partitioned between Et OAc and
sat. NaHCO3 HO(ganiand plhasedvas trashed anid brsat.. N@H@%rg@ehﬂér pbR@skthen
dried with MS04. Solvent was renoved in vacuo to give 27 g (100% of
the pr oduc‘,“tasaéirée\%l“’tléhf JOP04RRRA0 and (thel sELERSLHERE. rﬁHOVHNleOCDCB) 8. 75

1H, 2 ; 0 -
450 ?iH st a8 e 5. Gortos oo Pt FRehr Y Aaa s HERF " 5. s
(1H M, 1ye8low. 7>51(4H mf 01 6'84 1 QOE(t@Hcr/r}IeXSLeplﬁ NM@ Qeb628707.41

PCT/ US99/ 13744 46- ~-0 NO O

1, 3- Di dxan- §L€IJN-(f§ ééﬁJﬁémzylzﬁ (éﬁemépeﬁtﬁﬁoi§ﬁﬁ€3+ 1.49 (9H,s).

ni t rophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl carbamate. (1S, 2R) -1-benzyl - 3-
(cyclopent%lox%) [ (3 5 nitrophenyl)sul fonyl]an no-2-hydroxypropyl ami ne
(0.070 g, **6P2°nmol ) was combined with 1,3-di oxan-5-yl - (4-

ni t rophenyl ) carbonate (0.066g, 0.2 nmol) in anhydrous DMF (4 m) under a
N2 at nosphere. rriethyl amne (0.045 m, 0.3

erD
LT
oi?kn
10
N-tert-Butoxycarbonyl-3-chlorosulfonyl-N-methylaniline. 3-
Bromo-N-tert-butoxycarbonyl-N-methylaniline (0.358g, 1.2
mmol) was dissolved in freshly distilled THF (5 ml) under a
N2 atmosphere. The solution was chilled to -78°C and n-
15 butyl lithium (0.750 ml, 2.0 M solution in cyclohexane, 1.5
mmol) was added. After 15 minutes, sulfuryl chloride (0.121
ml, 1.5 mmcl) was added and the reaction was allowed to warm
to room temperature and stirring was continued overnight.
THE was removed by evaporation and the resulting residue was
20 diluted in EtOAc. Organic phase was washed with H,0 and
brine before being dried with MgSO4. The solvent was
removed in vacuo. Purification by flash chromatography
(1:19/EtOAc/Hex gradient to 1:9 and then to 1:4). Recovered
0.089 g (23%) of the product as a colorless oil. Rf=0.14
25 (1:9 EtOAc/Hex). 1H NMR (CDCl3) 7.96 (1H,s), 7.80 (1H,d),
7.68 (1H,d), 7.57 (1H,t), 3.33 (3H,s), 1.50 (9H,s).

Step 4:
(3R,3aS,6aR)Hexahydrofuro[2,3b]furan-3-yl-N—(IS,2R)—1—
30 benzyl—3—[(isopropyloxy)[(3—(N;(methyl—tert-



mmol ) was added and the reaction was stirred at room 10 tenperature for 2
hours. Reaction mxture was diluted in EtOAc and washed with sat. NaHCGO3,
0. 5N KHSOWw@endksB10i ne. The organi c phase was dried wth MBCHUsI3BE| vent
was renoved in vacuo. Purification by flash chromatography (1:2 Et OAc/ Hex
to 1:1 to 2:1). Recovered 0.073 g (789410t the 15 product as a white foam
Rf= 0.26 (1:1 Et OAc/Hex). 1H NWMR (CDC13) 8.66 (1H, s), 8.50 (1H, d), 8.08
(1H, d), 7.77 (1H,  t), 7.36-7.13 (5H, m, 5.01 (1Hd), 4.92 (1Hd), 4.88
(1H, M, 4g : : = , 3.13 (1H,m, 3.08-2.88
(2H ) . 2.§$°%%E?g$?n%}gg?§;§g§%4??%??”%%T%W%§§%2%2 (4H M. Step 4 HOH p
OYNk S NHRYdgoxyppopY2garip@ng9e65870 PCT/ US99/ 13744 - 247

1, 3-Di oxan-5-yl - N- (1S, 2R) - benzyl - 3- (cycl opent yl oxy) [ ( 3-

am nophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl car bamate. 1, 3-Di oxan-5-yl-N
(1S, 2R) -benzyl PR- (cy entyloxy) [ (3-

ni trophenyl ) sul{§ onyl ] am nio- 2- hydr oxypr opyl carbamate (0.070 5 g, 0.1 mmol)

was conbi ned ,t}—I-Q)ri de di hydrate (0.109 g, 0.5 mml) is absolute
et hanol (1Qy b2§ was ,\heated to reflux and stired for 2.5 hours.

Et hanol was~® [ [@ aBdct he material was purified by preparative
TLC (2: 1/ . ed 0.045 g (68% of 10 the product as a

col orl ess Rf= 0.36 (2:1 EtQOAc/Hex). 1H NWR (CDC13) 7.38-7.18 (6H,

m, 7.15 (1H'd), 7.07 (1H, s) , 6.85 (1H, d) , 5.00 (1H d) , 4.92 (1H, d)
, 4.8 (1H,m, 4.76124H,d), 4.53 (1H,s), 4.05-3.80 (5H m, 3.73 (1H m),
3.19 (1H ), 3.10 (1H nm), 3.00-2.82 (2H, n), 1.91 15 1.70 (4H ), 1.69-1.50

(4H, M. LRVS (M-H)+ 550. 3.
In a dried flask was introduced 1 eq. of (3R, 3as, 6aR)

Hexahydrofuro([2, 3b] furan-3-yl1-N- (1S5, 2R) -1-benzyl-3-
[ (1sopropyloxy) amino]-2-hydroxypropylcarbamate (53.6 mg,

10 0.14 mmol) in 2 mL of dried pyridine. To this solution was
added 1.2 eq. of N-tert-Butoxycarbonyl-3-chlorosulfonyl-N-
methylaniline (50 mg, 0.16 mmol) and catalytic amount of
N, N-dimethyl aminopyridine. The reaction was continued at
room temperature for 24 h. The solvent was evaporated in

15 wvacuo to an o0il who was solubilized in ethyl acetate washed
with 1IN hydrochloric acid, and brine. The organic layer was
dried over anhydrous magnesium sulfate, filtered and
evaporated in vacuo to a residue. The crude material was
purified on flash grade silica gel eluting with 50% ethyl

20 acetate in hexane. Fractions containing the product were
combined, evaporated in vacuo and dried under high vacuum to
provide (3R,3aS,6aR)Hexahydrofuro[2,3b}furan—3—yl—N—(15,2R)—
l-benzyl-3-[ (isopropyloxy) [ (3- (N- (methyl-tert-
Butoxycarbonyl)) phenyl)sulfonyl]amino—Z—hydfoxy

25 propylcarbamate (29.2 mg, 31%). HPLC showed the material to
be 98% pure; Ret. time = 12.1 min. 'H NMR (CDCl3): 7.09-7.78
(m, 9H), 5.56 (d, 1H), 5.15 (bs, 1H), 4.91 (q, 1H), 4.49 (a,
1H), 3.57-3.88 (m, 5H), 3.24 (s, 3H), 2.96 (m, 2H), 2.72 (m,



Exanple 130 H HOH/ -H OYNN~~ 1 NOCH3 O- OO O 20 (130)
tert-Butyl-N-((1S, 2R)-1-benzyl -3-(cycl opentyl oxy) (2-

[ (met hoxywardomago) am no] benzi m dazol - 5-yl sul f onyl ) am no- 2-PCT/US99/13744

hydr oxypr opyl ) carbamate. tent-Butyl-N-((1S, 2R)-1-benzyl -3 25

(cycl opentyl oxy) am no- 2- hydr oxypr opyl pgarbamate (step 1, Exanple 54),
(0.75 g, 2.1 mmol ) was conbined with 2- (nmethoxycarbonyl) am no

benzi m dazol - 5-yl sul fonyl chloride (0.89g, 3.1 muol) in anhydrous DMF (15
m) underim) N22 V¥ 990 S587 0, PpTuJSQQg‘,dB?I@AS -133{48 atiesphergs) and

Diisopro %@?% Iet hyl am ne él 08 m, 6.2 mol ) " was added and the reaction
was stirr F5bm t%h%era? fe3- for 24 hours The reaction m xture was
diluted in EtOAc and washed with sat. NaHCO3, 0.5N KHSO4 and bri ne.
Organic 5 phase was dried with MgSO4 and sol vent was renpoved in vacuo.
Purification by flash chromat ogr aBEampEERP&27 to 1% McOH in CH2ClI2 to 2% to
3% tos4% . Recovered 0.79 g (62% of product as a white foam Rf= 0.08 (3%
MeOH CH2C12 HPLC tR=10.47 mn (C18 colum). LRMS (M+H)+ 618.2. 10
Exanpl e 163 #ﬁ@@H@a@drmM@b&bMux@m—g VI5-N-(1S,2R) -1-

tert-But Wlahb {1 fzasgpxbo%y oxye) (&G Cx)rpeecri"xylp%ewél% sulfonyl]amino-2-

hydroxypropylcarbamate

e e
@ oozs©/

10
(127)
In a dried flask was introduced 1 eq. of (3R, 3aS, 6aR)
Hexahydrofuro[2,3b]furan—3—yl—N—(1S,2R)-1—benzyl—3—
15 [(isopropyloxy)[(3—(NL(methyl-tert—Butoxycarbonyl))phenyl)

sulfonyl]amino-2-hydroxy propylcarbamate (10.8 mg, 0.016

mmol) in 1 mL dichloromethane. To this solution was added
600 pL of trifluoroacetic acid. The reaction was continued
at room temperature for 45 min. The solvent was evaporated

20 in vacuo to an oil. The crude material was purified on
flash grade silica gel eluting with 50% ethyl acetate in
hexane. Fractions containing the product were combined,
evaporated in vacuo and dried under high vacuum to provide
(3R,3aS,6aR)Hexahydrofuro[2,3b]furan—B—yl—N—flS,ZR)—l—

25 benzyl—B—[(isopropyloxy)[(3—NLmethylphenyl)sulfonyl] amino-
2-hydroxypropyl carbamate (7.2 mg, 78%). HPLC showed the
material to be 98% pure; Ret. time = 10.1 min. H1-NMR
(CDC13): 7.09-7.35 (m, 9H), 6.86 (m, 1H), 5.58 (d, 1H),
4.92-4.96 (m, 2H), 4.46-4.50 (m, 2H), 3.56-3.85 (m, 5H),



oxybenzi m dazol - 5-yl sul f onyl ) am no- 2- hydr oxypropyl ) car bamat e.
test-Butyl-N-((1S, 2R) - 1- benzyl -
(cycl openwwo ses3aM no- 2- hydr oxypropyl ) carbamate (Step 1, 2BCEKsayBBI454) ,
(0.100 g, 0.3 mmol) was conbined with 2- oxobenzi m dazol - 5-yl sul fonyl -
chloride (0.070g, 0.3 mmol) in anhydrous~-DVF (2 ml) under a N2 at nosphere.
Di i sopropyl ethylethyl amne (1.08 m, 6.2 nmmol) was added and the reaction
was stirred at roomtenperature overnight. 25 The reaction m xture was
E‘I)irl ut ed iQ.EIL%C9andI_nV\@shEH ) W 1h48%iat8%N@tﬂlp®H) 0. BN KHEA gmi brdne.

ganic p ri and sol vent was renoved I n vacuo.
Purificatitlglﬁg \é\@gf?a +%hrot%€f raphy (1:1/EtOAc/Hex to 2:1 to 3:1 to WO
99/ 65870 PCT/ US99/ 13744 -249 Et OAc). Recovered 0.052 g (549 of product as
a white foam Rf= 0.10 (2:1 Et OA¢/Hex).. HPLC t R=10.08 min (C18 col um).
LRVB (M+H) + 561.2. 5 Exanpl e 132 E#2mplenl28y 4 NHO 1J' OTr NN'S O &%
H3C @1 \ (132) 10

1, 3- Di oxan 1S 2R) - 1- benzyl - 3- (cycl opent yl oxy) (2
[ (et hy|s&-’PRo§§ R Hanel2 5351 tmrar@n%yhvﬁnblarzm -1-

ngggryprl?cyc%gﬁ%ﬁ xy am?@%hlﬁ){&%—r §é R%amate (Step 1, Exanple

55), (0. Mtgxy@aﬁbmmpl»)Mytbmlerarﬂ.ﬁxa—i-( met hyl sul f onyl)

am no] be 2| m dazol wyl sul fo chloride (0.162 g, 0.5 mmol) in anhydrous
DIVF(4n1 LPRJ% re. The resulting solution was chilled to OC
and 1di i sopropyl et hyl et hyl amne (0.196 m, 1.1 mmol) was added. The
reaction was allowed to vvarmto roomtenperature and

Fove
LTI A

(128)

In a dried flask was introduced 1 eq. of (3R, 3a$, 6aR)Hexa
hydrofuro(2, 3b] furan-3-yl-N-(15,2R)-1-benzyl-3-

15 [ (cyclopentyloxy) amino]-2-hydroxypropylcarbamate (60 mg,
0.14 mmol) in 2 mL of dried pyridine. To this solution was
added 1.3 eqg. of N-tert-Butoxycarbonyl-3-chlorosulfonyl-N-
methylaniline (57 mg, 0.19 mmol) and catalytic amount of
N, N-dimethylaminopyridine. The reaction was continued at

20 room temperature for 24 h. The solvent was evaporated in
vacuo to an oil who was solubilized in ethyl acetate washed
with 1IN hydrochloric acid, and brine. The organic layer was
dried over anhydrous magnesium sulfate, filtered and
evaporated in vacuo to a residue. The crude material was

25 purified on flash grade silica gel eluting with 50% ethyl
acetate in hexane. Fractions containing the product were
combined, evaporated in vacuo and dried under high wvacuum to
provide (3R, 3a8, 6aR)hexahydrofuro[2, 3b] furan-3-y1-N- (1S, 2R) -
l1-benzyl-3-[ (cyclopentyloxy) [ (3- (N~ (methyl-tert-



20 stirred for 24 hours. Reaction mxture was diluted in EtQAc and washed
with sat. NaHCO3, 0.5N KHSO4 and brine. Organic phase was dried with MySO4
and sol vewb ssmssoenoved in vacuo. Purification by flash alurorsspaspaphy
(EtOAc to 2% MeOH/ EtOAc to 4% . Recovered 0.159 g (64% of the product as
a white 25 foam Rf= 0.48 (5% MeOH Et 9A¢)- 1H NVR (CDC13) 8.10 (1H,s),
7.67-(1H d), 7.41 (1Hd), 7.30-7.15 (5H m, 6.35 (2H, s) , 5.14 (1H d) ,
4.90 (1H, d) , 4.85 (1H M, 4.72 (1H, d) , WD 99/65870 PCT/US99/ 13744 -
250 4. A& {(dd%Hartd S)Lo-1.89-1.70 (4H m,
169147(4H§m %?%ﬁw%l&n@giléw'w Ph Oj,,.NKO
H3CO | N@%{O@pq@w@#n@@zt@i E&6 - |§|\/an s@@ STHNHITPOSHRWed the H O H O

hexahydréq’ ucgréo]{lgoa%r% Su?adg. fg’ 33 ML 2362 U GARgSS (LaSRFaS 62R)

3-yl oxy] cmsarp)l :ar n7d) (2r, hyldr) ox yi-. 9ptremyl hut, yISH) ( c¥cleapemt,y1168y) 5amsno]
sulfo ylanlll (%{)eth 9]élaornetrge/l-N' (nltro)Hlsourea and N- [ 2- (3 [ [ (2R
38) g ([ S(SQ )q, 77 3.71-3.86 (m, 6H)

hexahydr &f .520[ &, 3-1m] f,uran-43-(y, 0yl Garshery @y ne) -, 22h>e@r-@><393 B 4,

4- phenyl tyI ] cycI opent I oxy) am no] sul fonyI ani i no) et hyl] 15

O net hyl N S niftr ) SOL}I’ﬁé IN8Sol (@i of) of 128274 - 8. dag s, m%@IH)) éhda 1 : 1

m xture afcMsBRES3IS, MaaR):= exabydrofuro [2, 3- b]furan-3-yl N (IS, 2R) -3-
[ (3- [ (2-am noethyl) am no]

10 Example 129
Step 1:

tert-Butyl-N-((1S,2R) -1-benzyl-3- (cyclopentyloxy) [ (3~
nitrophenyl) sulfonyl]amino-2-hydroxypropyl) carbamate.

15 tert-Butyl-N-((15,2R)-1~benzyl-3-(cyclopentyloxy)amino-2-
hydroxypropyl)carbamate (0.52 g, 1.4 mmol) was combined with
3-nitrobenzenesulfonyl chloride (0.47 g, 2.1 mmol) in
freshly distilled THF (5 ml). Diisopropylethylamine (0.74
ml, 4.3 mmol) was added and the reaction was stirred at room

20 temperature overnight. Reaction mixture was diluted in
EtOAc and washed with 0.5 N KHSO4, and brine. Organic phase
was dried with MgSO4 and solvent was removed in vacuo.
Purication by flash chromatography (1:4/EtOAc/Hex gradient
to 1:3, to 1:2, to 1:1 and then to 2:1). Recovered 0.44 g

25 (56%) of the product as a white foam. Rf= 0.45 (2:1

EtOAc/Hex), 1H NMR (CDC1l3) 8.67 (1H, s), 8.49 (1H, d), 8.08

(1, d), 7.77 (1H, t), 7.36-7.17 (5H, m), 4.88 (1H,m), 4.62
(l1H,b), 3.88-3.71 (2H,m), 3.41 (1H,b), 3.07 (1H,b), 2.98-



phenyl sul f onyl ) (cycl opent yl oxy) am no] - 1- benzyl - 2- hydr oxypr opyl car bamat e
and (3S, 3aR 6aS) hexahydrofuro[2,3 20 b] furan-3-yl N (IS, 2R -3- [ (3- [
(2- am noewlydo)esgmvi no] phenyl  sul fonyl ) (cycl opent yl oxy) am nedrdsdoaszg! - 2-
hydr oxypropyl car bamate (Exanple 83) and 0.008 nL (0.048 mmol) of

N, N-di i sopropyl ethylamne in 1.5 nL-ofssanhydrous DMF was treated with 6
nmg (0.05 nmmol ) of O-nethyl-N 25 nitroi sourea (Heyboer et al. Rec. Chim
Trav. Pay-Bas (1962), 81, 69-72). The resulting solution was stirred at
RT. After2VW»9988p8Y0 PO USIPE 1308 4n) ; 261720 hwr§4ﬁn§ sof ujéon was
concentraé&d in vacuo and the resi due subj ected to ash chromat ogr aphy
(silica g B5: 15 CH2C12/2M NH3 i n MeCH) to afford 21 mg (729 of the
desired product as a white foam 1H NWR (CDC13): 7.60-7.06 (12H), 5
5.63-4. 65 4.10-2.50 (18H), 1.90-1.31 (10H). LCVS(ESI): 721 (M+H).
Exarrplel% %)HO—lO/OVEl. TFACHO O H t-BuOUN NH 2. Ho o a No2
~OOYN N ~HHO
(3R, 3aS, 6aR) hexahyd

benzyl - 3- (cycI@g :

uro[ 2,3-b]furan-3-y1 N-((1S, 2R)-1-

(4- met hoxyphenyl ) sul fonyl ] am no-2 15

hydroxyprop 1) tert-butyl N-((1S,2R)-1-benzyl -3-

(cycl ohexy? A O gggnyl ) sul fonyl ] am no-2- hydr oxypropyl ) car banat e

(0.09 mmol 50 Y?Wigs stirred in 1 ml trifluoroacetic acid (TFA) at room
terrperature f hours. The TFA was renoved under vacuum and the

resul t5i ng 20 r ue was dissolved in ethyl acetate, washed with 5% aq.

(IS,ZR)—1—benzyl—3—(cyclopentyloxy)[(3—
nitrophenyl)sulfonyl]amino-2—hydroxypropylamine. tert-
Butyl—N—((lS,ZR)—l—benzyl—3—(cyclopentyloxy)[(3—

10 nitrophenyl)sulfonyl] amino-2-hydroxypropyl)carbamate (0.34
g, 0.6 mmol) was dissolved in CH,Cl, (3 ml).
Trifluorocacetic acid was added with stirring and the
reaction was stirred 15 minutes at room temperature. The
solvent was removed by evaporation and the resulting residue

15 was partitioned between EtOAc and sat. NaHCOs;. Organic
phase was washed with sat. NaHCOs and brine then dried with
MgSO;. Solvent was removed in vacuo to give 0.27 g (100%) of
the product as a white foam. Rf= 0.11 (2:1 EtOAc/Hex). IH
NMR (CDC13) 8.75 (1H, s), 8.52 (1H, d), 8.19 (1H, d), 7.80

20 (1H, t), 7.40-7.08 (5H, m), 4.90 (1H,m), 3.80 (l1H,m), 3.36-
3.14 (2H,m), 3.05 (1H,b), 2.88 (1H,d), 2.48 (1H,m), 1.96-
1.75 (4H,m), 1.74-1.50 (4H,m).

Step 3:



pot assi um car bonate solution, brine, dried over magnesium sulfate, and
concentrated to a residue. The resulting free amne, (2R 3aS, 6aR)
hexahydr oy &/ds@r0 3-b] furan-2-yl 4- nitrophenyl carbonat eecQué&dnsmml , 27
ng), 25 diisopropylethylamne (0.13 mml, 0.018 nL),.a crystal of )

N, N-di et hyl am nopyri di ne, 4 A nol eculxgfs sieves and acetonitrile (0.5 nl)
wer e.conbi ned and stirred at room tenperature for 3 days. The reaction
solution was concentrated to a residue, dissolved in ethyl acetate, 30
washed with i N HCl, 5% aq. Rotassium carbonate solution, brine, dried over
magnesi um sul fate, and co rated under WO 99/65870 PCT/ US99/ 13744 -252
vacuum The crude residue svas _Qurified by crystallization fromether to
yield 15 my (27% wf @hit@ Is. H-NW (CDC13) : 7.71 (2H, d) ,
7.28-7. 164 97 B>\ 3, 63-5. 61 (1H, M, 5.00-4.98 (1H m,
4.87-4.77((1 mIl 4524 5 % (1H'S§, 3.98-3.79 (4H n), 3.87 (3Hs),

3.72-3.61 N¢2H, nj, 3 1H, bs), 3.05-2.72 (6H,m, 2.10-1.98 (2H m),
1.78-1.68 (2H,m, 1.31-1.J04 (6H m; MS (ESI): MrH=605. Exanple 135 10 0 Br
'"“AOn HHOHo | K2CB, DWF ON-N,SlaOHH - O~0 ~ 002 HON-N, SON

H O Ph Ph102-80dxaf-5H0ON¥3R -5aR hegcagag_gcg _ _f - 3-yl
N[ (1S, 12% -1-xatl)enil;ilr-3lﬁ(ﬁ:s;§%§)pentyl%lxy)[ (Zmn%%ﬁ%%%ﬁapj 15uran Y
oxoet hoxy}p gryil ¥ nlf emy higninanirhsdaeamt orl drrrtama te .

(15,2R) -1-benzyl-3- (cyclopentyloxy) [ (3-

5 nitrophenyl)sulfonyl]amino-2-hydroxypropylamine (0.070 g,
0.2 mmol) was combined with 1,3-dioxan~5-yl- (4-
nitrophenyl)carbonate (0.066g, 0.2 mmol) in anhydrous DMF (4
ml) under a N2 atmosphere. Triethyl amine (0.045 ml, 0.3
mmol) was added and the reaction was stirred at room

10 temperature for 2 hours. Reéction mixture was diluted in

EtOAc and washed with sat. NaHCO3, 0.5N KHSO4 and brine.
The organic phase was dried with MgSO4 and solvent was

removed in vacuo. Purification by flash chromatography (1:2
EtOAc/Hex to 1:1 to 2:1). Recovered 0.073 g (78%) of the

15 product as a white foam. Rf= 0.26 (1:1 EtOAc/Hex). 1H NMR
(CDC13) 8.66 (lH, s), 8.50 (1H, d), 8.08 (1H, d), 7.77 (1H,
t), 7.36-7.13 (5H, m), 5.01 (1H,d), 4.92 (1H,d), 4.88
(1Hm), 4.73 (1H,d), 4.50 (1H,s), 4.00-3.79 (6H,m), 3.13
(1H,m), 3.08-2.88 (2H,m), 2.77 (1H,m), 1.96-1.73 (4H,m),

20 1.72-1.52 (4H,m).

Step 4:



(3R, 3aS, 6aR) hexahydrofuro [2, 3-b] furan-3-yl N ((1S, 2R) -1-
benzyl - 3- (cycl opent yl oxy) [ ( 3- hydr oxyphenyl ) sul f onyl ] am no- 2-

hydr oxypr Qrydolgsgfobamat e (0. 09 mmol ,

2- br ono-

| - nor phol i no-1| - et hanone (0.09 mmol, 18 ng) and 20 potassi um

50 ng) was conbi ned Wi gdir/us99/13744

carbonate (0.26 mvol, 36 ng), and stikpped in anhydrous DMF (1 nlL) under
nitrogen for 15 hours at room tenperature. The reaction was concentrated

to a residue,

dissolved in ethyl acetate, washed in distilled wat er and

brine, aqd I qlv%rf%pia%pbgl Rc.)ulf% %E"G(hc%dlﬁal%os Yt ghé (—\fﬁ then_

concent r at’ed and puri

I'ca ge I"as ogr

hexanes/emmwophnnymxsuHﬁbqylmamﬂhdka4nydﬂa§yﬁkdﬁyhmaMmdm5ﬁaﬂ|d Rf

= 0.1

1: 1 hexanes/eth t HlNl\/R CDCL3) : .S 7.47 (2H, 7.38 (1H,
(7 32- 7. %4%( %{an %iH) 133 2R RE )CA’CQPP@H%HEON nn[)) 3-wo 995 658%
PCTI US99/mli¥ a4 herd B3 s4117f8>r(32."]| a'irbmo3298ry%r%9< p})l,ca?rb%%ra%ew ol.2Hom ,
3.74-3.63 (8H, 15 f& br.s), 3.08-2.98 (2H m

013,633 52 (2H m) )
2.98-2. 848(3H ]Tr;gm% g4l ﬁ?“@fﬁ% Wlfhssilil P‘ill@m ) dihverate 4 (1@ﬁ m .

(ESI): M’gl-hlﬂ% nénoﬁ%)armi Eabls%Qthe %rt%lal}ildd |'(il@Hm(i

OH O @
(3R 3aS,

(2- ani No2x@xRRt heX ANRMENS Who Hbélt%%i%llo%%t§
2- hydr oxypr opyl carbamate. This reacti on was set- up, run and
puri fi ed AFeRST atHe esdikE deridi/Eitohs /dexfor Recovered 0.045 g (68%) of

1- benzyl -

10

15

20

ONNS | ONH2
SER RS A1y diedlino [azlds SB‘—]lfr@fiaﬁDg- ;21 5N-h@l1$ 52 R) Eghpp@l was

LX) Bl -

the product as a colorless residue. Rf= 0.36 (2:1
EtOAc/Hex). IH NMR (CDCl3) 7.38-7.18 (6H, m), 7.15 (1H,d),
7.07 (lH,s), 6.85 (1H,d), 5.00 (1H,d), 4.92 (1H,d), 4.83
(lH,m), 4.76 (1H,d), 4.53 (1H,s), 4.05-3.80 (5H,m), 3.73
(l1H,m), 3.19 (1H,m), 3.10 (1H,m), 3.00-2.82 (2H,m), 1.91-

1.70 (4H,m), 1.69-1.50 (4H,m). LRMS (M+H)?% 550.3.

Example 130

tert-Butyl-N-((1S,2R) -1-benzyl-3-(cyclopentyloxy) (2-
[(methoxycarbonyl)amino]benzimidazol-5—ylsulfonyl)amino-2—
hydroxypropyl) carbamate. tert-Butyl-N-((15,2R)-1-benzyl-3-
(cyclopentyloxy)amino-2-hydroxypropyl)carbamate (step 1,
Example 54), (0.75 g, 2.1 mmol) was combined with 2-
(methoxycarbonyl)amino benzimidazol-5-ylsulfonyl chloride

(0.89g, 3.1 mmol) in anhydrous DMF (15 ml) under a N2

I Q@Q@Q@n M O NN, SCH H

\%S3



(3R 3aS, 6aR) hexahydrofuro [2, 3-b] furan-3-yl N [ (1S, 2R -1- 15
benzyl - 3- ((cycl opent yl oxy) [ 3-(2-norpholino-2-

oxoet hoxyehemesdosul f onyl am no) - 2- hydroxypropyl ] car bamat epcposhogsngr at ed
44 mg (80% of a white solid. Rf 0.1 (1:1 hexanes/ethyl acetate); HL1-NWR
(CDC13): S 7.58-7.42 (2H m, 7. 33 7. 024 8H mM, 6.39 (1H, s) , 5.79 (1H s)
, 5.63 (1H, s) , 20 5.20-5.12 (1H m 9-4.99 (1H, M, 4.85 (1H M, 4.60
(2H,s), 4.0-3.78 (4H M, 3.71 (2H mM, 3.14 (1Hbr.s), 3.09- 2.70 (6H m,

PCT/ USao) E4THA DT TSR e CE3r B LGB o T W ot T 70 1 koo,

ONN, S OH WaEHadder! -and @hle I-He@d‘ﬂSoln @ad Girreld @t Moom Oe@pzrRifuge H (3R,

ggﬁzyfsa? (fg)yclazg%g{ltyl oxy)Tf%(e'S %a%] (r)%yrl(xrre“%ghy’“\g ((djl%’u%@ i EtBAC and

oxoet hoxypleeringd swuiltfhorsat]. amam%,h)@dmkmirsmyla)mamam e. Or@d@Ric3as, 6aR)
hexahydrofuro [2, 3-Db]. furan-3- (1S, 2R -1-

benzyl @ (pégﬁcﬁeop«@ﬁt ﬁrdva% [W(lsthhﬁ%rs&élyﬁw@nfl%lé’lﬂnftoms] &FRyest in vacuo.
%?LSQ%%%% A e 0 A s g e e 2™ o Mol
car bonat e GReyGa psthar r2ed tion 32%n|t30dr4<%1)s DMéo(oizeme)d oundery nie2rogert f or 20 hours

roomter}perature The was renoved under vacuum and t he resi due was

d| ssol ved RTPAU&thyAS écé&heht@ fpRa-cr fdE Lo10F i (G HEOW&EERED 24i-t h BERCHCL,

tr=10.47 min (C18 column). LRMS (M+H)t 618.2.

10
Example 131
(p .
H ?H|/©:'\S=O
o) N\Y/N\/N\ N
\ﬂ/ i > H
o = : o° 0
(131)

15

tert-Butyl-N-((1S,2R) -1-benzyl-3- (cyclopentyloxy) (2~
oxybenzimidazol-5-ylsulfonyl)amino~2-

hydroxypropyl) carbamate. tert-Butyl-N-((1S,2R)-1-benzyl-3-
(cyclopentyloxy) amino-2-hydroxypropyl)carbamate (Step 1,

20 Example 54), (0.100 g, 0.3 mmol) was combined with 2-
oxobenzimidazol-5-ylsulfonyl chloride (0.070g, 0.3 mmol) in
anhydrous DMF (2 ml) under a N2 atmosphere.
Diisopropylethylethyl amine (1.08 ml, 6.2 mmol) was added
and the reaction was stirred at room temperature overnight.

25 The reaction mixture was diluted in EtOAc and washed with
sat. NaHCO3, 0.5N KHSO4 and brine. Organic phase was dried
with MgS0O4 and solvent was removed in vacuo. Purification

by flash chromatography (l1:1/EtOAc/Hex to 2:1 to 3:1 to



15 saturated aqueous sodi um bi carbonate and brine, and dried over

magnesi um sul fate. The dried solution was concentrated to an oil and
purified hyosékdse® gel flash chronmatography (1:1 hexanes/ ethyisormessate) to
yield 65 ng (55% of a white solid. Rf = 0.1 (1:1 hexanes/ethyl acetate);
H1-NMR (CDC13): 20 S 7.45 (2H m, 7.26,49H M, 7.20 (3H M, 5.64 (1Hs),
5.09- 4.97 (2H M, 4.91 (2H,s), 4.83 (IH M, 3.92 (2H M, 3.78 (3H, s) ,
3.85-3.74 (2H M, 3.73-3.59 (2H, M, 3.23 (3H, s) , 3.28-3.11 (1H br.s),

3.06-2. 84 , = 1A ! 71-1.4 :

(ESI) : N&é@%@' zgR %‘é%%%%%’oolﬁgc% J]sfjgllgé/%l(e?ﬁfp qd‘%csts]aséxaagr’pkflgdélggsca"gtsep 1:
4 CIS02 , 52 HIH G1Y H@¢/Mex) .0 OG0 08 AN TE & g2 w@m)Rh 5
tert-butyl N (1S 2R).- 3-%%((1, 3- benzodi oxol - 5-

yl sul f ony ! 5R4S ciM5i3Ehnt y1%xy3-ani no] - 1- benzyl - 2-  hydr oxypr opy! car banat e.
tert-butyl N- (1S, 2R)-1-benzyl-3-

[ (cycl opentyl oxy) am no] - 2- hydr oxypr opyl carbamate (0.19 mmol, 69 ng) was
conbi né€d with 1, 3-benzodi oxol e- 5- sEka@pye 182chl oride (0.23 nmol, 50 ny)
and diisopropylethylamne (0.57 mmol, 73 ng) in anhydrous THE (2 nL). The
reaction stirred under nitrogen for 72 hours at roomtenperature. The
reaction was diluted wth di | ether, washed with 1 N HCl, saturated
aqueous sodi um bi car bonat e, Hnd was 15 dried over magnesi um sul fate.
The crude product was Ston@ 340 oil and purified by silica gel

i 0
fl ash chr{p&ajpg a ~3: INDhexs ! h{ﬂﬁlg)%cetate) to provide 82 nmg (79%
sol]i
o)

of a white d.OThe;; 1, -gesngoi oxoll_%-c - sul f onyl

©

(132)

10 1,3-Dioxan-5-yl1-N-((1S,2R) -1-benzyl-3- (cyclopentyloxy) (2~
[ (methylsulfonyl)aminolbenzimidazol-5-ylsulfonyl)amino-2-
hydroxypropyl) carbamate. 1,3-Dioxan-5-yl-N-((1S,2R)-1-
benzyl-3-(cyclopentyloxy)amino-2-hydroxypropyl) carbamate
(Step 1, Example 55), (0.148 g, 0.4 mmol) was combined with
15 2-[(methylsulfonyl) amino]benzimidazol-5-ylsulfonyl chloride
(0.162 g, 0.5 mmol) in anhydrous DMF (4 ml) under a N2

atmosphere. The resulting solution was chilled to 0°C and
diisopropylethylethyl amine (0.196 ml, 1.1 mmol) was added.
The reaction was allowed to warm to room temperature and

20 stirred for 24 hours. Reaction mixture was diluted in EtOAc

and washed with sat. NaHCO3, 0.5N KHSO4 and brine. Organic
phase was dried with MgSO4 and solvent was removed in vacuo.
Purification by flash chromatography (EtOAc fo 2% MeOH/EtOAc
to 4%). Recovered 0.159 g (64%) of the product as a white
25 foam. Rf= 0.48 (5% MeOH/EtOAc). 1H NMR (CDCl3) 8.10
(1H,s), 7.67 (1H,d), 7.41 (1H,d), 7.30-7.15 (5H,m), 6.35
(2H,s), 5.14 (1H,d), 4.90 (1H,d), 4.85 (1H,m), 4.72 (1lH,d),



chl ori de was synthesized as described in Eur. Pat. Appl. 20 583960, 23 Feb
1994. Rf = 0.40 (2:1 hexanes/ethyl acetate); H-NWR (CDCl3) : S 7.37-7.15
(8H m, OGwifoofekstod), 6.10 (2H, s) , 4.82 (1H m, 4.60 (1H raT/UShodd7442H M,
3.06 (1H,br.s), 2.94 (2H mM, 2.86 (1H n, 1.90-1.70 (4H, M, 1.65- 1.48
(4H,m, 1.35 (9H,s). M5 (ESI): MrH=549,:,25 Step 2: WO 99/65870

PCT/ US99/ 13744 - 256 4 1. TEA 4 H off 2- DIEA, THF, 4A ms. CHo | o,
O-NNs H OOOXOONNSOOO02 HOPNP ™, 02 Ph H O O Ph (3R 3aS, 6aR
hexahydr ofyup@ [y, b ran I

[(1, 3- benélOélI@OXéH I5n:5gyl }ssu{g?o%ﬂ)%(g;gll'\%ﬂpentylzoxy am n ]11§39 1.70

benzyl - 2- hydr, exypropgtcanbamaten) t er trlagt M+ ¢ 1568Rp-3 5

[ (1, 3- benzodi oxol -5-yl sul fonyl) (cycl opentyl oxy)amnm no] -1 -

benzyl - 2- hydr oxypr opyl car banate (0.15 mml, 80 ng) was dissolved in neat
trifluoroacetic acid (TFA) and Stlg;{&ﬂbf@r1332 hours at room tenperature.
The TFA was renoved under vacuum and the reaction residue was dissol ved
in ethyl 10 acetate. The reaction solution was washed wi th 5% aqueous

pot assi um car bonate, brine and dried oveyo gnesi um sul fate. The crude

sol ution was copeentrate nd re- dlssoNv in 1:1 hexanes/ nethyl ene

chlori de tofex hange 0 e ethyl The resuél_, oil was conbi ned
wth 15 (3 ﬁahydrofuro[z3 3-b lfran 2- ygLNﬁl nix+ophenyl carbonate
(0.22 mol , ), dif'Sopropyl et hjllbfi RMF(0. 44 m*ro$Qz 0.076 nmL), 4 A

nol ecul ar si eves ano rred in~ anhydrous THE (2 under nitrogen for 15
hours at room terrpre Tt’,@_‘ reaction was dil utg 'th et pyl acetate,

N N _-OCHj
N T
H H//
=0 “o and 07NN
H H
(133)

N-[2-(3-[[(2R,38)-3~([ (3R, 3aS, 6aR) hexahydrofuro[2,3-b]furan-

10 3-yloxylcarbonylamino)-2-hydroxy-4-phenylbutyl]
(cyclopentyloxy) amino]sulfonylanilino)ethyl]-0O-methyl-N’ -
(nitro)isourea and N-[2-(3-[[(2R,38)-3-([(3S8,3aR, 6a8)
hexahydrofuro[2,3—b]furan-3—yloxy]carbonylamino)—2—hydroxy—
4-phenylbutyl] (cyclopentyloxy) amino]sulfonylanilino)ethyll]-

15 O-methyl-N’-(nitro)isourea. A solution of 25 mg (0.040
mmol) of a 1:1 mixture of (3R,3as, 6aR)hexahydrofuro(2, 3-

b] furan-3-yl N-(1S,2R)-3-[(3-[(2-aminoethyl)amino]
phenylsulfonyl) (cyclopentyloxy)amino]-1-benzyl-2-
hydroxypropylcarbamate and (3S,3aR, 6aS)hexahydrofuro[2, 3-

20 b] furan-3-yl N;(lS,ZR)—3—[(3—[(2—aminoethyl)amino}phenyl
sulfonyl) (cyclopentyloxy)aminol-1-benzyl-2-
hydroxypropylcarbamate (Example 83) and 0.008 mL (0.048
mmol) of N,N-diisopropyl ethylamine in 1.5 mL of anhydrous
DMF was treated with 6 mg (0.05 mmol) of O-methyl-N-

25 nitroisourea (Heyboer et al. Rec. Chim Trav. Pay-Bas (1962),

81, 69-72). The resulting solution was stirred at RT. After



20 washed with i N HCl, saturated aqueous sodi um bicarbonate, brine and was
dried over magnesium sul fate. The crude product was purified by silica gel

fl ash chroagpdomgsraphy (2: 1 hexanes/ethyl acetate) to provigter/ddoongrsg47%9 of
a white solid. Rf = 0.20 (1:1 hexanes/ethyl acetate); HL-NWR 25 (CDC13) :

S 7.41-7.14 (8H, ), 6.91 (1H, d) , (2H, s) , 5.66 (1Hs), 5.03
(2H M), 4. 84((2Hm)rr) 3. 91((4Hn§ 3. 7%25(12 3.12 (1H,s), 3.01 (2H m,
2.93 (1H M), 2.84 (2H m), 1.91- 171(4Hr’r) 1.71-1.49 (4H m. M5 (ESI):

3 257 lLe.139 St cts2 04 O/
O 1O O BRREFOLIEL P CEORTR CORalRy 7 oty ¢, P2FE"| 8005 0ph ph
tert-butykebi@ts, gRpjdcbedzyb- S%{ashychnpﬁatygﬁaﬁbpz (8idica ?el’ b85. %Z Thi s
i - - am, ngj - 2- [ OXYypro ar ba . S
Feant ] on SHCSLER N, T OoRP { O HABM P R YLD BB CFFETERR e

for tert- Dubgiucts.l-aels @R} £8- f$dm3- benzxmdR oxobebs) : 7.60-7.06 (12H),

| sul fon I ) y h Icarbamate The
1, 4" behootit xan EosulFbiyt T arf or? db RAL syntRebr 3 ba ! ALbr aLre (5et e

pr ocedur e72ﬂe$Mbeed in Eur Pat. Appl. 583960, 23 Feb 1994. Rf 0. 40
(2:1 hexanes/ethyl acetate); H-NVR (CDC13): 6 7.36-7.18 (8H, n) , 6.95

1H, d) , 4.82 (1H, , 4.60 (1H (4H, m , 15 3.82 (2H,m, 3.05
ElH, bi.s), 2.9% (2H,mr’r), 2.87 (1HM1 69 (4H m, 1.69-1.47 (4H m,
1.35 (9H,s). M5 (ESI):

10
; /@/ome 1. TFA ; OMe
I,s\\ : ::
\© + DIEA, DMAP, CH;CN \©

(3R,3aS,6aR)hexahydrofuro[2,3-b]furan—3—yl N-((1S5,2R) -1~

lllo

benzyl—3—(cyclohexyloxy)[(4—methoxyphenyl)sulfonyl]amino—2—

15 hydroxypropyl)carbamate. tert-butyl N-((1S,2R)-1-benzyl-3-
(cyclohexyloxy)[(4—methoxyphenyl)sulfonyl]amino-Z—
hydroxypropyl) carbamate (0.09 mmol, 50 mg) was stirred in 1
mL trifluoroacetic acid (TFA) at room temperature for 5
hours. The TFA was removed under vacuum, and the resulting

20 residue was dissolved in ethyl acetate, washed with 5% aqg.
potassium carbonate solution, brine, dried over magnesium
sulfate, and concentrated to a residue. The resulting free
amine, (2R, 3as, 6aR) hexahydrofuro[2, 3-b] furan-2-yl 4-
nitrophenyl carbonate (0.09 mmol, 27 mg),

25 diisopropylethylamine (0.13 mmol, 0.018 mL),. a crystal of
N,N-dimethylaminopyridine, 4 A molecular sieves and
acetonitrile (0.5 mL) were combined and stirred at room
temperature for 3 days. The reaction solution was
concentrated to a residue, dissolved in ethyl acetate,

30 washed with IN HC1l, 5% ag. potassium carbonate solution,

brine, dried over magnesium sulfate, and concentrated under



M-H=563. Step 2: 20 4 1. TFAi o 2. DI EA THF, 4Ams. HOH" 'I'-lH OH O ~
)/ oyNN S OHOOONNS\ O O\ 02 110 OPNP "~ ~~Y ~/ ~2 iN" Ph HOO
Ph (3R 3a$yéadRseaxahydrofurof 2, 3-b] furan-3-y1l N (1S, 2R) - 1- pcT/Us99/13744 7
benzyl - 3-[ (cycl opentyl oxy) (2, 3- di hydro- 1, 4- benzodi oxi n- 6-

yl sul fonyl') am no] - 2- hydr oxypr opyl carbapate. This reaction 25 was set-up,
run and purified using the same protocol described for (3R 3aS, 6aR
hexahydrofuro [2, 3-b] furan-3-yl N (1S, 2R)-3-[(1,

P
ereen oy k) ol RSB ST
hexanes/ etg‘lmmaﬁt@%ﬁ e HelNi\/RE( GIIQC12)7 )5 OF. EJhl;ESny(lfla,nJ;ﬁ iﬂ:;gleR(AfaHd) d) ,
.06- 4. 2H
301 (4t mCPSTs 50 oty i 123 8 (116450 "he Dbl (bibty 128,05 (ot
2.85 (2H,3963-15 90- 1 17an(4;Hm)oo-J4 79'81 461 MH ., 87Miz (755| )1H nM*Hiﬁ%%— 10
Exanpl Igﬂsl40 Step. 1. OO0 Ow

3, 4- di enFemdsulF-cHyn3 - c?f% o(r'4|Hd§1 '3 34 8& #@ﬁh@iybénﬂ@r‘r@stﬂlfonyl
chloride wast,synt esized B s)descrished 7in %wm Pab., 18pRl .9g58396Q,) 23 Feb
1994. K (2: 1 hexanes/ et hyI acet at e) “NVR_ S 7.69 (1H, d) 7.45
(1H 1, 710%8(‘11H 2A@0 (3131 - 808 GH3M) <) . s (ESI): M+H=605.

Example 135

10

O

Y = O

OH © o
(Tglr §\ ©2 ! OTH\/E\/K“SQO/\H/O
o0 Ph (I—S Y g I
05 o Ph

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-[{(15,2R)-1-
benzyl-3-((cyclopentyloxy) [3- (2-morpholino-2-

15 oxoethoxy)phenyl]sulfonylamino)—2—hydroxypropyl]carbamate.
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-((15,2R) -1~
benzyl—3—(cyclopentyloxy)[(3—hydroxyphenyl)sulfonyl]amino-Z—
hydroxypropyl)carbamate (0.09 mmol, 50 mg) was combined with
2-bromo-1l-morpholino-l-ethanone (0.09 mmol, 18 mg) and

20 potassium carbonate (0.26 mmol, 36 mg), and stirred in
anhydrous DMF (1 mL) under nitrogen for 15 hours at room
temperature. The reaction was concentrated to a residue,
dissolved in ethyl acetate, washed in distilled water and
brine, and dried over magnesium sulfate. The dried solution

25 was then concentrated and purified by silica gel flash
chromatography (1:1 hexanes/ethyl acetate) to provide 41 mg
(67%) of a white solid. Rf = 0.1 (1:1 hexanes/ethyl
acetate); HI-NMR (CDCls): & 7.47 (2H,m), 7.38 (1H,m), 7.32-
7.14 (7H,m), 5.64 (1H,s), 5.03 (2H,m), 4.91-4.76 (1H,m),



20 Step 22 Qdsx2 ove O HOHOOH OV HON-~~-NH ONN.S/ | Ow D EA
THE o 02 Ph Ph 25 tert-butyl N((IS, 2R)-1-benzyl-3-(cycl opentyl oxy)[(3, 4-
di met hoxyRipyaxkg7aul f onyl ] am no- 2- hydr oxypr opyl ) car bamat e. pd19ugookstay |

N (1S, 2R) - 1- benzyl - 3-[ (cycl opent yl oxy) am no] - 2- hydr oxypr opyl car banat e
(0.41 mml, 150 ng) was comnbined with,g3 4-di met hoxybenzenesul f onyl
chloride (0.82 mml, 142 ng) 30 and dil sopropyl -ethylam ne (2. 05 nmol,
0.358 m.) in anhydrous THE (1 nmL). The reaction was allowed to reflux WO

99/ 65870 PGJ4 U@Q@/g;ﬂ% 98-2589 I I@Z houss. 5 The f?ﬁcﬁd on3\/\/ﬁ§ %/[ogged up by
di luting W|th an equal vol une” of et acetate washing 1 :
sat ur at ed (& ms0d? ud? bP ca? borALR) and- b$| he, landSk:In%dOfB)‘v%r% mefhesi um

sul fate. JThggcsu on _ e d 0x & puified by
silica ge%r %%r%é?oé%?bézm@é %gzgngﬂﬁ ia%%tgt e? yi e’Ir}g)l n;f 1010

(439 of h- hited, Bbli MSRIESID: 1MJ(11=.7.LO41exanes/ ethyl acetate); H -NIVR
(CDC13%) : S 7.41 (1H d) , 7.33-7.17 (7H, m , 6.95 (1H d) , 4.82 (1H m,
4.52 (1H M, 3.96 (3H ), 3.93 (3H - §Q42H m, 10 3.08 (1H br.s),
3.00-2.79 (3H, m, 190145(8Hn@9§—%&—1. ,S). Step 3: Q1. TFA NCOw
9H O 2 DI EA, THE 4A m sOwe

o
| o

10 (3R, 3as, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(1S,2R)-3-[[3-
(2-amino-2-oxoethoxy)phenyl]lsulfonyl (cyclopentyloxy)amino] -
l-benzyl-2-hydroxypropylcarbamate. This reaction was set-
up, run and purified under the same conditions as for
(3R,3aS,6aR)hexahydrofuro[2,3-b]furan—3—yl N-[(15,2R)-1~-

15 benzyl-3-((cyclopentyloxy) [3-(2-morpholino-2-
oxoethoxy)phenyl]lsulfonylamino)-2-hydroxypropyl] carbamate
and generated 44 mg (80%) of a white solid. Rf = 0.1 (1:1
hexanes/ethyl acetate); H1-NMR (CDCli): & 7.58-7.42 (2H,m),
7.33-7.06 (8H,m), 6.39 (lH,s), 5.79 (1H,s), 5.63 (1H,s),

20 5.20-5.12 (1H,m), 5.09-4.99 (1H,m), 4.85 (1H,m), 4.60
(2H,s), 4.0-3.78 (4H,m), 3.71 (2H,m), 3.14 (1H,br.s), 3.09-
2.70 (6H,m), 1.93-1.70 (4H,m), 1.70-1.51 (4H,m). MS (ESI):
M+H=634.



HooFi HOHS OWw o~ 1l ONNS" W 02 OCPNP OZ Ph HO Ph 15

(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-yl N ((1S, 2R)- 1-

benzyl - 3- pmywdiespmnt yl oxy) [ ( 3, 4- di met hoxyphenyl ) sul fonyl] PCT/US99/13744

am no- 2- hydr oxypr opyl ) carbanmate. This reaction was set-up, run and

purified using the sanme protocol descrided for 20 (3R 3aS, 6aR)

hexahydrofuro [2, 3-b] furan-3-yl N (1S, 2R) - 3-

[ (1, 3- benzodi oxol -5-yl sul fonyl) (cycl opentyl oxy)am no] - 1-

benzyl - 2- hydr oxypr opyl car bamat e. @‘xam L0 42:1 hexanes/ethyl acetate);

H1-NWR (CDC13): b 7.42 (1H,d), 7. ,m, 6.97 (1Hd), 5.64 (1H,s),

5.00 (1H, M, 25 4.80 (2H,nm, 3.96 (3H, s) 3.93 (3H,s), 3.99-3.80 (4H m,

3.67 (2H, M, 3.15 (1H, s), 3.08-2.98 (2H,m, 2.95-2.75 (3H mM, 1.90-1.71

(4H, m, 1.70-1.43 (4H, M5 (ESI )™~ W¥H=621. 30 ) 9/ 65870 PCT/ US99/ 13744
V%zgi N. ~ K2C33, ~ Stz

260 Exanple 141 4, OeIHBD%L-l@\ coBPY Ho N
TBAI H Qu N A0 -g—NE—&—e—pwz How o |
(3R 3aS, 6% yaR of ur ok:2, 3- B f ur an- 3: Y dxgrr(kk\l/s\z,ﬁa) N
benzyl - 3- (€5 opent yPoxy) [ (4- éz,; 07y OMe

i sopropoxyphenyl ) sul f onyl ] ami'no- 2- hydr®g ropyl )\cPar bamat e. (C?R, 3aS, 6aR)

hexahydrofuro [2, 3-b] furan-3-yl N ((ﬁ S, 2R -1-
(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-((18,2R)-1-

5 benzyl—3—(cyclopentyloxy)[(3—2-[methoxy(methyl)amino]—2—
oxoethoxyphenyl)sulfonyl]amino-2—hydroxypropyl)carbamate.
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-((15,2R)-1~-
benzyl—B-(cyclopentyloxy)[(3—hydroxyphenyl)sulfonyl]amino—Z—
hydroxypropyl)carbamate (0.17 mmol, 100 mg), Z2-bromo-N-

10 methoxy-N-methylacetamide (0.26 mmol, 43 mg) and excess
potassium carbonate were stirred in anhydrous DMF (1 mlL)
under nitrogen for 20 hours at room temperature. The DMF
was removed under vacuum and the residue was dissolved in
ethyl acetate. The crude solution was washed with 1N HC1,

15 saturated aqueous sodium bicarbonate and brine, and dried
over magnesium sulfate. The dried solution was concentrated
to an oil and purified by silica gel flash chromatography
(1:1 hexanes/ethyl acetate) to yield 65 mg (55%) of a white
solid. R = 0.1 (1:1 hexanes/ethyl acetate); H1-NMR (CDC1l3)

20 b 7.45 (2H,m), 7.26 (5H,m), 7.20 (3H,m), 5.64 (1H,s), 5.09-
4.97 (2H,m), 4.91 (2H,s), 4.83 (1H,m), 3.92 (2H,m), 3.78
(3H,s), 3.85-3.74 (2H,m), 3.73-3.59 (2H,m), 3.23 (3H,s),
3.28-3.11 (1H,br.s), 3.06-2.84 (5H,m), 2.75 (1H,m), 1.89-

1.72 (4H,m), 1.71-1.48 (4H,m). MS (ESI): M+H=678.
25



benzyl - 3- (cycl opentyl oxy) [ (4- hydr oxyphenyl ) sul f onyl ] am no- 2-
hydr oxypr opyl ) carbamate (0.13 nmol, 75 ng) was conbined with 10
2- br onopr ardYEs67@. 26 nmol , 0, 025 nl), potassi um carbonat e pdBuso/18m@l , 90
ng), tetrabutylammoniumiodide (5 ng) and anhydrous DVMF (1 nl). The -
reaction stirred under a nitrogen atnpgphere at roomtenperature for 15
hours, then was heated to 50C for 3 hours. The reaction m xture was
concentrated 15 under vacuumto a residue and diluted with ethyl acetate (2
mL). The reaction was washed in di §;'5J,,L,fg ygger and brine, and was dried
over magnesium sul fate. The dried SO rom—was then concentrated to an oil
and puri fi®my silica gel chromat ography (2: 1 hexanes/ethyl acetate) to
yield 61 ng 20 (76 %9 of a white solid. Rf = 0.50 (2:1 hexanes/ et hyl
acetate); H -NWR (CDC13): 6 7.69 (2H,d), 7.33-7.13 (6H m, 6.96 (2H, d) ,
5.65 (1H, s) , 5. 02 (1H , 4.86 (1H M, 4.80 (1H M, 4.65 (1H m,
3.99-3.80 (SH m (2Hrr) 3.11 (1H,br.s), 3. 2.98 (3H,m, 2.91
(1H, m, 2.83 (1H ZQS%EgééH m, 1.7-1. 46@H,n}, 1.38 (6H,d). M
(ESI) @ MHH=619. MD 9/ 65870 us®9/ 13744 - 2810 142 4 Bry 9H
o HH I K2 WVES._GUNNS -S O PhHOHO Ph
2 (3R 3a a h@xahydrofuro[lﬁgﬁ-ﬁpﬁzfuran y l\E((lS %R) 1-° 5
benzyl 3- (cyclopenetyl oxy) [ (3-i sopr opoxyphenyl’) stf onyl ]

tert-butyl N-(1S,2R)-3-[(1,3-benzodioxol-5-

Ylsulfonyl) (cyclopentyloxy)amino]-1-benzyl-2-
hydroxypropylcarbamate. tert-butyl N-(15,2R)-1-benzyl-3-

[ (cyclopentyloxy)amino]-2-hydroxypropylcarbamate (0.19 mmol,
69 mg) was combined with 1,3-benzodioxole~-5-sulfonyl

10 chloride (0.23 mmol, 50 mg) and diisopropylethylamine (0.57
mmol, 73 mg) in anhydrous THF (2 mL). The reaction stirred
under nitrogen for 72 hours at room temperature. The
reaction was diluted with diethyl ether, washed with 1 N
HCl, saturated aqueous sodium bicarbonate, brine, and was

15 dried over magnesium sulfate. The crude product was
concentrated to an oil and purified by silica gel flash
chromatography (5:1 hexanes/ethyl acetate) to provide 82 mg
(79%) of a white solid. The 1, 3-benzodioxole-5-sulfonyl
chloride was synthesized as described in Eur. Pat. Appl.

20 583960, 23 Feb 1994. R = 0.40 (2:1 hexanes/ethyl acetate);
H1-NMR (CDCl;): & 7.37-7.15 (8H,m), 6.89 (1H,d), 6.10
(2H,s), 4.82 (1H,m), 4.60 (1H,m), 3.82 (2H,m), 3.06
(1H,br.s), 2.94 (2H,m), 2.86 (1H,m), 1.90-1.70 (4H,m), 1.65-
1.48 (4H,m), 1.35 (9H,s). MS (ESI): M+H=549.

25
Step 2:



am no- 2- hydr oxypr opyl ) carbamat e. (3R, 3aS, 6aR) hexahydrofuro [2, 3-D]
furan-3-yl N ((1S, 2R) -1-benzyl-3- (cyclopentyloxy) [ (3-

hydr oxyph@yde)esstof onyl ] am no- 2- hydr oxypr opyl ) car bamat e (0. 8Gr/uswenksas 75 ng)
was conbi ned with 2-bronopropane (0.26 nmmol, 10 0.025 nlL), potassium -

carbonate (0.65 mml, 90 ng), tetrabut éarrrmnl umiodide (5 ng) and
anhydrous DVF (1 nlL). The reaction vvas stirred under a nitrogen atnosphere
at room tenperature for 72 hours. The reaction mxture was concentrated

under vacuumto a r due and diluted with 15 ethyl acet (2 m.). The
reacti on was washed di stl |1 edTpAwat er and brine, and w@dri ed over :
magnesi um sul f at e. 7? SO EATTHE I st nen concentratled t g 0| | and
purified by S|,{g|ca gel risato ra (2 1 xhaneslfet @‘I °a

yield 38 @ﬁ/}l 1@ somﬂﬁf 0.4 \~ s dnyl

acet ate); "HL- RMRYDC %} 6 7.40 m)’," 7,385 025 63 (1H,s),
5.00 (1H m, 480(2H , 4.58 (1H, m ,388(4Hrr) 367(2Hrr) 3.13

(s m 1138 1Ry S4P Alaivdfotefdit - Blsvtador et ' 5 ebrisany o 14 5

NH3 4 OH[ QeP3@benkbdii 6kbD-5%- yléulforPyﬂN(@B@J)é’peﬂrtﬁ&xﬂ ath BN 5- 0
imdizole, CH2C12 OQ NN, S H- 0J7 0 Ph 02 2. Phl(QAc)2 OHS 0 Oz 3. H2,

Pd/ C, N%P%Wtﬁphydf%mﬁ@ﬁélaﬁ}%%r of G%’f"zbletﬂé} f it GhS32§h-3-
N‘[(lsiZFQ1§ 3-benzodioxol-5-ylsulfonyl) (cyclopentyloxy)amino}-1-

benzyl-2-hydroxypropylcarbamate (0.15 mmol, 80 mg) was
dissolved in neat trifluorocacetic acid (TFA) and stirred for
2 hours at room temperature. The TFA was removed under
vacuum, and the reaction residue was dissolved in ethyl

10 acetate. The reaction solution was washed with 5% agqueous
potassium carbonate, brine and dried over magnesium sulfate.
The crude solution was concentrated and re-dissolved in 1:1
hexanes/methylene chloride to exchange out the ethyl
acetate. The resulting o0il was combined with

15 (2R, 3a8S, 6aR) hexahydrofuro[2, 3-b] furan-2-yl 4-nitrophenyl
carbonate (0.22 mmol, 65 mg), diisopropylethylamine (0.44
mmol, 0.076 mL), 4 Amolecular sieves and stirred in
anhydrous THF (2 mL) under nitrogen for 15 hours at room
temperature. The reaction was diluted with ethyl acetate,

20 washed with 1IN HCl, saturated aqueous sodium bicarbonate,
brine and was dried over magnesium sulfate. The crude
product was purified by silica gel flash chromatography (2:1
hexanes/ethyl acetate) to provide 41 mg (47%) of a white
solid. Ry = 0.20 (1:1 hexanes/ethyl acetate); H1-NMR

25 (CDCl3): & 7.41-7.14 (8H,m), 6.91 (1H,d), 6.12 (2H,s), 5.66
(1H,s), 5.03 (2H,m), 4.84 (2H,m), 3.91 (4H,m), 3.70 (2H,m),
3.12 (1H,s), 3.01 (2H,m), 2.93 (1H,m), 2.84 (2H,m), 1.91-
1.71 (4H,m), 1.71-1.49 (4H,m). MS (ESI): M+H=606.



[ (1, 3- benzodi oxol -5-yl sul fonyl ) (cycl opentyl oxy)am no]-1- 5
benzyl - 2- (phosphonooxy) propyl ] carbamate. Step 1. (3R, 3aS, 6aR)

hexahydr ofygreg/ebgzo 3-b] furan-3-yl N (1S, 2R) -3- PCT/US99/13744

[ (1, 3- benzodi oxol - 5-yl sul fonyl ) (cycl opentyl oxy) am no] -1- 10 :
benzyl - 2- hydr oxypropyl carbamate (0.38 gwol, 231 ng) was conbined with

di benzyl diisopropyl phosphoramdite (0.57 mol, 0.192 nlL), im dazole (0.38
mol , 27 ng) and nmethylene chloride (5 nL), and stirred for 15 hours at
room tenperature. The reaction Saigentyated to a residue and 15
purified by silica gel chronmat og\;\%xanes/ ethyl acetate) which
produced 32&pny: of a clear oil. Step 2: The oil fromthe previous step was
oxi di zed by conbining. 20 with i odobenzene di acet (0.57 mmol, 185 ny)
and acetonitrile (10)). .Lhe reaction was insta\@\eous and was
concentrated to a cryde white’ ~ N The product S puridied by silica
gel chromat ogr aph@"( £: 1 hexanesigty acet atie) Hhd 170 ng of a
sticky wh i NH ZTSt_eﬁf_Th? ph %‘Ij\a'f*g/és{'\bs Ry Ot he previ ous
step was $tVi roeds. vi gorousl yP# FHL0% Pd/ Cacbonr. ( 34 ) and net hanolic
ammonia (2 Min &t hanol , 2'mL) under a hydrogen atnosphere for 3 hours

at roomt rature. T reactj an was, fil red, an 0O the filtrate was
concentra %[%)g—t%u%yfe%—i %%’ d'ic%/%?%f]ﬂé[e{f% %rsd%\g’(f’ﬁgﬁ{é@/ 13744 -263
from met hgd epershl pf +isted £h @t diyd n-e4 Rer sullthy 8aGhi iy -2+ oduced 80 nmg (31% -

3 steps) of white crystals. Rf = 0.20 (1:1 hexanes/ethyl acetate); H -NW
(D20): b WWHPNRIRYIcarbauates (BH mLeas O MEm)ses wo (4 d@nd

(3rimy, FEa s (TG S s S T s oA ar (A el . 72
(1H M, 2(BS 2R« LH M ban BRIV -5-
ylsulfonyl) (cyclopentyloxy)amino]-1l-benzyl-2-

10 hydroxypropylcarbamate. The 1,4-benzodioxan-6-sulfonyl
chloride was synthesized according to the prdcedure
described in Eur. Pat. Appl. 583960, 23 Feb 1994. R, = 0.40
(2:1 hexanes/ethyl acetate); H1-NMR (CDCli): & 7.36-7.18
(8H,m), 6.95 (1H,d), 4.82 (lH,m), 4.60 (1H,m), 4.32 (4H,m),

15 3.82 (2H,m), 3.05 (1H, br.s), 2.93 (2H,m), 2.87 (1H,m),
1.88-1.69 (4H,m), 1.69-1.47 (4H,m), 1.35 (9H,s). MS (ESI):
M+H=563.

Step 2:
20

$ 1 1A i O
°y2. Dl s,
AL OO ] o0
Y s o} 1 SO N AN
>( \g/ Z 0z ?:)tj"oﬂ“opmp o h e S o

Ph " H o~ O X

(3R, 3as, 6aR) hexahydrofuro[2,3-blfuran-3-yl N-(1S8,2R)-1-
benzyl-3-[ (cyclopentyloxy) (2,3-dihydro-1,4-benzodioxin-6-
vlsulfonyl)amino] -2-hydroxypropylcarbamate. This reaction
25 was set-up, run and purified using the same protocol
described for (3R, 3aS$, 6aR)hexahydrofuro(2,3-b]furan-3-yl N-
(15,2R)-3~-[(1,3-benzodioxol-5-ylsulfonyl)



(5H, M, 1.57-1.30 (5H, M, 1.00-0.90 (1H, M. M (ESI): MH=685. 10 Exanpl e

144 4 OHO OP-OH HHOHOI 1 1. i-PrzN(OBn)z, Hao O  OYNo O imdizole,

CHZClz o @dVb9igss® 2 2. Phl QAc Yo O( )2 I~ Ph =n 02 3PCH8$99Hd‘I4@H O Ph
(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-y1 N-[(1S, 2R)-1-

benzyl - 3-[ (cycl opentyl oxy) (2, 3-di hydro,ke4- benzodi oxi n-6 15

yl sul-f onyl ) am no] - 2- (phosphonooxy)propyl]car bamate Step 1. (3R 3aS, 6aR)

hexahydrofuro [2, 3-b] furan-3-yl N (1S, 2R) -1-

benzyl -3-[ (& @1@ yLo)a a3 gl Al 2 iprzad ond ztg
yl sul f onyl )a%ln noj - ydr%&?/pr op{/I car%%rrat e24( 14 Is%gca a%tse 'coReri ned
wi th di berrzy®.200 i §bpr opsat qoies pdtdt i ati d tea t  )0;. Zﬂl-mmi (@70 :nLp, 71 B7dazol e
(0.18 mol nd hy| de (3 and stirred for 20 hours
at room terrperg@dra) T%‘érﬁeécl'ﬁi rr\tgaggc Hé*(e r'at‘ﬁéoo%o Ay drdend 25
purified by. 87l iZHa,HB)E,I @kﬁ]onm}o,grr a,ph@/ I2: (ahexanes/et hydy, @cetata) whi ch
produced 1 i The oil fromthe preV| ous step was
oxi di zgd b | n%ﬁ]gzc @g{' OS’h 3 (?Od %az lenetifeetat® (FHE)mA-856 ng) and
WO 99/ 6587®RaGl, U899901317474) t@bH4n)acet.onitrad e 48 L) . MENEELACt i On was
i nst ant an ng eia]] concentrat ed to a cr ude whi'te soli d he product was
%@ ca gel

purified chromat ography (1:1 hexanes/ethyl acetate) and
produced 65 ng of a white foam 5
10 Example 140
Step 1:

/)

o 0
C[ e 1.S03DMF .S OMe

OMe

15 3,4—dimethoxybenzenesulfonyl chloride. 3,4~
dimethoxybenzenesulfonyl chloride was synthesized as
described in Eur. Pat. Appl. 583960, 23 Feb 1994. Re = 0.4
(2:1 hexanes/ethyl acetate). HI1-NMR: & 7.69 (1H,d), 7.45
(1H,m), 7.00 (1H,d), 4.00 (3H,s), 3.98 (3H,s).

20
Step 2:

Q CISOZ\@: Q
OMe
; e ot 205 X
>( T \/\/ T NN g OMe
(o}

DIEA THE 5
Ph Ph

IIIO

N

25 tert-butyl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (3,4-
dimethoxyphenyl)sulfonyl]amino—2—hydroxypropyl)carbamate.
tert-butyl N-(15,2R)-1-benzyl-3-[ (cyclopentyloxy)amino]-2-
hydroxypropylcarbamate (0.41 mmol, 150 mg) was combined with
3,4—dimethoxybenzenesulfonyl chloride (0.82 mmol, 142 mg)

30 and diisopropyl-ethylamine (2.05 mmol, 0.358 mL) in

anhydrous THF (1 mL). The reaction was allowed to reflux



Step 3: The phosphate ester fromthe previous step was stirred vigorously
with 10% Pd/ Carbon (12 ng) and nethanolic amonia (2 Min nmethanol, 2 nl)
under a hwdrogssvoat nosphere for 2 10 hours at room t enper &QIWEs99/T5ra4
reaction was filtered, and the filtrate was concentrated to a residue and
crystallized from nethylene chloride/gdjgethyl ether. The crystals were
purified by RP HPLC (acetonitrile/water) and produced 20 ng (20%- 3
steps) of a white solid after |yophylization. Rf = 15 0.20 (1:1
geégngsgef?¥LF%§§5§£§) Tkeh%gﬁégg%ﬂ wa§ Jo?ﬂediﬁﬁ{ﬁ% leggl%%qu BH. m,
4.15-4. ooa{llehml vglvlge3065et13ﬂ nf}cet-;atsgf mmahzgrm W) th 3LBEHGL 23 ( 1H, rr)

1561 33 (5 af T 0h S0 8B (TR m e (2 et T s 1
TFA CH O TRB2EDIEN, STHRataA nfike oftd® DT n #hS GO IS ORFD ||

02 0%l Pin0,01" 2k8 p@?hff’&d%}?' 5pR) u?%%(‘ﬂc%@éé{ﬁé’%%?ﬁ% :?“13 yl

N-((1S, 2R) - 1- benzyl ydr oxy- 3-1s0 y[
sul fonyl ] ﬁ*ﬁ@©$6©§hyba@©©ﬁ®t@ e sd¥eact § Ormg wad3 sketelipa WMnt@nd purified

3 0]t ur P By N 559/122817?%é%%&d%f%l’ac%%e@amfﬂ“m“ydr orure L=

(1S, 2R) - 3(([:1()(1:1;3 beréSZGdl4QXQ|1H5dy|SU| BonylL)7 (7H,m), 6.95 (1H,d), 4.82

(cycl opent yl oxy) am noj 1 benzyl droxyprop carbamate. Rf = 0.20 (1:1
hexanes/efﬁ@lmgce?a%%) %if% rslg 73 ﬁé (3H,8), 3.80 (2H,m),
10 3.08 (lH,br.s), 3 OO 2.79 (3H,m), 1.90-1.45 (8H,m), 1.32
(SH, s) .
Step 3:

L 1 Tea Q
OMe

2. DIEA, THF, 4Ams,

o OH O /[::]: OMe

o _N__A__N.
:K( YY S oMe % /[::I:OM
o = 0, "o OPNP \ﬂ/ €

(3R, 3a8, 6aR) hexahydrofuro[2,3~b] furan-3-yl N-((1S,2R)-1-

n|0

benzyl-3-(cyclopentyloxy) [ (3,4-dimethoxyphenyl) sulfonyl]
amino-2-hydroxypropyl) carbamate. This reaction was set-up,
run and purified using the same protocol described for

20 (3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-(1S,2R)-3-
[(1,3-benzodioxol-5-ylsulfonyl) (cyclopentyloxy)amino]-1-
benzyl-2-hydroxypropylcarbamate. R = 0.20 (2:1
hexanes/ethyl acetate); H1-NMR (CDCls;): & 7.42 (1H,d),
7.35-7.14 (8H,m), 6.97 (1H,d), 5.64 (1H,s), 5.00 (1H,m),

25 4.80 (2H,m), 3.96 (3H,s), 3.93 (3H,s), 3.99-3.80 (4H,m),
3.67 (2H,m), 3.15 (1H,br.s), 3.08-2.98 (2H,m), 2.95-2.75
(3H,m), 1.90-1.71 (4H,m), 1.70-1.43 (4H,m). MS (ESI):
M+H=621.

30



(2H, d) , 7.35-7.12 (6H, m , 7.01 (2H, d) , 5.65 (1H, s) , 5.03 5 (1H m,
4.89 (1H, M, 3.90 (3H,s), 4.03-3.79 (7THm, 3.70 (2H, M, 3.11 (1H br.s),
3.04-2. 69wdHd/es370 1.86 (1H, m, 0.92 (6H . M (ESI): I\/Hrl\mmwnmanpl e
146 10 Step 1: OO NH2+ CISO2 Noe DIEA H, THF o ~ ~ Noe z
4-nitro-N-(tetrahydro-2H pyran-4-yl oxy)denzenesul f onam de

4-t etrahydropyranoxyhydroxylamne (33.2 mmol, 3.77g) and 4 15

ni t robenzenesul fonyl chloride (38.6 nmol, 8.56 g) were conbined in

anhydrous THE (100 nlL) wth diisqwﬁéﬁgﬁgtfwianine (69.3 mol, 11.2 nl).

The reaction was stirred at roomTenp ure for 48 hours. Hydrazine (2
m.) was injected to the stirring solution to break-up the 20

bi saryl sul fonam de di biproduct Br reaction was stirred for an
additional 24 hours. Thy'reacti was | diluted in ethyl etate, washed in
bri ne, flltered tq rrEmyve é1ub@@o§gm#ds and concent rmat ed. T@e crude was
pW|hedb,5 Nz ati 5 cﬂaﬂat@@@pr .50
(36% of ite\c ys{gls. P 0.3 (2: gﬁ L H1 NVR
(CDC13) b (2H, dfr 8.13 (2H, d) : 6 9 ) 3 4. 2¢z(1H m, 3.91

(2H, ), 345(2Hm) 2.02 (2H m, 1.61 (2 np 50 StRp 2: WD 99/ 65870
PCTI US99/ 13744 -266 ~J 0 ON I-14 y ~/~l + o _ LiHVDS off o i Noe | O

HN, S & NOR3RLBa®, BakR) hBRahydr8rQ2oifh, 3-b] furan- 3—yl N-((1S,2R)-1-
5 benzyl-3-(cyclopentyloxy) [ (4-
isopropoxyphenyl) sulfonyl ]amino-2-hydroxypropyl) carbamate.
(3R, 3a$, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-((1S,2R)-1-
benzyl-3-(cyclopentyloxy) [ (4-hydroxyphenyl)sulfonyl]amino-2-
hydroxypropyl)carbamate (0.13 mmol, 75 mg) was combined with
10 2-bromopropane (0.26 mmol, 0.025 mL), potassium carbonate
(0.65 mmol, 90 mg), tetrabutylammonium iodide (5 mg) and
anhydrous DMF (1 mL). The reaction stirred under a nitrogen

atmosphere at room temperature for 15 hours, then was heated

to 50°C for 3 hours. The reaction mixture was concentrated
15 under vacuum to a residue and diluted with ethyl acetate (2

mL) . The reaction was washed in distilled water and brine,

and was dried over magnesium sulfate. The dried solution

was then concentrated to an oil and purified by silica gel

chromatography (2:1 hexanes/ethyl acetate) to yield 61 mg
20 (76 %) of a white solid. R = 0.50 (2:1 hexanes/ethyl

acetate); HI-NMR (CDCls): & 7.69 (2H,d), 7.33-7.13 (6H,m),
©.96 (2H,d), 5.65 (1H,s), 5.02 (1H,m), 4.86 (1H,m), 4.80
{(l1Hm), 4.65 (1H,m), 3.99-3.80 (5H,m), 3.69 (2H,m), 3.11
(1H,br.s), 3.09-2.98 (3H,m), 2.91 (1H,m), 2.83 (l1H,m), 1.89~

25 1.72 (4H,m), 1.7-1.46 (4H,m), 1.38 (6H,d). MS (ESI):
M+H=619.



tert-butyl (1S, 2R)-1-benzyl-2-hydroxy-3-[[ (4-

ni trophenyl ) sul fonyl ] (tetrahydro-2H pyran-4- yl oxy)am no] propyl car bamat e.
4-ni tro- Nwoes/essydr o- 2H 5 pyran- 4-yl oxy) benzenesul f onam dECQ‘ﬁJS@/mM 2.61
g) was conbined with tert-butyl N (1S)-1-[(2S)oxiran-2-yl]-2-

phenyl et hyl carbamate (7.2 mmol, 1.89-@)s1 Lithiumbis(trinethylsilyl) am de
(1.0-Min THF) (1.4 mmol, 1.4 rrL) and anhydrous THE (80 nL). The reaction
was stirred under 10 nitrogen at roomtenperature for 96 hours. The
reaction was diluted in ethyl acetgagaglé%oq‘yﬂ) and washed with a 5%
aqueous sol ution of potassium carbonate, e, and was dried over
magnesi um sul fate. The crude solution was concentrated to a foam and
purified by crystalliz on from 15Brdjet hyl ether to provide 3.5 g (86% of
light yellow crystals.YRf = 0.3 (2: 1l hexanes/ethyl ac te); HL-NWR
(CDC13) : S 8.36 ngOqu 6 (R;¢o3dbms 7.33-7.15 (61 , 4.55 (1H,m,

4.42 (1H s N 2Fh s 2H, o8 @7 b 2.90,
(2H, n)( zm M5 1. 6821, 42 (3H ﬁ%’” > ?\ffiﬁm m%\)
(0]

TFA 2. DI HF, 4APhE. No HOH0 N2 Hp /0 O/CPze O N~~N,
LI'lOACPNPONPhNHSSHII’10PhOzO4gp Ph02F'h
(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 (1S, 2R) - 1- benzyl 25

2- hydroxy(mnés mer&&ﬁw:)@ﬂiﬁcomJ:-lmleﬁd:ad}wh@ﬁlde(la@ 2R) -1
4-vyl og ali ropé’}:ar bamate. This reaction was set-up, WO '99/°65870
PCT/ US99/ FLRPemH IR X | 63 iranrPRaverheny Dranltanyldescri bed for

(3R, 3aS, akadd - ey A MR 1 Yea r3sdtla dei an(ﬁ,ﬂaé\,lﬁa(}%‘)%e)?a@ydr?’ofuro
[2,3-b] furan-3-yl N-((15,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
hydroxyphenyl) sulfonyl]amino-2-hydroxypropyl)carbamate (0.13

mmol, 75 mg) was combined with 2-bromopropane (0.26 mmol,

10 0.025 mlL), potassium carbonate (0.65 mmol, 90 mg),
tetrabutylammonium iodide (5 mg) and anhydrous DMF (1 mL).
The reaction was stirred under a nitrogen atmosphere at room
temperature for 72 hours. The reaction mixture was
concentrated under vacuum to a residue and diluted with

15 ethyl acetate (2 mL). The reaction was washed in distilled
water and brine, and was dried over magnesium sulfate. The
dried solution was then concentrated to an oil and purified
by silica gel chromatography (2:1 hexanes/ethyl acetate) to
yield 38 mg (48 %) of a white solid. Rf = 0.40 (2:1

20 hexanes/ethyl acetate); H1-NMR (CDCli): & 7.40 (1H,m),
7.33-7.10 (9H,m), 5.63 (1H,s), 5.00 (1H,m), 4.80 (2H,m),
4.58 (lH,m), 3.88 (4H,m), 3.67 (2H,m), 3.13 (1H,br.s), 3.00
(2H,m), 2.94-2.74 (2H,m), 1.88-1.71 (5H,m), 1.69-1.43
(5H,m), 1.35 (6H,d). '

25



[ (1, 3- benzodi oxol -5-yl sul fonyl) (cycl opentyl oxy)am no] -1 -

benzyl - 2- hydr oxypropyl carbamate. Rf = 0.1 (1:1 hexanes/ethyl 5 acetate) ;
H1- NVR ( CQ@l®)65870S 8. 38 (2H, d) , 7.95 (2H, d) , 7.33- 7.2CWuU$91P7447. 17
(2H, M, 5.64 (1H,s), 5.02 (1H M, 4.87 (1H n, 4.45 (1H m, 4.00-3.77
(6HmM, 3.68 (2H M, 3.43 (2H M, 3.3352.30 (4H, M, 2.05 (2H M, 1.86
(1H,m, 1.76- 1.42 (44, m . 10 Step 4: 00 T T HHO9H O/ N2 H2, 10%
PA/COHO/ NH2 ON-~NS '-~HONNS EtQAc ~~ uUuHOOQZO0OHOO OPh Ph
02 (3R 3aS, 6aR) hexahydrofurof 2, 3- pLisren-82¥1 3-[[(4 15
aninophenyl)sulfonyI](tetrahydro-2FF%¥?an=ﬁ?yloxy)anino]-l-

benzyl - 2- hydr oxypr opyl c amate. (3R, 3aS, 6aR) hexahydrofuro 2 NH;3

[2,3-b] furan-3-yl (1S, 1- benzyl 2- hydroxy-3-[[(4- OH é;>

ni t r ophenyl )sul fonyl]gtetra ran-4- vyl oxy) am noT’thb car hamat e
(0.16 nmoig mﬁ%@o ed> iQ,,a@Ef@H@QA) lradi urp or® chE@Z@ ng)
and et hyl tar( r ainder a
hydr ogen aﬁnn pheét e Y@y 1§ hours 2THECAYact | on® foltered %nd the
filtrate was concentrated to an oiltzPtReHeMiRie product WAs purified by

crystallization from hexanes/ethyl 25 acetate to provide 30 8320/() of
fine whi te‘%?;??tsd%”‘ )Rexahygirofugoy|, 3gbd faran3pyINGR [(&Sc2

4. 83
(2000, 735 oLmbheboior 6,03 3l Y0l omafibRIAL
PCTI USB9/ b@ml—%@h(omh@ooaywr@mwamba)nata 31-2.28 (2H, br.s),
3.16-2. 72

Step 1:
(3R, 3a5, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(1S,2R)-3-
[ (1,3-benzodioxol-5-ylsulfonyl) (cyclopentyloxy)aminol-1-

10 benzyl-2-hydroxypropylcarbamate (0.38 mmol, 231 mg) was
combined with dibenzyl diisopropylphosphoramidite (0.57
mmol, 0.192 mL), imidazole (0.38 mmol, 27 mg) and methylene
chloride (5 mL), and stirred for 15 hours at room
temperature. The reaction was concentrated to a residue and

15 purified by silica gel chromatography (2:1 hexanes/ethyl

acetate) which produced 325 mg of a clear oil.

Step 2:
The o0il from the previous step was oxidized by combining
20  with iodobenzene diacetate (0.57 mmol, 185 mg) and
acetonitrile (10 mL). The reaction was instantaneous and
was concentrated to a crude white solid. The product was
purified by silica gel chromatography (1:1 hexanes/ethyl
acetate) and produced 170 mg of a sticky white residue.
25 Step 3:
The phosphate ester from the previous step was stirred
vigorously with 108 Pd/Carbon (34 mg) and methanolic ammonia
(2 M in methanol, 2 ml) under a hydrogen atmosphere for 3
hours at room temperature. The reaction was filtered, and

30 the filtrate was concentrated to a residue and crystallized



(6H,m, 1.74-1.45 (5H,n). M5 (ESI) : MrH=E592. Exanple 147 5 Step 1: 00 O
T HHOHONZ2 HSSOHHH OH 0O O NN O NNS UGH, DV Y -~ H O O O Ph 02
OH O 0 Ph woog/@yBasS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-y1 ( 1BCRRpIN3BaENzy| -
10 2-hydroxy-3-[(tetrahydro-2H pyran-4-yl oxy)am no) propyl carbamate. -

(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] f ur an- 3g¥%l-

(1S, 2R) - 1- benzyl - 2- hydr oxy-3-[[ (4- ni trophenyl ) sul f onyl ]

(t et rahydro-2H pyr an-4-yl oxy) am no] propyl carbamate (3.62 nmol, 2.25g) was
conbi ned wf#dhn ﬂﬁm&@%ﬂl%@@éydﬂet%ll%m Or0trdddtidd thi um
hydroxide (14.5 n 'LnlLd 607 ng)) and anhydrous DVMF (10 nl) and stirred for 2
hours at rOGAYGSHhEE &Ar & iinder’ MtSRsge ! THYE T &% S5 Mias Feofic@ntPat ed

to a red Sﬁsﬁe@%ﬂhé’s"/@ %a%h%%a q di;sal <Id“|0700 gh)d jat ate. The

crude sol ution was vvashe sti'l’l e r, sa ura ed aqueous sodi um
bi car bonat7e.26bﬂ A aftdi, dr)i ,edS S’dA/e(rlegnes& 00 s@IHf,ai ). SI'hiéL—ér dde product was
concentr at t.0 I d ifie y t ography
(10:1 tgt hy<Iel gt afaeyfrdet harf foI \A@g{&) c?&/?“t atl %m%r?gt hyl ene

chl ori de/ Hex@neSSH,m)pr ci\n&:’i?e:ﬁm ntg. 1, 40.%) 3of412-5 \ml tch;mMst al D7-Rr. 99 0. 15

(et hyI ace ( ( (1 5. 08

(2H, m R (“ﬁH % ‘Mﬁlﬂ%@ {‘gﬂ %% %‘% g‘% E‘QH a)%%s l13’7(1H n, 3.03

(1H, br . s) (54,90 ,( 11HH7- 12,300 (GHmn),, 12.003-0L.980 (13Hm))., MSTAESL)29 (4H m). 30
M+H=685.

10
Example 144

0 w
0=#LOHJ::>
H ¢ Q: 1.7 -PraN(OBn),, ' & o °
: o imidizole, CH,Cl ™ \d' o H 2 | ,@:j
% o 2. Phi(OAc), O3
3. Hy, Pd/C

K
uu

(3R, 3as, 6aR) hexahydrofuro[2,3-b]furan-3-yl N-[(1S,2R)-1-
benzyl-3-[ (cyclopentyloxy) (2,3-dihydro-1,4-benzodioxin-6-
15 ylsulfonyl)amino] -2~ (phosphonooxy)propyl]lcarbamate

Step 1:
(3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(15,2R)-1-
benzyl-3-[ (cyclopentyloxy) (2,3-dihydro-1, 4-benzodioxin-6-
20 ylsulfonyl)amino]-2-hydroxypropylcarbamate (0.14 mmol, 86
mg) was combined with dibenzyl diisopropylphosphoramidite
(0.21 mmol, 0.070 mL), imidazole (0.18 mmol, 13 mg) and
methylene chloride (3 mL), and stirred for 20 hours at room
temperature. The reaction was concentrated to a residue and
25 purified by silica gel chromatography (2:1 hexanes/ethyl

acetate) which produced 100 mg of a clear oil.

Step 2:
The oil from the previous step was oxidized by combining

30 with iodobenzene diacetate (0.18 mmol, 56 mg) and



WO 99/ 65870 PCT/ US99/ 13744 269 Step 2: 00 C1)CS0z N2 OHO OH O HH
DEA, DVAP, THEHHO NH=0N. s I NHII Il - 022 | z OOHOzz ~ O
u P h 2) wWo9ss8Pd/ C O HO ~Ph (3R, 3aS, 6aR) hexahydr of ur dCx/3s98/13744 an- 3- ylI
3-[[(3 5 am nophenyl ) sul fonyl](tetrahydro-2H pyran-4-yl oxy)am no]-1- -
benzyl - 2- hydr oxypr opyl carbamate. Stepds4 -(3R 3aS, 6aR) hexahydrofuro [ 2,
3-b] -furan-3-yl (1S, 2R) -1-benzyl- 10 2-hydroxy-3-[(tetrahydro-2H pyran-4-
yl oxy) am no] propyl carbamate (0.17 mmol, 75 ng) was conmbined wth

3-nitrobe@t@ﬁ©&dk&dﬂ¢l thQULdeTﬁ@-Zéaﬁﬁmbn 6zsnmhstadtbﬁ@@h@pxhathxbanine

(0.69 mmol % igethg[aninoggrldlne ngh and anhydrous THE
(5 nL). Tﬁ@nfgn &8 Floﬁowésc§P Pr¥H15€ BBELfor 1BehBHPEUGRIYWASNI trogen.

The react pomrigriedust, wasidial geedchrofbbybraggtate: (10eRbhes/wRa0ed with i N

HC1, saturat d ueo S SO |un1b|carbonate brine, and was dried over

a
magnesi umPSal F&F ePEPHYESIsSPulFoRT wasWEbREeRAPPRt ed under vacuum and

purifi®d by 20 S|I|ca gel chromatography (1:1 nethyl ene chl ori de/ et hyl
acet at e) gg gr vide 100 ng (93% of a white solid. Step 2: The product of
t he previ stép was conblned with 10% 25 pal | adium on carbon (20 ng) and

stirred virger puskphbfeebBYkr @eehatBe(Brak)ouBdetcpyHne080:iEPE420 hours.
The reaction was _filtered and concentrated under vacuum The crude
vigorously with 10% Pd/Carbon (12 mg) and methanolic ammonia
(2 M in methanol, 2 mL) under a hydrogen atmosphere for 2
10  hours at room temperature. The reaction was filtered, and
the filtrate was concentrated to a residue and crystallized
from methylene chloride/diethyl ether. The crystals were
purified by RP HPLC (acetonitrile/water) and produced 20 mg

(20% - 3 steps) of a white solid after lyophylization. Re¢ =
15 0.20 (1:1 hexanes/ethyl acetate); H1-NMR (D,0): & 7.31

(l1Hm), 7.26-7.07 (6H,m), 7.03-6.97 (1H,m), 5.52-5.43

(lH,m), 4.78 (1H,m), 4.34-4.15 (5H,m), 4.15-4.00 (1H,m),

3.79-3.65 (3H,m), 3.53-3.41 (1H,m), 3.38-3.23 (1H,m), 3.08-

2.92 (2H,m), 2.89-2.71 (lH,m), 2.52-2.43 (1H,m), 1.80-1.57
20 (5H,m), 1.56-1.33 (5H,m), 0.98 - 0.88 (1H,m). MS (ESI):

M+H=699.

Example 145

H\ 1. TFA H\
oM >
. H ?H z /@/ €2. DlE?,THF,4Am.s. y L OH O /©/0Me
NN Y H o) N =
>( \(,)r s O N AN

= o 1, L o 4
= 0, 1\y>€ 07 “OPNP H\\\ Y s 0,

25
(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-((1S,2R)-1-
benzyl-2-hydroxy-3-isobutoxy[ (4-
methoxyphenyl) sulfonyl Jaminopropyl) carbamate. This reaction
was set-up, run and purified using the same protocol

30 described for (3R, 3a8, 6aR)hexahydrofuro[2, 3-b] furan-3-yl N-



product was purified by crystallization (diethylether/ethyl

acet ate/ hexanes) to yield 40 ng (42% of white crystals. Rf 30 = 0.45

(et hyl acst@eeyss7oHL- NVR (CDCLl3): 5 7.41-7.02 WD 99/ 65870 PEIT/USDASM3T744
-270 (1OH, m, 6.96 (1H,br.s), 5.62 (1H,s), 5.02 (1H M, 4.85 (1H br.s),
4.42 (1H, M, 4.02-3.77 (6H M, 3.69 (2w, 3.48- 3.33 (3H, M, 3.22-2.52
(6H,m, 1.87-1.30 (5H M. M5 (ESI): MH=592. 5 Exanple 148 Step 1: 1. Bu

Li ~ Br ICr o2 SOCQZS ol 3. NCS, pH6 10 3-benzyl oxybenzenesul fonyl
chloride The, @wl_3br qm, @eb@%%og,l()&%las)mlshl%%yq hssolved in THE (100 nl)
and cooledto-78C n-Butyl lithiuml1l.6 Min hexanes 15 (28.5 nlL, 45.6.

mmol ) was FmCé@Péaltéfl%@Xﬁ/Hémrl@&éﬂloﬁe§tzwr1r 8thfi5pxypﬁpp%§ﬁébém5éﬁnngar med
to OC. Th | t;i t f C solut f
s (a1 L og s e ) B e et e L LB B he TSN °
became a yeH, dw,sﬁsﬁéﬁs’il ap i(sHedi at &, xblunaﬂ addi 6i.ep cofLHt, be 26 asyl

lithi T t ed for
days. “The B oA B oeunerade s pacted S on' A EPodensr g7aMhr - SiE

suspensi on2uas) gosceant r( raﬁedraed tbeowesabtn Bg,ﬁ@l i d.sei (uHakhed olbbh Et 20

to provid 2 su nat |nterrred|ate The lithium sulfinate was
25 stirre 6?‘1’1 i “bi ﬁéha@gg l‘(”tg 6§f1 ‘pH 6 aqueous di basic sodi um phosphate

buffer (27 g in 200 nL di stllled water - adjusted to pH 6 with conc.
phosphoric acid) and ethyl acetatExdm®e M4j6and cooled to 0OC. Wile

stirrj
i&g Step 1:
IS
o] + DIEA 9]
O\ NH, msoz—@—Noz - HN
0 THF ~S_C>_N02
2

o)

4-nitro-N- (tetrahydro-2H-pyran-4-yloxy)benzenesulfonamide
4-tetrahydropyranoxyhydroxylamine (33.2 mmol, 3.77g) and 4-

15 nitrobenzenesulfonylchloride (38.6 mmol, 8.56 g) were
combined in anhydrous THF (100 mL) with
diisopropylethylamine (69.3 mmol, 11.2 mL). The reaction
was stirred at room temperature for 48 hours. Hydrazine (2
nL) was injected to the stirring solution to break-up the

20 bisarylsulfonamide dimer biproduct. The reaction was
stirred for an additional 24 hours. The reaction was
diluted in ethyl acetate, washed in brine, filtered to
remove insoluble solids and concentrated. The crude was
purified by crystallization from hot ethyl acetate to

25 provide 3.5 g (36%) of white crystals. R = 0.3 (2:1
hexanes/ethyl acetate); H1-NMR (CDCls): & 8.42 (2H,d), 8.13
(24,d), 6.93 (1H,s), 4.27 (1H,m), 3.91 (2H,m), 3.45 (2H,m),
2.02 (2H,m), 1.61 (2H,m).

30 Step 2:



vi gorously, N-chlorosuccinimde (3.80 g, 28.4 mol) was 30 added. The

reaction was imedi ately warnmed to room tenperature and the aqueous | ayer
was dr ai nedo 9¥és8700r gani ¢ | ayer was washed with distill ed RaT®S899/13744ne and
dried over WD 99/ 65870 PCT/ US99/ 13744 - 271 magnesium sulfate. The crude
was concentrated to a yellow solid undek reduced pressure and washed with
Et 20. The product was purified by.eluting through a silica gel colum

with Et20 and resulted in 4.81 g (37% of the desired 5 product. Rf = 0.2
(5:1 hexanes/ethyl acetate) HL-NVR 7.67-7.27 (9H,m), b.13 (2H, s) . Step

2200 11) I~~das®x v N HuUH9H O HHOH OO II| N H DI EA, THE
O-NNS OH 2 5, 0H0 Qu%h 2)3 2/ 10% Pd/ =0OPhH /EtOAﬁOH 10

(3R, 3aS, Gaa’he)(ah drofur [ 2, 3 ]furé\ﬁE@gﬁ»1 - 1-benzyl - g+ © 2

hydr oxy- 3-[ [ (39 hydppxyphe flonyl ]‘l(l-tFetram/L@ N2y a yl oxy) am no]
propyl carbamate. Step 1: , 3aS, 6aR) hexa drkc'gf W o[ 2, 3b]furan-3-yl

(1S, 2R) - 1- benzyl - 2-hydroxy-3-[(tetrahydro-2H pyran- 8
yl oxy) am nol pr qpyl aré)a te (0.17 mmol, 75 ng) was conbined wth
3- benzyl oxtiflo&f'n%g#ééul %R)cﬂ“&q”&é’l(‘@.'%’qﬁ%‘% ) _
di i sopr opy et A NG i Ry te tdall dBo- A RELAYI£Ne 20 chloride (2 ni)
and allowed to stir for 15 hours at room te rature under nitrogen. The
reacti on wasox)lamiaw mndpy letandamadet.at & -and radhed atitah idydHQH- 5% aqueous
pot assgumﬁ%p:i Garhana ol ution, i_ne .and dried qver, magnesi um
sul fate. The sol u&lo%&'@senggﬁlgesrlﬁl%%tngglgﬁde(\r%a&aérm? 'a%d 6{1heg) was
combined with tert-butyl N-(1S)-1-[(2S)oxiran-2-yl]-2-
phenylethylcarbamate (7.2 mmol, 1.89 g), lithium
bis(trimethylsilyl) amide (1.0 M in THF) (1.4 mmol, 1.4 mlL)
and anhydrous THF (80 mL). The reaction was stirred under
10 nitrogen at room temperature for 96 hours. The reaction was
diluted in ethyl acetate (200 mL) and washed with a 5%
aqueous solution of potassium carbonate, brine, and was
dried over magnesium sulfate. The crude solution was
concentrated to a foam and purified by crystallization from
15 diethylether to provide 3.5 g (86%) of light vellow

crystals. R: = 0.3 (2:1 hexanes/ethyl acetate); H1-NMR
(CDCls): & 8.36 (2H,d), 7.96 (2H,d), 7.33-7.15 (6H,m), 4.55
(1H,m), 4.42 (1H,m), 3.95 (2H,m), 3.77 (2H,m), 3.43 (2H,m),

3.07 (1H,br.s), 2.90 (2H,m), 2.03 (2H,m), 1.65-1.42 (3H,m),
20 1.32 (9H,s).

Step 3:

o
1. TFA _
Q 2. DIEA, THF, 4Ams. Q NG
1 2 LT R AL e TR T
XO\[]/N\/\/I\LS ?yHI’OJLOPNP (j_SO\n/N\/-\/N\
o) Oz 0

~ph § o Ph

mQ

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan-3—yl (18,2R) -1-benzyl-
25 2-hydroxy—3—[[(4—nitrophenyl)sulfonyl](tetrahydro-2H>pyran—

4-yloxy)amino]lpropylcarbamate. This reaction was set-up,



25 crude product was purified by silica gel chromatography (1:1
hexanes/ et hyl acetate) to provide 60 ng (51% of a clear oil. Step 2: WO
99/ 65870 WOM9WSHO/ 13744 -272 The product of the previ ous RITAKRAZ74dt i rred
vigorously with 10% pall adi umon carbon (20 ng), acetic acid (0.5 nL), and
ethyl acetate (2nmL) under hydrogen foro&; hours. The reaction was filtered

and concentrated to an oil. The crude 5 product was purified by silica gel

chromat ography (1:1 hexanes/ethyl acetate), and crystallized fron1

di et hyl et hgh/ hexapesitocar a¥i 4 Bﬂengaﬁ36%?o@$cMm'&@scﬁi%é&afér = 0.2
1- NMR CDC13) . S 7.40 (2H M,

(1:1 nethylene chlorlde/eth I acetateg
7.32-7. 21 (e BH3Ap: ?RiheiehyéFpﬁyr0628 PifppensysvE Bo(18HE)735.00 (2H, M,

?ZﬁPn)(1T{ggz34b93%§d29x&§k%n¥ls§lf@ngif5 égéﬁBg?n§¥%§xiﬁgé%%éﬁb%g)Exgngﬁe

149 St epbgnzyl- %uhydéoaygxzpblce¢bam@t@ RCS, pH6 Gldzgq?ana;/ethyl

was i 2ot VEE R THE (108 HECaT cdoledt 62 78 C RoBlah Wit RrdA 1.6 M
:R heﬁapes 228 BHPh) , 45 67 mnnlm Mas smjeffﬁg ﬁnﬂl©?e IEﬁ@Ij?ﬂ §tggred for

r ef or in r sulting sol ution was en
transferréﬁH ? 97%@&2@&0??0 QOS 7415 ™) 913 prof 38 mE 26-$400 L) and
THE (100 mtm,mThe3senuzl@n begpre, a2. yel fony BUspENSS onLi medi ateéy upon
addi tion ff4éhg4gr%; lithium The suspension was warned to room

t enperat ure
10

Step 4:

EtOAc

NO, NH,
9’ h OH O O Ha 10% PdIC Lo OH O /@
= - ettt R - -
(I_TOTN\/\/N\S (ITOTN\/\/N\S
o o

0 Ph

Ty

(3R, 3as, 6aR) hexahydrofuro([2,3-b]furan-3-yl 3-[[(4-

15 aminophenyl)sulfonyl] (tetrahydro-2H-pyran-4-yloxy)amino]-1-
benzyl-2-hydroxypropylcarbamate. (3R, 3a8, 6aR)hexahydrofuro
(2,3-b]lfuran-3-yl (15,2R)-1-benzyl-2-hydroxy-3-[[ (4-
nitrophenyl)sulfonyl] (tetrahydro-2H-pyran-4-
vloxy)amino]propylcarbamate (0.16 mmol, 100 mg) was combined

20  with 10% palladium on carbon (20 mg) and ethyl acetate (2
mL), and the reaction was stirred vigorously under a
hydrogen atmosphere for 15 hours. The reaction was filtered
and the filtrate was concentrated to an oil. The crude
product was purified by crystallization from hexanes/ethyl

25 acetate to provide 30 mg (32%) of fine white crystals. R¢ =
0.5 (ethyl acetate); H1-NMR (CDCls): & 7.56 (2H,d), 7.33-
7.11 (6H,m), 6.72 (2H,d), 5.64 (1H,s), 5.0 (1H,m), 4.83
(IH,m), 4.39 (lH,septet), 4.01-3.78 (6H,m), 3.73-3.59



sparged with nitrogen for 1 hr. The suspension was 30 concentrated to a
yellow solid and triturated wwth Et20 to provide 6.27 g of the sulfinate
i ntermedi wo®g/eddte |ithium sulfinate was stirred in a bi- HCIUSIMINE ur e of
pH 6 aqueous WD 99/ 65870 PCTI US99/ 13744 -273 di basi c sodi um phosphat e
buffer (27 g in 200 nL distilled watejg-=- adjusted to pH 6 with conc.
phosphoric acid) and ethyl acetate (200 nlL) and cooled to OC. Wile
stirring vigorously, N-chlorosuccinimde (3.27 g, 24.7 nmol) was 5 added.

The reactpanmyas3i pgedi atel yywar med 0-5 09 (beMperaf Uure, apdo the aqueous
| ayer was dral ned._The organic 1ayer was concentrated to a yellow solid

under redbBe® / pt eddut ed>ThetcRude X8I fBRY] - ABTPAR- was purified by

silica gel chromatography (5:1 hexanes/ethyl acetate) to 10 provide 3.35g -
(26% of an off-white solid. Rf = 0.2 (5:1 hexanes/ethyl acetate). Hl-NWR
S 7.97 (2Hd), 7.45-7.30 (SH n) Expampde A474), 5.16 (2H,s). Step 2: O OBn O
cCsOxyOH GHOHHHOHHOHO/ NHDEA DVAP, THEON NSy 0OY Ph

2) H2, 18%pdfiC, o0-=-0 o 'Ph 02 H HOAc/EtOAc H 15

(3R 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-yl1 1-benzyl - 2-

hydr oxy- 3-[ [ (4- hydr oxyphenyl )sul f onyl ] (t et rahydr o- 2H pyran- 4-yl oxy)

am no] pr opyl car banat e. Step 1. (3R 3aS, 6aR) hexahydroffurg [ 2, 3-b]
furan-3-yl (1S, 2R) - Lkbenzyl - 2-hydr(\)ﬁ-3-[(tetrahydro-2H— an- 4-
o 2 T e, o i R
N LiOH, DMF (z_j YO Y H
O o X © 0" O Spy
g O Ph H

(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl (1S,2R)-1-benzyl-

10 2-hydroxy-3-[ (tetrahydro-2H-pyran-4-yloxy)amino]
propylcarbamate. (3R, 3a8, 6aR) hexahydrofuro (2, 3-b] furan-3-yl
(1S,2R)-1-benzyl-2-hydroxy-3-[[ (4d-nitrophenyl)sulfonyl]
(tetrahydro-2H-pyran-4-yloxy)amino]propylcarbamate (3.62
mmol, 2.25g) was combined with mercaptoacetic acid (7.24

15 mmol, 0.501 mL), lithium hydroxide (14.5 mmol, 607 mg) and
anhydrous DMF (10 mL) and stirred for 2 hours at room
temperature under nitrogen. The reaction was concentrated
to a red suspension under vacuum and disolved in 700 mL
ethyl acetate. The crude solution was washed with distilled

20 water, saturated aqueous sodium bicarbonate, brine and dried
over magnesium sulfate. The crude product was concentrated
to a yellow solid and purified by silca gel chromatography
(10:1 ethyl acetate/methanol) followed by crystallization

from methylene chloride/hexanes to provide 650 mg (41%) of

25 white crystals. R; = 0.15 (ethyl acetate); H1-NMR (CDCl;): &
7.39-7.18 (6H,m), 5.69 (1H,s), 5.08 (2H,m), 4.25 (1H,m),
4.10-3.58 (8H,m), 3.52-3.27 (3H,m), 3.19 (l1H,m), 3.03
(lH,br.s), 2.90 (1Hm), 2.71 (lH,m), 2.13-1.80 (3H,m), 1.74-
1.29 (4H,m).

30



yl oxy) am no] propyl carbamat e(0. 17 mml, 75 ng) was conbined wth

4- benzyl oxybenzenesul fonyl chloride (0.26 mmol, 73 ng), 25

di i sopr opMoeadres7@am ne (0.69 mml, 0.12 nl), and a few cryRERUSIAB744

N, N- di met hyl am nopyridine in a 1:1 solution of anhydrous THE nethyl ene
chloride (2 nL) and allowed to stir - bgp 15 hours at room tenperature under
nitrogen. The reaction was diluted with ethyl acetate and washed with 1N WO
99/ 65870 PCT/ US99/ 13744 -274 HCl, 5% aqueous potassi um carbonate sol ution,
brine andstw&s 2dri ed over magnesi um sul fate. The sol uti on was concentrated
under vacuum and the crude product was purified by silica gel

chromat ography (1:1 hexanes/ethyl acetate) to provide 50 5 ng (43% of a
clear oil. Step 2: TherProduct o he previous step & stirred vi gorously
with 10% pal | adi um ontgcar bdh ( ), acetic acid ( nL), and 10 ethyl
acetate (2 nmL) under Jhydrogeéif%or~1Nhours. The reagtilon pyas filtered and
concentratedit g aff otl. The pAlgRapPrHRdUCT FWas \c,a]yﬁ aly i rom

di et hyl et fefrfexpnes “ihr evi-de—8—rg-»{ Yo% 0f YWhEt e cr)g§t sNHRf = 0.2
(1:1 nethR e ¢hl opj de/ et layh,, ameparce) ;° MR (CRG13):°S 7.66 15 (2H,d),
7.32-7.12 (6H, M, 6.94 (2Hd), 6.25 (1H, b'?.s), 5.66 (1H,s), 4.98 (1H m,

4.76 (1H, 4.4 H 4. 00-3.7 Hm, 3.68 H, 3.51-3.36 (2H, m,

3. 29- (2 51{31?61%%% ]Ba(é*ﬁe?a‘fyéifo(of%# 3(1'.?%52%%‘ Y 1(1.%6'3[[?1(345 (2H ). l(\/B "

(ESI) s Mnizhherd )BAMIE 115G e tEahlydriR-@H-YPriH -2 Q1%xy) amino] -1-
benzyl-2-hydroxypropylcarbamate.

Step 1:
(3R, 3a$8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (1S,2R)-1-benzyl-

10 2-hydroxy-3-[(tetrahydro-2H-pyran-4-
vloxy)amino]propylcarbamate (0.17 mmol, 75 mg) was combined
with 3-nitrobenzenesulfonyl chloride (0.26 mmol, 57 mg) ,
diisopropylethylamine (0.69 mmol, 0.120 mL), N,N-
dimethylaminopyridine (5 mg), and anhydrous THF (5 mL). The

15 reaction was stirred at 50°C for 15 hours under nitrogen.
The reaction product was diluted in ethyl acetate (10 ml),
washed with 1N HCl, saturated aqueous sodium bicarbonate,
brine, and was dried over magnesium sulfate. The crude
solution was concentrated under vacuum and purified by

20 silica gel chromatography (1:1 methylene chloride/ethyl
acetate) to provide 100 mg (93%) of a white solid.

Step 2:
The product of the previous step was combined with 10%

25 palladium on carbon (20 mg) and stirred vigorously in ethyl
acetate (2 mL) under hydrogen for 20 hours. The reaction
was filtered and concentrated under vacuum. The crude
product was purified by crystallization (diethylether/ethyl
acetate/hexanes) to yield 40 mg (42%) of white crystals. R:

300 = 0.45 (ethyl acetate); H1-NMR (CDCli): & 7.41-7.02



SI O o020 Ph DDEA, THEO '/ 11Ol ~Ph 2
H (3R 3aS, 6aR) hexahydrofuro[2,3 b] furan-3-yl 1-benzyl-3-[(2,3- 25
di hydr o- 1wb $9esgrodi oxi n- 6-yl sul fonyl ) (t et rahydro- 2H pyr an-BCT/US99/13744
yl oxy) am no] - 2- hydr oxypr opyl car bamat e.
(3R 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-33y+ (1S, 2R)- 1- benzyl -
2- hydroxy-3-[(tetrahydro-2H pyran-4- yl oxy)am no] propyl carbamate (0. 17
mol , 75 ng) was conbined 30 with 1, 4-benzodi oxan-6-sul fonyl chloride (0.21
mol , 48 rrgpﬁ,m,%/ GSBK@HPSEI Q$995132441H- s2755 dbi senr gpy! et byl am ne
(0. 69 rrrml 12 i) aQ us THE and allowed to stir for 20
hours at 8gmbtre érét H?e 1%‘ r A p?oéem Tﬁg Feacti 6 WaE /Bt uBefiBwith
di et hyl et BeB3 aad,mshedzw—ah5iN B m) p%0 agueousoPebAsEl UM Gar besaf e 5
sol uti on, and was dried over nmagnesiumsulfate. The solution was
concentrayeg g%aer vacuum and the crude product was purified by silica gel
chromed ography (1:1 hexanes/ et hyl ) a](c:et a;t/\g). Thewgurl f:?;ad Obl GW?St ol
| yophylized to provide 13 ng (12) of a ite powder. = 0. et hy
azefa%/e); HI-NI\/pR 10 (CDC;) : S 7.ExAamplen 1484 n), 6.98 (1H, d) , 5.66 (1H,
s) , 5.03 (1H M, 4.83 (1H M, 4.43 (1H, M, 4.33 (4H,d), 4.03-3.79
(6H, m, 35?_@ (2zH, M, 3.45 (2H M, 3.29-2.68 (6H M, 2.06 (2H mM, 1.74-1.46
(3H, M ESI): M-H=635. 15 Example 151 OO T OPO 9HO HO N- N H
Cl stz IO H 0 N EN S e

1. Buli \JJ::]
Br 0 2. 302 ClO,S (o]

S —————————

3. NCSsS, pH6

H H QUNOH C1S02 O/ H OyN N_

10
3-benzyloxybenzenesulfonyl chloride
The aryl bromide (12 g, 45.6 mmol) was dissolved in THF (100
mL) and cooled to -78°C. n-Butyl lithium 1.6 M in hexanes
15 (28.5 mL, 45.6 mmol) was injected and the reaction stirred

for 1 hr. before being warmed to 0°C. The resulting

solution was then transferred to a -78°C solution of S0, (41
mL, 913 mmol), Et,0 (100 mL) and THF (100 mL). The solution
became a yellow suspension immediately upon addition of the

20 aryl lithium. The suspension was warmed to room temperature
and stirred for 3 days. The yellow mixture was sparged with
nitrogen for 2 hr. The suspension was concentrated and the
resulting solid triturated with Et,0 to provide 7.23 g of
the sulfinate intermediate. The lithium sulfinate was

25 stirred in a bi-phasic mixture of pH 6 aqueous dibasic
sodium phosphate buffer (27 g in 200 mL distilled water -
adjusted to pH 6 with conc. phosphoric acid) and ethyl
acetate (200 mL) and cooled to 0°C. While stirring
vigorously, N-chlorosuccinimide (3.80 g, 28.4 mmol) was

30 added. The reaction was immediately warmed to room
temperature and the aqueous layer was drained. The organic

layer was washed with distilled water, brine and dried over



)OY Ph DDEA, THE o0 Y Ph Oz H H

(3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b]furan-3-yl 3-[(1, 3- 20

benzodi oxewo W/6sBBul f onyl ) (t et rahydr o- 2H pyr an- 4- PCT/US99/13744

yl oxy) am no] - 1- benzyl - 2- hydr oxypr opyl carbamate. (3R, 3aS, 6aR)
hexahydrofuro [2, 3-b] furan-3-yl (1S,22R) -1-benzyl -

2- hydroxy- 3-[ (tetrahydro- 2H pyran-4- yl oxy)am no] propyl carbamate (0. 23
mol , 100 ng) was conbi ned 25 1, 3-benzodi oxol e-5-sul fonyl chloride (0.28
mmol , 61 m@bnesdhmsepnﬁaybethyhanbmadé0w§9 ﬁﬁﬁben@rézeﬂLkoi@ gahydwous THE
(2 m_) and ﬁ gto stir 72 hours at gomten‘ge tE‘ under. nitrogen.
The reacti°0 l\%aém Crufed GrenPEERPT§cBPEt ¥ash Shefto? t h ¢ HCL,

sat ur at edpSt@dluttm ba@apbﬁm&h@d3ﬁy5@huthﬁ@ thirblghandsyascdr jed e¥etmn
magnesi um s % V\D 99/ 65870 PCT/US99/13744_ 276 sol ution was
concentraf”é & u{l‘?ﬁ%ﬁe he ¢t utfe Prodlich Ol puieFHerf by silica gel
chr omes ogpaphycl: 5Rlae-xame:5/ et hylhesooeigt@dnyThecotid) ed @ Inas

crystalli 37 g géow de ?5 n&l (39% of white crystals. Rf = 0.2 (1:5
hexanes/ et'hyl et'dtle  H- NRR(EBDEL3): 6 7.38-7.13 (9H, 1), 6.90 (1H, d),
6. 10 (2H s), 5.64 (1H, s), 5.02 (1H, M, 4.82 (1H m, 4.41 (1H m, 3.99-3.79
(6H, M, 3. %2 3,59 (2H,n), 3.49-3.33 (2H,n), 3.25-2.51 (6H, mM, 2.09-1.98
(2H, m S66P1243 (2H, m). MS (ESI) : MrHE621. 10 Exanple 152 Step 1: ON
1. 03, CHZCI 2/ MeOH 0 2. POM5 H CN 15 4-oxobutanenitrile, 4-butenenitrile
(43.9 mmol, 3.56 grans s1)di s ed in 150 nmL of 3:]1 nethyl ene

chl ori de/ net hanol sol n, Clgg BQ -78C, and ozon d until the
sol uti on H y  OH 9 H h OH O
Z O\H,N\_/'\/N\H DIEA, THF 5 \n,N\:/\/N OH
o= o = T o o = 02
5o Ph 2) Hy, 10% Pd/C, e ~Ph
HOAC/EtOAC

10 (3R, 3as, 6aR) hexahydrofuro[2,3-b]furan-3-yl l-benzyl-2-
hydroxy-3-[[ (3-hydroxyphenyl) sulfonyl] (tetrahydro-2H-pyran-
4-yloxy)amino]propylcarbamate.

Step 1:

15 (3R, 3a85, 6aR) hexahydrofuro{2, 3-b] furan-3-yl {15,2R)-1-benzyl-
2-hydroxy-3-[ (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate (0.17 mmol, 75 mg) was combined
with 3-benzyloxybenzenesulfonyl chloride (0.26 mmol, 73 mg),
diisopropylethylamine (0.69 mmol, 0.12 mL) in methylene

20  chloride (2 mL) and allowed to stir for 15 hours at room
temperature under nitrogen. The reaction was diluted with
ethyl acetate and washed with 1IN HCl, 5% aqueous potassium
bicarbonate solution, brine and was dried over magnesium
sulfate. The solution was concentrated under vacuum and the

25 crude product was purified by silica gel chromatography (1:1
hexanes/ethyl acetate) to provide 60 mg (51%) of a clear

oil.

Step 2:



turned blue (15 mnutes). The excess ozone was sparged by 20 bubbling
nitrogen through the solution while warmng to room tenperature. Excess

di met hyl siWo 99658® was added and the reaction stirred for RET/HNSWIS7T&t room
tenperature. The reaction was concentrated to a clear liquid, dissolved in
ethyl acetate, washed in distilled watgyz -brine and dried 25 over magnesi um
sul fate. The concentrated crude product was purified by silica gel flash
chromat ography (2:1 hexanes/ethyl acetate) to provide a brown |iquid which
was dIStH&kﬁ@mﬁkﬁkﬂﬂuﬁeih@r@&%Mﬁ@u@1§Q€b15agb§ElrE@dPHQébg%usg 1%1953”5
(58% of & urlfled cl ear %Uld 2 30 (2:1 hexanes/et yl

acet at ) ; 4F- KR 1GERET3 P Gag 8 (20, mag) acgt@@ esid P -2 2Lé1 R ) . WO
99/ 65870 REIWUSAYel3IT44 (2mL37 hnaSkeRydroQeNcMBBr ¢ RHErOH  hd~v CN - 78 ->
r.t. 10 dv. CN 5 4- géélgéggentanenltrlle The 4-oxobutanenitrile (17.9 nmmol,

1. 49 gr amsfakke O R ednRydr 6G8CTRETp569ntY 8RdO1deol EBSt BTUREC,

Met hyl sragpesidurrbreri geri ¥l 9 Eyvka1§c88gemtch§thBogk§%Hylé@ther) sol ution
The reaction stirre C for 15 mn.

was injected slo b syringe
and was 156%€Pﬁ§3A%ByﬁoéﬁFFéﬁﬁévaﬁﬂﬁechﬁ§a@éééﬁﬂoﬁr@Es diluted in

nethylened@@k@@ﬂ@@hé@@h@kkn@@dt@rp%QVQM@r3@Hﬂ?e%BUﬂBSka@B§te The
concentrated crude groduct was ﬁurl i ca | ash chr onmat ogr aphy
a

(4:1 net hyFEREaRl-ofF de/ Rty éﬁ%‘%fe&)le%cplplrw%/cﬁtlhml gar%ﬁf@at(e@w/o of the
chior§ der engl R ae2edte)  dt ik o) T % o 2 T 2 A (2K L 1. 86-
1. 60 XBH, (B, m)1. 238(3K1Hupr.sSiep.89 OLHE) H b:- O QNHR), 4.40

(1H,m), 4.02-3.70 (8H,m), 3.48-3.35 (2H,m), 3.23-2.71

(6H,m), 2.04 (2H,m), 1.79-1.67 (1H,m), 1.65-1.42 (3H,m) . MS

(ESI): M+H=593.

15 Example 149

Step 1:

1. Buli
/@/O\/Q 2. S0, OO\O
—_—
Br 3. NCS, pH6 CI0s

20  4-benzyloxybenzenesulfonyl chloride. The aryl bromide (12
g, 45.6 mmol) was dissolved in THF (100 mL) and cooled to
=78 °C. n-Butyl lithium 1.6 M in hexanes (28.5 mL, 45.6

mmol) was injected and the reaction stirred for lhr. before
being warmed to 0°C. The resulting solution was then

25 transferred to a -78°C solution of S0, (41 mL, 913 mmol),
Et,0 (100 mL) and THF (100 mL). The solution became a
vellow suspension immediately upon addition of the aryl
lithium. The suspension was warmed to room Temperature and
sparged with nitrogen for 1 hr. The suspension was

30 concentrated to a yellow solid and triturated with Et,0 to
provide 6.27 g of the sulfinate intermediate. The lithium

sulfinate was stirred in a bi-phasic mixture of pH 6 aqueous



/w CN o CN 20 PPh3, DTBAD, THE 4-(am nooxy)pentanenitrile. A solution of
ditertbutyl azodi carboxyl ate (DTBAD) (13.9 mmol, 3.21 grans) in anhydrous
THE (20 niyo wassmanul ated dropwi seinto a stirring slurry RBET/US99/13744

4- hydr oxypentanenitrile (11.6 mmol, 1.15 25 grans), N hydroxyphthali m de
(11.6 mmol, 1.89 grans), triphenyl phospghine (13.9 mol, 3.65 grans) and
anhydrous THE (30 nL). The slurry dissolved on addition and changed col or
first to orange, then to yellow. The yellow solution stirred at room

t enper at wibhdirc Sdmilims phdpisalaentsr was MO P/658H0 RETIAISAI1h2H4 278
renoved under vacuum and. the residue was di ssolved in TFA. The reaction

stirred |"ﬁ31 THA T FOBHGT £ @Phécdﬁﬁ%ééqq% OFSRD Filsr Gdi). afe TFA was
renoved aacceq%m n@dd“?n e QUL was - di S%B%Ygd 'th?}H%ﬁl acetate,

washed in 5 d| stil wat er, %aqueous potassi um carbonate so
bri ne andridrdredisaver Mﬂgﬂemaﬂncs:lﬂnfmme Tize 2cr t@de 2>4el7l @iMo 190hiad was

purified b | fl.ash chromat o anes/ et hyl acetate)
and p?ow ed d8 %eq(ff‘%t S it %léw‘.\%se%ié’ll aﬁé“eéjoéod TORM =0.3 (2:1
hexanes/ etempe radetrat ejnd HhED sl o CRGE3) wasSdeaafﬁe(dZH Mhe brg@nizH m,

P T At ) T el o Sy o O

4-{ [ ( 4- metrhoseythrenzy ITFamcTeldex W dthaneninltidite daEamMura@epent aneni tril e

&é%g ”“D"J_§21%Eh %%%omaggagg%éybegz%n%e%g%%gy%%%b%r%%%tgté? ggnl, 272 )

10 provide 3.35g (26%) of an off-white solid. Rf = 0.2 (5:1

hexanes/ethyl acetate). H1I-NMR: 8§ 7.97 (2H,d), 7.45-7.30
(5H,m), 7.10 (2H,d), 5.16 (2H,s).

Step 2:

SR N

3 iy DIEA, DMAP, THF -~ Y v 2R /Q/OH
a8 & Gul 3OS 8 -
0% o X 2)Hy, 10% Pd/C, OF ° X
H© Fh HOAG/EtOAC H© o
15
(3R, 3aS, 6aR) hexahydrofuro[2,3-b]furan-3-yl l-benzyl-2-
hydroxy-3-[[ (4-hydroxyphenyl) sulfonyl] (tetrahydro-2H-pyran-
4-yloxy)amino]lpropylcarbamate.
20 Step 1:

(3R, 3a8s, 6aR) hexahydrofuro[2, 3~-b] furan-3-yl (15,2R)-1-benzyl-
2-hydroxy-3-[ (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate (0.17 mmol, 75 mg) was combined
with 4-benzyloxybenzenesulfonyl chloride (0.26 mmol, 73 mg),

25 diisopropylethylamine (0.69 mmol, 0.12 mL), and a few
crystals of N,N-dimethylaminopyridine in a 1:1 solution of
anhydrous THF/methylene chloride (2 mL) and allowed to stir
for 15 hours at room temperature under nitrogen. The

reaction was diluted with ethyl acetate and washed with 1N



20 conbi ned in anhydrous THE wi th dii sopropyl et hyl
m.) and a few crystals of DVAP. The reaction was
hours. ThWO%%8%Pon was diluted in diethyl ether
NaOH and brine and dried over mangesi um sul f ate.
that 25 the isolated crude was the dodBike- sul f onyl
product. The aqueous NaOH fraction was acidified t
into ethyl acetate and dried over magnesium sulfa

renoved ulder Yacawwmedeavpatpssiwergaddeart 6l %% Ik (E2%beime earpt oduct .

B I

uRdel? (@Hum)and the& iz mMrodud3 WRH i Step By siH i@ O N CN o

0.4 (1:1
99/ 65870
(3H, s)

1 bonzyl ST (STEYRGT Iy Brop By 1A €

Heth &67
am nop- 2-ty df oX¥prapyd cardraneatie.. 4 10

d0:dnape i cap

amne (1.4 mol, 0.69

stirred at 50C for 15
washed RGTWESIMPEL, 1N
NMR anal ysi s reveal ed
chloride addition

o neutral pH, extracted

te. The sol vent was

Rf
1 WO

3.88

7.82 (2H

ey e Rt

H OPh 2 tert- |
A )ts%lﬁré%mviﬁ%{et s

{[ (4- met hoxybenzyl ) am no] oxy}pentanenitrile (0.69 mmol,

195 ng) was

conbined with tert-butyl
(0.57 mmbted51: ng),
m, 1.0 M,n

under

i THF) .and h
nitﬁgbéﬁ9§a?%d%gﬁgﬁ%

N-(1S)-1-[(2S)oxiran-2-yl]-

lithium' bis(trinmethylsilyl) amide (0.11 nmol,
reacti.on was stirred 15

TS PO ks

d . THE (2 mL). T
TR S e W

2- phenyl et hyl car bamat e
0.114

i | ut ed

in ethyl Hretwdll {d2iud )orarchniashed onindd) , iaNdtGlc asatur@t.ed ragyeas sodi um

ggfﬁé?gza%énsylbrailcne ataend(2V\@nSL) %rnld%c.‘if %\g/%’roré%%n%%iruTSS%ofuarts?' Erk]lee crude
reaction was filtered and concentrated to an oil. The crude
product was crystallized from diethylether/hexanes to
provide 8 mg (19%) of white crystals. R; = 0.2 (1l:1
methylene chloride/ethyl acetate); H1-NMR (CDCli): & 7.66
15 (2H,d), 7.32-7.12 (6H,m), 6.94 (2H,d), 6.25 (1H,br.s), 5.66
(lH,s), 4.98 (1H,m), 4.76 (1H,m), 4.41 (1H,m), 4.00-3.78
(6H,m), 3.68 (2H,m), 3.51-3.36 (2H,m), 3.29-2.51 (6H,m),
2.12-1.95 (2H,m), 1.69 (1H,m), 1.63-1.45 (2H,m). MS (ESI):
M+H=593.
20
Example 150
o o
5 e
OH O /[::[ ] OH © °
gl—j\’gi\ " DIEATHF;@\IC]J/ 4 5 ’
g0 Ph ' q° Ph
(3R,3aS,GaR)hexahydrofuro[2,3—b]furan—3-yl l1-benzyl-3-[(2,3-
25 dihydro—l,4—benzodioxin-6—ylsulfonyl)(tetrahydro—ZH—pyran-4—
yloxy)amino] -2-hydroxypropylcarbamate.
(3R, 3as, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (15,2R)-1-benzyl-
2-hydroxy-3-[ (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate (0.17 mmol, 75 mg) was combined
30 with 1,4-benzodioxan-6-sulfonyl chloride (0.21 mmol, 48 mng),



concentrated and purified by silica gel flash chromatography 20 (1:1
hexanes/ et hyl acetate) and RP HPLC followed by |yophylization to yield 78
my (25% WOWE6AIdte solid. Rf = 0.2 (1:1 hexanes/ethyl acREHUHII4.- NVR
(CDC13) : S 7.76- 7.61 (2H M, 7.34-7.11 (6H M, 7.04-6.92 (2H nm,
4.72-4.53 (1H m, 4.42 (1H, m, 3.89 ¢3H-s), 3.78 (2H nm, 3.25-2.51 25
(6Hm, 2.42 (2H M, 2.02-1.79 (2H, m, 1.43-1.15 (10H M. M5 (ESI):
M-H=548. Exanple 153 Step 1: W) 99/65870 PCT/US99/13744 - 280 O NO O
2- (cycl oheioyﬂamgzr)eﬁ;l—l—etﬂmlrmha]r& 1 Cti(@l—l)rmrdjlon@ 1A sal) uUJmmrmfydr{i)us THF

triphenyl p e (1 I hexanol nmol ).,
and N hydr xyp haa\ i g@%%gto SUEgD #9 rﬁréco ?h %P@ﬁb tteétprezf ﬂfrr(?f ur an
(500 L) undierr Arigorogeas. twr@atmwl@@wm mem@raipmmmm@ty@aemm es

' Letr ahydrbr e T N Ml & b o ROLS Scdomt FOEEERE ot harm
After the srceidxhlsim,cajmrnehadud dJa&sSlqiateeaﬂ,ov@mwathe%mmﬁn divltfertie- butryle

azodi car box te 3. 00 I nd tr henyl phosine (3.11

mmol) in é’y&ﬁl LS et O%ﬁf&%&@&%ﬁ é‘@e&%le elgrloglg |on

m xture amdasalplmgd etdb bs_s,t isri 1Ry @eghtckﬁfom&fﬂ@lg@adphyt grnper alekzge sAbtaer 1
evaporation in cuo,_.the resi dueto\éx@s treate y\i\n&t h trifl uoroacetl c acid

(100 ) a?r?(?tsattlerred% PG Histuds. Wiffe 1YER % Shad CePpdriseed 3i Avacuo

and the r@sisdue as Wwdrttd tbosed .betrueenonat estiapd gdiehhoeppeshaner 20 The
| ayers were separ ated and the aqueous phase was extracted with

di chl 6P onet@®4re) : The Cowbi held of YauTic, | @y s(1kwtle dri®@ 6Mérs)anhy.didus
magnesi um syl 3t e, fdd t@reG)ang 43 (1m,m), 4.33 (4H,d), 4.03-3.79

(6H,m), 3.70 (2H,m), 3.45 (2H,m), 3.29-2.68 (6H,m), 2.06
(2ZH,m), 1.74-1.46 (3H,m). MS (ESI): M+H=635.

15
Example 151

Y o o

o H

HOH (0]
oy ~(TS Y
= = 02
0% 0 ~ DIEA, THF 0 o ~

(3R, 3a8, 6aR) hexahydrofuro([2,3-b]furan-3-yl 3-[(1,3-

20 benzodioxol-5-ylsulfonyl) (tetrahydro-2H-pyran-4-
yloxy)amino]-1l-benzyl-2-hydroxypropylcarbamate.
(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl (15,2R)-1-benzyl-
2-hydroxy-3-[ (tetrahydro-2H-pyran-4-
yloxy)amino]propylcarbamate (0.23 mmol, 100 mg) was combined

25 1,3-benzodioxole-5-sulfonyl chloride (0.28 mmol, 61 mg),
diisopropylethylamine (0.69 mmol, 0.12 mL) in anhydrous THF
(2 mL) and allowed to stir 72 hours at room temperature
under nitrogen. The reaction was diluted with ethyl acetate
and washed with 1N HCl, saturated sodium bicarbonate

30 solution, brine and was dried over magnesium sulfate. The



evaporated in vacuo to a residue. The crude material was purified tw ce by
flash silica gel chromatography eluting 25 wth hexane : ethyl acetate (4:1
and 9:1). Wa9%ss58M0act i ons were concentrated in vacuo to a BEI/P8PAH4dri ed
under high vacuumto provide 2-(cycl ohexyl oxy)-1Hi soi ndol e-1, 3(2H)- "di one
as a solid (10.90 g, 750). 30 Step 2= 2W®» 99/ 65870 PCTIUS99/13744 - 2 8 1
HOHO ~O¢y N2 NH Otert-butyl

(1S, 2R) - 1- benzyl - 3-[ (cycl ohexyl oxy) am no] - 2- hydr oxypr opyl carbamate. A

sol uti on 2oluycboheryl oxyprehHratsdi nddke- $ad3(2k) addobie( 20uB6 grodcB82

mml) in y 5 tetrahydrofuran (1 under Ar was treated wi-th
anhyérous%ﬁgdgggggégglsQSQﬁ{gcioggg ﬁ%n??agh tap ¥tﬁfr? gexFB?S/ §ELYY

appr oxi nabekyaten . holhs, puhéfsbdroylmaastcegsedlmhthd addptbonat abhydr ous

hydr azi ne_( 0. f tirr n di tiona r, the
rgactlon n%xté?eyhgf Yé gnng%ygﬁ ; §hed£&?tﬁ‘f?g} %ﬁéh#ity of
anhydr@usacb@bt@hydﬁ@tmﬁn ciﬁb@ Jﬂ |ty azt %8wazs 1@0Wtyan%9 Mgt Ryd Tt wm,
triflate (5.09 tert-b N(I'S

[ (2S)oxir&anlf- ygﬁ lehén§ﬁeﬂh§}§hrbénﬁie (8:58,94 32 61Hm) ) 4ahltl brought
to refl ux(1Alhe BEGLLAg7EONcbnfIOUs 7,19 390 4ionAl biahLymiriflate (5.00

g, 32.1 nnD was . he reaction was sti rre an

addi t i onall2H4m) hoér§5aﬁd5@héﬁHemhp02a@%dlrﬁSVQEHOm Thé pesidé? was
partitionedybgtweegsethyh,acgiatg,and water. After separating the |ayers,
the organi ¢ phase was washed again 20 with water. The aqueous phases were
combilfed and extracted with ethyl acetate. The conbined organi c phases

wer e washed mnph brine, dried ov;&aggqxg 1QUS sodium sul fate, filtered,

and evaporated in vacuo. The resi urated with

Step 1:

1. O3, CH,Cl,/MeQOH
O 3, Lo Gh il
CN > DMS HJL\/»\CN

15
4-oxcbutanenitrile. 4-butenenitrile (43.9 mmol, 3.56 grams)

was dissolved in 150 mL of a 3:1 methylene chloride/methanol

solution, cooled to -78°C, and ozonated until the solution
turned blue (15 minutes). The excess ozone was sparged by

20 bubbling nitrogen through the solution while warming to room
temperature. Excess dimethylsulfoxide was added and the
reaction stirred for 15 hours at room temperature. The
reaction was concentrated to a clear liquid, dissolved in
ethyl acetate, washed in distilled water, brine and dried

25 over magnesium sulfate. The concentrated crude product was
purified by silica gel flash chromatography (2:1

hexanes/ethyl acetate) to provide a brown liquid which was
distilled at reduced pressure (150°C/15 mbar) to provide
2.11 grams (58%) of the purified clear liquid. R = 0.2

30 (2:1 hexanes/ethyl acetate); H1-NMR (CDCls): & 9.78 (1H,
s), 2.90 (2H,m), 2.61 (2H,m).



di ethyl ether and then filtered. The nother |iquor was 25 evaporated in
vacuo and the residue was triturated again wth diethyl ether. The second
crop was W@ 996687€d by filtration and the nother |iquor wRCTEUSHAHEed i n
vacuo. The residue was dissolved in diethyl ether and placed in the
freezer overnight. Athird crop was edlleeted by WO 99/ 65870 PCT/ US99/ 13744
282 filtration. Al three crops were dried under high vacuumto provide
tert-butyl (1S, 2R)-1-benzyl -

[ (cycl ohesgylpxg)amn no] - 2- hydr oxypr opyl carbarmate (4.48 g, 36% as a solid.
H-NWR (chloroformD3): 1.34 (m 14H), 5 1.52 (m 1H), 1.72 (m 2H), 1.95
(m 2H, 2.97 (m 4H, 3.25 (m 1H), 3.67 (m 1H), 3.83 (m 1H), 3.92 (m
1H), 4.32 (b, 1H), 4061 (d, 1 5Hpy M5 (ESI) : 379 (M+H) . Step
310 0HO 0 H2Nj ~ W'eMZ’B?GT'('m

(2R, 3S) - 3- ani no- | - [ HSycTohdEN/| oxyJ&nirid] - 4- -hbut anol . A conbi nation
of trifluoroacetic acid (20 nL) and tert- butyl

(1S, 2R) - 1- benzyl - 3-[ (cycl ohexyl oxy) am no] -2 15 hydr oxypropyl carbamate (2. 00
g, 5.2 nﬂnhYdmaxypehtaadnmndeie Argba éatoacbueahehetpelat yre. pommol,

I 30 t ti t d th
SR PR R A e U R GO R M
hydr oxi decemd Akt enss@par@éﬂmxﬁmé &xﬁed@%ep@ b Phas e gnas

extracted with dichl oronet hane.” The  co |ne organic phases ‘were dried
over anhymﬁou§Mséd|dﬁ€§hViaEeherf|S@buédoanuaevappeated showaguoyto a solid

[ (ovcl ohexyl 6y am AGl- A AREIoT- SUbhe Saors (1 050 5 Srgt vs St KR

(chl drf ovarmey: to. QﬂomnteﬁP&rauuBB (nThdF&eadthn(was diluted in
methylene chloride (50 mL) and dried over magnesium sulfate.
The concentrated crude product was purified by silica gel
flash chromatography (4:1 methylene chloride/ethyl acetate)
and provided 1.2 grams (67%) of the desire aléohol as a

15 yellow liquid. R = 0.2 (4:1 methylene chloride/ethyl

acetate); HI-NMR (CDCls): & 3.91 (1H,m), 2.47 (2H,m), 1.86-
1.60 (3H,m), 1.23 (3H,m).

Step 3:
[ NH
OH [::1::N_OH o2
20 PPh3, DTBAD, THF

4- (aminooxy)pentanenitrile. A solution of
ditertbutylazodicarboxylate (DTBAD) (13.9 mmol, 3.21 grams)
in anhydrous THF (20 mL) was canulated dropwiseinto a
stirring slurry of 4-hydroxypentanenitrile (11.6 mmol, 1.15

25 grams), N-hydroxyphthalimide (11.6 mmol, 1.89 grams),
triphenylphosphine (13.9 mmol, 3.65 grams) and anhydrous THF
(30 mL). The slurry dissolved on addition and changed color
first to orange, then to yellow. The yellow solution

stirred at room temperature for 3 hours. The solvent was



2H), 1.95 (m 2H), 2.51 (m 1H), 2.97 (m 2H), 3.16 (m 2H), 3.33 (m 1H),
3.57 (m 1H), 3.77 (m 1H), 7.26 (m 5H) .M5 (ESI) : 279 (MtH) . WO

99/ 65870 WOIYNESHY/ 13744 - 283 Step 4: , HH OH O O 0 NNICT/¥p9ams4

(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 (1S, 2R) - 1- benzyl -

3-[ (cycl ohexyl oxy) am no] - 2- hydr oxyprepyigar banate. A 5 m xture of

(2R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-2-yl 4- nitrophenyl carbonate (1.49
g, 4.82 mml), (2R 3S)-3-am no- 1-[(cyclohexyl oxy)ani no] -4-phenyl -2-but anol
(1.341 g, rémazfedrrmnki)srandcdhmsapdoyhet bykaauBewgd. 843solyved. 82 TARL) in

acetonitr er Ar.gon tirred at a nt 10 te erature for
e hour s The, bR A atet L Eh090 BB Bhr ootk Rs fiatoRPe henbRG
acetonitrDEBADobpp@mddettheTher$FACWQ9 r@ﬁopéddUﬁﬁerTbeﬁﬁgmheﬁdItmuoL was

hyl t at washed twce wt
adusous  SBUPGNPATARGK HES( SRy SOTHE CHbPREY GRBR00E, PRASES wiRe 15 |
ext r ack edd\i\/sthle'ehytJaaeeT, ate. azﬁheogsnpbaess@ﬁgaahﬁb@haS@SSOMt@omfashe_d Wi th
bri ne, dr ed over a&éi rous sodi um sul fate filtered and evagéiated in

vacuo. ThBrBSi 08 WASCd PYEar BRERSHAtR GrefAYP- et AP GRUIFI Ye&ted to
provi de asosedondscpupmﬁearbglusulzfaegamt heeshi guesmuBsSgeypRerated in 20

d th tallized fro e residue dissolved in a
h i mum GRRKENES BE P Rer B RehO TFBOT IS Saf oBe herD) dbf o WE? hi gh
vacuum t ocpyevhdeiné3Ro3a8. 6aR) hex@,twd(pflurrga[%rﬁesb/]éﬂﬂﬁn -arafate); H-

(1S, 2R) - 1- benzyl - 3-[(cyc| ohexyl oxy) am no] - 2- hydr oxypr opyl car bamate (1.555
g9, 2507403 "NMR- (FRCEehi ordoflorés ORH, ™., 37 -(f 2H),m 1. 36 3Gm/( 121H)n , 1.73 (m

B 1 Shin B 2 88 iy 510 (2330 (m T

Step 4:

oo
o,

ClO,S

CN \/©/
15 DIEA, DMAP, THF

4-{[ (4d-methoxybenzyl)amino]oxy}pentanenitrile

4-(aminooxy)pentanenitrile (1.3 mmol, 150 mg) and 4-
methoxybenzenesulfonylchloride (1.3 mmol, 272 mg) were
20 combined in anhydrous THF with diisopropylethylamine (1.4

mmol, 0.69 mL) and a few crystals of DMAP. The reaction was

stirred at 50°C for 15 hours. The reaction was diluted in
diethyl ether, washed with 1N HCl, 1N NaOH and brine and
dried over mangesium sulfate. NMR analysis revealed that

25 the isolated crude was the double sulfonyl chloride addition
product. The aqueous NaOH fraction was acidified to neutral
pH, extracted into ethyl acetate and dried over magnesium
sulfate. The solvent was removed under vacuum leaving a

very clean 195 mg (52%) crude product. Rs; = 0.4 (1:1
30 hexanes/ethyl acetate); H1-NMR (CDCls): & 7.82 (2H,d), 7.01



1H), 7.21 (m 5H). M5 (ESI) : 456 (MtNa) . WO 99/ 65870 PCT/ US99/ 13744 -
284 Step 5: GHO/0" N2 HOQ NN, OOO0OO

(3R, 3aS, 63R) b¥6&8Hy dr of ur o 2, 3-b] furan-3-yl (1S, 2R) - 1- benzyPCTASI9/13744
3-{(cycl ohexyl oxy) [ (4-ni trophenyl ) sul fonyl ] am no}-2 hydroxypropyl car bamat e.
A m xture (3R 3aS, 6aR) hexahydrofuro -273-b]furan-3-yl

(1S, 2R) -1-benzyl -3-[ (cycl ohexyl oxy) am no] - 2-hydroxypropyl carbamate (100
ng, 0.23 nmol), 4- nitrobenzenesuphonyl chloride (61 ng, 0.276 muol), 10

di i sopr oyl a}md)arrim@qql(m& ypL,4.Q.7276 Hool,) 3asd 43Hdisngt try.l4em 2ephwni, di ne

(H ng, cat. nmbi.n hydrous tetrahydrofuran (3 nlL) and stirred
at anbi en'?L 2%Be\r,\r%Z{r ure1 %gide?m ﬁr}Argon at nosphere for approxinmately 16

hours. The reaction m xture was evaporated in vacuo and the 15 residue was -
partition ebetv\_/een et hyl acetate and aqueous hydrochloric acid (1N). The
organic p ase Wes dried over anhydrous magnesium sulfate, filtered and
evaporated in vacuo. The residue was purified on flash silica gel eluting
with 3:2 hexane : ethyl acetate followed by 1:1 20 hexane . _ethyl acetate.
Fractions containing the product wereconbined, evaporat CNy vacuo, and
triturated with diet hyI et hér. The §6l vent was renoved gnd the residual

solid was dried under %CW rovi de
(3R, 3aS, 6aR ex%ydrofuro[z ur\an 3- yI (| S, 2R) dubenzyl

3- {(cyclo@loxy) 4- oiat r ophenyl ) sl fon M pyI car bamat e
(129 ngy, 91%° % “NVR wwmsofrmnnDa 1%2 i 1°%% (m 2H)

1.78 (m 2HHN m 2H), 2.90 (m 5H) m,zm O3.88 (m 4m '4.23
(m 1H), 4.87 (m 1H), 5.04 (m 1H), 5.64 (d. 1H, P18 (m

tert-butyl l-benzyl-3-{(3-cyano-l-methylpropoxy) [ (4-
methoxyphenyl)sulfonyl] amino}-2-hydroxypropylcarbamate. 4-

10 {[ (4-methoxybenzyl)amino]oxy}pentanenitrile (0.69 mmol, 195
mg) was combined with tert-butyl N-(15)-1-[(2S)oxiran-2-yl]-
2-phenylethylcarbamate (0.57 mmol, 151 mg), lithium
bis(trimethylsilyl) amide (0.11 mmol, 0.114 mL, 1.0 M in
THF) and anhydrous THF (2 mL). The reaction was stirred

15 under nitrogen at room temperature for 20 hours. The
reaction was diluted in ethyl acetate (2 mL) and washed with
1IN HC1l, saturated aqueous sodium bicarbonate, brine, and was
dried over magnesium sulfate. The crude solution was
concentrated and purified by silica gel flash chromatography

20 (1:1 hexanes/ethyl acetate) and RP HPLC followed by
lyophylization to yield 78 mg (25%) of a white solid. R =
0.2 (1:1 hexanes/ethyl acetate); H1-NMR (CDCl;): & 7.76-
7.61 (2H,m), 7.34-7.11 (6H,m), 7.04-6.92 (2ZH,m), 4.72-4.53
(lHm), 4.42 (1H, m), 3.89 (3H,s), 3.78 (2H,m), 3.25-2.51

25 (6H,m), 2.42 (2H,m), 2.02-1.79 (2H, m), 1.43-1.15 (10H,m).
MS (ESI): M+H=548.

Example 153

Step 1:



WD 99/ 65870 PCT/ US99/ 13744 - 285 2H), 7.25 (m 3H), 7.96 (d, 2H), 8.36
(d, 2H) MS(ESI) 642 (MtNa) Step 6: 5 NH2 HHOHOzr G NN, OIl S H
O 0 = 6' OWQBRSFAS, 6aR) hexahydr of ur o[ 2, 3- b] f ur an- 3- y1 (1S, PZH)’USS{IF(M-

am nophenyl ) sul fonyl ] (cycl ohexyl oxy) am no] - 1- benzyl -

hydr oxypr opyl car bamate. To a sol uti on2gfp 10

(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-yl (1S, 2R)- 1- benzyl -

3-{(cycl ohexyl oxy) [ (4-ni trophenyl ) sul fonyl ] am no}-2- hydroxypropyl car banat e
(115 ng, 0.186 Mol ) in a 1:1 mxture of ethanol : ethyl acetate (6 nl)
was added Pal | adium on charcoal (10 w% 30 ng). The starting material ‘was
reduced 15 undep a psphere of Hydrogen gas over 16 hrs. The reaction

m xXture was tered_and evaporated in vacuo. The residue was purified on
a prepara TNEODPl ate (20x20 cm 500 uM eluting with 3:1 ethyl acetate
hexane. ~¥eé~pr oduct band was renoved, eluted with 3:1 nethyl ene chloride

20 : nethanol, diltered, and evaporated in vacuo. The residue was
triturated with water, filtered and dried under high vacuumto provide
(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-y1

(1S, 2R) - &{Réﬁcmg@pr&ayi)muimﬂ&&wci A BT N -doiution of
benzyl - 2- hydr oxypr opyl car bamat nggz 810 . H1-NWR 25 (chl oroformD3)

1.26 0m BHPhANEPIaTing) (1. 9 ERGL100 QURL MRS 00T AS 2H) ) 3. 68
(m 2H), B,885¢mmfdd), 4%dé N-( drch)y L‘ha2ﬂn(1tae @1664 $1 44> Hillo1)5. 00 (m
1H), 563(d 1H), 6. 66 (d, 3 (m 5H 2H). MS(ESI)
in anhydrous tetrahydrofuran (500 mL ‘under Argon was
treated dropwise over approximately20 minutes with a
solution of di-tert-butyl azodicarboxylate (15.00 g, 65.14
10 mmol) in tetrahydrofuran (100 mL) with a water bath to
control the exotherm. After the reddish color had
dissipated, a mixture of di-tert-butyl azodicarboxylate
(3.00 g, 13.0 mmol) and triphenylphosine (3.11 g, 11.8 mmol)
in anhydrous tetrahydrofuran (50 mL) was added to the
15 reaction mixture and allowed to stir overnight at ambient
temperature. After evaporation in vacuo, the residue was
treated with trifluorocacetic acid (100 mL) and stirred for
20 minutes. The reaction was evaporated in vacuo and the
residue was partitioned between water and dichloromethane.
20 The layers were separated and the aqueous phase was
extracted with dichloromethane. The combined organic layers
were dried over anhydrous magnesium sulfate, filtered and
evaporated in vacuo to a residue. The crude material was
purified twice by flash silica gel chromatography eluting
25 with hexane : ethyl acetate (4:1 and 9:1). Pure fractions
were concentrated in vacuo to a solid and dried under high
vacuum to provide 2-(cyclohexyloxy)-1H-isoindole-1,3(2H)-
dione as a solid (10.%80 g, 75%).

30 Step 2:



612 (M+Na) . WD 99/65870 PCTI US99/13744 -286 Exanple 154 Step 1: /O ,H

HOHOOOONSNO Ho60 2z 5 (3R 3aS, 6aR) hexahydrofuro[ 2, 3-b]furan-3-y1l

(1S, 2R) - 1 We 68870 3- { (cycl ohexyl oxy) [ ( 3- n|trophenyl)sulfon?C?ﬂﬂW%%W¢Q-

hydr oxypr opyl car bamate. A m xture

(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-38yl- (1S, 2R) - 1- benzyl -

3-[ (cycl ohexyl oxy) am no] - 2- hydr oxypr opyl carbamate (342 ng, 10 0.788 nmol),

3-ni trobenzenesuphonyl chloride (175 ng, 0.788 mol) and

di i soproyl ethyl ami ne (0.137nL, 0.867 nmmol) was conbined in anhydrous

tetrahydrofuran (10 ) & tirred at anbient tenperature under an Argon

atmosphere for apprgxigately 40 hours. The reaction mxture was 15

partitioned t wlen 2 él acetate and aqueous hydrochloric acid (1N)

Af ter sepqﬁgt Hes, the aqueous |ayer was extracted with ethyl

acetate \gﬁb ed organlc phases were washed with brine, dried over

anhydrous nagnesi umrsyl fate, and evaporate in vacuo. The residue was 20
purified on flash gfad¢ silica gel eluting with 1:1 ethyl acetate : _

hexane. The fractionsTcontaining the product were conbined, evaporated in

vacug gndf@&weggﬁgﬁeqlglgh)¥chggb§g 3pqqﬁyg§og§§ylg§§oaﬁ§gglhgxahydrofuro
2 uran- 3-y

g benzy} 9¥P€@$UP§@@Y9P@%?P@égenltAophényhpsuBquybﬁahEﬂg}ozﬁ -1H-

T o5 (Y BepngeaLiauRt g 40 (285008, 240087 iy T bERVERSNT D g
(b, 1H), 3eégapypdrEpras. 8800( ni.) 4Hmde4 25g©n1wiH)tréa83d(d;t&H) 5.00 (m
1H), 5. 64aﬁﬂyd¥€h%9£9é§ZQlE€T/P?%%’&§74ﬁo.82 mmol). After stirring

for approximately two hours, the slurry was treated with

additional anhydrous hydrazine (0.13 mL, 4.1 mmol). After
stirring an additional hour, the reaction mixture was

10 filtered and washed with a minimum quantity of anhydrous
tetrahydrofuran. The filtrate was combined with lithium
triflate (5.09 g, 32.7 mmol) and tert-butyl N-(1S)-1-

[ (2S)oxiran-2-yl]-2-phenylethylcarbamate (8.58 g, 32.6 mmol)
and brought to reflux. After heating for 16 hours,

15 additional lithium triflate (5.00 g, 32.1 mmol) was added.
The reaction was stirred at reflux for an additional 24
hours and then evaporated in vacuo. The residue was
partitioned between ethyl acetate and water. After
separating the layers, the organic phase was washed again

20 with water. The aqueous phases were combined and extracted
with ethyl acetate. The combined organic phases were washed
with brine, dried over anhydrous sodium sulfate, filtered,
and evaporated in vacuo. The residue was triturated with
diethyl ether and then filtered. The mother liquor was

25 evaporated in vacuo and the residue was triturated again
with diethyl ether. The second crop was collected by
filtration and the mother liquor was evaporated in vacuo.
The residue was dissolved in diethyl ether and placed in the

freezer overnight. A third crop was collected by



-287 1H), 7.22 (m 5H), 7.76 (m 1H), 8.07 (d, 1H), 8.50 (d, 1H), 8.66 (s,
1H. M5 (ESI) : 642 (MtNa) . Step 22 50 HHOHOOONNSNH Y _H.,

O O 00O wWRBEaZL6aR) hexahydrof uro[ 2, 3-b] furan-3-yl (1S, 2RCTBUSYI(13744

am nophenyl ) sul fonyl ] (cycl ohexyl oxy) am no] - 1- benzyl - 2- :

hydr oxypr opyl car bamate. A sol ution of- 2@2(3R, 3aS, 6aR) hexahydrofuro [ 2,
3-b] -furan-3-yl (1S, 2R) -1-benzyl-

3-{(cycl ohexyl oxy) [ (3-ni trophenyl ) sul fonyl ] am no}-2- hydroxypropyl car banat e

(403 ng, OfSbidrawndy). i IBbstHhide crign@rd I g wase € oimesh Wid to

Pal I adi um on carbon (10 w% 80 ng) .and reduced under a Hydrogen
at mospher ¥3¥14% E%I(%%EH%Yl Tﬁé'rﬁci%_&?qﬁ%’tﬁ'e was filtered and

evapor at ed[ [ dyc Meigetoy 1@k prvirtte) (B8R @86 0dexawdiafdtol & 3rdldf,uran-3-y1
(1S, 2R) - 3- 3- am nophenyl ) sul for%l %F(Cyd ohexyl oxy)am no] - 1-

benzyl - 2- h ?)ox%r%p% barfet @M 56 R FIids3 )3 floath @ ddipl-e of the
product (30.3m) (masipur ified oo @mreparsdiveg 20 TLC ol ate (20%2G oy 500
uM eluti ng‘lvvi th 95:5 dichloromethane : nethanol. The product band was

renmoved, ErutEl wit 18 B: Fmetthyl éhd Thitorilde - Irdzhaldel ,1H)i/ ter3d, (band
evapor at ediin, vacso. (dhe HgsiTuss Was t9H)t.ur afsetant:h Wity )il tered and
dried under_  high vacuumto provide 25

(3R, 3aS, aaﬁ'«‘)%g&hydrof uro[ 2, 3-b] furan-3-y1 (1S, 2R)-3-[[(3-

am nophenyl ) sul fonyl ] (cycl ohexyl oxy) am no] - 1- benzyl - 2-

hydr oxypr opyl carbamate (18 ng) as a solid. HL-NVR (chloroformD3): 1.26
(m 6Hy, 1.64 (m 5H), 2.07 (m 2H), 2.93 (m 4H), 3.14 (b, 1H), 3.69 (m

2H), 3.87 (m 4H), @

H2N\¢/i\v/NH

o

(2R,3$)—3—amino-1—[(cYclohexyloxy)amino]—4—phenyl—2—butanol.
A combination of trifluoroacetic acid (20 mL) and tert-butyl
(1S,2R) -1-benzyl-3-[ (cyclohexyloxy)amino] -2-

15  hydroxypropylcarbamate (2.00 g, 5.29 mmol) was stirred under
Argon at ambient temperature for approximately 30 minutes.
The reaction was evaporated in vacuo and the residue was
partitioned between dichloromethane and aqueous sodium
hydroxide (1N). After separating the layers, the agueous

20 phase was extracted with dichloromethane. The combined
organic phases were dried over anhydrous sodium sulfate,
filtered and evaporated iIn vacuo to a solid which was dried
under high vacuum to provide (2R, 3S)-3-amino-1-

[ (cyclohexyloxy)amino]-4-phenyl-2-butanol (1.426 g, 97%).

25 HI-NMR (chloroform-D3): 1.24 (m, 5H), 1.58 (m, 4H), 1.73 (m,
2H), 1.95 (m, 2H), 2.51 (m, 1H), 2.97 (m, 2H), 3.16 (m, 2H),
3.33 (m, 1H), 3.57 (m, 1H), 3.77 (m, 1H), 7.26 (m,
5H) .MS(ESI): 279 (M+H).



WD 99/ 65870 PCT/ US99/ 13744 - 288 (b, 2H), 4.19 (m 1H), 4.83 (b, 1H)
5,03 (m 1H), 5.64 (d, 1H), 6.89 (d, 1H), 7.06 (s, 1H), 7.21 (m 7H).
M5(ESI) @mofeséMa) 5 Exanple 155 HH OH OO O Qu H-NS/ 'PET/T399/13744 | | OO0
60 (3R 3aS, 6aR) hexahydrofuro[ 2, 3-b]furan-3-yl (1S 2R) - 3- [(1 3-
benzodi oxol - 5-yl sul fonyl ) (cycl ohexyl exygam no] - 1- benzyl -
hydr oxypr opyl car banate. A m xture of 10
(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-yl (1S, 2R)-I-benzyl -
3-[ (cycl olgxy axy) am no] - 2- hydr oxypr opyl car bamate (100 ng, 0.230),
1, 3- benzodi oxol e-5-sul fonyl chloride (Eur. Pat. Appl. 583960, 23 Feb 1994,
56 ng, 0.253 mmol) and diisgproyl ethylamne (0.042 nL, 0.242 mol) in
anhydrous 15 tetrahydrofuran m.) was stirred at anbient tenperature
under an Argon atnmosphepel f@r 16 hours. A catalytic quantity of

ﬁg =1 i) was added and the reaction was heated at
prOXI tely hours. An additional quantity of
e-50sulf¥onyl 20 chloride (11 ng, 0.050 nmmol) was added and
t he reaction mas heat e r an additional hour. After cooling to amnbient
tenperature, the reacti i Xxture was partitioned between ethyl acetate
and aqueous hydrochloric acid. After separating the phases, the organic
| ayer was (RRsRe8, ﬁPBhhgsabwﬂﬁefuupﬂéd3obéfuaahyarEMS(Wagﬁa$kmﬁbsuthte,

filtered an e resi due ed
preparatléeq+fgxﬁﬁgfi&?gﬁggBmgﬁg?Sao KfrgfﬁFFﬁﬁ$€f?EgimT£ eth I acetate :
hexaneb Thexprnoduot bdad,was,cerpredahyarotfedowp} B-B) turehhytenedehl oride :
methanol . L Gibigred 180 1 onate (1.49 g, 4.82 mmol), (2R, 3S)-3-amino-

1-[{(cyclohexyloxy)amino]-4-phenyl-2-butanol (1.341 g, 4.82

mmol) and diisoproylethylamine (0.841 mL, 4.82 mmol) in
acetonitrile (15 mL) under Argon was stirred at ambient

10 temperature for 16 hours. The resulting slurry was filtered
and washed with cold acetonitrile to provide the first crop
of product. The mother liquor was evaporated in vacuo
dissolved in ethyl acetate and washed twice with aqueous
sodium hydroxide (1N). The combined aqueous phases were

15 extracted with ethyl acetate. The combined organic phases
were washed with brine, dried over anhydrous sodium sulfate,
filtered and evaporated in vacuo. The residue was
triturated with diethyl ether and filtered to provide a
second crop of product. The mother liquor was evaporated in

20 vacuo and a third crop was crystallized from the residue
dissolved in a minimum quantity of diethyl ether. The three
crops were dried under high vacuum to provide
(3R, 3aS, 6aR)hexahydrofuro(2, 3-b] furan-3-yl (1S,2R)-1-benzyl-
3-[(cyclohexyloxy)amino]-2-hydroxypropylcarbamate (1.555 g,

25 74%). H1-NMR (chloroform-D3): 1.31 (m, 7H), 1.56 (m, 2H),
1.73 (m, 2H), 1.99 (m, 2H), 2.74 (m, 1H), 2.89 (m, 1H), 3.10
(m, 2H), 3.30 (m, 1H), 3.83 (m, 8H), 5.01 (m, 2H), 5.63 (d,
1H), 7.21 (m, 5H). ). MS(ESI): 456 (M+Na).



WO 99/ 65870 PCT/ US99/ 13744 - 289 evaporated in vacuo. The residue was
triturated with water, filtered and dried under high vacuumto provide
(3R, 3aS, 63¥) ME8HWy dr of ur o[ 2, 3-b] furan-3-yl (1S, 2R) - 3-[ (1, 3PCT/US99/13744
benzodi oxol - 5-yl sul fonyl ) (cycl ohexyl oxy) am no] - 1- benzyl - )
hydr oxypr opyl carbamate (123 ng, 87% -ad84-white solid. H - NWR
(chloroformD3) : 1.32 (m 6H), 1.70 (m 5H), 2.14 (m 2H), 3.00 (m 4H),
3.18 (b, 1H), 3.74 (m 2H), 3.97 (m 4H), 4.27 (m 1H), 4.90 (m 1H), 5.07
(m 1H), 5t2® ¢d, 1H), 6.15 (s, 2H), 6.95 (d, 1H), 7.30 (m 7H). MS (ESI)
. 641 (MtNa) . 10 Example 156 ,HHOH O/ OONN, OSO _ o0l 0 O
(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 (1S, 2R) - 1- benzyl -

3-[ (cycl ohexyl oxy) (2, 3-di hyd , 4- benzodi oxi n-6- 15

yl sul f onyl ) am no] - 2- hydr oxyp I carbamate. A m xture of

1, 4- benzodi oxan- 6- sulfogﬁ eNOEur. Pat. Appl. 583960, 23 Feb 1994;
60 ng; 0.2 rrH”ob) exahydr of ur o[ 2, 3-b] f uran- 3-yl

(1S, 2R) -1 'T exXy y) am no] - 2- hydr oxypr opyl car bamat e (100
my, 20 O. 2—3‘0 I)o a'd dllsoproyl ethylamne (0.042 nm_, 0.242 mol) in
anhydrous tetrahydrofunamy3 nL) was stirred at anbient tenperature under
an Argon at nosphere for hours. A catalytic quantity of

di met hyl am nopyridine (-f ng) was added and the reaction was heated at
reflux fon3R53appear) Reke&hydRohape$2, %?E‘Qkéhoﬁa*lqwﬂgwk)’ Plpdndy

benzodi oxan- 6 sul fonyl chloride (12 ng, was added an the
reactibn was (FEGtelBeryt oy é&@r{l%‘éﬁ@Pth)SU1f0nyl]am1no} -2-

hydroxypropylcarbamate. A mixture (3R, 3aS, 6aR) hexahydrofuro
[2,3~-b] furan-3-yl (18,2R) -1-benzyl-3-[ (cyclohexyloxy)amino] -
2-hydroxypropylcarbamate (100 mg, 0.23 mmol), 4-

3|

nitrobenzenesuphonyl chloride (61 mg, 0.276 mmol),

10 diisoproylethylamine (0.048 mL, 0.276 mmol) and 4-
dimethylaminopyridine (~1 mg, cat.) was combined in
anhydrous tetrahydrofuran (3 mlL) and stirred at ambient
temperature under an Argon atmosphere for approximately 16
hours. The reaction mixture was evaporated in vacuo and the

15 residue was partitioned between ethyl acetate and agueous
hydrochloric acid (1N). The organic phase was dried over
anhydrous magnesium sulfate, filtered and evaporated in
vacuo. The residue was purified on flash silica gel
eluting with 3:2 hexane : ethyl acetate followed by 1:1

20  hexane : ethyl acetate. Fractions containing the product
werecombined, evaporated in vacuo, and triturated with
diethyl ether. The solvent was removed and the residual
solid was dried under high vacuum to provide
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl (1S,2R)~1-benzyl-

25 3—{(cyclohexyloxy)[(4—nitrophenyl)sulfonyl]amino}—Z—

hydroxypropylcarbamate (129 mg, 91%). %). HI1-NMR
(chloroform-D3): 1.22 (m, 7H), 1.64 (m, 2H), 1.78 (m, 2H),

2.08 (m, 2H), 2.90 (m, 5H), 3.69 (m, 2H), 3.88 (m, 4H), 4.23
(m, 1H), 4.87 (m, 1H), 5.04 (m, 1H), 5.64 (d, 1H), 7.18 {(m,



m nutes. After cooling to anbient tenperature, the reaction m xture was
partitioned between ethyl acetate and aqueous WD 99/ 65870 PCT/ US99/ 13744
290 hydr oM@ W6s870aci d. After separating the phases, the orRGHVY1PEder was
washed with brine, dried over anhydrous magnesium sulfate, filtered and
evaporated in vacuo. The residue was -85 ¥ied on a preparative TLC plate
(20x20 cm 500 M 5 eluting with 1:1 ethyl acetate : hexane. The product
band was renoved, eluted with 3:1 nmethylene chloride : nethanol,

filtered, 2, eY/aqz)br athed3in, vacko. (Thelesi &luke was, tZH ) urng @Bw-t h water,
filtered §j Q‘{ under hi gh vacuum to provide

(3R, 3aS, 6a %1 xahydrofuro[2 3-b] furan-3-yl 10

(1S, 2R) - 1- benzyl - 3-[ (cycl ohexyl oxy) (2, 3-di hydro-1, 4-

benzodi oxi -egéy sul fonyl ) am no] - 2- hydr oxypr opyl carbamate (125 ng, 86% as
a white so . HL-NWMR (chloroformD3): 1.20 (m 6H), 1.60 (m 5H), 2.07 (m
2H), 2590 (m 4H), 3.09 (b, 1H, 3.67 (m 2H), 3.90 (m 4H), 4.23 (m 1H),
4.3 (m 15 4H), 4.82 (d, 1H, 5.01 (m 1H), 5.64 (d, 1H), 6.95 (d, 1H)
7.25 (m 7H). MS(ESI): 655( ). Exanple 157 '0r-O HHOH Oi 0 ONN,

OY OOOO 20 (3R 3aS, 6aR ydrgfuro[ 2, 3-b] furan-3-yl (1S, 2R)-1-
benzyl - 3-[ - @enzy oxyghbhenyl ortyl }

(cycl ohexyl ox 2= Nox yl carbamate. A m xture of

4- benzyl ox% nz ne?flfonyl c horide (65 ng; 25 0.230 nmmol ),

(3R, 3aS, 6aR)

ahy@rof 0 ] furan-3-yl
(iS,2R) -1-benzyl - [(cyexyl oxy)am no] - 2- hydroxypropyl carbamate (100
ng, 0.230 mmol),

(3R, 3aS, 6aR) hexahydrofuro([2,3-b]furan-3-yl (1S,2R)-3-[[(4-
aminophenyl) sulfonyl] (cyclohexyloxy)amino]-1-benzyl-2-
hydroxypropylcarbamate. To a solution of ,

10 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl (1S,2R)~-1-benzyl-
3-{ (cyclohexyloxy) [ (4-nitrophenyl)sulfonyl]amino}-2-
hydroxypropylcarbamate (115 mg, 0.186 mmol) in a 1:1 mixture
of ethanol : ethyl acetate (6 mL) was added Palladium on
charcoal (10 wt®%, 30 mg). The starting material was reduced

15 under an atmosphere of Hydrogen gas over 16 hrs. The
reaction mixture was filtered and evaporated in vacuo. The
residue was purified on a preparative TLC plate (20x20 cm,
500 uM) eluting with 3:1 ethyl acetate : hexane. The
product band was removed, eluted with 3:1 methylene chloride

20 : methanol, filtered, and evaporated in vacuo. The residue
was triturated with water, filtered and dried under high
vacuum to provide (3R,3aS,6aR)hexahydrofuro[2,3—b]furan-3—yl
(15,2R) -3~ [[ (4-aminophenyl)sulfonyl] (cyclohexyloxy)amino]-1-
benzyl-2-hydroxypropylcarbamate (89 mg, 81%). H1-NMR

25 (chloroform-D3): 1.26 (m, 6H), 1.58 (m, 5H), 2.05 (m, 2H),
2.90 (m, 4H), 3.09 (b, 2H), 3.68 (m, 2H), 3.88 (m, 4H), 4.16
(m, 1H), 4.24 (b, 1H), 4.81 (d, 1H), 5.00 (m, 1H), 5.63 (d,
1H), 6.66 (d, 2H), 7.23 (m, 5H), 7.56 (d, 2H). MS(ESI):

612 (M+Na) .



di i soproyl et hylam ne (0.042 nL, 0.242 mmol) and 4 WO 99/ 65870

PCTI US99/ 13744 -291 di net hyl am nopyridine (-1 ng) in anhydrous
t et rahydr OVQPY6F87Q 3 nl) was stirred at anbi ent tenperat urePGRASPYEA44Ar gon

at nosphere for 16 hours. An additional quantity of 4-

benzyl oxybenzenesul fonyl chloride (13-mgg60.046 mmol) and 4 5

di methyl am nopyridine (-1 ng) was added and the reaction was

heat ed at

reflux for approximately 2 hours. After cooling to anbient tenperature,
the reaction mxture was partitioned between ethyl acetate and aqueous
hydrochl oric acid. The phases were, separat and the organic | ayer was .
then washed 10 with brine, dried o/ s magnesium sul fate, filtered
and evapor ated iim vacuo. The crude product was purified on flash grade

silica gel eluting with 1:1 et hyl
t he product were conbi ned and
vacuumto provide 15 (3R, 3aS
2R) -1-benz
hydr oxypr o
6H), 1.61

3.89 (m 4

S5 0NOgm  4H), 3.10 (b, 1H),

acetate : hexane. Fractions containing
aporated in vacuo and dried under high
6aR) hexahydrofuro [ 2, 3-b] furan-3-yl (1S,

3- [{[4; (benzg oxyyphenyl ] sul fonyl } (cycl ohexyl oxy) ani no] - 2-
r @n&b@yLiﬁg 1Y, { H1-NWVR (chloroform D3) : 1.27 (m
. 2.07 (n 2

3.68 (m 2H),

19 @m UH), 90%4.84 (m 1H), 5.01 (m 1H), 5. 12 (s, 2H),

5.64 (d, 1H), 7.05 (d, JPH)y 7.28 (m 10H), 7.71 (d, 2H). MS(ESI):

703(MtNa). Exanple 1585 HHOHOj3 ONNSI H 0-10
(3R 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 (1S, 2R)- 1-

benzyl -3- [ {8 fBENEFRORGFPhEAYOTenO fDnF+H] furan-3-yl (1S,2R)-1-benzyl-
(cycl ohexyboyyagul 88kagt B¥P] PYYPROPYLSRLOGITL S e R PPARDSL P FCT/ USOO/ 13744

hydroxypropylcarbamate. A mixture

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan~3—yl (1S,2R)-1-benzyl-

3-[(cyclohexyloxy)amino]-2-hydroxypropylcarbamate (342 mg,
10 0.788 mmol), 3-nitrobenzenesuphonyl chloride (175 mg, 0.788

mmol) and diisoproylethylamine (0.137 mL, 0.867 mmol)

was

combined in anhydrous tetrahydrofuran (10 mL) and stirred at

ambient temperature under an Argon atmosphere for

approximately 40 hours. The reaction mixture was

15 partitioned between ethyl acetate and aqueous hydrochloric

acid (IN). After separating the phases, the aqueous layer

was extracted with ethyl acetate. The combined organic

phases were washed with brine, dried over anhydrous

magnesium sulfate, and evaporate in vacuo. The residue was

20 purified on flash grade silica gel eluting with 1:1 ethyl

acetate : hexane. The fractions containing the product were

combined, evaporated in vacuo and dried under high vacuum to

provide (3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl (1S5,2R)-

1—benzyl—3—{(cyclohexyloxy)[(3—nitrophenyl)sulfonyl]amino}—

25 2-hydroxypropylcarbamate (428 mg, 88%) as a foam.
(chloroform-D3): 1.29 (m, 6H), 1.57 (m, 3H), 1.76
2.08 (m, 2H), 2.91 (m, 4H), 3.10 (b, 1H), 3.68 (m,
(m, 4H), 4.25 (m, 1H), 4.83 (d, 1H), 5.00 (m, 1H),

H1-NMR
(m, 2H),
2H), 3.88
5.64 (d,



A m xture of 3-benzyl oxybenzenesul fonyl chloride (65 ng; 0.230 mmol),

(3R, 3aS, 6aR) hexahydr of uro[ 2, 3- b] furan- 3-yl

(1S, 2R) - 1 Wep¥emB703- [ (cycl ohexyl oxy) am no] - 2- hydr oxypr opy| BEFHEMEBE44( 100
ng, 0.230 mmol) and 5 diisoproyl ethylamne (0.042 nmL, 0.242 mml) in -
anhydrous tetrahydrofuran (3 nmL) was-#87+ed at anbient tenperature under
an Argon atnosphere for 16 hours. A catalytic quantity of

di met hyl am nopyridine (HL ng) was added and the reaction was heated at
reflux forlHpproxkeate) ysane hous. (d0 M) Adgli o7 ona) gm]fl};tstyo og%, le) L on
3- benzyl oxybepnzenesul.fo ori 13 ng, 0.046 mmol) was added and the
reaction Wgsgghggt eghgt nﬁ%fﬁ:%g forgg%é\%%]@ tely 1 hour. After cooling to
anbi ent tenperature, the reaction mxture was partitioned between ethyl
acetate angj alg\tlj\gpus hydrochl ori c acid. The 15 phases were separated and the
organi c Iayté? § then washed w th brine, dried over anhydrous nagnesi um
sulfaté, filtered and evaporated in vacuo. The residue was dried under

hi gh vacuumto provide (3R 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan- 3-yl

(1S, 2R) - 1- benzyl -3-[{[ 3- (ben y) phenyl ] sul fonyl } 20

(cycl ohexyl oxy) am no] - 2- hydr ¢ opyl carbamate (140 nmg, 89% . H -NWR
(chloroformD3).; 1.22 (npH6H), (m 5H), 2.05 (m 2H), 2.90 (m 4H),
3.11 (b, 1 g \[é%\}ﬁl/ﬁ@ m 4H), 4.18 (m 1H), 4.77 (m 1H), 4.95
(m 1H), 59 HY 5.60.,8d, “AHNH7. 29 (m 14H). MS (ESI) : 703 (M+Na)
. 25 Exanple @ @ RHOPFPOOONS\N | OH HY = 0-~0

(3R, 3aS, 6aR) hexahydr of u, 3-b] furan-3-yl (1S, 2R) - 1- benzyl -

3-{(cycl ohexyl oxy) [ ( 3- hydroxyphenyl ) sul f onyl ] am no}-2 WD 99/ 65870

PCT/ US99/ 13744 -293
(3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl (1S,2R)-3-[[(3-

aminophenyl) sulfonyl] (cyclohexyloxy)amino] -1-benzyl-2-
hydroxypropylcarbamate. A solution of

10 (3R,3a$,6aR)hexahydrofuro[2,3—b]furan—3—yl (15,2R)-1-benzyl-
3-{ (cyclohexyloxy) [ (3-nitrophenyl)sulfonyl]amino}-2-
hydroxypropylcarbamate (403 mg, 0.651 mmol) in absolute
ethanol (12 mL) was combined with Palladium on carbon (10
wt3, 80 mg) and reduced under a Hydrogen atmosphere for 16

15  hours. The reaction mixture was filtered and evaporated in
vacuo to provide (3R, 3aS, 6aR)hexahydrofuro[2,3-b] furan-3-yl
(15,2R) -3~ [[ (3-aminophenyl) sulfonyl] (cyclohexyloxy)amino]-1-
benzyl-2-hydroxypropylcarbamate (356 mg, 93%) as a foam. A
sample of the product (30 mg) was purified on a preparative

20 TLC plate (20x20 cm, 500 uM) eluting with 95:5 k
dichloromethane : methanol. The product band was removed,
eluted with 3:1 methylene chloride : methanol, filtered, and
evaporated in vacuo. The residue was triturated with water,
filtered and dried under high vacuum to provide

25 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—B—yl (15,2R}=-3-[[ (3-
aminophenyl)sulfonyl](cyclohexyloxy)amino]—l-benzyl-Z—
hydroxypropylcarbamate (18 mg) as a solid. HI1-NMR
(chloroform-D3): 1.26 (m, 6H), 1.64 (m, 5H), 2.07 (m, 2H),

.93 (m, 4H), 3.14 (b, 1H), 3.69 (m, 2H), 3.87 (m, 4H), 3.94

N



hydr oxypr opyl carbamate. A solution of (3R 3aS, 6aR) hexahydrofuro [2, 3-b]
furan-3-yl (1S, 2R) -1-benzyl-

3-[{[ 3- ( bMex3H65&A9) phenyl ] sul f onyl } (cycl ohexyl oxy) ami no] - 2-PCT/US99/13744

hydr oxypr opyl carbamate (131 ng, 0.193 mml) in ethyl acetate 5 (-5 nL) was
conbined with Palladi umon carbon (10 28%- 25 ngy) and reduced under an

at nosphere of Hydrogen gas. After stirring for 16 hours, the reaction

m xture was filtered and evaporated in vacuo to a residue. The residue was
purified 6n 2reparai e 'I’.lIiQ,IOILJa.t@ (@Ox20)om5 .500 (M), eJHJti g o4 tti, 10 3: 2

et hyl acetate : ane. ermve e th 3:1

nmet %yl ene ¢ I'or?'gbgg:p%etﬁgr{o O(feiu { gﬂ \gﬁi‘zrlev zytéd i @35%0 The

resi due wasla fM+#Neg)at ed with vvater, f| | tered and dr| ed under high vacuumto
provi de (3R, 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-yl (1S, 2R)-1-benzyl- 15
3-{(cycl ohexyl oxy) [ (3- hydr oxyphenyl ) sul f onyl ] am no} - 2-

hydr oxgpr opyl carbamate (93 ng, 82%xampdewWnbbe solid. H - NWR
(chloroformD3) : 1.28 (m 6H) 167(m 5H)., 2.06 (m 2H), 2.96 (m 4H),
3.09 (b, 1H, 3.87 (m 6H), m 1H, 5.01 (m 2H), 5.69 (d, 1H), 6.60
(b, 1H, 723(m 9H) 20 Ms : 613 (MtNa) . Exanmple 160 OH 0 XO OH
H H O NN, ‘_13 OGH 0616 ‘ RRaS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-yl
(1S, 2R) - 1- e Wﬁx 044- hydr oxyphenyl ) sul f onyl ] am no}-2- 25
hydroxypr A soL t| on (3R, 3aS, 6aR) hexahydrofuro [2, 3-Db]
furan-3-y ( & ZRP 1 benz@

3-1{[4-( benzyl oxy) pheny/] syl fonyl } (cycl ohexyl oxy) am no] - 2-

hydr oxypr opyl car bamat e O mg, 0.206 mmol) in ethyl acetate WD 99/ 65870

PCT/ US99/ 13744 -294
(3R, 3a8, 6aR) hexahydrofuro[2,3-b]furan-3-yl (1S,2R)-3-[(1,3-

benzodioxol-5-ylsulfonyl) (cyclohexyloxy)amino]-1-benzyl-2-
hydroxypropylcarbamate. A mixture of

10 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl (1S,2R)-1-benzyl-
3-[(cyclohexyloxy)amino]-2-hydroxypropylcarbamate (100 mg,
0.230), 1,3-benzodioxole-5-sulfonyl chloride (Eur. Pat.
Appl. 583960, 23 Feb 1994, 56 mg, 0.253 mmol) and
diisoproylethylamine (0.042 mL, 0.242 mmol) in anhydrous

15 tetrahydrofuran (3 mL) was stirred at ambient temperature
under an Argon atmosphere for 16 hours. A catalytic
quantity of dimethylaminopyridine (~1 mg) was added and the
reaction was heated at reflux for approximately 2 hours.
An additional quantity of 1,3-benzodioxole-5-sulfonyl

20 chloride (11 mg, 0.050 mmol) was added and the reaction was
heated for an additional hour. After cooling to ambient
temperature, the reaction mixture was partitioned between
ethyl acetate and agqueous hydrochloric acid. After
separating the phases, the organic layer was washed with

25 brine, dried over anhydrous magnesium sulfate, filtered and
evaporated in vacuo. The residue was purified on a
preparative TLC plate (20x20 cm, 500 uM) eluting with 1:1

ethyl acetate : hexane. The product band was removed,

eluted with 3:1 methylene chloride : methanol, filtered, and



(5 nL) was conbined with Palladiumon carbon (10 wt% 28 ng) and reduced
under an atnosphere of Hydrogen gas. After stirring for 16 hours, the
reacti on WoO®¥F¥0was filtered and evaporated in vacuo to REWESPAE4 The
residue was purified 5 on a preparative TLC plate (20x20 cm 500 M eluting
with 3:2 ethyl acetate : hexane. The P8®duct band was renoved, eluted
with.4:1 nethylene chloride : nethanol, filtered, and evaporated in vacuo.
The residue was triturated with water, filtered and dried under high
vacuum t o epfa@virde eti0 i(3Ra3ad,. 6aRhbexabyduef wae[ 2,‘r3tb]r‘°altll‘ealn w3yl water,

1S, 2R) - | - henzyl -, 3- ¢l ahex on 4- h drox en sul f onyl ] am no} - 2-.
gydroxg/pr(f)dalt@éreﬁiaﬁﬁg (X' y %3@1[32; Vé‘%\%fﬂ“t BF%/)H) da1 - NK/R] -
gcgaozgfONmRDgéséﬁagihé&hh§5¥ofﬁrﬁl2(BPb@HhraB ~@5y(im(1s2bR) -23-931( B} 4FD,
4.99 (m %%‘jzogii%o(lﬁ fﬁfﬁl§<>§xl WSYC?H?exélQEY?Sg“l%;[ H)17b§§zwng 7.67
(Od, 2I-Bb M@d(rE&h/bropy%l;%rthlbm)g [1E>3aﬂiﬁl F8Iél a%OaSPvﬁ@téstl@dJ O~H11— ~O)/NNH

tert-but enzyl - et ropoxy)ami nol - 2-
hydr oxypr 5?‘6 r‘r)ﬁtfé?rmAD Iut I]'O%%Of mzyéﬁ) efﬂy%br cSﬁ‘ox%j{) 12514 (m,
1H i soi ndgm 13.30(2H), «diong.Synbh. 1893, 722(1110) 2H3,42§ $432m( 1982) ,

10.00 g, 42 in anh dr ous tetrah%drofuran under Arggn was

treat ed vmtl%%ﬁﬁ‘ydﬁgus Hyg azfnelH) 1. 28011 (mg715) nm@l )700\»‘§r appr ok kately 5
mnutes. TRe 2ueacki.on was shifredibormd57m nuieseand . di bytegd+neih WO

99/ 65870 PCTI US99/ 13744 - 295 anhydrous tetrahydrofuran (50 niL). An

addi t1%nal quantity of anhydrous hydrazine (0.888 nL, 28.3 mmol) was added
in six increments over 90 minutesgxagidixggire was filtered

(3R, 3as, 6aR) hexahydrofuro[2,3-b] furan-3-yl (1S,2R)-1-benzyl-
3-[ (cyclohexyloxy) (2,3-dihydro-1,4-benzodioxin-6-

15 ylsulfonyl)amino]-2-hydroxypropylcarbamate. A mixture of
1, 4-benzodioxan-6-sulfonyl chloride (Eur. Pat. Appl. 583960,
23 Feb 1994; 60 mg; 0.253 mmol),
(3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (1S,2R)-1-benzyl-
3-[ (cyclohexyloxy)amino]-2-hydroxypropylcarbamate (100 mg,

20 0.230 mmol), and diisoproylethylamine (0.042 mL, 0.242 mmol)
in anhydrous tetrahydrofuran (3 mL) was stirred at ambient
temperature under an Argon atmosphere for 16 hours. A
catalytic quantity of dimethylaminopyridine (~1 mg) was
added and the reaction was heated at reflux for

25 approximately 2 hours. An additional quantity of 1,4-
benzodioxan-6-sulfonyl chloride (12 mg, 0.051 mmol) was
added and the reaction was heated for an additional 30
minutes. After cooling to ambient temperature, the reaction

mixture was partitioned between ethyl acetate and aqueous



washing with tetrahydrofuran (-50 nL). The nother |iquor 5 was conbi ned
with tert-butyl N-(1S)-1-[(2S)oxiran-2-yl]-2- phenyl ethyl carbamate (9.03 g,
34. 3 nmmol o587t hium triflate (5.36 g, 34.3 nmpl) and HEIV€PINF44ef | ux.
After stirring for 3.5 days, the reaction was evaporated in vacuo and the
resi due was partitioned between aquecuggpet assi um 10 carbonate (5% w v) and
et hyl. acetate. The aqueous phase was separated and extracted with ethyl
acetate. The conbined organic |ayers were washed with saturated brine,

dri ed overhydrgnidsininn sdifaat e Affrielrt eeed rand ngvaper ghedeisny taeuorgihec

resi due s)purified on f asq gkgde siljica gel elut%n% with 15 3:1 hexane :
ethyl acetdts’ MPEct120RE LML hrnger nEr1F oYt RBPYCEPHSoMaOBEStH Y acuo
and dried sundeitd)i gh MaeedManido ebv@bbrBdeW in vacuo. The residue was

(1S, 2R) - 1- benzyl - 3-[ ( 1- et hyl propoxy) am no] - 2- hydr oxypropyl car bamate (6.425
g, 51% aPuxiddledd onHE- MVRPafehliveofaCnpDadke (28820ncmeHEO01 U84 (s, 9H)

1.51 ( o 91 (m 3.15 1H), 3.47 (m_ 1H), .3.69 2H) ,
3.89 ml‘}3 t,l%%. é’%%}lml'fm%%.lzﬁc{er’ﬁggﬁw %ﬁéﬁ&%r):%@?kﬁﬁ&f% b%ggp 2 oH
O H2N -. weld re2RVv3E) - 3larmedowlith( B=ét hglkpyapaxyradbrafed- phenybnd125
butanol . A.mi.xture of tert-butyl (1S, 2R)-1-bepzyl-3-[(1-
ethylpropg%ytgﬁfﬁd]?fphfanf§6¥88§F€ayﬁgﬁﬁte ?§¥2§§Sggu§.y§5 nmol ) and
trifl u](c)ro&aelttiu(ra_a@iddwl(ﬁﬁ gzla)tems fsuité$ed ahd aﬂbbanhna@ﬁpﬁ&ghuwgcuﬁﬁler
Argon for  approxi.nat es. e reaction evaparated in vacuo
and the WO°0&F65876 gé%f%§§9%%§¥%ﬁxaby§§@qu@i?daégaggrﬁﬁfﬁryﬂoned bet ween
di chl Do ondgtisan®) and bagueaus - (Segcushbydroxiyde( 2Ny hTheophages were

separat ed, and the .aqggo S EQase Sas,extracted wi th di chl oronet hane. The
conbi ned EFFARCE OFHEs &s Vs LaPYEdaBYBP ] aARYdFr 608 YRBAPYAFETRaTRAEe, filter,

evapor at ed 123 wacuaeandadr kedhundesohigh H1-NMR (chloroform-D3) :
1.20 (m, 6H), 1.60 (m, S5H), 2.07 (m, 2H), 2.90 (m, 4H), 3.09
(b, 1H), 3.67 (m, 2H), 3.90 (m, 4H), 4.23 (m, 1H), 4.31 (m,
15 4H), 4.82 (d, 1H), 5.01 (m, 1H), 5.64 (d, 1H), 6.95 (d, 1H)
7.25 (m, 7H). MS(ESI): 655 (M+Na).

Example 157

0] 00
(3R,3as, 6aR) hexahydrofuro[2,3-b]lfuran-3-yl (1S,2R)-1-
benzyl-3-[{[4- (benzyloxy)phenyl]sulfonyl}
(cyclohexyloxy)amino]-2~-hydroxypropylcarbamate.
A mixture of 4-benzyloxybenzenesulfonyl chloride (65 mg;
25 0.230 mmol), (3R,3aS,6aR)hexahydrofuro[2,3-b]furan—B—yl
(1S,2R)-1-benzyl-3-[ (cyclohexyloxy)amino]-2-

hydroxypropylcarbamate (100 mg, 0.230 mmol),
diisoproylethylamine (0.042 mL, 0.242 mmol) and 4-



vacuum to provide (2R 3S)-3-am no-I|-[(1-ethyl propoxy)am noj -
4- phenyl - 2- but anol (2.455 g, 100% as a solid. H1-NVR (chloroformD3):
0.94 (m ©id9yets™®6 (m 4H), 2.55 (m 1H), 3.01 (m 2H), 3PCRUSINIIRM), 3.51
(m 1H, 3.81 (m 1H), 7.30 10 (m 5H). MS(ESI): 267(M+tH). Step 3: ,,HH
OHO OO0 NNH H- OO (3R 3aS, 6aR) hexabydrofuro[ 2, 3-b] furan-3-yl
(1S, 2R) - 1- benzyl - 15 3-[(1-ethyl propoxy)am no] - 2- hydr oxypr opyl car bamate. A
m xture of (2R, 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-2-yl 4- nitrophenyl
car bOﬂatedl&el@AlJ@,ml&o%rfﬂﬂﬂrﬂe (~21Rn§_;$) i3r @mih ous tetrahydrofuran
1-[(I- ethyl Roﬁé% n%] 4- phenyl - 2- but anol 379 g,. 8.94 mol), and
di i sopr oyl ! ﬂ§1 i rggdnat @m@&%ﬁﬁorfmFﬁr?GUé@epﬁﬁﬁFr@PeAGQanL) under
Argon was aSimidspech rat f@fbll@wmodr%npemt WRliffabntf kReWnhsitTher @action
m xture m?) evaporated i n vacuo _and _.the residue was partltloned betmeen

e

ethyl ac Ve YRGEESES St LS Ui arBoRat @ 3 8%y wov P4 STREC 1pha8€s Aer e

separ ab ed R tha aarigRpye ildayer Wasméashed adgdiled 2adWchl 2QUeeysnPehassi um
car bonat e §596%Qﬁ§ The agueous phases were conbi ned and extracted with

ethyl ace LESTHIFN @ To PHRICE L MaF &y @ep@uﬁéshe&fﬁﬁﬁhcﬁpﬁﬁég dri ed

over anhydr Qud iRRGNeSparswhiral etﬁ@d r%\a@l%%%t 8d il vagha. phhe;risakbdue was
triturated with diethyl ether and filtered. The WO 99/65878 PCT/ US99/ 13744

- 297 ot hOLYMieGRo e thas SF&56Ttat 880 RAVEOUS awérpﬁélpéépdaélﬂas Thérified on

flash grageagels ¢Rr@else@latbitr@ Wnbh thel ool ¢ @%?E%t@as hexangasheactions
contaj ning the product were conbined and evapora in vacuo to a solid.

Bot h tf op&idf: @rﬁfl@du@trl\%élr OVELi & @huﬁla@mhmgﬁn@aéu@nﬁpéfprt@w déltsred3as,
SR ATEr Y SR BT oot (el Bl PSR i o on
lash grade silica gel eluting with 1:1 ethyl acetate :
hexane. Fractions containing the product were combined and
evaporated in vacuo and dried under high vacuum to provide
15 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl {(15,2R)-1-benzyl-
3-[{[4-(benzyloxy)phenyl]sulfonyl} (cyclohexyloxy)amino]-2-
hydroxypropylcarbamate (143 mg, 91%). HI-NMR (chloroform-
D3): 1.27 (m, 6H), 1.61 (m, 5H), 2.07 (m, 2H), 2.91 (m,
4H), 3.10 (b, 1H), 3.68 (m, 2H), 3.89 (m, 4H), 4.19 (m, 1H),
20 4.84 (m, 1H), 5.01 (m, 1H), 5.12 (s, 2H), 5.64 (d, 1H), 7.05
(d, 2H), 7.28 (m, 10H), 7.71 (d, 2H). MS(ESI): 703 (M+Na).

Example 158

25

(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl1 (1S,2R)-1-
benzyl-3-[{[3- (benzyloxy)phenyl]sulfonyl}
(cyclohexyloxy)amino] -2-hydroxypropylcarbamate.



68% . H -NWR (chloroformD3): 0.88 (m 6H), 1.52 (m 7H), 2.77 (m 1H),
2.917 (m 2H, 3.07 (m 1H, 3.16 (m 1H, 3.37 10 (b, 1H), 3.46 (m 1H),
3.75 (m #$dhoyeds®d (m 2H), 4.87 (d, 1H), 5.03 (m 1H), 5rPEBUSY/13M44), 7.23
(m 5H). MS(ESI): 445(MtNa). Step 4: HOH OO ONN, 0 OO 15 tert-butyl
(1S, 2R) - 1- benzyl - 3-{(1- et hyl propoxy) [{ 492 -

nmet hoxyphenyl ) sul f onyl ] am no} - 2- hydr oxypr opyl carbamate. A m xture of
tert-butyl (1S, 2R)-1-benzyl-3-](i-

et hyl pr opaxyp et wned -2 M- nmar sl Gardranatie dnkA0 dAl,o 8.4/ 3( &P mgrol )

4- met hoxyphenyl sul phonyl_chl oride (57 ng, 0.27 mol ), and :

di i sopr oyl %t aﬁ"ﬁ“ﬁe) /(0! B iRy Pera a0t 4L [ZaninRirfoti@net¥ahydr of ur an

(2 nL) was(sg,2r)ed Andery Argon &l onkfk NS Alirhicent tenperature. A
catal ytic quantity of 4- dinethylam nopyridine (-1 nmg) was added and the

reaction K R RGNS FHAO Fsbr Sxididt @mplwdfours. After

cool i ng, tdiei S QREdy 10t MASIEMARPOIRLRS inf),,VaCYQ 2arthdine i esirdng MRS ,
di ssolved in ethyl acetate. The solution was washed w th aqueous potassium

car bonat e YS%XALCLHiIRDUS ™My dMEehIsdrite esciad @Y eRtd tsmpesathA¥e or gani ¢
layer was WMAD9/HH80Q RCHHRMYNLI M 4o 1298 oudien dr ied 048 @anhydrous

magnesi um sul fate, filtered and evaporated in vacuo. The residue was
purified dHaRtdrerd Sined HlempneRy rd26x20 (e MO0 WS d@ddech@nd theos: 5
met hyl ene dd @il e via ITINANY] atThe Mredueh RaRd MWB$ 3 §MRVRD noghuted with
4:1 nethylene chloride : methanol, filtered, and evaporated in vacuo. The
resi di8 wd ARG e laghian it va ofr Spdearivie xvbensiemes (foxed cm 500 M
eluting chloride (13 mg, 0.046 mmol) was added and the reaction was
heated at reflux for approximately 1 hour. After cooling to
ambient temperature, the reaction mixture was partitioned
between ethyl acetate and aqueous hydrochloric acid. The
15 phases were separated and the organic layer was then washed
with brine, dried over anhydrous magnesium sulfate, filtered
and evaporated in vacuo. The residue was dried under high
vacuum to provide (3R, 3a5, 6aR) hexahydrofuro[2, 3-b] furan-3-yl
(15,2R) -1-benzyl-3-[{[3- (benzyloxy)phenyl]sulfonyl}
20 (cyclohexyloxy)amino]-2-hydroxypropylcarbamate (140 mg,
89%). HI1-NMR (chloroform-D3): 1.22 (m, 6H), 1.62 (m, 5H),
2.05 (m, 2H), 2.90 (m, 4H), 3.11 (b, 1H), 3.66 (m, 2H), 3.87
(m, 4H), 4.18 (m, 1H), 4.77 (m, 1H), 4.95 (m, 1H), 5.10 (m,
2H), 5.60 (d, 1H), 7.29 (m, 14H). MS(ESI): 703(M+Na).
25
Example 159

(3R,3a8, 6aR) hexahydrofuro[2,3-blfuran-3-yl (1S,2R)-1-benzyl-
3-{ (cyclohexyloxy) [ (3-hydroxyphenyl) sulfonyl J]amino}-2-



with 95:5 nmethylene chloride : ethyl acetate. The product band was
renoved, eluted with 4:1 nethylene chloride : 10 nethanol, filtered, and
evapor at ewoia9/65810U0 t 0 provi de tert- butyl PCT/US99/13744

(1S, 2R) - 1- benzyl - 3-{ ( 1- et hyl propoxy) [ (4- ]

met hoxyphenyl ) sul f onyl ] am no} - 2- hydr exyps epyl carbamate (103 ng, 70% as a
foam- HL-NMR (chloroformD3): 0.95 (m 6H), 1.38 (s, 9H), 1.64 (m 4H)
3.0l (m 5H), 3.83 (m 2H), 3.93 15 (s, 3H), 4.20 (m 1H), 4.61 (m 1H),
7.03 (d, Eﬁbxoiy%&oﬁﬁucaiﬂhmazego @dsoadkloNBEES|) 559(MkNa) . Exanple 162
OHOO,HHOONNS HOO

(3R 3aS, adﬁfhéﬁéh?&ﬁ%@@ﬁépzdgoﬁpﬁer§m33b9fu@@s 3Ry13{[f128) ~1-benzyl-
benzodi oxgl-51glgulhoy bl hpE

hydroxypropy?carﬁanatg o 9#53%3%é959@96xy@§ %9L%éh@§2gég éagéPuro [2 3-b]
f ur an- 3- yRYEISXYPRPPY1CHERAPRLe (131 mg, 0.193 mmol in ethyl acetate

3-[ (! @tthBrﬁ@@wa@nbaaba%eeygaepy@hgﬁxhgaﬁbggaksrﬁg 1g$ogwt02529 237

mmol ), 1, 3- benzodi oxol e-5-sul f ony or|
d||soproyméth?PgnFﬁéUGGdOHQdﬁE ap. angﬁﬁbeyeanﬁ HadneghylaasnOpaftdrne (Hi

ver 16 hur & VETo8 Gatyo Bty (sabr 1t ~BBe ke A Bon At hemRer e,

The reactﬁ@ﬁpﬂaétédaﬂﬁraﬁed0|ho vargaeidnd. th@heesedﬂéumasapapﬁrlfD@ed
bet ween dlchloronethﬁne and aqueousﬁg§drochlor|c acid (1IN). The organic

phase was®8efaPatBarahdVarred BvereanhydfBusms Aagnedi upldbirateithiitered
and @MﬁpoBaEedthQIVQQQQatghe nEgsheue YRS gyéau deQHd QéePéﬁétéae TLC

plate (Zox%gtgg]W1QQOBUN®mnggignemgiyo?Zde ?Igetgggg§t ??fteredangéd The

evaporated iIn vacuo. The residue was triturated with water,
filtered and dried under high vacuum to provide
(3R,3as,6aR)hexahydrofuro[2,3—b]furan—B—yl (1S,2R)-1-benzyl-

15 3-{{cyclohexyloxy) [ (3-hydroxyphenyl)sulfonyl]amino}-2-
hydroxypropylcarbamate (93 mg, 82%) as a white solid. HI1-
NMR (chloroform-D3): 1.28 (m, 6H), 1.67 (m, 5H)., 2.06 (m,
2H), 2.96 (m, 4H), 3.09 (b, 1H), 3.87 (m, 6H), 4.19 (m, 1H),
5.01 (m, 2H), 5.69 (d, 1H), 6.60 (b, 1H), 7.23 (m, OH).

20 MS(ESI): 613(M+Na).

Example 160

(3R,3aS,6aR)hexahydrofuro[2,3-b]furan—3—yl (1S,2R) -1-benzyl~-
3—{(cyclohexyloxy)[(4—hydroxyphenyl)sulfonyl]amino}-2-

25 hydroxypropylcarbamate. A solution of
(3R,3aS,6aR)hexahydrofuro[2,3—b}furan—3—yl (15,2R)-1-benzyl-
3—[{[4—(benzyloxy)phenyl]sulfonyl}(cyclohexyloxy)amino]—Z—
hydroxypropylcarbamate (140 mg, 0.206 mmol) in ethyl acetate



product band was renoved, eluted with 4:1 nethylene chloride : nethanol,
filtered, and evaporated in vacuo. The residue 10 was triturated with
wat er, fiW@p¥eh8Ehd dri ed under high vacuumto provide PCT/US99/13744
(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan- 3-yl )
(1'S,2R)-3-[(1, 3-benzodi oxol -5-yl sul fengbl (-1-
et hyl-propoxy) am no] -1 - benzyl - 2- hydr oxypr opyl carbamate (114 ng, 80% as a
white solid. H1I-NWR (chloroformD3): 0.89 (m 15 6H), 1.57 (m 7H), 2.95
(1 |rp|) 5;!) 643(559[119mwm6 fg&iﬁ%&d( éml_ii)tlﬁﬂ-lg,aléédgﬁlmg ﬁ)nn l:?)r?gﬁ. aaog dm%l?)zggﬁ?@l (1 |rp|)

, 5. .. 6, S, : : o 1. m e m 1H).
MB(ES ) : E%ibrf%%ﬁfﬁ ungig Eﬁ&nﬁﬁ@of§%er%t8§ fydﬁoéﬁndgﬁéz Héféﬁﬁ "0 pS~0
O (3R 3aSsGaRrhexalfpdr afeuhofuz,s3- hhkuraacd-iyh i8R hake#z¥kered and
3-{(1-ethyl ropox? [ (4-ni trophenyl)sul fonyl]am no}-2- 25 o
hydr oxypr Oy PCARbETatlE VAGHKEGr & SESLIRe-3a8hesaRy IRBRaMp6r BRELE1RY, 3- b
furan-3-yla( 1S ~1-hen - ) .
3-[( 1-§t hflnpr]'ao%%%aarr?ijcﬁ%]%- §¥Fy8}8§$pr(§8§<ﬁgaFB‘én§€’8 F‘%&Oerlrﬁ,tlng. %J/Ehmml ),
4-ni t r ophenyl sthpyliomyletaltleori dexgh@s nfTheOp4dducmmbbhd dihissepmoykeat hyl am ne
(0.084 m_, 1 ),.an [ 658 PCT/ US99/ 13744 - 3
di met hyl ar?‘ilglg%éfi ife 4('fil glrerg Y?%ngnﬁégpgﬂlget et PS@&PS%aréﬁ?g%eﬂt) a%ds
stirred akvapbiremed: empewnatur.e ouer r26ibaer sasunderuantArgRALat wasphere.
The reacti QR \was .ev orat.eg in and the residue was partitioned

n

Q1 wa a ed in vaguoh .
bet ween 5 di-¢H 6 ofBthane SEnd 46ueBug s SaFHH N Ar BgeNi€al fate (1N). The
phasek0 wer(@Rs 8par, @aBd hardhi/iec8queous 3-BY urwas 3-ext nagt ef) Wi thenzyl -

o o S PR T 49k 93005, BRARSE ) sUTESndt) 80, Q5T Y arous
hydroxypropylcarbamate (106 mg, 87%) as a white solid. Hl-
NMR (chloroform-D3): 1.27 (m, 6H), 1.67 (m, 5H), 2.05 (m,
2H), 2.93 (m, 4H), 3.11 (b, 1H), 3.68 (m, 2H), 3.90 (m, 4H),
15 4.19 (m, 1H), 4.81 (d, 1H), 4.99 (m, 1H), 5.65 (d, 1H), 6.24
(b, 1H), 6.92 (d, 2H), 7.22 (m, 5H), 7.67 (d, 2H). MS(ESI):
613 (M+Na) .

Example 161

20 Step 1:

tert-butyl (1S,2R)-1-benzyl-3-[(l-ethylpropoxy)amino]-2-
hydroxypropylcarbamate. A solution of 2-(l-ethylpropoxy) -
25 lH-isoindole-1, 3 (2H)-dione [Synth. Comm., 22(10), 1427-1432
(1992), 10.00 g, 42.9 mmol] in anhydrous tetrahydrofuran
(100 mL) under Argon was treated with anhydrous hydrazine
(1.48 mL, 47.2 mmol) over approximately 5 minutes. The

reaction was stirred for 45 minutes and diluted with



evaporated in vacuo. The residue was purified on flash 10 grade silica gel
eluting with 1:1 ethyl acetate : hexane. Fractions containing the product
wer e combiwee/6s8Uaporated in vacuo and dried under high vBCOGUSIYIZ74H OVI de
(3R 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-yl (1S, 2R)-I-benzyl -

3-{(1-ethyl propoxy)[(4-nitrophenyl)sukfxgg/l] am no}-2 15

hydr oxypr opyl car banate (254 ng, 88% as a foam H -NVR (chloroformD3):
0.90 (m 6H), 1.60 (m 7H), 2.90 (m 5H), 3.68 (m 2H), 3.87 (m 4H), 4.17
(m 1H), 4a8By@dputHretbaRdrbmurah) (56.64%) (d, AIlF&ddZtZBném q5h‘91t1t?y99 (d,

8. 38 : OH ONH 0 ON
N H O 0= g% aFészr%é g‘@éﬁ%zﬁaﬁag%%?u‘%‘% [%g 3. ’FP? %hr‘dﬁssaWeélsan) - 3-
[ [ (4- ansthephenybkesuktosyk}(doehbylhipeopoxyhamneinie bpazyki2te26d
(3R s 6o RERERRRy He bhuF B BSYRT Phrane 31590 (1) or) THe pBRZYPr 1idquor
3-{(1- &t hylWpsopoxyihéd- mtmpém%&sylfpnf/%ianinplzigy?xuant% yl} %% )
mD in apbsol ute nme ano

%grgéﬁg{ (rjngﬁl Egggﬂﬁ%ggﬁﬁ?gg ¢ar Hond ( 16% Wb BR/P b5s7d PETT U590/ 13744 - 301

wt o, 50 nprrandatedyeedecugfessasHiuds ogesnat nospber€oover1ds. heprsy The
reaction was filtered and evaporated in vacuo. The residue was purified on

silica gel SEFEEFRE WPFh>5D-B0Ys - ethy| raRetaeR Was hekaperaFedci nonacuo
cont ai ni ngahBeLREOdUst abe s s GORPL Aeth 80 EYRR0K aé&ﬁj%é@?]vﬁ&f@ssir&ﬁ residue

was triturated with water, tered and dried und vacuum
provi d& (3ﬁa§€@nﬁéﬂ)ﬁéxaﬂ&ﬂ}o¥%¢o?9h¥ﬂtﬂ¢%ﬁ%ﬁﬁ3 yThe aqueous phase was

(1S, 2R) - 3- bép4ranbaophenyki sabfoavli €l - ethyl PLOPCXYd aM QL - combined
organic layers were washed with saturated brine, dried over
magnesium sulfate, filtered and evaporated in vacuo. The
residue was purified on flash grade silica gel eluting with

15 3:1 hexane : ethyl acetate. Fractions containing the
product were evaporated in vacuo and dried under high vacuum
to tert-butyl (15,2R)-1-benzyl-3-[(l-ethylpropoxy)amino]-2-
hydroxypropylcarbamate (6.425 g, 51%) as a solid. H1-NMR

(chloroform-D3): 0.88 (m, 6H), 1.34 (s, 9H), 1.51 (m, 4H),

20 2.91 (m, 4H), 3.15 (d, 1H), 3.47 (m, 1H), 3.69 (m, 2H), 3.89
(m, 1H), 4.57 (m, 1H), 7.24 (m, 5H). MS(ESI): 389 (M+Na).
Step 2:

(2R, 38) -3-amino-1-[ (1-ethylpropoxy)amino] -4-phenyl-2-

25 butanol. A mixture of tert-butyl (15,2R)-1-benzyl-3-[(1-
ethylpropoxy)amino] -2-hydroxypropylcarbamate (3.285 g, 8.98
mmol) and trifluoroacetic acid (25 mL) was stirred at
ambient temperature under Argon for approximately 30

minutes. The reaction was evaporated in vacuo and the



1- benzyl - 2- hydr oxypr opyl carbamate (160 ng, 71% as a white 10 solid. H -NW
(chlorgform%/B): 0.90 (m 6H), 1.58 (m 7H), 2.95 (m 5H), 3.69 (m 2H),
3.91 (m wie)99/648783 (m 1H), 4.26 (b, 2H), 4.80 (d, 1H), SPAOUSIAI3ITHH) 3 5.63
(d, 1H, 6.67 (d, 2H), 7.22 (m 5H), 7.58 (d, 2H). ). M5 (ESI) : 600
(MtNa) . 15 Exanple 164 Step 1: ,HHOGJeONN,S ZNO2 OHOO0=00
Preparation of (3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-yl

(1S, 2R) -1 -benzyl - 3-{ (I - et hyl propoxy) [(3- 20

ni t rophenytgsiddeonydd epsﬁma}tﬁorﬁdi][wwmydmmﬁr&t@chﬁénaﬁdﬂaeqlféfod&R

3aS, 6aR) hexa uro yran-

(1S, 2R)-I) %%‘?sz‘iff{qéyé %yi]ﬁ?opox%earﬁf}ﬁﬁ%z WERRIrSBBATORA alrhdkdt e (200
my, 0.474 ammddys qah;mé rmeé}wg&ﬂ&wmupmlqmﬂﬁc&ﬂ&%m 0.74¢4 mol ), 25

di i soproyl et hyl a 0.084 0.474 mmol ) and di et hyl ami nopyri di ne (-
. SI P\ a%h%%féq d?l't?rsaerﬁ' ‘(%renﬂm\ﬁ@s oStqTy raed: VALY Cabi SOt Wteper at ure

over 16 hcuulsmwdemladbzﬁ;rm FRSRNENE val1f BRI AR Pas guapqrat ed in
vacuo and the residue was par tﬁl oned between WO 99/ 65870 [ US99/ 13744

-302 di chlGrOHEt Hethe Tt ey uedus’ hydiseriinerile [adi-e (hMipr osforern ansepdrat i ng
the phases;-difi aGLeas dyer as el agRd Wil gl or opethane. The

conbi ned organi ¢ phases were over anh rous magriesiumsul f ate,
filtered a z?p%rréfté@ Jitn B Pdcumn, T /ré3|5c£ue(nwasalur|2f i5ed (on flHash grade

silica gel I n t 1 hylyyjacef ate he %rlactlo gn %I ni ng
the pr OgUCBt C&eg(téd c%r?g: ngdkzev(g[foo)réat ed%l ?\5 vacr:ndo >§Fzhd 3drl e gg? g% vacuum
to probi dem/( FR)3a¥SedYHexaedr @Fuo| 2, 3- b] f ur an- 3-yl (1S, 2R) - 1- benzyl 10

3-{(1-ethyl propoxy) [ (3-nitrophenyl)sul fonyl]am no}-2-
Step 3:

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl (1S,2R) ~-1-benzyl-

15 3—[(l-ethylpropoxy)amino]—2—hydroxypropylcarbamate. A
mixture of (2R,3aS,6aR)hexahydrofuro[2,3-b]furan—2-yl 4-
nitrophenyl carbonate (2.764 g, 8.94 mmol), (2R,3S)-3-amino-
1-[(l-ethylpropoxy)amino]-4-phenyl-2-butanol (2.379 g, 8.94
mmol), and diisoproylethylamine (1.56 mL, 8.94 mmol) in

20 acetonitrile (25 mL) under Argon was stirred at ambient
temperature for 16 hours. The reaction mixture was
evaporated in vacuo and the residue was partitioned between
ethyl acetate and aqueous potassium carbonate (5% w/v). The
phases were separated and the organic layer was washed again

25 with aqueous potassium carbonate (5% w/v). The aqueous
phases were combined and extracted with ethyl acetate. The
combined organic layers were washed with brine, dried over
anhydrous magnesium sulfate and evaporated in vacuo. The

residue was triturated with diethyl ether and filtered. The



hydr oxypr opyl carbamate (246 ng, 86% . HL1-NWVR (chloroform D3): 0.98 (m

6H), 1.68 (m 7H), 2.99 (m 5H), 3.73 (m 2H), 3.96 (m 4H), 4.27 (m 1H),
4.86 (d, WOIv&s®/ (m 1H), 5.69 (d, 1H), 7.27 (m 5H), 7rP8WUEIY13144), 8. 16
(d, 1H), 8.57 15 (d, 1H), 8.76 (s, 1H. Ms (ESI) : 630 (MtNa) . Step 2: H
HOHOOONS\ I NH HOO' 60 -297 -

(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-3-y1 (1S,2R)-3-[[(3- 20

am nophenyl ) sul fonyl ] (1- et hyl propoxy) am no] - 1- benzyl -

hydr oxypr @Ryrear hanRice. wAss %wbbqat% (3Rvadds aﬁaR)cth%%@x%%f wag [2, 3-b]
furan-3-yl (1S, 2R) -1-benzy

3-{(1-et hﬂuﬁrl(fp%&@y))[“( 3Laisty @Eﬁéﬁyls)léerlcﬁoﬁﬂl] gAfépg2with 1:1 ethyl

hydr oxypr QRtGRIDaMB 20239 78 a Q1394 @gﬁkglh@nab%ﬁgu%Qoéﬁc%tQ@@@l (3 m)
was conbi ned with Palladiumon carbon (10 w% and reduced under a

Hydr ogen &OMbSpiesr @nsy evaperanedr 1 Theureaot RoAowas -f i Boshedrang of
evaporgtegrb@u%%c%%re Ihe ceshdue ﬁgggﬁgéhéhﬁdtBn tL3sh.orade silica gel

eluting wth 3:2 ethyl acetate : ract ohs contalnlng the WO
99/ 65870 R@T%GS@QﬁB&Uh&xahyﬁmafupodduébbméneaneﬁbymed15ndR@vapbeatym in

i th t d d i nder
hioh vacoarito SorsIERERpHH éﬂiiﬁéiR?‘ﬁéxg%’?a%ra%PEag sw%?lsaﬂ? ?%t’gr
(1S, 2R) - 36BR() 3- aﬁﬂﬁUMﬁenyhlsmbﬁﬁmmeel 5 0. FB (m, 6H) i 32 (m, 6
I e %, -as a
oy oroposnarbnol st bemoi 2l ogmpgpil ot 188 o €Ty ae 2
5H), 1276 (bm 1BH), 33496 (fum 1H6H)3 2519m( miHiH) 3.4488m( mpHIH) 4.8707d(m 1H),

°. 69 (d éxﬁéﬁplseo%‘:’é&d’ 1) 57634 (65 1A 57588 (M A - B £EP)) ¢ 10 600

(M+Na)
445 (M+Na) .

Step 4:

o)

15 \Z:iy
tert-butyl (1S,2R)-1-benzyl-3-{(l-ethylpropoxy) [ (4-
methoxyphenyl) sulfonyl Jamino}-2-hydroxypropylcarbamate. A
mixture of tert-butyl (15,2R)-1-benzyl-3-[(1-
ethylpropoxy)amino]-2-hydroxypropylcarbamate (100 mg, 0.273

20 mmol), 4-methoxyphenylsulphonyl chloride (57 mg, 0.273
mmol), and diisoproylethylamine (0.0476 mL, 0.273 mmol) in
anhydrous tetrahydrofuran (2 mL) was stirred under Argon for
16 hours at ambient temperature. A catalytic quantity of 4-
dimethylaminopyridine (~1 mg) was added and the reaction was

25 heated at reflux for approximately two hours. After
cooling, the reaction was evaporated in vacuo and the
residue was dissolved in ethyl acetate. The solution was
washed with aqueous potassium carbonate (5% w/v), aqueous

hydrochloric acid (1N) and brine. The organic layer was



r~oX-/  HHOHO/ 0 ONN, OYS HOO 0 15
(3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-y1 (1S, 2R) - 1- benzyl -
3-[{[ 4- (beaxwlessry) phenyl ] sul f onyl } (1- et hyl propoxy) am no] - 2CT/US99/13744
hydr oxypr opyl carbamate. A m xture of (3R, 3aS, 6aR) hexahydrofuro [2, 3-Db]
furan-3-yl (1S, 2R) -1-benzyl - - 298 -
3-[ (I-- et hyl propoxy) am no] - 2- hydr oxypr opyl carbamate (200 ng, 20 0.474
mmol ), 4-benzyl oxybenzenesul phonyl chloride (134 ng, 0.474 mol),
di i sopr oylkekhyHatiede of@r083hirols4hégiuBl himasdl rdt 8pt hyh asireapyniidi ne (-1

i n anhydrous tetrahydrofuran (3 nL) was stirred at anbient tenperature
over 16 hSUPECT@LEEr 18nVAFYEn athBspRELBUCTHASr BRELEHAINPRt 8re was war med
25 to 55C i than ant .t y~of._di h m nopyridin £ 2:NQg) was
added. AfPEEQS??F??%g%Fgrggaﬁgu?ébxgﬂec?éagﬁpo%&?mggug¥%%oWé€%dé?h5vacuo
and the resittdy@enascpaotriteonedethehween Uhehpooauet heaedandsaqueous sodi um

hydrogen sul fate WD.99/ 65870 PCT/US99/13744 -_304 (1N). After separating
t he p%gse§?m9ﬁ883q8é8 §8I§§8P &gi m@ﬁﬁYiﬁP%dCQ}?ﬁlﬂ?cnr%?Bﬁé?ﬂgne. The
conbi ned @tigaeired, phagesvapbeadetiednovetuanhydhouse seghesivag sutfated

filtered and evaporated in vacuo. The residue was purified on flash 5
grade sil RealgePRehuPrAganRthve: 2Let hybtacé2bxel: chexabe. WMFratet bng

cont ai ni ngstheqpr ad c i ev t in vacyo, and.dried under
i gh-vacudiho2B: S MG EE R SAPO R, o RERy St Sk alsY bt BPGu gt
(1S, 2R) - 1bbeAdzyks removed, eluted with 4:1 methylene chloride :
3-[{[4: (benzyl oxy) phenyl ] syl fonyl } (1-et hyl propoxy)am no]-2 10
it o or SRRy hnaLa et R A et B I ERNES REaT b r b T D)
0.94 (m bBhHyyll(68,¢R) -THpen3y053{m15&bhylsrddokyn (24), 3.98 (m 4H), 4.18
(er_nD 1';? é41%%§n§o£;9ph%rlﬂll) gu9§on3(/m algl'll_'l)lé}—52—]1gy<grséx§1|3_20’p$lggrégxhatlel_i) (1073' 13 (d,

mg, 70%) as a foam. H1-NMR (chloroform-D3): 0.95 (m, 6H),

1.38 (s, 9H), 1.64 (m, 4H), 3.01 (m, 5H), 3.83 (m, 2H), 3.93

15 (s, 3H), 4.20 (m, 1H), 4.61 (m, 1H), 7.03 (d, 2H), 7.29 (m,

SH), 7.80 (d, 2H). MS(ESI): 559(M+Na).

Example 162

20 (3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl1 (1S,2R)-3-[(1,3-
benzodioxol-5-ylsulfonyl) (1-ethylpropoxy)amino]-1-benzyl-2-
hydroxypropylcarbamate. A mixture of
(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl (15,2R)-1-benzyl-
3-[(l-ethylpropoxy)amino]-2-hydroxypropylcarbamate (0.100 g,

25 0.237 mmol), 1,3-benzodioxole-5-sulfonyl chloride (52 mg,
0.237 mmol), diisoproylethylamine (0.042 mL, 0.237 mmol) and
dimethylaminopyridine (~1 mg) in anhydrous tetrahydrofuran

(3 mL) was stirred at ambient temperature over 16 hours



10H), 7.80 (d, 2H). M5 (ESI) : 691 (M+Na) . 15 Exanple 166 HH OH 0 CH O
NN, OS HOO= OO0 (3R 3aS, 6aR) hexahydrofuro[2,3-b]furan-3-yl

(1S, 2R) - 1vhepgsss70 3- { (1- et hyl propoxy) [ (4- hydr oxyphenyl ) sul POmiSyEsisio} - 2 20
hydr oxypr opyl car bamate. A sol uti on of :

(3R, 3aS, 6aR) hexahydr of uro[ 2, 3-b] furan-39d -( 1S, 2R) - 1- benzyl -

3-[{[4- (benzyl oxy) phenyl ] sul f onyl } (1- et hyl pr opoxy) am no] - 2-

hydr oxypr opyl carbamate (222 ng, 0.384 mml) in 3:1 absolute ethanol

et hyl acetahe@ewasnchnponedtmbsbhEad | adine 882251 62rHeY é&QpM\ir%eéMiHUj and
reduced under an atnpsphere of Hydrogen gas over 16 hours. The reaction
was filterB3°ERd2NSvEReraeetdve Was uear rhel ?2ef deRt¥R&R purified on fl ash

grade siligacgebrahethsige Whd '@e@&§Y$y@§§&@i@rich@é@@e}lN ractj ons
contai ning the gr oduct were conbi ned and WO 99/ 65870 PCT/ US99/ 13744 - 305

evapor at ed®T FEVEE N2 TheVF 25T RAT e 1204 (FBERY QFEh IWREdrousdi|tered and

dried wndefiadh &b YRCHTEL O PrOVI d8red and '
(3R 3aS, 6aR) hexahydr of ur of 2’,p3-lb]furean-a’i%r-1 yle‘f%%?aﬁgci-%%n‘é@ go. The

3-{(1-et hy]F?ﬁb(EHﬁ(WT% @Wmiﬁ@m@lgwamw!\}@rﬁ’mmmﬁe (2020 cm,
L oo (P A IS0 Ll N s,
3.92 (m 4Moductogng Wdg) rendeddelited BLIOL {md MddhyEered didordide 6. 12
(5 chater & A 4 S el B0 8 e - e
100 was triturated with water, filtered and dried under high
vacuum to provide (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl
(15,2R) -3-[ (1, 3-benzodioxol-5-ylsulfonyl) (1-
ethylpropoxy)amino]—1—benzyl—2—hydroxypropylcarbamate (114
mg, 80%) as a white solid. H1-NMR (chloroform-D3): 0.89 (m,
15 e6H), 1.57 (m, 7H), 2.95 (m, SH), 3.69 (m, 2H), 3.89 (m, 4H),
4.15 (m, 1H), 4.82 (d, 1H), 5.01 (m, 1H), 5.64 (d, 1H), 6.10
(s, 2H), 6.90 (d, 1H), 7.23 (m, 6H), 7.39 (m, 1H). MS (ESI):
629 (M+Na) .

20 Example 163
Step 1:

(3R,3aS,6aR)hexahydrofuro[2,3-b]furan—3—yl (1s,2R) -1-benzyl-
3—{(1—ethylpropoxy)[(4—nitrophenyl)sulfonyl]amino}-2—

25 hydroxypropylcarbamate. A mixture of
(3R,3a5,6aR)hexahydrofuro[2,3—b]furan—3—yl (15,2R)-1-benzyl-
3—[(1—ethylpropoxy)amino]—2—hydroxypropylcarbamate {200 mg,
0.474 mmol), 4-nitrophenylsulphonyl chloride (105 mg, 0.474
mmol), diisoproylethylamine (0.084 mL, 0.474 mmol) and



OHS® THE S02 OH 2. MeNH2, MeOH HHO HNH2Z NNUN')~NCH3 O R = o0 and
o ~Ho '9//0o HO (3R 3aS, 6aR) hexahydrofuro[ 2, 3-b]furan-3-y1 N[(1S, 2R)-1-
15 benzyl wdrdofesgm! opent yl oxy) [ 3- ([ (2-[ met hyl am no] - 2 PCT/US99/13744

oxoet hyl am no) car bonyl am no] et hyl am no) phenyl ) sul f onyl am no)

- 2- hydr oxypropyl ] carbamate and (3S, 3aRy®aS) hexahydr of uro[ 2, 3- b]furan 3-yl
N-[ (1S, 2R)-1- benzyl-3-((cycl opentyl oxy)[3-([(2-[methylam no]-2 20

oxoet hyl am no) car bonyl am no] et hyl am no) phenyl ] sul f onyl am no)

- 2- hydr ox;ammepnwamihawmdlﬁescpkmtm@n oh §thar&950ﬁ1§tr h}oﬁuréln 1
m xture of3 WE 3as, 6a£% aexah drofuro [2, 3- b]furan- 3 (1S, 2R)v-3-
[ (3- [ (2 ho¥ERy P AR RY] Phe S‘}]PéﬁlP?oﬁ?%’%é?‘é‘%@eﬁ?%o%%)]a?dlﬁé] 1- 25

benzyl - 2- hydeexyar apybeakba d ( ) X 3- b]
O N ke et

[ (2- an1no@?ﬁyp)aﬁ?nBPEhéﬁ§F§H¢f@ﬁ§lEﬁtyttb@@ﬁdyb©uw9am1no]
1- benzy!| -aleme%mﬁﬁgﬁéCéﬁ@agfgﬁsouél goaf}% g@?%{gég Sy reat ed

with 6.0 (0 of eth I socyanat oac er st rlng at RT
for 2.5 hélipsPhpges §©¥%t$©m39®se@o@@®ntMQt@@uemuwabwmerTmesreS|due was

di ssol vedel pr3c-pLqof;: 2 Mi3L Ve, and. L be nggté5mbd$%%e r%gﬁﬁﬁ (rer 18

hours the sol ution was concentrate to dryness §ibiect ed
to flash ‘dﬁ?@nﬁfh@‘ﬂa@ﬁ?f(%th@aou@GhagIQealL@Hm&MNkﬁllmm-ando af ford

7ok o7 VR 8 B8 Taey "o heY (g 0 18I B PBe S BN TTE o6

10 grade silica gel eluting with 1:1 ethyl acetate : hexane.
Fractions containing the product were combined, evaporated
in vacuo and dried under high vacuum to provide
(3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-y1 (1S,2R)~1~benzyl-
3—{(1—ethylpropoxy)[(4—nitrophenyl)sulfonyl]amino}—2—

15 hydroxypropylcarbamate (254 mg, 88%) as a foam. H1-NMR
(chloroform-D3): 0.90 (m, 6H), 1.60 (m, 7H), 2.90 (m, 5H),
3.68 (m, 2H), 3.87 (m, 4H), 4.17 (m, 1H), 4.83 (d, 1H), 5.02
(m, 1H), 5.64 (d, 1H), 7.23 (m, 5H), 7.99 (d, 2H), 8.38 (d,
2H) . MS(ESI): 630(M+Na).

20
Step 2:

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl (1S,2R)-3-[[ (4-
aminophenyl)sulfonyl](l—ethylpropoxy)amino]-1—benzyl-2—

25 hydroxypropylcarbamate. A solution of
(3R,3aS,6aR)hexahydrofuro[2,3—b}furan—3—yl (1S,2R)-1~-benzyl-~
3—{(l—ethylpropoxy)[(4—nitrophenyl)sulfonyl]amino}—Z—
hydroxypropylcarbamate (237 mg, 0.390 mmol) in absolute

methanol (5 mL) was combined with Palladium on carbon (10



(1H), 4.84 (1H), 4.17-2.59 (20H), 2.10-1.25 (10H). MS(ESI): 733 (MtH). 15
Exanple 168 Ph OO0 OO0 R1~1 NN BrllJ~ NOCH3 NH CH S02 H-S \ |

Dl EA, DVFw0oBR65840NH2 &N ~N-OCCH3 O H O H, 0 R= 0 H,/ 0 andGl/U$99a8744

(3R 3aS, 6aR) hexahydrofuro[ 2, 3-b] furan-3-y1 N-[(1S, 2R)-1-

benzyl - 3- ((cycl opentyl oxy) [ 3- (2- [ met hoxygauni no] -2 20

oxoet hyl am no) phenyl ] sul f onyl am no) - 2- hydr oxypropyl ] car bamat e and

(3S, 3aR, 6aS) hexahydr of uro[ 2, 3- b] furan- 3-yl

N-[ (1S, 2Rt} benz iyl 3ahacyeliorent vhexy) E3u(drogen atmosphere over 16
[nethoxyanlno] 2- oxoet hyl am no) phenyl ] sul f onyl am no) - 2-

hydroxyprb@VFFearEéﬁaﬁéaCAl§6IUﬁﬁoﬁlétege@OQHQ e@am¢4aﬁﬁﬂ|yn25a§ﬂ0a 1:1
P bensyl 5 (o et apenty ouv) 1 (a lorbsr 6es b pebr ckbe) tavha o 88}

ami nophenyrt}lsf&l fiéﬁjﬁla}iﬁmlﬁohth;ﬁér oxﬂ;l’ﬁépyD)léaﬁbaﬁatlélEGdth(BBBrOQERt 6aS)
hexahygdr o a (

benzyIFSj ?§§§|%§2ﬁ?9 oxy?F §V§ﬁ¥%8g-gn§%) ﬁﬁbnyl gﬁlrgsidue was
hydroxypr@pytpcatbdnaueh(weéeexaﬁpﬂEeSéﬁ aid dglea 26demoh)gb whcuum

N- net hoxy e ner .an
N et hoey ER ERBREHRT 8 0855 8RR E e R o PRRNEL (278981235 % (0. 06 o)
of N, N—dl|QSpEBmyBeﬂmynaammeopheﬁymtsoﬂfoayhydneaShEmErmpsxpeamedone 80C
With stirgi The, reacti re S _nonij ed by
HPLC (C18t- %gnhgé/ﬁbgiﬁggfgﬁﬁﬂyylFﬁIB?ﬁgg JreheRe  haLPhags! B PaFEher
10 solid. HI1-NMR (chloroform-D3): 0.90 (m, 6H), 1.58 (m, 7H),

2.95 (m, 5H), 3.69 (m, 2H), 3.91 (m, 4H), 4.13 (m, 1H), 4.26

(b, 2H), 4.80 (d, 1H), 5.00 (m, 1H), 5.63 (d, 1H), 6.67 (d,

2H), 7.22 (m, 5H), 7.58 (d, 2H). ). MS(ESI): 600 (M+Na).

15 Example 164
Step 1:

Preparation of (3R,3a$,6aR)hexahydrofuro[2,3-b]furan-3-yl
(1S,2R) -1-benzyl-3-{ (1-ethylpropoxy) [ (3-

20 nitrophenyl)sulfonyl]amino}-2-hydroxypropylcarbamate. A
mixture of (3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-yl
(15,2R)-1-benzyl-3-[ (l-ethylpropoxy)amino] -2~
hydroxypropylcarbamate (200 mg, 0.474 mmol), 3-
nitrophenylsulphonyl chloride (105 mg, 0.474 mmol),

25 diisoproylethylamine (0.084 mL, 0.474 mmol) and
dimethylaminopyridine (~1 mg) in anhydrous tetrahydrofuran
(3 mL) was stirred at ambient temperature over 16 hours
under an Argon atmosphere. The reaction was evaporated in

vacuo and the residue was partitioned between



toward conpl etion, additional 1.5 equivalent portions of N

met hoxybr onoacet am de and N, N-di i sopropyl et hyl am ne were added after 4
hours andwd obmss870 After a total reaction time of 4 days thReTFsIBT4EN was
cooled to RT and concentrated in 15 vacuo. The residue was subjected to
flash chromat ography (Si02, 93:7 CH2C3gt2M NH3 in MeCH) to afford 16 ng
(149 of the desired product as a white foam 1H NWMR (CDCl3) : 7.36- 7.00
(9H), 6.85 (2H), 5.60 (1H), 5.20-4.82 (2H), 4.75(2H), 4.10-3.43 (10H),

3. 21- 2. 45 J {610 donG-hhno a(nlﬁld)quelkﬁ(sEﬂy)ciroc?Qo@@% Mtk (1nExanmplre k69 |
X1l,- NJ BI’%NNES O%RN ? N HOCH SO2 S22 10 DlEA DMF, 80C Me NH2

HY N M S®a530H- BRrEIFes, otRgd adUGOUS iﬁlé{erze'a\ﬁoegéi/r@%?@ with

PCT/ US99/ 15744 o roddE Ha3R 333@%@@1@6‘1 a2 phralldfsUfRe3dHied
N-[ (1S, 2R)-1- benzy| -3-((cycl opentyl oxy)[ 3-(2-[dinethyl am no] - 2-
oxoet hyl ariifd) FRERANSA Fsisestitio S1dLafedr Sy pesey posr isammos aded 1n

(3S, 3aR, 6 ah f 3 b 8
N-[(lS%R@laﬁae(nzﬁ{eo Il(ézsg‘yc o;‘)’%ﬁt %ﬁ%ﬁ?@% flash grade silica gel

[ di met hyl mmmm@etlhw &HhYa) pleryites ul hempinani nd)raztlons
o oP PSR, AR L8R oL ol il CUabld Y )iy Yol
-1- benzyléﬁxi@hyskbpemky1@xwh facBubOto provide
o DS L AT e e OB SbaTte 20425, 248,,6%9
benzyl e 3- (3ey(cllepaiy bexpbiki3-(as-nophepnkhsl) %myﬁbh@m lamzm} 2-
hydroxypr%g%h%g%&g%%%yeag%ama%xaqgh% 3%) 8%% ng &% NMR”W%hloroform-
D3): 0.98 (m, 6H), 1.68 (m, 7H), 2.99 (m, 5H), 3.73 (m,
2H), 3.96 (m, 4H), 4.27 (m, 1H), 4.86 (d, 1H), 5.07 (m, 1H),
5.69 (d, 1H), 7.27 (m, 5H), 7.84 (m, 1H), 8.16 (d, 1H), 8.57
15 (d, 1H), 8.76 (s, 1H). MS(ESI): 630 (M+Na).

Step 2:

(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl (1S,2R)-3-[[(3-
20  aminophenyl)sulfonyl] (1-ethylpropoxy)amino]-1-benzyl-2-
hydroxypropylcarbamate. A solution of
(3R,3a$5, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (15,2R)-1-benzyl-
3-{{(l-ethylpropoxy) [ (3-nitrophenyl)sulfonyl]amino}-2-
hydroxypropylcarbamate (239 mg, 0.394 mmol) in absolute
25 ethanol (3 mL) was combined with Palladium on carbon (10
wt%, 25 mg) and reduced under a Hydrogen atmosphere over 16
hours. The reaction was filtered and evaporated in vacuo.
The residue was purified on flash grade silica gel eluting

with 3:2 ethyl acetate : hexane. Fractions containing the



of N, N-di met hyl br onpacet anmi de (prepared in a manner 15 anal ogous to

N- met hoxy- N- net hyl br onbacet am de, exanple 88), and 0.033 nL (0.19 mmol) of
N, N- di i sopwvapgsydsetohyl amine in 3 nL of anhydrous DVF was heR@BUSWA3IBEC wit h
stirring in a sealed tube. The reaction progress was nonitored by HPLC
(C18, H20/ MeCN 0.1 9% FA). In order to pusfyz the reaction 20 further toward
conpl-etion, additional 1.1 equivalent portions of

N, N- di et hyl br onbacet anmi de and N, N- dii sopropyl et hyl ami ne were added after
18 hours apdoddct hpErs. cHhibehe@ LQ4ALvESRLLEOD 1HMBa0H03 dBYS fhei @l ution
was cool ed to RT and concentrated in vacuo. The residue was 25 dissolved in
Et OAc and YA® Sblbtrdhedadhed wirtar agiicbteredrane 48Xxgd wWried gk MSO4,
and concenysated. tdhsrsvude pﬁ@dy&i& oa) @&éﬁy&%ﬁr&[@sﬂﬁﬁf@f@ﬂw aphy
(Si02, EtOAc) to afford 53 ng (46% of the desired product as a |ight

yel | ow f oa¥d 1H NRR @:Dt:_ﬁ_@ amlrmmhernnw geHjonyl hol{1H), 6.93 30 (lH) 6. 86
(1H), 5 61 {

(12H), 1. 8%£ﬁﬁ%r€%%%£mmo éel%%ﬁ( N%rk%ydgbv%;% e’gfé?o tggcﬁ U59 13744 ;
309 Exanphes 1905 Pha9 a- ‘@hlt@ oscwlwo dﬂgTNMBAN@crdozso)fzoerﬂ OH® P M SO02

DI EA, DVF, (80C N‘@2Nﬁ'ﬂ{ é'@oﬁi‘d%% mHH5
(3R, 3aS, Gaé{&hexﬁ/ﬁydrof uro[ 2 )0 furan%ylﬁm- (1S 2R
9 (m, 1H) 4 88 (m, 1H), 5.07 (m, 1H) 5.69 (d, 1H),
©.95 (d, 1H), 7.14 (s, 1H), 7.28 (m, 7H). MS(ESI):

10 600 (M+Na) .

Example 165

15 (3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl (1S,2R)-1-benzyl-
3-[{[4- (benzyloxy)phenyl]sulfonyl} (l1-ethylpropoxy)amino]-2-
hydroxypropylcarbamate. A mixture of
(3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (15,2R)-1-benzyl-
3-[(l-ethylpropoxy)amino] -2-hydroxypropylcarbamate (200 mg,

20 0.474 mmol), 4-benzyloxybenzenesulphonyl chloride (134 mg,
0.474 mmol), diisoproylethylamine (0.083 mL, 0.474 mmol) and
dimethylaminopyridine (~1 mg) in anhydrous tetrahydrofuran
(3 mL) was stirred at ambient temperature over 16 hours
under an Argon atmosphere. The reaction mixture was warmed

25 to 55°C and an additional quantity of dimethylaminopyridine
(~2 mg) was added. After stirring for 2 hours, the reaction
was evaporated in vacuo and the residue was partitioned

between dichloromethane and aqueous sodium hydrogen sulfate



benzyl - 3- ((cycl opentyl oxy) [ 3- (2-[ et hyl (et hyl ) am no] - 2-

oxoet hyl am no) phenyl ] sul fonyl am no) - 2- hydr oxypropyl ] car bamat e and

(3S, 3aR, 6w® wsgdaydr of ur o[ 2, 3- b] furan- 3-yl PCT/US99/13744
N[(IS, 2R)-1-benzyl -3-((cycl opentyl oxy)[3-(2 10

[ et hyl (met hyl ) am no] - 2- oxoet hyl am no) ph@ayl ] sul f onyl am no) -

2- hydr oxypropyl ] carbamate. A solution of 0.100 g (0.174 mol) of a 1 : 1
m xture of (3R, 3aS, 6aR) hexahydrofuro [2, 3- b]furan-3-yl N ((1S, 2R

- 1- benzyl - 31N(CYCA@@@ﬂtyéﬁ%WAtin&3the phases, the aqueous layer was

am nophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) car bamat e and 15 (3S, 3aR, 6aS)
hexahydr of & br§9te3-%ith Lﬁh?@%owm%hirﬁs JRje .qombined organic

benzyl - 3- (sygs@pens ¢ Xy dd owen @W&&§%éé}w§ﬂ@ﬁnm§ate, flltered
hydr oxypr opyl ) carbamate (see exanple 31), mg (0.19 mmol)

N- et hyi - N-#24 hSY2R@E 3G del 7 pYapie ed The ar%ﬂﬁié@ vl BYoLst eq an flash

N- met hoxy- i st hyipf@émé&pt@m@fng %?&FP':? ﬁ%thﬁnda&% 20 iy ik 19 ol )
of N, N-diisopropyl ethylamne in anhydrous DM was heated to 80C

with stirrfmCEyrzs s%ﬁwn%%ethqr@m%&qu)rwﬂe@se%semﬁmﬁ% by
HPLC (C18, ; , HROLMECNGQy IYTFAY -yl d OTIES LR AUED E&gpn CR?JTC&%\IOH further

toward conpletion, additional 1.1 equival ent porti
et hyl - I\l-netMA%@%zt%ﬁﬁkieemd\rwitmq sopt-aphwtaryt B hel MraR) dddeh zaflt-er 18

ool od To w1 bh- U5 S SunTe ReR USSR i T Rkt Ee. The

resi ddé@ mdsyw%mmlcrﬁﬁmte ah2133 ey ,soldf)i are veasiuedn wi tH]l-aq/lRaous brine

foiX)flggLeg%r orat ogr a% (Si ﬁq}to af#%r@&’m r?gr O\gﬁ “ fied

desired prdditt (ras 21 g31i9%/ednll,ov4H Joam . JJﬂ-I-NlVR (HODCKB)88 (A 32H7) 1% ((RH)

(7785 (%Hlts 3?“(”%41(1%5 (%HZs 2%5&5?4)}1 Bt H @QDH) PEbH og
(3H). MS(ESIH), 675{MHtd, 2H)0. MS (ESI) 691 M+Na .
15

Example 166

(3R, 3aS, 6aR) hexahydrofuro[2,3-b]furan-3-yl (1S,2R)-1-benzyl-
3-{(1-ethylpropoxy) [ (4-hydroxyphenyl) sulfonyl ]amino}-2-

20 hydroxypropylcarbamate. A solution of
(3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-yl (1S,2R)-1-benzyl-
3-[{[4-(benzyloxy)phenyl]sulfonyl} (l1-ethylpropoxy)amino]-2-
hydroxypropylcarbamate (222 mg, 0.384 mmol) in 3:1 absolute
ethanol : ethyl acetate was combined with Palladium on

25 carbon (10 wt%, 44 mg) and reduced under an atmosphere of
Hydrogen gas over 16 hours. The reaction was filtered and
evaporated in vacuo. The residue was purified on flash
grade silica gel eluting with 3:2 ethyl acetate : hexane.

Fractions containing the product were combined and



Example 171 9 OHONHZ HHONNSo Tl 2 -<j OO HOPh 15
(3R, 3aS, 6aR) hexahydrofuro [2,3-b]furan-3-y1 N (1S, 2R) - 3-
[[ (4-am n®eheves8sul f onyl ] (cycl opent yl oxy) ami no] - 1- benzyl -RBCT/H§2918%¢¢ pr opy|
carbamate. This material was obtained in an anal ogous nmanner to Exanple
77, but p-nitrobenzenesul fonyl chlorisleswas used instead of neta
ni trobenzenesul fonyl 20 chloride. Ms: 598 (MtNa), NWVR (chl oroformd):
1.2-2.0 (m, 2.75-3.2 (m, 3.6 (dd), 3.7-4.0 (m, 4.2 (s), 4.75 (m, 4.85
POT uSoo) E3hE S Branple 175 (S O N 0 NNSE 1 G P 5

e _~
(3S, 3aR 6 ftﬁéfgh?@%oﬁﬁﬁﬁd[§n§eﬁ]P&H&nvgcmeNI€18r?R}d§
[[(4- anlnqmmemﬁbx$umf@@kbh@@Y©EQ@@mQybobykaﬁhﬂoh %lqusbeZ 1hydnaxypr opyl
car banat e. ThIS rrgé/g was obtained in_an _anal ogous manner to Exanple
77, but p-niltitolE ﬁ?é?ﬁlo?‘éfwl (4= waﬂaw@hﬁaylu%fpﬁgtlééauap}néra

n'trOanZ®®@&@&E®&%bleaQBbﬁét@e and hBe abantkBgasqatitel dowag.that used in
Exanple 39 (o osite stereochem stry at the furanylfuran ring syster’r) VB:

598 ( MrNafMR) | CR&RrPéHF8r8§érn}8)911 (9. 268) ¢y - 62 #8.37H), 2.93
SH), 3.70 (m, 2H), 3.92 (m, 4H), 4.17 (m, 1H), 4.79 (d, 1H),
5.01 (m, 1H), 5.66 (d, 1H), 6.12 (s, 1H), 6.94 (d, 2H), 7.26
(m, S5H), 7.72 (d, 2H). MS(ESI): 601 (M+Na).
10

Example 167

/R/_NO_O 4 E0,c._N=C=0 i —O

702 THF 'S0,
@ 2. MeNHs, MeOH -
/\/NHz /\/N N\)LN,CH:;
égl/o and o 0

(3R, 3a8, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-[(1S,2R)-1-

15 benzyl-3-((cyclopentyloxy) [3-([(2-[methylamino]-2-
oxoethylamino)carbonylamino]ethylamino)phenyl]sulfonylémino)
-2-hydroxypropyl Jcarbamate and
(3S,3aR, 6a8S) hexahydrofuro[2,3-b]furan-3-yl N-[(1S,2R)-1-
benzyl-3-((cyclopentyloxy) [3- ([ (2- [methylamino]-2-

20  oxoethylamino)carbonylamino]ethylamino)phenyl]sulfonylamino)
-2-hydroxypropyl]carbamate. A solution of 30 mg (0.048
mmol) of a 1:1 mixture of (3R,3a$, 6aR)hexahydrofuro([2, 3~
bl furan-3-yl N-(1S5,2R)-3-[(3-[(2-
aminoethyl)amino]phenylsulfonyl) (cyclopentyloxy)amino]-1-

25 Dbenzyl-2-hydroxypropylcarbamate and
(3S,3aR, 6aS) hexahydrofuro([2, 3-b] furan-3-yl N-(1S,2R)-3-[ (3~



15 (m, 3.6 (dd), 3.7-4.0 (m, 4.2 (s), 4.75 (m, 4.95 (M, 5.1 (m, 5.8
(d), 6.65 (d), 7.2-7.3 (m, 7.55 (d). Exanple 173 OH O H O NSO CONH 0-, 2
2 0 Ph 280306#74: (3R, 3aS, 6aR) hexahydrofuro [ 2, 3-b]f ur afCIYH99/13744
N-(1S,2R)-3- [[(3-cyanophenyl)sul fonyl] (cycl opentyl oxy)am no] - 1-benzyl-2 WO
99/ 65870 PCT/ US99/ 13744 - 312 hydrex3qf epyl carbamate. In a dried flask
was i-ntroduced 1 eq. of (3R 3aS, 6aR) Hexahydrofuro [2, 3b] furan-3-yl-N
(1S, 2R) - 1-benzyl-3-[(cycl opentyl oxy) am no]-2-hydroxypropyl carbamat e
(53.6 ng, [02187Minwethylha@int] phedyiedl pyny i neycJopéht $1ox gphminon- was

added 1.2.eq._of -the_m,cyanophenyl sulfonyl. chlorid 31 0. nmol ) .
This was OEF%\%\Q% gyh%’ﬁlégxgag?ﬂ/%ﬁaﬁ?alﬁﬁgél %I% ﬁmﬁ(%ﬁ%@é%eﬁéacu on
was contiagedrabteQop teNpenaiur eof 0 Bo Jbee@%'(yent was evaporated in
vacuo to an oil who was solubilized in ethyl 10 acetate and then washed

with 1IN hy8peraraFpecatate - aniif teri pieir Thed orgalT cEdayer S wasuns i gk over

anhyClspuss PRAACSH Ulhs SUOLBLE: L LLL L £l 2000 CVAPRL 8 €01 4, vigelio Lo a

residue. The crude material was purified on fl'ash grade silTica gel eluting
with 50% @thgdluedt ane3inl hekatlé. NEy/A=dHredl S heostcdiutiing: tdid rpreddadct wer e

conbi ned, gevapgeat gd; } 0, an i ed under g! gh vacuumto provide (3R,
3aS, 6aR) E@xaﬁyg‘%of h%ghi@?gS Tgfgorg#ﬁg%lu"f% (fl ; ré%aa-eﬂ to c?rfness
benzyl - 3- gidythepeas ydoxys [l jrecyed oph ehld §Is uttomyd § @gr ayok 2 - (diydraxy pr opy|
tcﬂrgar:raaggéf’,rlﬁ %rgl tﬁf@lﬁ/?@&&{? hJPl’l e&?}e t200 a oerrd 623 tn?g bF6 69%8§%<PIUrtEfi.e Ret .
10 desired product as a white foam. 1H-NMR (CDCls): 7.38-7.07

(10H), 6.88 (2H), 6.39 (1H), 6.16-5.88 (2H), 5.68 (1H), 5.09

(1H), 4.84 (1H), 4.17-2.59 (20H), 2.10-1.25 (10H). MS(ESI):

733 (M+H) .

15 Example 168

P

L e : -~
R,ﬂ\m N, Br\,JLu.OCH3 SN

S0 'S0,

h
OH
DIEA, DMF, 80°C @ H
NH; N.
(o]
H O H, O
R= oég'//o and oé')\o
H “

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-[(1ls5,2R)-1-

benzyl-3-((cyclopentyloxy) [3-(2- [methoxyamino]-2-

20 oxoethylamino)phenyl]sulfonylamino)-2-
hydroxypropyl ] carbamate and (3S,3aR, 6aS) hexahydrofuro[2, 3-
b]furan-3-yl N-[(1S,2R)-1-benzyl-3-((cyclopentyloxy) [3-(2-
[methoxyamino] -2-oxoethylamino)phenyl]sulfonylamino) -2~
hydroxypropyl ]Jcarbamate. A solution of 0.100 g (0.174 mmol)

25 of a 1:1 mixture of (3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-
yl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-



ethyl acetate/ Hexanes indicated an Rf of 0,3 and LCM5 (ES+), MtH = 586. 3
(MtH). )~) & 10J OIl O Ny HHOO® HHO S02 4~ 1 ~HH/ NHZ Step
2: 25 (3RWa%/6e8R) hexahydrofuro [2,3-b]furan-3-yl N (1S, 2RETRIS99/13744

[ [ (3-carbanoyl phenyl ) sul fonyl ] (cycl opent yl oxy) am no] - 1- :
benzyl - 2- hydr oxypropyl carbamate. In a 3dask was introduced 1 eq. (3R
3aS, -6aR) Hexahydrofuro [2, 3b] furan-3-yl-N (IS 2R -1 WD 99/65870

PCT/ US99/ 13744 - 313

benzyl - 3- [ Gayebppentll) exy ¥bay ¢ panapherylisukiprpblarcaendmafikdaaxypr opyl
carbamate ( acetone. To this solution was added:

| urea hydrdéérgg‘r}?dgasegﬁggigy)f§omjroé21§‘ﬁﬂréil¥an@c@ fo.(11E62R) 017 nmg), and

the 1 5 nLoEaQy1TRe ( t@@gbp@atwaxgwtBnuﬁadnafahéﬁgm gam%?waﬁlﬁetz -5 h.
The sol vent was evap orat ed in vacuo to an oi was |ized in ethyl

acet ate an&yfjﬁé?ﬁywé§ﬁé(él \ﬂFFHaQﬁHebr(Pﬁé exgpeler gani c4hajer (Ragbdrmed) over
anhydr oyis gﬁgﬂﬁﬁbﬁﬂb§ E@ﬁgacEF% EEEQE%QBOE tgdn Fﬂnggcgﬁaiggggges'due

The 10 cruerraterla was pur grae5| Ica ge Ing with
et hyl acet apeN—meabplxynQFmenhailhmgoahetpmmdact exuBpéecB8Abi nedndevapobat ed

R S ea b DAY MBRE PO YRS HOREpPI 8t Bamine in 5 mr o
N- (1S, 2R) - énﬁ?ﬁ%MhS3Dh€CM§EOH@QE¥HO¥M)bb¢@ J&%H‘étﬂ%%?%ﬁ)ln a 3ea%ﬁD

car boxam de) sul fon}/l ] am no- 2- hydr oxypr opyl carbamate
showed t hetHReEeri dhet 5epet98%% pupereRet wasi menttotod6BynHRLCt (E18n et hyl

acetatg i ngigak&sy an. Riref) 0. 5rand3CNG (}ﬁﬁﬂ M H & 8% 3 AMTDsr

toward completion, additional 1.5 equivalent portions of N-
methoxybromoacetamide and N,N-diisopropylethylamine were
added after 4 hours and 3 days. After a total reaction time
of 4 days the solution was cooled to RT and concentrated in
15 vacuo. The residue was subjected to flash chromatography
(810, 93:7 CH,Cl;/2M NH; in MeOH) to afford 16 mg (14%) of
the desired product as a white foam. 1H-NMR (CDCl;): 7.36-
7.00 (9H), 6.85 (2H), 5.60 (1H), 5.20-4.82 (2H), 4.75(2H),
4.10-3.43 (10H), 3.21-2.45 (6H), 1.90-1.39 (10H). MS(ESI):
20 663 (M+H) .

Example 169

5 Lf@ o S e

'S0,

H  oH Me -
DIEA, DMF, 80°C @\ Me
NH N.

25



20 Exanple 173 Tablet Formul ation The followi ng fornmulations A, B and C
are prepared by wet granulation of the ingredients with a solution of

povi done, WOB/658101 owed by additi on of nagnesi um st earate aR(I/EMIBHE4si on.
Forrmul ation A ng/tablet Active Ingredient 250 30 Lactose B.P. 210 )

Povi done B.P. 15 Sodium Starch G ycelt@e 20 Mgnesium Stearate 5 500 WO
99/ 65870 PCTIUS99/ 13744 - 314 Fornulation B ng/tablet Active Ingredient
250 Lactose B.P. 150 5 Avicel PH 101 60 Povidone B.P. 15 Sodi um Starch
G ycol | at 438 3aﬂmgilaeaiumaa8tye1&wheo?z2530b]erEﬁr-Eruyat won (Csneky ablet  Active
| ngredi ent 250 Lactose B.P. 20 15 Starch 50 Povidone 5 Magnesium
Stearate PeRyl-3g #ﬁwcﬂmﬁ@’%r{ﬁm@nléh@etby&ﬁaleo1a?e prepar ed by

di rect oxoethylamino)phenyl ]sulfonylamino) -2-
hydroxypropyl]carbamate and (3S,3aR,6aS)hexahydrofuro[2,3-

5 blfuran-3-yl N-[(1S,2R)-1-benzyl-3-((cyclopentyloxy) [3-(2-
[dimethylamino]-2-oxoethylamino) phenyllsulfonylamino) -2-
hydroxypropyl ]carbamate. 2 solution of 0.100 g (0.174 mmol)
of a 1:1 mixture of (3R,3a$5, 6aR)hexahydrofuro[2,3-b]furan-3-
yl N-((15,2R)-1-benzyl-3- (cyclopentyloxy) [ (3-

10 aminophenyl)sulfonyl]amino-2-hydroxypropyl)carbamate and
(35,3aR, 6aS)hexahydrofuro{2,3-b] furan-3-yl N-((1S,2R)-1-
benzyl—B—(cyclopentyloxy)[(3faminophenyl)sulfonyl]amino—Z—
hydroxypropyl) carbamate (see example 31), 32 mg (0.19 mmol)
of N,N-dimethylbromoacetamide (prepared in a manner

15 analogous to N-methoxy-N-methylbromoacetamide, example 88),

and 0.033 mL (0.19 mmol) of N,N-diisopropylethylamine in 3

mL of anhydrous DMF was heated to 80°C with stirring in a
sealed tube. The reaction progress was monitored by HPLC
(C18, H,O/MeCN/O0.1%TFA). In order to push the reaction

20 further toward completion, additional 1.1 equivalent
portions of N,N-dimethylbromoacetamide and N,N-
diisopropylethylamine were added after 18 hours and 42
hours. After a total reaction time of 3 days the solution
was cooled to RT and concentrated in vacuo. The residue was

25 dissolved in EtOAc and the solution washed with aqueous
brine (3x), dried over MgSQ,, and concentrated. The crude
product was purified by flash chromatography (5i0,, EtOAc)
to afford 53 mg (46%) of the desired product as a light
vellow foam. 1H-NMR (CDCl;): 7.32-7.14 (8H), 7.10 (1H), 6.93

30 (1H), ©.86 (1H), 5.61 (1H), 4.96 (1H), 4.91-4.77 (2H), 3.92-
3.55 (7H), 3.23-2.77 (12H), 1.86-1.38 (10H). MS(ESI):
661 (M+H) .



conpression of the adm xed ingredients. The lactose in fornulation E is of
the direct conpression type (Dairy Crest-"Zeparox"). 25 Formulation D
ng/ t abl et woMSt6587€ | ngr edi ent 250 Pregel atini zed Starch NFIECTIB®91338 WO
99/ 65870 PCT/US99/13744 - 315 Fornulation E ng/tablet Active |Ingredient
250 Lactose B.P. 150 5 Avicel 100 5080fermulation F (Controlled Rel ease
Formul ation) 10 The formulation is prepared by wet granul ation of the
ingredients with a solution of povidone followed by the addition of
magnesi um st earate and conpressi onExampiebi®d Active Ingredient 500 15
Hydr oxypr opyl net hyl cel | ul ose 112 (Methocel K4M Prem um Lactose B.P. 53
Povi done B.P. 28 Magnesium Stearate 7 20 700 Drug rel ease takes pl ace
over a period of about 6-8 hours and is conplete after 12 hours. 25
Exanpl e 174 Capsul e Formul ations Formulation A A capsule formulation is

d by¢ad ' 2
prepare ;:u\a/qi::g)-t@ or S~ - o~}

*s0
H o oH Me 2
. DIEA, DMF, 80°C
NH

lYle
N\/
2 Y

Y

5 (3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-[(18,2R) -1~
benzyl—3—((cyclopentyloxy)[3—(2—[ethyl(methyl)amino]-2-
oxoethylamino)phenyl]sulfonylamino)~2-
hydroxypropyl ] carbamate and (3S,3aR, 6aS) hexahydrofuro[2,3-
bl furan-3-yl N-[(1S,2R) -1-benzyl-3-((cyclopentyloxy) [3- (2~

10 [ethyl(methyl)amino]—2—oxoethylamino)phenyl]sulfonylamino)-
2-hydroxypropyl]carbamate. A solution of 0.100 g (0.174
mmol) of a 1:1 mixture of (3R,3as,6aR)hexahydrofuro(2, 3-
b]furan-3~yl N-((1S,2R)-1-benzyl-3-(cyclopentyloxy) [ (3-
aminophenyl)sulfonyl]amino—2—hydroxypropyl)carbamate and

15 (35, 3aR, 6aS) hexahydrofuro[2, 3-b] furan-3-yl N-((15,2R)-1-
benzyl—3—(cyclopentyloxy)[(3—aminophenyl)sulfonyl]amino—Z—
hydroxypropyl)carbamate (see example 31), 34 mg (0.19 mmol)
of N-ethyl-N-methylacetamide (prepared in a manner analogous
to N-methoxy-N-methylbromoacetamide, example 88), and 0.033

20 mL (0.19 mmol) of N,N-diisopropylethylamine in 3 mL of

anhydrous DMF was heated to 80°C with stirring in a sealed
tube. The reaction progress was monitored by HPLC (C18,
H,0/MeCN/0.18TFA). In order to push the reaction further
toward completion, additional 1.1 equivalent portions of N-
25 ethyl-N-methylacetamide and N,N-diisopropylethylamine were
added after 18 hours and 42 hours. After a total reaction

time of 3 days the solution was cooled to RT and



ingredients of fornulation D in Exanple 134 above and 30 filling into a
two-part hard gelatin capsule. Formulation B (infra) is prepared in a
simlar nmWw®edessTD 99/ 65870 PCTI US99/ 13744 - 316 For nul aPEWSE/3gtcapsul e
Active Ingredient 250 Lactose B.P. 143 5 Sodium Starch G ycollate 25
Magnesi um Stearate 2 420 Fornul ati on-G1D0- ng/ capsul e Active | ngredient
250 -Macrogel 4000 B.P. 350 600 Capsules of formulation C are prepared by
nmelting 15 the Macrogel 4000 B.P., dispersing the active ingredient in the
melt and ftbhceagttheedelnr vatooa tTwe pesdides dvgel @ d$o1 €ePSih eEtOAc

For mul ati on Q 20 écagsule Ag%hye | ngredi ent. 250 Lecithin 100 Arachis
Gl 100 48pY HBe cﬁn% UresR of et ath GHUS A ridhar e by G E§8reTST the

active i ngmgsogntaridh dodedreGiatthidn amdeakaghies pRiolduatd walsl g ittheob
di sper si on into soft, elastic gelatin cagfules. WD 99/ 65870 PCTIU895/13744
-317- flash chromatography “(S10,, EtOAc) to afford 61 mg (52%) of
5 the desired product as a light yellow foam. 1H-NMR (CDCl;):
7.32-7.14 (8H), 7.09 (1H), 6.91 (1H), 6.85 (1lH), 5.62 (1H),
5.01-4.77 (3H), 3.95-3.53 (7H), 3.48 (1H), 3.34 (1H), 3.23-
2.75 (9H), 1.88-1.41 (10H), 1.27-1.08 (3H). MS(ESI):
675 (M+H) .

10

Example 171

5

NH,
e 0 R LT
e I \(/\\/N\soz

15 (3R, 3a8, 6aR) hexahydrofuro [2,3-b]furan-3-yl N-(1S,2R)-3-
[ [ (4-aminophenyl) sulfonyl] (cyclopentyloxy)amino] -1-benzyl-2-
hydroxypropyl carbamate. This material was obtained in an
analogous manner to Example 77, but p-nitrobenzenesulfonyl
chloride was used instead of meta nitrobenzenesulfonyl

20 chloride.
MS: 598 (M+Na), NMR (chloroform-d): 1.2-2.0 (m), 2.75-3.2
(m), 3.6 (dd), 3.7-4.0 (m), 4.2 (s), 4.75 (m), 4.85 (m), 5.0
(m), 5.62 (d), 6.65 (d), 7.2-7.3 (m), 7.55 (d).



Formul ati on E ng/capsule Active Ingredient 150.0 Vitamn E TPGS 400.0 5
Pol yet hyl ene d ycol 400 NF 200.5 Propylene dycol USP 39.5 Four (4)

ki | ogr ans Wkg9)65870 Vitamin E TPGS (obtai ned from Eastnan (ERSRI13B4. ) was
heated at 50C until liquefied. 10 To the liquified Vitam n E TPGS, 2.005
kg of polyethylene glycol 400 (PE&X00) 3@how al dehyde, <10 ppm obtai ned
from. Union Carbide or Dow Chem cal Co.) heated to 50C was added and m xed
until a honopbgeneous solution was forned. The resultant solution was heated
to 65C. 1.5 kg of active 15 ingredegampdas 1dpssol ved in the |iquefied
solution of Vitamin E TPGS and PEG 108 0. 395 kg of propyl ene glycol at
roomtenperature was added and m xed until a honobgenous sol ution was
formed. The solution was coaled to 28-35C. The solution was then

de-gassed. The m xture was of erably 20 encapsul ated at 28-35C at a fil

wei ght equi val ent to 150 of volatiles-free compound, into Size 12

obl ong, white opaque sokﬁ1gglat| | es using a capsule filling

machi ne. The psw heIIs d to a constant fill noisture of 3-6%
wat er and & st hgt dhess™o nemﬁons 25 and placed in a suitable

cont ai ner. t;ﬁornulaolon\F (Cbntrolled Rel ease Capsul e) The foll ow ng
controlled ral Ease capsul@ formulation is 30 prepared by extruding
ingredients a,b, and c using an extruder, foll owed by spheronization of
the extrudate and drying. The dried pellets are then coated with rel ease-

cont TR BB ' R LSS s SR
[ [ (4-aminophenyl) sulfonyl] (cyclopentyloxy)amino]-1-benzyl-2-
hydroxypropyl carbamate. This material was obtained in an
analogous manner to Example 77, but p-nitrobenzenesulfonyl
chloride was used instead of meta nitrobenzenesulfonyl
10 chloride and the starting scaffold was that used in Example
39 (oposite stereochemistry at the furanylfuran ring

system) .
MS: 598 (M+Na). ), NMR (chloroform-d): 1.2-2.0 (m), 2.75-3.2
15 (m), 3.0 (dd), 3.7-4.0 (m), 4.2 (s), 4.75 (m), 4.95 (m), 5.1

(m), 5.8 (d), 6.65 (d), 7.2-7.3 (m), 7.55 (d).

Example 173

5

OH O @L
\[ \ N/\/N\so CONH2

07\0 O “Ph
20

Step 1:
(3R,3as,6aR) hexahydrofuro [2,3-b]furan-3-yl N-(1S,2R)-3-
[[ (3-cyanophenyl) sulfonyl] (cyclopentyloxy)amino]-1-benzyl-2-



(a) Active Ingredient 250 (b) Mcrocrystalline Cellulose 125 5 (c) Lactose
B.P. 125 (d) Ethyl Cellulose 13 513 10 Exanple 175 Injectable

For mul at | W@ 99/8878ul ati on A Active Ingredient 200 ny 15 HRGTUSMPHEc Aci d
Sol ution 0.1M or Sodi um Hydroxi de Solution 0.1Mqg.s. to pH 4.0 to 7.0
Sterile water gq.s. to 10 mM The active3ihgredient is dissolved in nost of
the water (35 20 - 40 C and the pH adjusted to between 4.0 and 7.0 with
the hydrochloric acid or the sodi um hydroxi de as appropriate. The batch
is then mgerupypaopguuasarmatwt ernanddtibberedskt heoughtaoatieed! e

m cropore filter |nt§ a sterile 10 m anberﬁglass vi al it% pe 1) and seal ed
with sterffe EFoddfe a52§a§h8669€V§éaf§rO¢8r | dvraR-B-AérNvélfngRedi ent

125 ng 301Sbehkhe- 3Pyr@g@mo£é§eylekb7 Bﬁ@ﬁ@haﬁeh§HEB§§prgp§lc59bg§aﬂé VO
99/ 65870 PCTIU899/13744 - 319 Exanple 176 Intranuscul ar gectlon Active
| ngr edi ent'2306 Rg’ 5-BehzJICAl céhof BL10fgdrEegcByaigings TO4 hgs water for

i njectionsgistibd Wad0aBbedhe. @Céﬁveofngﬁgdheeyahépgéﬁ§@l¥§gfbﬁy1he
gl ycofurol, The 10 _benzyl aIcohoI is then added and dissol ved,  and wat er

added t 0CBLAFId®hd 3k REur 8- | §3tﬁ@ﬁlfrl?biédwﬁﬁrﬁgéhoﬁeétbyltbe nlcropore
filter andggeaked bR §5§51§€1§ Blinamperngl asSthe reaction was

continued at room temperature for 24 h. The solvent was
evaporated in vacuo to an oil who was solubilized in ethyl

10 acetate and then washed with 1IN hydrochloric acid, and
brine. The organic layer was dried over anhydrous magnesium
sulfate, filtered and evaporated in vacuo to a residue. The
crude material was purified on flash grade silica gel
eluting with 50% ethyl acetate in hexane. Fractions

15 containing the product were combined, evaporated in vacuo
and dried under high vacuum to provide
(3R, 3a8, 6aR) Hexahydrofuro[2, 3b] furan-3-y1-N- (1S, 2R) -1~
benzyl-3-[ (cyclopentyloxy) [ (m-cyanophenyl) sulfonyl]amino-2-
hydroxypropyl carbamate (31 mg, 42%). HPLC showed the

20 material to be 98% pure; Ret. time = 12.1 min, tlc in 50%
ethyl acetate/ Hexanes indicated an Rf of 0,3 and LCMS
(ES+), M+H = 586.3 (M+H).

FAU S s O
% A *

Step 2:
25 (3R,3a8, 6aR) hexahydrofuro [2,3-b]furan-3-yl N-(1S,2R)-3-

NH,

n e

[ [ (3~carbamoylphenyl) sulfonyl] (cyclopentyloxy)amino]-1-
benzyl-2-hydroxypropyl carbamate. In a flask was introduced
1 eq. (3R,3as, 6aR)Hexahydrofuro([2,3b] furan-3-y1-N-(1S,2R)~-1-



vials (type 1).

Sor bi t ol

Solution 1.50 g 20 dycerol 2.00 g Sodi um Benzoate 0.005 g

15 Exanple 177 Syrup Fornul ation Active |Ingredient 250 nyg

Fl avor, P®&ax99/68%7042. 3169 0.0125 ml  Purified Water q.s. toPGL/O8PIAB7445 The
active ingredient is dissolved in a mxture of the glycerol and nost of
the purified water. An aqueous sol utd48bn3cef the sodi um benzoate is then
added to the solution, followed by addition of the sorbital solution and
finally the flavor. The volune is nade up with purified 30 water and

well. WO
For nul at i
(W tepsol

%Mﬁﬁﬁl@*{ﬁb@%ﬁﬁﬁﬁiﬂ@xy [320-cyrbled yv1 1 & u13epRasisnang -2 -
(%PI' / caps suppository _Active In%fq edi ent 250 5 Hard Fat,
fggw %Nﬁé%amffﬁo 2350 T&me O 0FEh "GP 1 hé DWWt B¥sol  HL5

mel ted in a&d@Rm | wm@ RN 1ti oo WalkRside:  Thie eaC thivie dagiosdident

sifted thro

m xed

B. P.
i's
i's

m sj eve and added to the nDIten base 10 with mixing,

h a 00
using a Sii¥&tgornd Mted vit A9 cut £hgs héhd, Bt 104/ dbot ARE dg slion s
achi eved. thunbalang thectibXtWhe Abnébnledt BE FEHRI DEAP W EEPSOECHLS 1S

added to

entire susp

thg}n ipen5|on and stirred to ensure a honogenous m x. The
si oS SPIEIEd Warsr @U@ﬁogaiiﬁelpﬁ«flsﬁféncﬁpeéc@ $e@11 11 5hec Waen

and,

Wi th contisaueys 1Stddd Ilmg,etlhgzlalalc@\&%et An@0@hehOwadhed Mitd LerPerahdre of
38C to 40 C 2.02 % of the mxture is filled into suitable, 2 nl plastic

nmol ds. Th

10

15

20

25

30

ghe organic layer was dried over anhydrous magne51um
sulfate, filtered and evaporated in vacuo to a residue. The
crude material was purified on flash grade silica gel
eluting with ethyl acetate. Fractions containing the product
were combined, evaporated in vacuo and dried under high
vacuum to provide (3R, 3aS,6aR)Hexahydrofuro([2,3b]furan-3-yl-

-(15,2R) -1-benzyl-3-[ (cyclopentyloxy) [ (m- phenyl-
carboxamide)sulfonyl]amino—2¥hydroxypropyl carbamate (20.2
mg). HPLC showed the material to be 98% pure; Ret. time =
10.68 min, tlc in ethyl acetate indicated an Rf of 0.5 and
ILCMS (ES+), M+H = 604.3 (M+H).

Example 173

Tablet Formulation

The following formulations A, B and C are prepared by wet
granulation of the ingredients with a solution of povidone,

followed by addition of magnesium stearate and compression.

Formulation A

ng/tablet
Active Ingredient 250
Lactose B.P. 210
Povidone B.P. 15
Sodium Starch Glycollate 20
Magnesium Stearate 5

500



suppositories are allowed to cool to roomtenperature. 20 Exanple 179

Pessary Formul ation ng/pessary Active Ingredient 250 Anhydrate Dextrose

380 25 Poweny6sérch 363 Magnesium Stearate 7 1000 The P&FAR8Y1¥it edi ent s

are mxed directly to forma pessary. 30 Exanple 180 Anti-Viral Activity

35 W& neasured the enzyne inhibition<gngtants of the WO 99/ 65870

PCTI US99/ 13744 -321 conpounds listed in Table | against H V-1 protease

using the nethods of: Maschera, B., Darby, G, Palt, G, Wight, L. L.

Ti sdal e, MgormlertsiorRB Blair, E. D. and Furfine, E. S., 5 Hunman

| munodefficiency Virus: Miutations in the Viral Proteagé t hat Confer

Resi stance to Saqui navir Increase the D ssociati / nstant for the

Pr ot ease- QaguiveaVingrdagitex, J. Biol. Chem , 27k5033231-33235 (1996) ;

and Toth, ‘M tV' a{hdrfj\/arshall, G R (1990) Int. J.. Peptide 10 Protein Res.

36, 544-550°CUARS ViTal activity assay in M4 cell$%htiviral HV activity

and cofpound-dgidreed olcytotoxicity were nmeasured imgparallel by nmeans of a

15 propi dium.iodid ased procedure in the human T-cell |ynphotropic virus
@GS By

t ransfor ‘Mr4. Aliquots of the test coﬂ‘ﬁ’ounds were serially
di luted i soEdinupHaRRM G11640,1a10@% fetal cal f serumg( FCS), and gent anyci n)
in 96_We'&agnesium Stearate 5
500
10
Formulation C
mg/tablet
Active Ingredient 250
Lactose B.P. 200
15 Starch 50
Povidone 5
Magnesium Stearate _ 4
359

20 The following formulations, D and E, are prepared by direct
compression of the admixed ingredients. The lactose in
formulation E is of the direct compression type (Dairy

Crest-"Zeparox").

25 Formulation D

mg/tablet
Active Ingredient 250
Pregelatinized Starch NF15 150

400



pl ates (Costar 3598) using a Cetus Pro/Pette. Exponentially 20 grow ng M4
cells were harvested and centrifuged at 1000 rpm for 10 mn in a Jouan
centrifugdvQauer8T0 CR 4 12). Cell pellets were resuspendedPCHUBI¥BMInedi um
(RPM 1640, 20% FCS, 20%1L-2, and gentanycin) to a density of 5 x 105
cells/m. Cell aliquots were infected-by13khe addition of 25 H V-1 (strain
[11B) diluted to give a viral nmultiplicity of infection of 100 x TCI D50. A
simlar cell aliquot was diluted with mediumto provide a nock-infected
control. @eldnuilaftechi 8n was all owed to proceed for 1 hr at 370Cin a
tissue culture incubator with humdified 5% C02 atnnzghg&e. 30 After the 1
hr i ncubation the virus/cell suspensions were dil ld with fresh

medi um andédci2fel Iobreheenel | suspension was addedsbo each well of the

pl ate contg%gkgg gr%diluted conpound. Plates were EGen placed in a tissue
WO 99/ 6587 0S89/ 13744 - 322 culture incubat 0P wi th humidified 5% CO2
for 5 daysAvAtefthe end of the incubation period, 2@cl of S% Nonidet-40 was
added to each well of the incubation plate. After thorough mxing with a
Costar nultitip pipetter, 60 | of the mxture 5 wa Pransferred to
filter-bottomed 96-well platés The plates were anal yzed in an autonmated
assay |nst%uneni gScr en | de X Laborato |es) The assay nmakes use
of a propi &+t ‘ y FHE B Y each well. 10
REFERENCES 1. Averett, D R 1989 Antl-HIV conpound assessnent by two
noveljhﬂgthapgcitx says. Met hods 23: 263-276. 15 2. Schwart z,
0., et al. 1888°"R %aﬁia ahtd gfﬁﬁ?ﬁedcgyOV?FEQF?%U%%E%O@O?ftE%estudy of
anti-H V agegtedidhDS wRes. aagdliupan &etpoviassestot(Ehedddy4ie

addition of magnesium stearate and compression.

mg/tablet

Active Ingredient 500

15 Hydroxypropylmethylcellulose 112
(Methocel K4M Premium)
Lactose B.P. 53
Povidone B.P. 28
Magnesium Stearate 7

20 700

Drug release takes place over a period of about 6-8 hours

and 1s complete after 12 hours.

25 Example 174

Capsule Formulations

Formulation A

A capsule formulation is prepared by admixing the
ingredients of formulation D in Example 134 above and
30 filling into a two-part hard gelatin capsule. Formulation B

(infra) is prepared in a similar manner.



3. Daluge, S.M, et al. 1994. 5-chloro-2'3" -deoxy- 3'fluorouridine
(935U83), a selective anti-human i nmuno 20 deficiency virus agent with an

i mproved WO WHS870c and toxicol ogical profile. Antimcro. $99/1814

Chenot her., 38 (7):1590-1603. The anti-viral potency of the conpounds of
Table 1 in MI-4 cells was determ ned-usiég the above technique. The 25
results are shown in Table 2 as |1 C50 val ues expressed in M In Table 2,
the followi ng classifications have been enployed: "A': Ki of less than 1
nM "B": KerpefegépnlBand 10 nM 30 "C': Ki between 10 and 100 nM "D':
Ki greater than 100 nM "E": 1C50 of 0.1 iMor |ess; V\09 /65870 :
PCTI USO9/ 13744 -323 "F': |1C50 between 0.1 and 0. 5oMS2PERIC c50 pet ween
0.5 and 1.BcMive" Hhgre@s6ngreater than 1.0 M The #2BSi gnatl on "NA" is used
where a gi ound was not tested. The designation ">" is used where
a given Ki XSCtO%&Sg or a conmpound is greater than%ﬁe range given for the
desi gndt edsbéttimr StaVWeh90L 68Y0aPETI US99/ 13744 32425Table 2 Ki (enzyne) Ki

(enzyne) 0 5 Conmpound (Mr-4 cells) [pM Conmpound- (MrI-4
Wt s 9

cells) [p c208B
420
Formulation C
10 mg/capsule
Active Ingredient 250
Macrogel 4000 B.P. 350
600

Capsules of formulation C are prepared by melting
15 the Macrogel 4000 B.P., dispersing the activé ingredient in
the melt and filling the melt into a two-part hard gelatin
capsule.

Formulation D

20 mg/capsule
Active Ingredient 250
Lecithin 100
Arachis 0il 100

450

25

Capsules of formulation D are prepared by dispersing the
active ingredient in the lecithin and arachis oil and

filling the dispersion into soft, elastic gelatin capsules.



HH 3C21CHH 4C22B HH5B23B GH 6 C24 AHH 7B25 A HG
8 A26B GH 9B27A> G 11 B28 A HF 12 >B29 A NAE 13 C30 ANA
F 14 A 3WQ99/¢58W 15 B 32 A HE 16 C 33 A HE 17 C 34 APCHURYIB7H# 35 A
>G >G WD 99/ 65870 PCT/ US99/ 13744 325 36 A 55 A
- 317 -
Formulation E
mg/capsule
Active Ingredient 150.0
Vitamin E TPGS 400.0
S5 Polyethylene Glycol 400 NF 200.5

Propylene Glycol USP 39.5

Four (4) kilograms (kg) of Vitamin E TPGS (obtained from
Eastman Chemical Co.) was heated at 50°C until liquefied.

10 To the liquified Vitamin E TPGS, 2.005 kg of polyethylene
glycol 400 (PEG400) (low aldehyde, <10 ppm, obtained from
Union Carbide or Dow Chemical Co.) heated to 50°C was added
and mixed until a homogeneous solution was formed. The
resultant solution was heated to 65°C. 1.5 kg of active

15 ingredient was dissolved in the liquefied solution of
Vitamin E TPGS and PEG 400. 0.395 kg of propylene glycol at
room temperature was added and mixed until a homogenous
solution was formed. The solution was cooled to 28-35°C.
The solution was then de-gassed. The mixture was preferably

20 encapsulated at 28-35°C at a fill weight equivalent to 150
mg of volatiles-free compound, into Size 12 oblong, white
opaque soft gelatin capsules using a capsule filling
machine. The capsule shells were dried to a constant fill
moisture of 3-6% water and a shell hardness of 7-10 newtons,

25 and placed in a suitable container.

Formulation F (Controlled Release Capsule)

The following controlled release capsule formulation is

30 prepared by extruding ingredients a,b, and c using an
extruder, followed by spheronization of the extrudate and
drying. The dried pellets are then coated with release-
controlling membrane (d) and filled into a two-piece, hard

gelatin capsule.



A
F

7 A5 AEF 38 A5 A EE39 A58 A FF 40 A5 AEE 41 A60 A
61 B NAG 43 A62 BNAH 44 A63 B ENA45 AG64 A EH 46 A
WAY99%658® A G E 48 A 67 A FF 49 A 68 A E E 50PI/BPIA3TH F 51 A

F>> 52 A71 AEE 53 A728B

10

15

20

25

30

- 318 -
mg/capsule

(a) Active Ingredient 250
(b) Microcrystalline Cellulose 125
(c) Lactose B.P. 125
{d) Ethyl Cellulose 13

’ 513

Example 175

Injectable Formulation
Formulation A
Active Ingredient 200 mg
Hydro chloric Acid Solution 0.1M or
Sodium Hydroxide Solution 0.1M g.s. to pH 4.0 to 7.0
Sterile water g.s. to 10 ml

The active ingredient is dissolved in most of the water (35°
- 40° C) and the pH adjusted to between 4.0 and 7.0 with the
hydrochloric acid or the sodium hydroxide as appropriate.
The batch is then made up to volume with water and filtered
through a sterile micropore filter into a sterile 10 ml
amber glass vial (type 1) and sealed with sterile closures

and overseals.

Formulation B

Active Ingredient 125 mg
Sterile, Pyrogen-free, pH 7 Phosphate Buffer, g.s. to 25 ml



E G54 A73 A E E W 99/65870 PCT/US99/ 13744 - 326 74 A100 C EF 75 A
108 A>FE 76 A104 A FE 77 A105 A EE 78 A106 AEF 79 A107 A F

NA 83 A 1WBW6sF0>F 84 A 109 CNA>E 85 A 110 A NAF 86’01:/113}22!1844E H 87
Al112 BEH 838 A113 A EE89 A114 A NAE 90 AE115 D G

- 319 -

Example 176

Intramuscular Injection

Active Ingredient 200 mg
5 Benzyl Alcohol 0.10 g
Glycofurol 75 1.45 g
Water for injection}q.s. to 3.00 ml

The active ingredient is dissolved in the glycofurol. The
10 benzyl alcohol is then added and dissolved, and water added

to 3 ml. The mixture is then filtered through a sterile

micropore filter and sealed in sterile 3 ml amber glass

vials {(type 1).

15 Example 177

Syrup Formulation

Active Ingredient 250 mg
Sorbitol Solution 1.50 ¢

20 Glycerol 2.00 g
Sodium Benzoate 0.005 g
Flavor, Peach 17.42.3169 0.0125 ml
Purified Water g.s. to 5.00 ml

25 The active ingredient is dissolved in a mixture of the
glycerol and most of the purified water. An agqueous
solution of the sodium benzoate is then added to the
solution, followed by addition of the sorbital solution and
finally the flavor. The volume is made up with purified

30 water and mixed well.



91 ANA116 D G 92 ANA117 D 97 AG E118 D 98 AG NA 119 D 99 AH
NA WO 99/ 65870 PCTI US99/ 13744 327 120 NA 137 A. NA E 121 A 138 AF E
122 A 139w 99580123 A 140 A E E 124 A 141 A E H 125 A RCIZUSRY/1E74F 126 D
143 A HE 127 A 144 A EE 128 D 145 A H E 129 NA 146 A

- 320 -

Example 178

Suppository Formulation

mg/capsule suppository

Active Ingredient 250
5 Hard Fat, B.P. (Witepsol H15-Dynamit Nobel) 1770
2020

One—fiftﬁ of the Witepsol H15 is melted in a
steam-jacketed pan at 45°C maximum. The active ingredient
is sifted through a 200um sieve and added to the molten base

10 with mixing, using a Silverson fitted with a cutting head,
until a smooth dispersion is achieved. Maintaining the
mixture at 45° C, the remaining Witepsol H15 is added to the
suspension and stirred to ensure a homogenous mix. The
entire suspension 1s passed through a 250um stainless steel

15 screen and, with continuous stirring, is allowed to cool to
45°C. At a temperature of 38°C to 40° C, 2.02 g of the
mixture is filled into suitable, 2 ml plastic molds. The

suppositories are allowed to cool to room temperature.

20 Example 179
Pessary Formulation
mg/pessary
Active Ingredient 250
Anhydrate Dextrose 380
25 Potato Starch 363
Magnesium Stearate » 1
1000

The above ingredients are mixed directly to form a pessary.
30

Example 180

Anti-Viral Activity

35
We measured the enzyme inhibition constants of the



NA E 130 A 147 AEE 131 A 148 A E E 132 A 149 A EE 133 A 150 AF E
134 A 151 A EE 135 B 152 C E G 136 A 153 A E E WD 99/65870

PCTI US99/ wom945870 328 154 A 164 A E E 155 A 165 NA E NXCTIG®IAITHEE A E
E 157 NA 167 A°-. NAF 158 NA 168 A NAE 159 A 169 A E E 160 A 170 A E E
161 B 171 AHE 162 A 172 A - 321 -

compounds4listed in Table I against HIV-1 protease using the
methods of:

Maschera, B., Darby, G., Palu, G., Wright, L. L.,
Tisdale, M., Myers, R., Blair, E. D. and furfine, E. S,

5 Human Immunodefficiency Virus: Mutations in the Viral
Protease that Confer Resistance to Saquinavir Increase the
Dissociation Rate Cénstant for the Protease-Saquinavir
Complex, J. Bicl. Chem., 271:33231-33235 (1996); and

Toth, M. V. and Marshall, G. R. (1990) Int. J. Peptide
10 Protein Res. 36, 544-550,.

Antiviral activity assay in MT4 cells

Antiviral HIV activity and compound-induced

cytotoxicity were measured in parallel by means of a

15 propidium iodide based procedure in the human T-cell
lymphotropic virus transformed cell line MT4. Aliquots 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. Exponentially

20 growing MT4 cells were harvested and centrifuged at 1000 rpm
for 10 min 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 10°
cells/ml. Cell aliquots were infected by the addition of
25 HIV-1 (strain IIIB) diluted to give a viral multiplicity of
infection of 100 x TCID5p. A similar cell aliquot was
diluted with medium to provide a mock-infected control.
Cell infection was allowed to proceed for 1 hr at 37°C in a
tissue culture incubator with humidified 5% CO2 atmosphere.
30 After the 1 hr incubation the virus/cell suspensions were
diluted 6-fold with fresh medium, and 125 pl of the cell
suspension was added to each well of the plate containing

prediluted compound. Plates were then placed in a tissue



E E 163 A 173 A E E As denonstrated above, all of the conpounds tested
di splayed inhibitory and anti-viral activity. Mreover, several of these
conmpoundswexdwdsgtoed activity levels far 5 greater than thoBEI/G$99HATN HI V
protease inhibitors. Wiile we have described a nunber of enbodi nents of

this invention, it is apparent that -ogp2basic constructions may be altered
to provide other enbodi nents which utilize the products, processes and
met hods of this invention. Therefore, it will 10 be appreciated that the

scope of tdilturwentdubbtcy tvoithe hdefdintekdyr g w,appendedagkai nBr eather
than by the specific enbodi nents which have been presented by way of = .
exanpl e. \WDDFHHBIIR) PCUISg T PR 0oB2PR 7 @laiafs 5Woc1llaiem—41) wasconpound

ff | H.C.H N X OR.D
\a/h‘ergir gu C|£Cise’)dse ét Ac?‘ fwref)l%) éﬂ\l lﬁcﬁa%loﬁl p(]:ft(% er t\ﬂ?rgl‘f? s
opt i onal | ynisuhst Iv&lbttkﬁda \@dsita&nemﬂrtlrﬂargﬁ A% 10 am%p%rfd%fel )hl%%'u%; ed

from hgdroxy Cl- 4 al koxy -0- -NR 2-CO
_ R1- C2° 06 Wik AN S fgirast |t§ fdd{q%ﬁ&qt;t%f@@stﬁ%meéd \mltalte@ne Shenore groups
i ndependeilat e Sl8G @SBV XY auehnd A Kok thist - NR2- CO-
N(R2)2 or -CON(R2)2; or 15 each R 1is |ndepen ently se ected from
-C(0) - §C(rgz)enz ac_hen(eo) I—Q‘?W)LabOrﬁ@OGl(@) , The 8s(ER)y makeNR2s8 (0) 2-,
- NR2- of a propidium iodide dye to estimate the DNA content of
each well.
10
REFERENCES
1. Averett, D.R. 1989. Anti-HIV compound assessment
by two novel high capacity assays. J. Virol. Methods 23:
263-276.
15 2. Schwartz, 0., 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’-deoxy-
3" fluorouridine (935U83), a selective anti-human immuno-

20 deficiency virus agent with an improved metabolic and
toxicological profile. Antimicro. Agents and Chemother., 38
(7):1590-1603.

The anti-viral potency of the compounds of Table 1
in MT-4 cells was determined using the above technique. The

25 results are shown in Table 2 as ICsg values expressed in uM.

In Table 2, the following classifications have
been employed:
"A": Kij of less than 1 nM;
"B": Kij between 1 and 10 nM;
30 "C": Ki between 10 and 100 nM;
"D": Ki greater than 100 nM;

"E"™: IC50 of 0.1 uM or less;



C(O- or -NR2-C (0) -C(0) -; each H is independently selected from C3-C7
cycl oal kyl ; C5-C7 cycl oal kenyl; C6-C10 aryl; or a 5-7 20 nenbered saturated
or unsat umad exlesB®t er ocycl e, contai ning one or nore heter oRCDEIBIEIMCt ed
fromN, NR2), 0, Sand S(0)r,; wherein said aryl or said heterocycle is
optionally fused to @ and wherein amy>fgrenber of said Ht is optionally
substituted with one or nore substituents independently 25 selected from
oxo, -OR2, SR2, -R2, -N(R2) (R2) , -R2-OH, -CN, -Q02R2, -C(0)-N(R2)2,
-S(0) 2- N(R2)2, N, C,( (0),-R2, -COCF3, -S(O,

met hyl enedi oxy,_EN R?%)@ g%)cfgjgnzb(&zg}ld%hal SCF3, -N®2, Q -0Q -OR,
-SR, -R7, -N(R2):(RépoobetNeRn) 2:, 5V\Q139/1658m PCT/ US99/ 13744 - 330 each
R2 is |ndependently selected fromH H or Cl-C6 alkyl optionally
substituted w t'H"Q 6€5R1©;reB):eWhEhapr ésénnM is -N(R2) -C(R3) 2-C (O -;
each x is mdependgg% g a&g" a endentl@g sel ected fromH,
H, Cl1-C6 al kyl &6 3?%83%1063 cf]él 85? I"M&F €C8- B6VEYcl oal kenyl ;
wher ei & anympenher wvat aatdtB3teaxcept H, is opt| onal | y substituted with
one or nore substityents selected fro ) -N (R2)
(R2) , Ht, 10 -CN, ‘fg ,ae-%@??e;z‘lONer g](—é) usgg. w C@Séﬁ f gévleﬁdgé)eﬂﬁently 1
or 2; G when goesantompsusnel est gdehirom thaR7tRE €inBd gakkyl foer thwhen G
is Cl-C4 gl k){l, G ﬁng %Z. are bound to one another either directly or

t hrough a®€¥*882FFRkeftt6 Forma 15 het erocyclic ring; or when Gis not
present, the nitrogen to which Gis attached is bound directly to the R7
group in -OR7 with the concomtant displacenent of one -ZM group fromR ;
Dis selected from@ Cl1-C6 al kyl or C2-C4 al kenyl,



20 which is optionally substituted with one or nore groups selected from
C3-C6 cycloalkyl, -OR2, -S-H, -R3, -OQor @ C-C6 cycloalkyl or C5-C6
cycl oal kewgplog/es#toch is optionally substituted with or fuRed/gs99/¢74€ach Q
i s independently selected froma 3-7 25 nenbered saturated, partially
saturated or unsaturated carbocyclic ¥iyg system or a 5-7 nenbered
saturated, partially saturated or unsaturated heterocyclic ring

contai ning one or nore heteroatons selected fromO, N, S, S(OS, or N(R2);
wherein Qrggiappbionally substituted with one 30 or nore groups sel ected
fromoxo, FORZ, -R2, -N(R2)2, -N(R2)- C(O-R2, -R2-OH, -CN, -CO2R2,
-0(O-N(R2) 2, halo orgs:Ckén: e;s sel ected from OR %09, (N7 g or -N (RlO)
-R1-R3; E is selectednfifont O Ht; Ht Ht; -0 R3; ?9&

2T o 1o Sy B2 (10 %@%W&ukw

which is optlgnally substlt ted with one or ée groups selected fromR4
or H; C3-C6 saturated cari;gcycle, which is 5 0ptionally sgbstituted with
one or nore groups selected from R4 or H; or C5-C6 unsat Ur at ed
carbocycle, which is optignally substituted ywth one or re groups
selected from R4 or Ht; egch R4 is independently select edn%from-OQZ, 10
-SR2, -C (0) -NHR2, -S (0) 2-NHR2, halo, -NR2-C (0)-R 2, (R2) 2 or -CN
each Reis inde&pendently seltected fromhydrogeny; ZM O 15 ¢CH2 O Y Z(Mx
or CH2 QR~j XM x H X wherein each Mis independently sefiected

4 C 22 B
H H
5 B 23 B
G H
6 C 24 A
H H
7 B 25 A
H G
8 A 26 B
G H
9 B 27 A
>E G
11 B 28 A
H F
12 >B 29 A
NA E
13 C 30 A
NA F
14 A 31 A
F E
15 B 32 A
H E
16 C 33 A
H E
17 C 34 A
H F
18 B 35 A
>G >G



fromH Li, Na, K, My, Ca, Ba, -N (R2) 4, Cl-Cl2-al kyl, C2-Cl2- al kenyl, or
-R6; wherein 1 to 4 -CH2 radicals of the alkyl 20 or al kenyl group, other
than the wo®/esgrat is bound to Z, is optionally replaced bRCEHU$MNEMdat om
group selected fromO, S, S (0) , S (02) , or N(R2) ; and wherein any
hydrogen in said alkyl, alkenyl or R6-iszgptionally replaced with a
substituent selected fromoxo, -OR2, -R2, N(R2) 2, N (R2) 3, 25 R20H,
-CN, -Q02R2, -C(O-NR2)2, S(0) 2-N(R2) 2, N(R2) -C(0) -R2, C(0) R,
-S(0) n-R2, &F3, -S(0)-B6, N(R2) -S (0) 256R2) , halo,n -CF3, or -NOZ;
M is H Cl-Cl2-al kyl, C2-Gl2-al kenyl, or -R6; wherein 1 {0 4 -CH2

radi cals of the alkyl or alkenyl group 30 is optionally replaced by a

het er oat om grotip selected fAomO0, S, S(0), S(68), or N(R2)A and wherein any
hydrogen in said al kyl, alkkenyl or R6 is optionally repla€ed wth a
substituent selected fromaoxo, -OR2, -R2, -N(R2)2, N (R2)_3, -R20H, -CN,
-C2R2, - 0)-NMR2)2, -S ( 2-N (R2) 2, WO 99/65870 PCTI UB99/ 13744 - 332

-N(R2) -C(0) -R2, -C (0) , -S(0) -R2, -OCF3, -S (0) ER6, -N(R2) -S
(0) 2 (R2) , hdo, -CF3, ory -N®2; Zis 0, S, MNR2)2, or, en Mis not
present, H Yis Por S 5 XisOor S Ris C(R) 2, or N(R) ; and

wherein when Yis S, Zis not S; R6 is a 5-6 nenbered saturated, partially
saturated or wtsaturated carbocyclic or heterpgyclic ring a10 system or an
8-10 nmenbered saturated, partially saturated or unsaturateg bicyclic ring

system wherein any of said heterocyclic ring systens contains one or nore
heteroatons <dl ected from, N, S, S (0) r, 6f N (R2) : ahAd wherein any of
said ring systens optional B contains 1 to 4 substituents I5 independently
sel ected from4g—|, Cl-4 al QI, O Cl-4 al kyl or

B

NA G

43 A 62 B

NA H

44 A 63 B
E NA

45 A 64 A

E H

46 A 65 A

E F

47 A 66 A

G E

48 A 67 A

F F

49 A 68 A

E E

50 A 69 A

E F

51 A 70 A
¥ >F

52 A 71 A

E E

53 A 12 B

E G

54 A 73 A

E E



OC (0) -C1-C4 alkyl; R8 is selected fromCl-C8 al kyl, C3-C7 al kyl or

cyano substituted C2-C6 al kenyl; and R10 is selected from Cl_C8 al kyl,

C2- C6 al kenoyd9/6580- C14 20 aryl or Ht, wherein RLO opti onalRGA/G$Mt134hs up to
three substituents independently selected from-R3, -CN, -SRS, -SOR5,
-S2R5, -SR-NR 5-C (0) R6, -NRS- (S2)-Rxne-£C (O N (R5) 2, -C(S)NRS)?Z2,
-S(-0) 2N (R5) 2, -CCORG, -C( S) R, -N(R5) 2, -NRS C( 0) Ry
-NRS-C ( 0) ORS, -NR5-C( 0) N(R5) 2r -NR5-C (S)R5, -NR5 25 C( S)
OR5, -NRS-C (94 N (R5) 2, #2NRS-C [ =N (R5) ] ™ (R5) 2, -NtkFC [ =N-NX2 ] -
NH2r -NH-C [=N-NO2] -OR5, N (R8) 2-C (0) R8, -NH-C [=N-NO2] -NH2, -NH C
[=N-NO2] -OR5, -N(R8)2-C(OR8, -OC (0) R6, -OC (0) N(R5) 2, -CC (S) N (R5)
2, wherein anyne of the ACH2 groups of sai d0alkyl or al%kenyl chains of
RIO may be optionally repladed by 30 0, S, SO S@2, C (0)Eor NR5; wherein
each RS is in %pendently selected from hydr%%ﬂm C1-C8 alkyl, C2-C8

al kenyl , C2- al kynyl or B, wherein each , except for_hydrogen, is
optionally substituted wi £h - CF3, -P0O3R3, azido or halo; %0 99/ 65870

PCTI US99/ 137444 - 333 or & pharnmaceutically pgceptable degfivative

thereof. 2. The conpound a%cc')rdi ng to claim1, wherein at oleast one R7 is
selected from 5 OCH3B ONJ -HRGQO CH/r. 03 O - (L) -lysine,

-POBNa2, 20, -Ng/ NMe2, O ~R~~NHAc 0 "NH 106 A
E F
79 A 107 A
F NA
83 A 108 C
F SF
84 A 109 C
NA >E
85 A 110 A
NA F
86 A 111 B
E H
87 A 112 B
E H
88 A 113 A
E E
89 A
114 A
NA .
90 A
E 115 D
G
91
NA 116 D
92 A ¢
NA 117 D
97 A G
E
118 D
98 A G
NA
119 D
99 A H



~-PO3My, H' - (L) -tyrosine, Ni 0 10 -PO3 (NH4) 2, - CH2-OPO8Na2, N NH 2

H~- (L) -serine, 0 -SCBNa2i 'A -'0'1'_-N Nwe2, -SCB8My, -SO03 (NH4) 2, O
HN' -Chwo®a38Na2, -CH2-OSCB (NH4) 2 ,  I(N,_~ NH2, NH 2PCI/US93M4 O N
11*"~ N2 , O,"'NH2 100015) N~ , acetyl, -(L)-valine, -(L)-glutanic

acid, -(L)-aspartic acid, OO - (L) -y tzdutyl-aspartic acid, "U O.D O
- (L) - (L) -3-pyridylalanine, - (L) -histidine, -CHO &CF3, WD 99/65870
PCTI US99/ 13744 334 OHHO OO0-/ CAc OAc PAP~-ONH3 + O QAc HOOO0 O n

iin 120 NA 137 A
NA E

121 A 138 A
F E

122 A 139 A
E E

123 A 140 A
E E

124 A 141 A
E H

125 A 142 A
E F

126 D 143 A
H E

127 A 144 A
E E

128 D 145 A
H E

129 NA 146 A
NA E

130 A 147 A
E E

131 A 148 A
E E

132 A 149 A
E E

133 A 150 A
r E

134 A 151 A
r E

135 B 152 C
E G

g
&3



P,0 NMe3 + O~ PM_ O0- , O 0-, PO3K2, PO3Ca, 5 PO3-sperm ne, PO3-
(sperm dine) or PO3- (neglamne) 2. 3. A conpound of formula (11): 10 H
OR7 D AwWdwogB&0E (11) 15 wherein A, R7 D and E are as Pef/Usmd3isa cl aim
1; or a pharnmaceutically acceptable derivative thereof. 20 4. A conpound
of formula (Il1): HOR7 D (I11) ONH4£H)x SO -E 25 0 R3 wherein Ht,
X, R3, R7, D and E are as defined in claiml;, or a pharmaceutically
accept abl e derivative thereof. WO 99/65870 PCT/US99/13744 - 335 5. A
conpound of forswla (1V): AR3 R3 OR7 D 5 ANNjHih ~/ N-SO2-Ex(1V) H O
wherein A, R3, R7, D and Eare as defined in claim1l, 10gor a

phar maceutical |y acceptabl e derivative thereof. 6. The conpound accordi ng
toclaim3, whegein: AisaC(OH,; D is -0-REY; 15 Eis gg-Cl0 aryl
optional |y substituted withcone or nore substituents sel egihed from oxo,
-OR2, SR2, -R2, -N(R2)2, -R-OH, -CN, -CO2R2, -C (O -N(R2) 2, -S(0)
2-N (R2) 2, -N4&) -C (0) g R2, -C(0) -R2, 186(0),,-R 2, 5~ OCF3r -S (0)

-Q et hyl enedi oxy, E E
157 NA 167 A
NA F

158 NA 168 A
NA E

159 A 169 A
E E

160 A 170 A
E E

16l B 171 A
H E

162 A 172 A
E E

163 A 173 A
E E

As demonstrated above, all of the compounds tested
displayed inhibitory and anti-viral activity. Moreover,

several of these compounds exhibited activity levels far

(62}

greater than those of known HIV protease inhibitors. While
we have described a number of embodiments of this invention,
it is apparent that our basic constructions may be altered
to provide other embodiments which utilize the products,
processes and methods of this invention. Therefore, it will
10 Dbe appreciated that the scope of this invention is to be
defined by the appended claims, rather than by the specific

embodiments which have been presented by way of example.



-N(R2) -S(0) 2 (R2) , halo, -CF3, -N®2, Q -OQ -OrR7, -SR7, -R7, 20 -N
(R) (R or -N(R7)2; or a 5-nenbered heterocyclic ring containing one S
and opti oweldbgsssent ai ning N as an additional heteroatom PaETarsey/m7s4i d
heterocyclic ring is optionally substituted with one to two groups

i ndependently selected from-CH3, Rdzser H. 25 7. The conpound according
to claim3, wherein: E is a 5-nenbered heterocyclic ring containing one S
and optionally containing N as an additional heteroatom wherein said
heterocyclic ring is optionally substifuted 30 with one to two groups

i ndependently selected from-CH3r Rs;—or H. 8. The conpound according to
claim 3, WhefEiHR: WO 99/ 65870 PCT/ US99/ 13744 - 336 R7 in -OR7 group shown
in formula Il is -POQCOM2 or C (0) CH2OCH2CH2OCH2CH2OCH3 and both R7 in -N
(R7) 2 are H or RZin -OR7 group shown in formula Il is C (0) :
CH20CH2CH2OCH3r onel RA ¢emrauRA L 2feymd § 09I )JGH2OCH2CH2OCH3 and t he ot her
is H and 5 wherein Mis H Lipn Na, Kor C-C4 alkyl. 9. A conpound
according to claim1, having Porrrula (VV: ORT ORI0 10 H~SE OCI \
(V) 15 wherein A, R7, R10 and|E arg as defined in claim1l1; 20 or a

phar maceuti cal | xg-agg?a-bNe_deci#aLc\Le_LbeLeoN_lgO.A_Eonpound of formula
(VI): CONH2 O OR7 0<2? H I H, ‘ 2

(G)y OR’ D'
5 | (1)

wherein:
A is selected from H; Ht; -R'-Ht; -R'-C;-C¢ alkyl,
which is optionally substituted with one or more groups

10 independently selected from hydroxy, C;-C, alkoxy, Ht, -0O-
Ht, -NR®°-CO-N(R?), or -CO-N(R?),; -R!'-C,-Cs alkenyl, which is
optionally substituted with one or more groups independently
selected from hydroxy, C;-C, alkoxy, Ht, -0-Ht, -NR?-CO-
N(R’), or -CO-N(R?),; or R’;

15 each R' is independently selected from -C(O)-,
-3$(0),~, -C(0)-C(0)-, -0-C(0)-, -0-S(0),, -NR?’-S(0),-, -NR?*-
C(0)- or -NR’-C(0)-C(0)-;

each Ht is independently selected from C;-C,
cycloalkyl; Cs-C; cycloalkenyl; C¢-Cio aryl; or a 5-7

20 membered saturated or unsaturated heterocycle, containing
one or more heteroatoms selected from N, N(R%), O, S and
S(0)n; wherein said aryl or said heterocycle is optionally
fused to Q; and wherein any member of said Ht is optionally
substituted with one or more substituents independently

25 selected from oxo, -OR’, SR?, -R?*, -N(R?) (R?), -R®-OH, -CN,
-CO;R*, -C(0)-N(R?),, -S(0),-N(R?),, -N(R?)-C(O)-R?, =-C(O)-R?,
-S(0),-R*, -OCFs;, -S(0),-Q, methylenedioxy, -N(R?) -S(0),(R?),
halo, -CFs3, -NO;, Q, -0Q, -OR’, -SR’, -R’, -N(R?) (R") or
~N(R") 2;



H\Y N\ NNSEO (V) 30 wherein: Rl'' and R are as defined in claim1;

WO 99/ 65870 PCT/ US99/ 13744 337 E is C6-Cl4 aryl,

wi th one wo9msss7@ groups sel ected fromthe group consi sti rRETAISIHIIHG,

al koxy,
one or
al koxy,

OR7 N H (VIl) O osekchOr* whergidepindentR%y and K ara-as wefdmed in
or _a pharmaceutically acceptable derivative gpereof 15 12. A

conpound Sf(%oﬁ%ﬁWé CYtEPpallg. sybrtiRgteg with @VPFI? JOS -E 0 wherein
A, Rl, R3, R7 and Epargnas getseed, i psclaimlc (r%) ,-c(0)-;

claim1;

15

20

25

30

each x is independently 0 or 1;

each R’ is independently selected from H, Ht, C;-Ce
alkyl, C;-C¢ alkenyl, C3-C: cycloalkyl or C:s-C¢ cycloalkenyl;
wherein any member df said R?, except H, is optionally
substituted with one or more substituents selected from
-OR*, -C(0)-NH-R?’, -5(0),-N(R?) (R?), Ht,

-CN, -SR°, -CO;R?, NR?-C(0)-R?;

each n is independently 1 or 2;

G, when present, is selected from H, R’ or C:-C,
alkyl, or, when G is C;-C, alkyl, G and R’ are bound to one
another either directly or through a C;-C; linker to form a
heterocyclic ring; or ‘

when G is not present, the nitrogen to which G is
attached is bound directly to the R’ group in -OR’ with the
concomitant displacement of one -ZM group from R’;

D is selected from Q; C;-Cs alkyl or C,-C, alkenyl,
which is opticnally substituted with one or more groups
selected from C3;-C¢ cycloalkyl, -OR?, -S-Ht, -R3}, -0-Q or Q:
Cs-Cs cycloalkyl or Cs-Cg¢ cycloalkenyl, which is optionally
substituted with or fused to Q;

each Q is independently selected from a 3-7
membered saturated, partially saturated or unsaturated
carbocyclic ring system; or a 5-7 membered saturated,
partially saturated or unsaturated heterocyclic ring
containing one or more heteroatoms selected from O, N, S,
S(0), or N(R?); wherein Q is optionally substituted with one
or more groups selected from oxo, -OR?, -R?, -N(R?),, -N(R?) -
C(0)-R*, -R®*-OH, -CN, -CO,R?, -C(0O)-N(R?),, halo or -CFs;

D’ is selected from —ORIO, -N=Rr'* or —N(R?O)—Rl—R3;

E is selected from Ht; O-Ht; Ht-Ht; -0-R%;

0Xo0,

optionally substituted

0Xo0,

am no, hydroxyam no; heterocyclcyl, optionally substituted with
nore groups selected fromthe grzgup- 5 consi sting of nitro,
am no, hydroxyam no or N(CO OCH3; or a pharmaceutically
accept abl e derivative thereof. 11. A conpound of formula (M1): 10 R o



WD 99/ 65870 PCTI US99/ 13744 338

t her eof .

0 20 R7

R~-R7T ONNHO O

OS NONNNMNu N

10

15

20

25

30

-N(R?) G@)f C1-C¢ alkyl, which is optionally substituted with
one or more groups selected from R* or Ht; C,-Ce¢ alkenyl,
which 1s optionally substituted with one or more groups
selected from R* or Ht; Cs-C¢ saturated carbocycle, which is
optionally substituted with one or more groups selected from
R’ or Ht; or Cs-C. unsaturated carbocycle, which is
optionally substituted with one or more groups selected from
R* or Ht;

each R* is independently selected from -OR-,
-SR?, -C(O)-NHR?, -S(0),-NHR®, halo, -NR*-C(0)-R?’, -N(R%), or
-CN;

M

z
!
1

Y

each R’ is independently selected from hydrogen,
]

0
2 o —{CHZ—O}—LX ROM
X

wherein each M is independently selected
from H, Li, Na, K, Mg, Ca, Ba, -N(R?),, Ci1-Cy,—alkyl, C.-Ci.-
alkenyl, or -R°®; wherein 1 to 4 -CH, radicals of the alkyl
or alkenyl group, other than the -CH, that is bound to Z, is
optionally replaced by a heteroatom group selected from O,
S, S(0), S(0;), or N(R®); and wherein any hydrogen in said
alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, =-R?% N(R?) ., N(R%) s,
R°OH, -CN, -CO;R®’, -C(O)-N(R%),, S(0),~N(R?*),, N(R?) -C(O)-R,,
C(O)R*, -5(0),~R*, OCF;, -S(0),~R°, N(R’*)-S5(0);(R*), halo,
-CF3, or -NOz;

M’ is H, C;-Ci;-alkyl, C,-Ci,—alkenyl, or -RS;
wherein 1 to 4 -CH; radicals of the alkyl or alkenyl group
is optionally replaced by a hetercatom group selected from
0, S, S(0), S(0;), or N(R®); and wherein any hydrogen in
said alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, -N(R?),, N(R?Y);,
~R°0OH, -CN, -CO;R°, -C(O)-N(R%),, =-S(0),-N(R?),,

or a pharmaceutically acceptable salt

13. A conmpound selected from 5 10 X ~1 \ JNO\ U/ NHIS
15 R7~ NNwOme86®870R R7 | R7 NH NNG Fi HOO/ |c~ N NPOTNSSOIIHO-S\
OHO S\ HNNHOI NNOOS- I7R ON-N1IOlao, R7T OS ONH
JGl)x R7 R7 25 WD389/65870 PCT/US99/13744 - 339 R 7

0%
O

/
0
O



HOONH O OR7O0OHHR OO NNN HCaONH CH3 ORS (NHXR7 R', I S
O H3C CH3 5 H3C wherein R10 is selected fromisopropyl or cyclopentyl; R
is 10 seivemdwetsfor om NHR7 or OR7; x, R7 and G are as defi nedT/UR99/1874i m 1;
and X- is a pharnaceutically acceptable counterion. 14. A conpound sel ected
from (3R 3aS, 6aR) hexahydrofuro [2, 33b]- furan-3-yl N ((1S, 2R) - 15

1- benzyl - 3- (cycl opentyl oxy) [ (3-[ 2- (di met hyl am no) et hyl ]

am nophenyl ) sul f onyl ] am no- 2- hydr oxypr opyl ) car bamat e; (3S, 3aR, 6aS)
hexahydr of ug@r)2,c @)BIR.f urano3ry) M (& 182 2Rdcr,, -s(Q).-R%,

1- benzyl - 3-%0 cl gent yloxy) [ (3-] Zgé(dl met hyf am n03 et hyl ]

am nophenyT é%l)f’ AR ho-22 Fdr oxEaer 88y Neai bamat e WD 99/ 65870

PCT/ US99/ 13744 - 349 i3, Say(RJR) Hexahudnofiuig hdt 3rbkehdfan:3-yl-N
((1S, 2R) - 1-benzyl-3-(cycl opentyl oxy) (2-[ (nethyl sul fonyl)am no]
benzi ni dazol - 5-yl sul ¥ oh¥I gfa(f’ﬁT noi 2- hydr oxypropyl ) carbanate; (3R, 3aS, 6aR)
hexahydyofuro [2, 3-plifupage3syl N (1S, 2R) -3- 5
[[ (3-N-net hyl am nophenyl ) sul fzonylé(cycl g&ent yl oxy) am no] - 1- ,
benzyl - 2- hydr oxypr op¥i cer Bafat e; 4,3 OF Gkari- 3¢} Whereln when Y is S,
N- (1S, 2R)-4- bengyt-3; [ (cycl opentyl oxy)
(2-{ (et hoxycar bonyl })Zé'im noj - 1H benzi m dazol - 5-yl sul f onyl)
1s a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
10 system, or an 8-10 membered saturated, partially saturated
or unsaturated bicyclic ring system; wherein any of said
heterocyclic ring systems contains one or more heteroatoms
selected from O, N, S, S(O), or N(R?) ; and wherein any of
sald ring systems optionally contains 1 to 4 substituents
15 independently selected from OH, C;-C; alkyl, 0-C;-C, alkyl or
0-C (O) -C,—-C4 alkyl;
R® is selected from C;-Cs alkyl, C3;-C; alkyl or

cyano substituted C,~Cq¢ alkenyl; and

R is selected from C,.Cg alkyl, C,-Ce¢ alkenyl, Cs-Cis

20 aryl or Ht, wherein R!® optionally contains up to three
substituents independently selected from -R®, -CN, -SR’,
-SOR®, -SO;R”, -SR-NR°-C(0)R®, -NR’-(S0,)R’>, -C(O)N(R’),,
-C(S)N(R®),, -S(0O),N(R%,, -C(O)R®, -C(S)R®, -N(R®),, -NR°-
C(0)R®>, -NR°-C(0)OR®, -NR®°-C(O)N(R®),, -NR°-C(S)R%, -NR°-

25 C(S)OR®, -NR’-C(S)N(R’),, -NR*-C[=N(R®)]-N(R%),, -NH-C[=N-NO,]-
NH,, -NH-C[=N-NO,]-OR®>, -N(R®),-C(O)R?, -NH-C[=N-NO,]-NH,, -NH-
C[=N-NO;]-OR®, -N(R%) ,-C(O)R®, -OC(0O)R®, -OC(QO)N(R®),,
-OC(S)N(R’),, wherein any one of the ~CH, groups of said
alkyl or alkenyl chains of R! may be optionally replaced by

30 0, S, SO, S0,, C(0O) or NR%

wherein each R® is independently selected from
hydrogen, C,-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl or Ht,
wherein each R°, except for hydrogen, is optionally
substituted with -CF3, -POs;R’, azido or halo;



am no] - 2- hydr oxypr opyl carbamate; 10 (3R, 3aS, 6aR) hexahydrofuro [2, 3-b]
furan-3-yl N (IS 2R -i-

benzyl - 2- myuslogresg703- [ [ ( 4- met hoxyphenyl ) sul fonyl ] (t et r ahydr oPCT/US99/13744

2H pyr an- 4-yl oxy) am no] propyl carbamate; (3R, 3aS, 6aR) hexahydrofuro |2,
3-b] furan-3-yl N (iS5, 2R) -3- - 333 -

[[ (3-am nophenyl ) sul fonyl ] (cycl opentyl oxy)am no] - 1- benzyl -2- 15

hydr oxypr opyl car bamat e; (3R, 3aS, 6aR) hexahydrofuro [ 2, 3-b] furan-3-yl
N[ (1S, 2R) - i-bepzyh- ﬁhééﬁﬁ@é@@@@éYi9X¥&£§pﬁgbﬁEEBBQXVQHEbBy|)an]nO] 2-
oxoet hyl am no) phenyl ] sul f onyl am no) - 2- hydr oxypropyl] carbamate; 20 (3R.
3aS, 6aR) hBREARGArofuro [2, 3-b] furan-3-yl N [ (1S, 2R -

i - benzyl -4-(cycl openpyl oxp- aomysﬁﬁayaéc6§dgﬁgn@éathYh 15ulhepyh byt yl |
car banat e; éBR 3aS, 6aR) hexahydrofuro[ 3-b] furan-3- yI N ((1S, 2R -

i - benzyl - 3- LEFEF oPBAL § o]xsy)s’ﬁ Hetchd&PHeny| ) sul f onyl | ami no- 25
2- hydr Qa<ypr opyl ) carbamate; (3R, 3aS, 6aR) hexahydrofuro [2, 3-b] furan-3-yl

N[ (iS 2R - 1-benzyl-3-((cyclopentyloxy)[3-(2-[(methylsulfonyl)anino]
et hyl am no) phenyl ] sul f onyl am no) - 2- hydr oxypr opyl car bamate; (3R, 3aS, 6aR)
hexahydrofuro [2, 3-D] furan-3-yl N (1S, 2R) -3-

[[ (3- N-net hyl am nopHgnyl ) sul fQHgyI ] (cycpope/\;ZT pxy)/al%po
benzyl - 2- h)Ldr,.peg;Lpb I cTa)Qz;ﬂ , phos ter 3as, O6aR)
hexahydr ofuro’[2, 3- ur 3= Ql-H (1S, 2R -3-

[[(3-am nop nyI ) sul fonyl ] (cycl opentyl oxy) arrono] 1- benzyl - 2-

hydr oxypr opyl nmat e pho es 5#8\7\Q/W¢1,U899/ 13744 - 341
(3R, 3aS, 6aR) hexahydro u?ggﬁég E?erlfr’an 3- yI N- (1S, 2R -

3-[[ (4-am ndphenyl ) sul fonyl ] (cycl opentyl oxyg ani noj - 1- benzyl -

2- hydr oxyp ~carbhidt e; (3R, 3aS, 6aR) heﬁ&ﬂ"&f—quro b]fur an- 3-yl

(1S 2R)-1- 5 béenzyl - 3- {(1 emhyltglropmmys)[( sebxyphény ?éul fonyl ] am no} -
2- hydr oxypr opyl car banat €;

/J\N/\/NH2

10 "'PO_;(NH:;)Q, "CHZ_OPO3N32, H ’ —(L)—serine,

(@)
(@]
-S0:Na;, A \/’\mg\\fNMez, -S0sMg, -SOs(NHy) ,

O

y NH /U\N
-CH:-0S0sNa,, -CH,~0S0; (NHs),, N ~">"2 NH.
(@] 2

' 0
H AN

@] N N
/’\/O\/\O/\/OMe , \'o]/ ~NNH, )

'I//NHZI
15 /IL N_J acetyl, Ao, A~
- (L) -glutamic acid, -(L)-aspartic acid,

1) o)
- (L) -y-t-butyl-aspartic acid, /U\OL)'

-(L)-valine,

O
-(L)=-(L)-3-pyridylalanine, -(L)-histidine, -CHO, /U‘CF3



3R, 3aS, 6aR) hexahydrof uro[ 2, 3-b] furan-3-yl (IS, 2R)- 3-

(1, 3-benzodi oxol - 5-yl sul fonyl ) (1-et hyl propoxy) am no] - 1-

enzyl - 2- twxlgomesgror opyl car bamate; 10 (3R, 3aS, 6aR) hexahydr@f/usxw/1p742, 3- b]
uran-3-yl N [ (1S, 2R) - :
3-[(1, 3-benzodi oxol -5-yl sul fonyl ) (cycl epgntyl oxy) am no] - 1-

benzyl - 2- (phosphonooxy) propyl ] carbamate; (3R, 3aS, 6aR) hexahydrofuro [ 2,
3-b] furan-3-yl (1S, 2R) -3-

[ (1, 3- benzodi oxol - 5-yl gul fonyl ) (cycl ohexyl oxy) am no] - 1- 15

benzyl - 2- hydr oxypr opyl dar bamat e; § 3R, 3aS, 6aR) hexahydrofuro [2, 3-b]
furan-3-yl 3- [ (1, 3* nzodi 0X0 ﬂ%ulfonx{)(tetrahydro-2kprran-4-

yl oxy) am no]p 1- yl - 2- hydr oxypr opy amatzg; (3R, N§1a§ 6aR)
hexahydrof%ﬂQ_[ : b] furan-3-yl P& o7 20 3

3-[(1, 3- benzo® oxdl -,5-yl sul fonyl ) (©pcItopent yl o®y) am no] - 1-

benzyl - 2- (phosphonooxy) propyl ] carbamate; or a pharmaceutically acceptabl e
derivative thereof. 15. The conpound according to claim 1l wherein 25 said
conpound hﬁa nol ecul ar wei ghg|1 | ess than or equal to about 700 g/nol. 16.
The conpoung aceor diMg -+t 0 ai_ m 15 wherei rk sai d conpound has a nol ecul ar
wei ght | ess éﬁ\E} equal’%tT)3 Oabout 6@3% /mol. 17. A pharmaceuti cal
conmposi tion conprising an effectiwve antivital BRBunt PEC@r conpound
according to any one of clains 1-14 or a pharmaceutically acceptable WO
99/ 65870 PCT/ US99/ 13744 - 342 derivative thereof together with a

phar maceut ¥ ¢a19RE I THd e ptPAb éSBAFRE @+ N herdsf di - (1891FRénghar maceut i cal
conposition according to 5 claim 17, further conprising an antiviral agent
ot her than a conpound according to clains 1-14. 19. A pharnaceuti cal
conposi tion according t o® EPERPIRNT oF AGrmila hel Florm of a tabl et or
capsul e.

(
[
b
f

10
DA
A/N\:/E\/N—SO;Z—E

. 7 . . .
wherein A, R, D’ and E are as defined in claim 1;

(IT)

or a pharmaceutically acceptable derivative thereof.

20 4. A compound of formula (III):

H OR! D (111)

L

0 N
Hi—(CHX D SO,—E
25 o) :
\\R3
3.7

wherein Ht, x, R, R’, D’ and E are as defined in claim 1;

or a pharmaceutically acceptable derivative thereof.



10 20. A nethod of treating a virus infection in a human conprising

adm nistering to said human an effective antiviral treatnent anount of a
conmpound maxrewe3srmg to any one of clainms 1-13 or a phar naceor/UsmiBi4
acceptabl e 15 derivative thereof. 21. The nmethod according to claim 20
wherein the virus infection is an H-V3I3gection. 20 22. The net hod
according to claim20 or 21 wherein said step of adm nistering conprises
oral admnistration or adm nistration by injection. 23. Use of a conpound
according to any of sl aigscoRbodnddotorothel gapufacture of a nedi canment for
the treatment or prophylaxis of a viral infection. 24. Use of a conpound
according to any of clains 1-14 or a fornulation according to claim17 for

use in 30 nedical therapy.

R3 R3 OR7 D'
' (IV)
A NH N—S0,—E
5 N :
H O 3

, 3 7 . . ,
wherein A, R°, R, D' and E are as defined in claim 1;

10 or a pharmaceutically acceptable derivative thereof.

6. The compound according to claim 3, wherein:

A is -C(O)Ht;

D' is -0O-R'Y%;

15 E i1s C¢-Cyio aryl optionally substituted with one or more
substituents selected from oxo, =-OR?, SR?, -R%, -N(R?),,
-R*-OH, -CN, -CO,R?, -C(O)-N(R?),, -S(0),-N(R%),, -N(R?)-C(0)-
R?, -C(0)-R%*, -5(0),-R?, -OCFs;, -S(0),-Q, methylenedioxy,
-N(R*)-S(0):(R?), halo, -CFs;, -NO,, Q, -0Q, -OR’, -SR’, -R’,

20 -N(R") (R') or -N(R"),; or a 5-membered heterocyclic ring
containing one S and optionally containing N as an
additional heteroatom, wherein said heterocyclic ring is
optionally substituted with one to two groups independently
selected from -CH;, R*, or Ht.

25

7. The compound according to claim 3, wherein:

E is a 5-membered heterocyclic ring containing one S
and optionally containing N as an additional heteroatom,
wherein said heterocyclic ring is optionally substituted

30 with one to two groups independently selected from -CHs;, RY,
or Ht.

8. The compound according to claim 3, wherein:
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R’ in -OR’ group shown in formula IT is —PO(OM), or

C (0) CH,OCH,CH,0OCH,CH,0CH; and both R’ in -N(R’), are H; or R’ in
~OR’ group shown in formula II is C(0)CH,OCH,CH,0CHs;, one R’

in -N(R"), is C(0)CH,0CH,CH,0CH; and the other is H; and
K or C;-Cs, alkyl.

5 wherein M is H, Li, Na,
9. A.combound according to claim 1, having
formula (V):
QR7 OR'°
10 H H I
; N
A\\[/)K\\{//A\\\/// \\\S<:f—E
0] é O/ \o
(V)
15
wherein A, R7, R and E are as defined in claim 1;
20 or a pharmaceutically acceptable derivative thereof.
10. A compound of formula (VI):
CONH,
O
N
x
A (VI)
30
wherein:

R'® and R’ are as defined in claim 1;
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E is C¢-Cyy aryl, optionally substituted with one or

more groups selected from the group consisting of nitro,

oxo, alkoxy, amino,

hydroxyamino; heterocyclcyl, optionally

substituted with one or more groups selected from the group
5 consisting of nitro,

N (CO) OCHs;

oxo, alkoxy, amino, hydroxyamino or

or a pharmaceuticaliy acceptable derivative thereof.

11. A compound of formula (VII):
10

R1O
OR’ =

|
: N
A\”//\\:/\/ \S c WIT)
: \O

@)
hinn
RN

. 7 . . ,
wherein A, E, R’ and R10 are as defined in claim, 1;

or a pharmaceutically acceptable derivative thereof.

12. A compound of formula (VIII):

R3 R1—R?
OR? N
HooS |
: N
/\H/\\/\/ \/s\ c (WITI)
0 g o/ \o

wherein A, R, R’, R’ and E are as defined in claim 1;
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or a pharmaceutically acceptable salt thereof.

13. A compound selected from:

5
X"
NH S50, VZ |
N
15 R X CF;

—Z
N\ 7/
Z
2-0
O
O
pdn
&
(@]
o=(
p=dn of
(@]
O Z-0
\ /
A
O 2

20 /K R

~
~

25
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[:;j R?
X o) S (') S
o M AT
H o \g/ "S’L
o)

o o
NH, |
o) NZo o
H
/ o)
r’

11 ~ |
R e
N
CHs
. OR’ (NH)xR?
S
o)
HsC 7 ch,
5 H3C

PCT/US99/13744

wherein R' is selected from isopropyl or cyclopentyl; R! is

10 selected from NHR’ or OR’; x, R’ and G are as defined in

claim 1; and X is a pharmaceutically acceptable counterion.

14. A compound selected from:

(3R, 3aS, 6aR) hexahydrofuro(2, 3-b] furan-3-yl N-((1S,2R)~-
15 l-benzyl-3-(cyclopentyloxy) [ (3-[2- (dimethylamino)ethyl]

aminophenyl)sulfonyl]amino-2-hydroxypropyl)carbamate;

(35,3aR, 6aS)hexahydrofuro(2, 3-b] furan-3-yl1 N-((1S,2R)-
l-benzyl-3-(cyclopentyloxy) [ (3-[2- (dimethylamino)ethyl]

aminophenyl)sulfonyl]amino-2-hydroxypropyl) carbamate;
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(3R;3aS,6aR)Hexahydrofuro[2,3—b]furan—3—yl—N—((1S,2R)—
l-benzyl-3-(cyclopentyloxy) (2-[ (methylsulfonyl)amino]
benzimidazol-5-ylsulfonyl)amino-2~-hydroxypropyl)carbamate;

(3R, 3a8, 6aR) hexahydrofuro {2, 3-b] furan-3-yl N-(1S5,2R)-3-
[ [ (3-N-methylaminophenyl)sulfonyl] (cyclopentyloxy)amino]}-1-
benzyl-2-hydroxypropylcarbamate;

1,3—Dioxan—5—§l N-(1S,2R)-1-benzyl-3-[ (cyclopentyloxy)
(2-{ (methoxycarbonyl)amino]-1H-benzimidazol-5-ylsulfonyl)
amino]-2-hydroxypropylcarbamate;

(3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-(15,2R)-1-
benzyl-2-hydroxy-3-[[ (4-methoxyphenyl)sulfonyl] (tetrahydro-
2H-pyran-4-yloxy)amino]propylcarbamate;

(3R, 3a5, 6aR) hexahydrofuro[2, 3-b]) furan-3-yl N-(15,2R)-3-
[ [ (3-~aminophenyl)sulfonyl] (cyclopentyloxy)amino}-1-benzyl-2-
hydroxypropylcarbamate;

(3R, 3a8, 6aR) hexahydrofuro([2, 3-b] furan-3-yl N-[(1S5,2R)-
l1-benzyl-3-((cyclopentyloxy) [3-(2- [methoxy (methyl)amino]-2-
oxoethylamino)phenyl]sulfonylamino)-2-hydroxypropyl]
carbamate;

(3R, 3a8, 6aR)hexahydrofuro (2, 3-b] furan-3-yl N-[(15,2R)-
l-benzyl-4-(cyclopentyloxy)-2-hydroxy-4- (6-quinoxalinyl
sulfonyl)butyl] carbamate;

(3R, 3aS, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-((1S,2R)-
l-benzyl-3-(cyclopentyloxy) [ (4-methoxyphenyl)sulfonyl]amino-
2-hydroxypropyl)carbamate;

(3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-[(1S5,2R)-
l-benzyl-3-((cyclopentyloxy) [3-(2-[ (methylsulfonyl)amino]
ethylamino)phenyl]sulfonylamino)-2-hydroxypropyl]carbamate;

(3R,3aS,6aR)hexahydrofuro[2,3—b]furan—3—yl N-(15,2R)-3-
[[ (3-N-methylaminophenyl)sulfonyl] (cyclopentyloxy)amino]~-1-
benzyl-2-hydroxypropylcarbamate, phosphate ester;

(3R, 3a8, 6aR) hexahydrofuro[2, 3~b] furan-3-yl N-(1S,2R)-3-
[ [ (3-aminophenyl)sulfonyl] (cyclopentyloxy)aminol-1-benzyl-2-
hydroxypropylcarbamate phosphate ester;
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(3R, 3aS, 6aR) hexahydrofuro [2,3-b]furan-3-yl N-(1S,2R)-
3-[[ (4-aminophenyl)sulfonyl] (cyclopentyloxy)amino]-1-benzyl-
2-hydroxypropyl carbamate;

(3R, 3aS, 6aR) hexahydrofuro([2, 3-b] furan-3-yl (15,2R)-1-
benzyl-3-{ (l-ethylpropoxy) [ (4-hydroxyphenyl)sulfonyl]amino}-
2-hydroxypropylcarbamate;

(3R,3aS,6aR)hekahydrofuro[2,3—b]furan—B—yl (18, 2R)-3-

[ (1,3-benzodioxol-5-ylsulfonyl) (l-ethylpropoxy)amino]-1-
benzyl-2-hydroxypropylcarbamate;

(3R, 3a8, 6aR) hexahydrofuro[2, 3-b] furan-3-yl N-[(1S5,2R)-
3-[(1,3-benzodioxol-5-ylsulfonyl) (cyclopentyloxy)aminol-1-
benzyl-2- (phosphonooxy)propyl]carbamate;

(3R, 3a8, 6aR)hexahydrofuro[2, 3-b] furan-3-yl (1S,2R)=-3-

[ (1,3-benzodioxol-5-ylsulfonyl) (cyclohexyloxy)amino]-1-
benzyl-2-hydroxypropylcarbamate;

(3R, 3a8S, 6aR)hexahydrofuro[2, 3-b] furan-3-yl 3-[(1,3-
benzodioxol-5-ylsulfonyl) (tetrahydro-2H-pyran-4-
yloxy)amino]l-1l-benzyl-2-hydroxypropylcarbamate;

(3R, 3aS, 6aR) hexahydrofuro[2,3-b] furan-3-yl N-[(15,2R)-
3-[(1l,3-benzodioxol-5-ylsulfonyl) (cyclopentyloxy)amino]-1-
benzyl-2- (phosphonooxy)propyl]carbamate;

or a pharmaceutically acceptable derivative thereof.

15. The compound according to claim 1 wherein
said compound has a molecular weight less than or equal to
about 700 g/mol.

16. The compound according to claim 15 wherein
said compound has a molecular weight less than or equal to
about 600 g/mol.

17. A pharmaceutical composition comprising an
effective antiviral amount of a compound according to any

one of claims 1-14 or a pharmaceutically acceptable



10

15

20

25

30

WO 99/65870 PCT/US99/13744

- 342 -

derivati?e thereof together with a pharmaceutically

acceptable carrier therefore.

18. The pharmaceutical composition according to
claim 17, further comprising an antiviral agent other than a
compound according to claims 1-14.

19. A pharmaceutical composition according to

claim 17 or 18 in the form of a tablet or capsule.

20. A method of treating a virus infection in a
human comprising administering to said human an effective
antiviral treatment amount of a compound according to any
one of claims 1-13 or a pharmaceutically acceptable

derivative thereof.

21. The method according to claim 20 wherein the

virus infection is an HIV infection.

22. The method according to claim 20 or 21
wherein said step of administering comprises oral

administration or administration by injection.

23. Use of a compound according to any of claims
1-14 for the manufacture of a medicament for the treatment

or prophylaxis of a viral infection.

24. Use of a compound according to any of claims
1-14 or a formulation according to claim 17 for use in

medical therapy.



