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5 This invention relates generally to

1, 2- di hydr oxy- 3- am no- but anes, their 3-am no-butene

precursors and chem cal nethods for preparing the

same. The butene and but ane conpounds of the

invention are useful as internediates in the synthesis

of the protease inhibitor nelfinavir nesylate and its

"“‘h.'-.l’l. FPE-ME N P o V-PROTEASE -l'

of HI V-infected i&d¥&s L Raekgroandily
Invention Treatnent of HIV infected individuals is one
of the nost pressing bi onkEeld ofdlle Ipedatiohens of recent
ty mesi AtTﬂfs ﬁ%}rﬁ%ﬂf@lat@?&énérﬁ@ﬁ?ﬁydimxﬁ_ @ﬁhi_&g_ﬂ{téh‘és, %lrr] 3-amino-butene
i mportant nethod for venting or iphibitin e
- i REPP P RTIo0 HeBoeg Bt PaE T et Deopien® pympounds of
pr ottesaieentionrarg Leehiil s Ipleegdiates lneipe syinegisrat the pigteesevienjoitprelfinavir
t he nvdsylate amdas trbé ba3g whith @ tUnsiraadeiubibl the tebabrieaEdd BIV-iviedtadlindividuals.
| oads, which slows the 15 steady decay of the immune

systemand its resulting deleterious effects on human
ealth. The HV proteé%@ﬂm%%$%ﬁ¥%¥@ﬁgpfinavir

nmesyl at e TreamentefHivlirdected indigiiatsdgs dne pfithe reast $58¥sing I@kdBed@al problems of

CONHE Bt tineld) A FRbmAInGheéy théRpy Mad entdrdlaé &0 im@g’ta_nt rhéthod for preventing or

-0S 0 has beep shown to, be an ef tive . ..

« ro Py P proe L Pa et BB e ntptprs ook key
e s Phzymetiq pgthway ig e yisesdesulingn syibsipatialyrriecrpsed graligapsgghih slows the
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enti I Sl ; ' e. Prior

P e SR R T A L

nel finavir nmesylate products and internediates

prepared by conventional processe®hwas deterni ned by

the stereochenistry offtehef B al s.

Thus, different aperedisonkrs nmesyl at e

or its free base col the use of
speci fic enantioneri
i nvention provides a

present
nt hetic

route for the preparation of nelfinaviHr ¢

stereocenters are establicshied at a rel atiy

stage in the synthesis of the 1, 2-di hydroxy- 3-

2g™m ﬂQs’tPeeri Hdfn t%%@ %ntt E&e\:ﬁ%@ ‘reatment for HIV infected individuals. Nelfinavir mesylate is
disclosed in U.S. Patent No. 5,484,926, which issued January 16, 1996. This patent, in its
entirety, is incorporated herein by reference.

Prior to the present invention, the stereochemistry of nelfinavir mesylate products and
intermediates prepared by conventional processes was determined by the stereochemistry of the

25  starting materials. Thus, different stereoisomers of nelfinavir mesylate or its free base could only
be prepared by the use of specific enantiomeric starting materials. The present invention
provides a versatile and useful synthetic route for the preparation of nelfinavir whereby key
stereocenters are established at a relatively late stage in the synthesis of the 1,2-dihydroxy-3-
amino-butane substituent.

30 : HIV-Protease inhibitors prepared by use of cyclic sulfates are discussed, for example, in
U.S. Patent No. 5,705,647. Asymmetric dihydroxylation, utilized in the present invention to make
nelfinavir mesylate intermediates, is discussed generally in WO 93/07142 and in Reetz et al.,
Asymmetric Dihydroxylation of Chiral y-Amino a, B-Unsaturated Esters: Turning the Mismatched



30 HV Protease inhibitors prepared by use of cyclic

sul fates are di scussed, for exanple, in U S. Patent
WOe00459910%, 647. Asymmetri c di hydroxyl ation, utPCT/mE2004/001380

the present invention to make nelfinavir nesylate

internmedi ates, is discussed generally in WD 93/07142

and in Reetz et al., Asymmetrpc D hydroxyl ation of

Chiral y-Am no a, /3-Unsaturated Esters: Turning the

M smat ched WD 2004/ 099129 PCT/ |1 B2004/001380 -2 into

the Matched Case via Protective G oup Tuning,

Tet rintp $griéaiched Caservia RretbctivedGro@r? DBing,2B8ahetiod Q.6tjers \Gil.18Z19293-9296

backegogpind processes related to the invention are

br oduci nSHshbarkthlodiPiscs Bt & 2 e MoR BECRER BBl patant no.
t he Wﬁﬂg%grogesa?s forprodesinpiapige Perivatiies usefilas ileanetligignidthie synthesis of

VO NéHidali® Fésyatel adBobhd /il WEB 871 198 s Wef &771a988e SThakE references are
i ncq}{cg,gg,g;e@gergggﬁe,grep% reference. Summary of the

I nvention This i'nvention relates to a method for the
preparation of an opti cS¥pgapgithelavention i no- but ene,
t he st er &us diverdion veatesotova ngthon faf thé Ipepapiioncal dnyopticdly wetive 3-

3- agie- bb@ﬁ&ﬂ@st&@o@@ctﬂ@&oh%oh ¥t the]ﬂgtlcaﬁtabﬁ(@&ammo butene to an optically

1 258022 S 80 S0 SRR i v,
. pr oét?ﬁ% bt’ﬁ@?@?ﬁ}"cedlt?ﬁf%e enbodi nent, this invention
provides a nmethod for the stereosel ect i ve preparation
15 of R 'S or R R am no-hydroxy al kanol s by
di hydroxyl ati on of the correspondi ng protected R-am no
al kenes. "SHEEMPPEEEN: s ivgRton P’H‘(ﬂ?ﬁ? MBROGIPTFisteesgselgctive preparation
18 ( RpFRaBromiR aroinehyelroxsalkbna tR)dihghrdwyletiion ofthé{oRsponding protected R-amino
am BRerebIt BpRifiEAIly, thsg-in%ﬁ)n ﬂémgé‘?’w-a&ﬁ@bul@ﬁ@ 30r; }?Mt &roxy-3(R)-

orm R b N
of BRBC-BYBecRE @ dnetiod fr e ste{ﬁ?ﬁ%wévet dhygirgxypiiernd the protected R-amino
1, 2pdnedh fhryrctheok3(RBditkg}iroays (R)cantinttiaiae 611 2(S) dihydroxy-3(R)-amino-butane.

& 2(9) - dlh laﬁ(éjcgf Qg(é(spg’c{t&he @F&Jﬁ?m@ﬂﬁcﬂ\r}?ate&g a c&n&ﬂﬁd t?a(nn%{hg formula:

aspects, t he present Invention relates to

havi ng the fornul a: )RKIWher R |saSU|tabIe
nitrogen protecting group,N%—@r Rl together with
R2 forma suitable nitrggen pr i ng group, and R3
is thioalkyl or thioaryl. 25 In another of its

as p@ﬁérecln Rt|?§sﬂ£§§rﬁtrb§eﬂ ﬂ&@&\?\iﬁl &ﬁhpr &g g|SR1tt efﬁ%’%ﬂ#m 8 a suitable

accor
the“'f“zﬂei‘ gf\ﬂﬁeﬁtﬁ'g gt BP9 Bdshigplkyrer ’Na@j c s HN RZ o , and

2% In another of its aspects, the present invention relates to compounds according to formula
1, which may be selected from the following group:

Q -

R2

In yet another of its aspects, the present invention relates to a compound having the
30 following formula:



In yet another of its aspects, the present invention
relates to a conpound having the 30 follow ng

wo ovorobeE29 WO 2004/ 099129 PCT/ | B2004/ 001380 - 3pC'RIB283/001380
RRR3 NNR2Ra HOOHoOr HoO OH 2, wherein RL is a
sui table nitrogen protecting group and R2 is Hor Rl
together with R2 forma suitafde nitrogen protecting
group, and R3 is thioal kyl or thioaryl. Conpounds
related to formula 2 may include: 5 RR RS NRZ Rz
()ANHOOHHO OHOM Hand O N 040 HO OH In
anot her aspect, theRpre ' ' glates to a
compound with the fo ./ R R3 H2 H2ZN 10
HO OH or HOH 2a wher ei is thd oaNkyl or thioaryl.
Conpounds rel ated to fof mul 24 mc%side: %OS H2N H2N
HO OH and HO H WO 20 /099_59o PCT/ 0822009,'7 1380 -4
I n avfeffin Rdp 2 GHtablgmitpgas perigstingtgsouptane Rpisdbeit' taoatherwith & form a
r el aduisblelniirogenpadtdvinth gralp, shdR® is thioalkyl or thioaryl. Compounds related to formula 2

may include: :

5
1 >/: : o} :
R s 1
S SR O
/ /N N
R? R?
H oH HS  OH , ' o :(3\\<:\DH and
N—g\
0 HO oH |
In another aspect, the present invention relates to a compound with the following formula:
R R?
10 , HO  OH or Hd  OH

2a
wherein R® is thioalkyl or thioaryl. Compounds related to formula 2a include:

sf sf
HZN.—<___\ HZN—§:\
HO o ang HO H



stereosel ective preparation of a conmpound having the
formula 4 or 5: R R3 H2N H2N HOB® CH. or HOOH 5

wd 284/08apr i si ng converting a conpound of for MCBEIE2004R81380
RI N R 101 to a conpound of fornula 4 or fornula .
5, by treating the respective starting conpounds wth
an osm um cont ai ni ng oxi di zi ng-reagent conbi nati on of
K20s02( OH) 4/ K31=e(CN) 6, K2C03, NaHCO3 and CH3SO2NH2
in the presence of DHQD2PHAL as a chiral auxiliary
reagent to provide the 15 conpound represented by
formul a 4 Bfurther enechdie @prpets.ythe wigesnt intentian fetates te @i methsidefor the
Ni t rsReRBelediVeqraaiation®f §EMpBurdeviigdnd formfdla@ior RL t 0get her
with R2 forma suitable nitrogen protecting group, and
R3 is thioalkyl ogsthioaryl. Prefgrably, R3 is an
t hi oaryl group or t hi ophenyl group. This present
nmet hod may further /i ncl ude stereosglectively
converting a o und of f or ngdN to one of the

foll ow ng compound§:- R3 R R R R 20 HOH or
HOOH 2 3 1In a fdrth P aspect, iavention rel ates
o a method for E8nver nd a conB und 8F' formula 2 to

a conpound of fornula 4, and/or convgrting a conpound
of formula 3 to a compdund 25 of fofnmula 5, by

I e mesrhpiiging Ecdvetiinga@eapoupd &Fabia N gr oup w t hout

i nduci ng racem zation to provigg t he conpounds
represented by fornmula 4 or 5, (espectively. In yet a
further aspect, the inventRon relates to a nethod for
converting a conpound of f a 6:

/
R2 —_

10 1

to a compound of formula 4 or formula 5, by treating the respective starting compounds with an
osmium-containing oxidizing reagent combination of K;OsO3(OH)4/KsFe(CN)g, K2COs, NaHCO3
and CH3SO2NH; in the presence of DHQD,PHAL as a chiral auxiliary reagent to provide the

16 compound represented by formula 4 or 5, respectively, wherein R' is a suitable nitrogen
protecting group and R?isHorR' together with R form a suitable nitrogen protecting group, and
R® s thioalkyl or thioaryl. Preferably, R%is an thioaryl group or a thiophenyl group. This present
method may further include stereoselectively converting a compound of formula 1 o one of the
following compounds:

RS
R1
\
N
/
$ R2
20 HO OH or HO OH,
2 3

In a further aspect, the invention relates to a method for converting a compound of

formula 2 to a compound of formula 4, and/or converting a compound of formuia 3 to a compound

25  offormula 5, by removing the nitrogen protection group without inducing racemization to provide -
the compounds represented by formula 4 or 5, respectively.

In yet a further aspect, the invention relates to a method for converting a compound of
formula 6:



WD 2004/ 099129 PCT/1B2004/001380 -5 OOH NO 6 to

a conpound of fornmula 7, 7a or fornmula 8 O \ R4 N |
wWOl20049%9129 5 O 0 7 8 wherein R4 in fornul a 7pCBIER004/001380

| eavi ng group, by treating the hydroxy-butene 6 with

met hane sul fonyl chloride in the presence of a

sui tabl e sol vent to provide compound 7 or wth nethane

10 sul fonyl chloride in the presence of an am ne base

in a polar aprotic solvent to provide butene- nesylate

7a; and O \ OS02R N O 7a treating butene-nesylate

7a with thiophenoxide, wherein ’he t hi ophenoxide is

formed in situ 15 using

nol
non- nucl eophi l'i c base in »IarN%m(EE?L solvent to
provi de thi ophenyl - but ene.8 { In this
reaction, preferably R4 is chloxo, brono or -0S02-R ,
wherein R is alkyl or aryl. In addition, conpound 7a
may be stereosel ectively converted to a conpound of
f or naik eomundaa thrraula?) Maouiohuis: f or mul a 8 may be

converted to a conmpoung of fornulae 9, 10, or 12,

- R O\*«—C

wherein R* in formula 7 is a leaving group, by treating th‘e hydroxy-butene 6 with methane
sulfonyl chioride in the presence of a suitable solvent to provide compound 7 or with methane
10  sulfonyl chloride in the presence of an amine base in a polar aprotic solvent to provide butene-

(
0
OSO.R'
N{
0

treating butene-mesylate 7a with thiophenoxide, wherein the thiophenoxide is formed in situ

mesylate 7a; and

15 using thiophenol and a non-nucleophilic base in a polar aprotic solvent, to provide thiophenyl-

o

20 In this reaction, preferably R*is chloro, bromo or -OSO,-R', wherein R' is alkyl or aryl.

butene 8

In addition, compounq Ta may be stereoselectively converted to a compound of formula
8, and a compound of formula 8 may be converted to a compound of formulae 9, 10, 11 or 12,
respectively:



respectively: WO 2004/099129 PCT/|1B2004/001380 -6 0 O

s HZNH2N HO HHOHHO Hor HOH 9 10 11 12 In
wadaupary the inventive methods include convePCT/MmRoo4@®1380
~conmpound of formula 9 or 10, or 5 a mxture thereof,

to a conmpound of forrmula 11 or 12 or a m xture thereof

by deprotecting the am ne. Ts conpounds of fornul ae

9, 10, 11 or 12 nmay then be converted to the

nelfinavir free base conpound, fornula 17: CONHt - Bu

HONNHOH 17 10 In a further one of its aspects,

the present invention relates to a neth
converting a ound of fo la 9 to E }rrpound of
fornula 11 by ’r otecting t!am ne, t hen
' gonmpound forsrul a 11 conpound /of°
«{ O- H 14 by tituting " d"mew
\Ng O X 0. a carbgmate group,
t hr ough gfiventi onal odedt es. A'TonpBundbrof He H

formula 142 may then belffurther condérted to a ctmpound

of formula 15; WO 2004/ 0991% PCT/ ]| B2004/ 001380 -7
/10 - ,J\pafigmon the inventive methods inc ude converting the compound of formula 9 or 10, or

5  a mixture thereof, to a compound of formula 11 or 12 or a mixture thereof by deprotecting the
amine. The compounds of formulae 9, 10, 11 or 12 may then be converted to the nelfinavir free

base compound, formuia 17:

CONHt Bu

HO.

10 In a further one of its aspects, the present mventlon relates to a method for converting a
compound of formula 9 to a compound of formula 11 by deprotecting the amine, and then

converting a compound of formula 11 to a compound of formula 14:

16 14
by substituting a new amine protecting group, i.e., a carbamate group, through conventional
procedures.
A compound of formula 14 may then be further converted to a compound of formula
15:



by treating conpound of fornmula 14 wi th nethyl phenyl
sul fonyl chloride and an am ne base 5 sol vent

wo edokhowEd by treatment with an aqueous base t oPgT/&82004/001380
the conpound of fornula 15. A conpound of formula 15
may be further converted to a conmpound of fornula 16:
CONHt-Bu O O NN OH 16 10 Arxonpound of fornula 16
may be further converted to nelfinavir free base,
formula 17. In another of its aspects, the present
invention relates to a nethod for converting a

conpound of formula 8 to a conpound of mula 19 or
200 0 s O 0O~ HZN~ HN- 19 20 15 by -step
process wherein the phthallnlde s re d usi ng
conventional procedureg . e. 0 atment with
et hanol am ne) to give @ 0- 4Hm Kophenyl - 1- but ene,
foll owed by treatnent WwH car bobe | oxy chl ori.de
(Cbz-A) under conventional conditioys (e.g., in the

presence of base) to give conpggind 20. 20 Conpound 20

may be converted to a conpound of fornula 13 or

fornula 14: WD 2004/099129 PCT/I|B2004/001380 -8 --~ S

0 0-by tregting cpippaepg pidiprmia; 14 wish methylpfienyd sufosyl piaside B @pdmine base
15y sbleentbiimied by iresnet withdn aqugbitbasito Péld the compound of formula 15.

Cbz- 3( R) arﬂ &ﬂlpéunﬁ '3# rﬁ!ﬂ%qﬁ gnégfé%g%h%{]c%n\% 2(9 toutgérrg& o?formula 16: -

osm um cont ai ni ng oxIl

K20$OZ(OH)4/K3Fe(CN)6 K2CQ3, and CH3SO2NH2 i n
the presence of a chiral auxili reagent. Further,
the invention includes a nethod Jor converting a

conpound of fornula 13 to a gonpoénd ofndmrmula 17,
21 or 2la (E:/A\ ;
: N

Ay
SRAR'

16

10 A compound of formula 16 may be further converted to nelfinavir free base, formula 17.

In another of its aspects, the present invention relates to a method for converting a
compound of formula 8 to a compound of formula 19 or 20: A

-~
—C OC

i
15

by a two-step process wherein the phthalimide is removed using conventional procedures (i.e., by
treatment with ethanolamine) to give 3-amino-4-thiophenyl-1-butene, followed by treatment with
carbobenzyloxy chloride (Cbz-Cl) under conventional conditions (e.g., in the presence of base) to
give compound 20,

20 . Compound 20 may be converted to a compound of formula 13 or formula 14:



O~( s O-Y HNHN HO R4 HO SO2R' 10 21 21la wherein
R4 is a leaving group in fornmula 21 and Ri s al kyl or

W(arzgul4/09912§ ormul a 21a. See Schene B herein. FupCh@Es2004/001380

the invention includes a nmethod of converting a
conpound of fornula 21la to a conpound of fornmula 22
(shown bel ow) and a net hod of-&onverting a conpound of
formula 22 to nelfinavir free base, fornmula 17,
according to Schene B herein. CONHt-Bu O AN N H CH
15 . 22 Wth regard to the respective fornul ae
descri bed above, prefera R1 is al kyl carbon

al koxycar bonyl , arybalkyl bonyl , arylabkoxy onyI

onyl or yI and
Rl is ar ony
aryl aI kyl en nor e‘r efer abl ) Rl | S

benzyloxycarbonyl orHQenzvl and R2 is H Fdrth@f R1
and R2 together widh the nitrogen to whildh they are
bound may forma phthalimnido or succinimdo noiety.

dd QI i C\f?@lﬁere&ﬁy éﬁ%@ﬁé@%@%@dm%ﬁon o?&l%‘BA(R)Camrd t‘ﬂ\b%g;yl -{-butene
(2R (5056 1200 PTI98 S oo CorpRSRUAN, of K Ay R ON

Th eKC 05, INaM8Dk3rd 'CH: 80 AlHg inttice mreseheeadf @luhiral euxiliary reagent. Further, the
br anehid lrfélhé’és 3 nf’éth%&’ for &F\\%‘&Hg B @%‘\d?agndf & BMda 13% él-gompGlf?\E BASmula

atons_in_the chain. Exenplary alkyl groups 1 nclude
rnﬂ?ﬁﬁ1T' ' which also may be structurally depicted

by "Y"), ethyl (Et -propyl, isopro butyl,

i sobutyl, seq;buty ert- butyl tBu{§iﬁ> pentyl,

i sopentyl, tgrt-peptyl, hexylb ohexyT, and the I|ike.
The%—eﬁer al kyl " @- ta.a/straight- or
branchgd-chain &l kyl grQup’ having \rom2 to 12 atons
in the chain, 0 e [ more of whi Clj‘]a' et er oat om
sel ect ed fronﬂ§ 0, and N. Exenplary héteroal kyl s

1% nel ude al kyl ethers, &econdary and te&iary al kyl

15

20

aniwhesin %Ishydawsg,drcﬁupdﬁsrmula 21 and R" is alkyl or aryl in formula 21a. See Scheme B
herein. Further, the invention includes a methad of converting a compound of formula 21ato a
compound of formula 22 (shown below) and a method of converting a compound of formula 22 to
nelfinavir free base, formula 17, according to Scheme B herein.

/(‘/\i CONHt-Bu

o ‘
ani!

With regard to the respective formulae described above, preferably R'is alkylcarbonyl,
alkoxycarbonyl, arylalkylcarbonyl, arylalkoxycarbonyl, arylcarbonyl, aryloxycarbony! or arylalky!
and R%is H. More preferably, R* is arylalkoxycarbonyl or arylalkyl and R%is H. Even more
preferably, R is benzyloxycarbonyt or benzyl and R%is H. Further, R' and R? together with the
nitrogen to which they are bound may form a phthalimido or succinimido moiety.

Definitions

As used herein, the terms “comprising” and “including” are used herein in their open,



and the like. 10 The term "al kenyl" refers to a
strai ght- or branched-chai n al kenyl group having from
W@ 240a/099129 car bon atons in the chain. |l ustratP@PIB2004/001380
al kenyl groups include prop-2-enyl, but-2-enyl,’ but-3-
enyl, 2-methyl prop-2-enyl, hex-2-enyl, and the |ike.
The term"al kynyl" refers to a-8traight- or ,
branched- chai n al kynyl group having from2 to 12
carbon atons in the chain. Illustrative al kynyl groups
i ncl ude Ine ynyl, but-2-ynyl, but-3- 15 ynyl,
2- mef Wgﬁ?eﬁm?nyl hex-2-ynyl, and the like. The term
" hal oal kyThe terexf'ays rEtfelstQaeitrangtitgjnbnanthd-maamtkhemunhaing from 1 to 12

?Lgleﬁﬁfﬂ)on%&léﬂn h@\ghéﬁg Eieﬁﬁﬁ]a%r alk}ﬁgr&@.@ b\@lﬂde{’%&m (I\hé" WT'I bf?a so may be
Sy BHialiaBEEs S5, iy Gl aPRR Ry Pl e bt e o,

t ? i f PaRlyh Gﬁ@ﬂﬁﬁ/ﬂempgﬂ%m% [sehspyiand e sl or ohexyl
1-i odo- i STty theteroamg réfare td d s&ﬁght—%@bra_ﬁtﬁedrdhélﬁhlky?g’r?{dp having from 2to

(Ar )12 &{nﬁé ) tﬁ@cl@m%o&yn%r%gf wﬁ?({h é?%ﬁ@ro%m%@l‘e%t@d from S, O, and N.

aromat I
haV| lf-'fémf"?ﬁﬁeﬁ'i"ﬂ% e alkyl %th%{F [SEORTBIATY SHAV kY amingpnaliyl sulfides,

t 0o ldhdtherige.at ons per ring. Illustrative exanpl es of

ﬁ]y I gro Uﬁ§tel’nﬂ'@'ké¥@? re‘i‘é?ﬁoE %Al&%flﬂanﬁmd%hélﬁﬁkenh Aoup l‘%@ﬂg from 210
e r m

h .
ronc 2AEL0E b P Sk ISt dheps gy o PromsEert Bkarenih bu-s-
het é"ﬂc%@?t@"mqpra@ylshqﬁ@cqnwr%’d evkeng ring atoms sel ected
f r om car restedt ‘aRFhylafeysab b stitfght- i &dnﬁﬂsﬁ@hanrﬂéi%ﬂﬁ&ouﬁﬁ@ng from 2 to

sul fyg rcarbﬁ't a%n‘?s% RIS ‘?H)Us(p%vef Jll%@l grm;iﬂ% inbfdd bl Z-Y]na/f) E‘S-Z-ynyl but-3-

| n%’ b?r ative exa roup

{5he F%Izr"&%y Sy gL Re R RO 1 LIN N ,

/> V‘DTQéU@'m’ "Rk AreeGTY 4 m@%rmﬁhﬁﬁﬁ@-cham&enﬁgrﬁudhaﬂmg from 2-
-7 132 Tarbbn #dms thé\lch‘aﬂn e Dhe¥r m@reQ-y@)ngs ﬁ Iél]t}stltut‘aéi Nﬁ %alogen

Illwstralnve§al'c§glkyl g@oups mglude trlﬂk uoromethyl, 2-bromopropyl, 3-chlorohexyl, 1-iodo-isobutyl,
and the like.

20 The term “aryl” (Ar) refers to a monocyclic, or fused or spiro polycyclic, aromatic
carbocycle (ring structure having ring atoms that are all carbon) having from 3 to 12 ring atoms
per ring. Ilustrative examples of aryl groups include the following moieties: ‘

0.00 .00 O

OO , and the like.

The term “heteroaryl” (heteroAr) refers to a monocyclic, or fused or spiro polycyclic,

25  aromatic heterocycle (ring structure having ring atoms selected from carbon atoms as well as

nitrogen, oxygen, and sulfur heteroatoms) having from 3 to 12 ring atoms per ring. lllustrative
examples of aryl groups include the following moieties:

Qoo oo O



5 The term "cycloal kyl" refers to a saturated or
partially saturated, nonocyclic or fused or spiro
w@edogoynbd c, carbocycle having from3 to 12 ri PQI/ER200E001380
per ring. Illustrative exanples of cycloal kyl groups
include the followng noieties: , , , 7, 0,13, CC
0, 00 10/ , and the like. 1111111111113\ A
"heterocycl oal kyl" refers to a nonocyclic, or fused or
spiro polycyclic, ring structure that 1is saturated or
partlaIIy saturated and has fron13 to 12 ring_atons

per ri ng ect B.at o 15 ap®\N, 0, %gd s .S
heteroatu I {\uc rat d ex s hj terg y IoaNgy@
groups i ude : ’

~J \ - < ONN1~/1 n

200’4/ OQQH. PCT/ 004 C[ jV UO I}l\h
S | La
N 2N
S
\ | N XY XY SN
l ) l _ ZA__~ , and the like.
S N

5 The term “cycloalkyl” refers to a saturated or partially saturated, monocyclic or fused or
spiro polycyclic, carbocycle having from 3 to 12 ring atoms per ring. llustrative examples of
cycloalkyl groups include the following moieties:

10

I:D, @ 7<ji> , and the like.

A “heterocycloalky!” refers to a monocyclic, or fused or spiro polycyclic, ring structure that
is saturated or partially saturated and has from 3 to 12 ring atoms per ring selected from C atoms
15 and N, O, and S heteroatoms. |llustrative examples of heterocycloalkyl groups include:

Q c%oo o) o

S (i? N\:I_L/N éN do O\_)_L/O st)
N N 0 N
0.Q.O Q.0 Q



11P O Ng,0 NI clIXlIIllIlj ao and the Iike. The term
"hal ogen" represents chlorine, fluorine, bromne or

WO o@i0e9129The term "hal 0" 5 represents chl oro, PET/IR200L/001380
bromo or iodo. The term "substituted” nmeans that the
speci fied group or noiety bears one or nore
substituents. The term "unsubstjtuted” neans that the
speci fied group bears no substituents. The term
"optionally substituted"” neans that the specified
group is unsubstituted or substituted by one or nore
substituents. 10 "Alkylthlo" IS |ntended to r@an the

radi cal - S kyI oup, defuged
above. 'jf?il m%f §§ Egszed to t r d|
- SRc, an , de |n
"Acyl" is t tende to mdn a - O) R rNidi caI e|

Ris an alkylc)cycloalkyl aryl, 15 heterocycloalkyl

or heteroaN;LIS//group "Acyl oxy" /qs i ntepdegy to nean an

LG9 Ryf ad) WA e| R Nan g 7 cycl oal kyl ,
aryl, hetlerocycl qal k he T v
is intend 0’ nea C(S) relglll%%le

an al kyl, cycl oal kyl, aryl, heterocycloalkyl or

heteroar¥ % %g "Su fonyl" is intended to nean an =
-SO2-  bi I Bk ihalogeq) lepresRpis chipne; fioungqrpmipg ongding. e term “halo
5SOrepnaserasichined, fludtShlomo'r ipdp. | Nt ended to nmean an - SO2H

radi cal . Tﬁé)terrﬂ'ﬁéﬁks@t&ﬁéd” théant tHeehé %cﬁ’&i diRB r Ha@tyrb%gt’s ©Rd or more

- oer 8 by b miedhs B sk Lo otng substtvens.
r adiTbeterm rpieally %ﬁg‘tuéqdnmp@s thet thgspegified grounds upeipstituted or substituted by
" Di ahdyrinrd substitubrsts.i Nt ended to mean the radi cal -NRaRb,

1Wh erein R@(yl%dns mn o) ﬁ@&ﬂhe rbc??&?—@ﬁn @ﬁé?éull Xe 19 y@ﬁup, as def ned

grou and I's Inten d to i nclude Heterocycloa

groﬁ "wherein Ra and Rb, taken together, forma

het er ocymlth,id'ns lmgnclehmmwumeuml -SR&wbereimB° in b ampigesup, as defined
" Al kydvenedi oxy" is 25 intended to nean the dival ent

radical S{RQQ n\@nbe%no meﬁ£J gn{:j(%gRtr(a)dlcaaﬂ gr%ﬂ at onﬁyi cyclgaIKyl aryl,

adj acent
1§vhje pgf:rﬂcyp@allﬁygor getqerm grogﬂ ylo:@fr s Lrpﬁanded ;Q REFN §@mrﬁ,rpdlcai wherein
i nt amcedikyl ey, dh eeteadicoalkyl orGétEpaiRaroupTeRi@cy ilAtehdsd to mean

' ?Eeal LK®-R %fdQHPWh e KYd Mll{ypg%loalk)h sarryll 'ﬂgtFﬂa%lgalﬁy?or HERM3ry group.

L IR ROREPBENR, Ton S Se JHALT . St HEhoFa 5 oagm an 0
- C( biyenlicita’ Sulfeh isrintendediia megn amrS@bHkptiical. 30 gr oup.

25 Di al kyl ‘apare@asinieded ko' mdas tHedoraded. tAQur{é‘e&nArﬁlh@ lsruﬂg'id@@tb mean
an i '\ﬁfégibNHZ\lil\rEﬁﬁ(ﬁil}Er can ﬁtgﬁbem m@é{ qhegr%g’ c%l 'Wp\% fannnl-ri |¥ an alkyl
r adfe D%ps'yla ino” is mtended to mean the radical ~-NR,R;, wherem Rz and R, are each

independently an alkyl group, and is intended to include heterocycloalkyl groups, wherein R, and
Ry, taken together, form a heterocyclic ring that includes the amine nitrogen. “Alkylenedioxy” is
25  intended to mean the divalent radical -OR,O- which is bonded to adjacent atoms (e.g., adjacent
atoms on a phenyl or naphthyl ring) , wherein R, is a lower alkyl group. “Alkoxycarbonyl” is
intended to mean the radical -C(O)OR,, wherein R, is an alky! group. "Alkylsulfonyl” is intended to

mean the radical -SO,R,, wheréin Ra is an alkyl group.
"Alkylaminocarbonyl" is intended to mean the radical -C(O)NHR,, wherein R, is an élkyl

30  group. “Dialkylaminocarbonyl” is intended to mean the radical -C(O)NRgR;, wherein R, and R,

are each independently an alkyl group.

"Mercapto” is intended to mean the radical -SH.



WO 2004/ 099129 PCT/ 1 B2004/ 001380 -12 "Carboxyl" is
intended to nean the radical -C(O OH "Keto" or "oxo"
w0 gonbEreged to nmean the radical =0. "Thi oket oPCT/882004/001380

~intended to nean the radical =S. "Carbanoyl" is
intended to nean the radical -C(O NH2. 5
"Cycl oal kyl al kyl ™ is intended-120 nmean the radical

~al kyl -cycl oal kyl, wherein al kyl and cycl oal kyl are
defined as above, and is represented by the bonding
arrangenment present in the groups CH2-cycl ohexane or
- CH2- cycl'Grhoxd idntendag tpmgap e radical -(QA@hded to nean the
radi cal “wetkyl“aoyik jntendeeinte meanahdaadicab @l "Anighetodis éntahdéd tmmelan the
as abpues and is rep_resentbed bly the bondi ng
arrangenent present in a benzyl gr :
" AN nocar%bbﬁg'lc’gl'?me“def’? ngﬁd@&gk&fﬂ&fh t he radical ~
50 al kyl @ypaliylelRy'ain dnténded topmesnche eadica yalkyheyciagtydwigiein alkyl and
ar I aRERIRR Ble defirR8 89 ¥bole)arldiEregre@bied byGhE8anidifg &d)alénent present in the

"Al kyl am_no onvlal kyl" is inte 10 .
PR S ROFEROHG s Mt AR 8 rEFR, & Hftan e redeal
and alkdaryl epiesaie allik anchgryitaie defibertian gPous: 2ad gsewerﬁfenffg ¥ di bonding
I N bhghgenet presenﬁhﬁGbi&ﬁ(g@);bl_l—l@lnﬁmcarbonylalkyl” is intended to mean the radical
10A EM%?@'} BNy r\'@(ﬁ%égl}ﬁjed ty Sthé BbfdHiCSHah@ertBRARrebR in the group

radi cal ~“al Kyl N -alkyl "and 1s represented b -

bondi R WFc RN R (Y G b R as eued aolE R
- CHhreXi R) iChiGIkyl gBiup bricyd represeoteciniie bphdiriglegririgemegntipresesbid thg group
t o RaBHIcIENAHBAL Cal aRidaiofyidiMiBRID is  WBRTeRi o RnesdndheRadical

are ¢ ' endent | I " oXy..
o R POLIRESR Bt 2y 0 oY il ibon § o v
1811 y (CHGNGR(S)CHol (Ralivigmingeagiepyialkys isintangeriR Beansheragice! IS (ONRAR.,
r adivBerbin RORd, R, avdheicie intdlepBobentty aa alkgitgeaup.atAylloxgrionfended to mean the
" Hel QI:026). hittkdh R lissanlaRf GEBE tickePodRAP isliféndb@@inteah the Ridal -OR,,
wherein _Rd arﬂeterqara/l roup., . 2 A"swtab{{ie R, wherei
i 1 PORER P 8PP oG oo g B e g gy e whero
" to Rhieapetgiogryigreueondi tions used in this invention and
2b hat cana l%ﬁita_b@ Hﬂy@ﬁ-pk&&ﬁg ofRAprad & ér&fb&hdt i3 atablé @ tDrkaction conditions
I nduge% inrtﬁ\g ﬁ%ﬁo@t hrﬁtﬂa cgﬁb trg'ﬁovg& M&Qno‘ﬁf nsztﬁgmgﬁé? ?ﬁgl!lce racemization
cent'ers ‘0 ' e g yatr oxyel ated con‘pounas pr epar e )
her & the 3-a7hie er@rmydroR! epia oHie GhgioiatesoomadsRipRzreq herein.
ref ers ttheaayn grieuipg tloat” adepar teseid refans @ anygloer thlaedepartsgirom a

subshisbu ih QudsR@eh kiR Yy Rk § b&Hd. ExalPIBglof IBYAGRbRS include,
of | eavin gmtedto,

~qroups. | ncl ud Zgbutarent.
el PSE R BRI b ook A PR, 48 ingleh
trifl at eshe akiecyalpaliyl, aryl het¢rorubipaiyl and hetproaryl groups and the substituents
het GérﬁHWr@'tﬁb@é kdlipspddefiRt Réraidbyle, BaPbEpticHAN subituted by at least one

bst i t [ . . i o
ﬁ u %&ds&t@eg\\[) él‘?\e %ﬁ\i%&@h%??&sﬁtmgfs ug%r%gft? tem'i'%alg @Elﬁl?ﬂ?t éréesspecmed

er el.na _ Pt ona _ _ at
ore STOURIB SRS or SpRIUieE PHeneSBTIPE Auleps ubgtiusnls, Herays Spups may
30Nt ea detbdtitited op substitlitsd (i.adiheypdre optivaslly tshisstitoted)casf indigited. The term

gr Qt‘ggge%ﬁgeﬁl%%biletédﬁs%@eﬂ* is RS th HE&Fand ¥uiRHIE s@stitta Bat may be
ul

ubstituents. Varioys groups. 0.hb
ans (STTRLR Gaeut Sbat rPlrugHs SaRaty Y g e an
opt i onal The campasndstafithe diesent invantiindeay digive aFyiemetdq ggrbon atoms. The
carbon-carbon bonds in the compounds of the present invention may be depicted herein using
35  asolid line ( ), a solid wedge (—==% ) or a dotted wedge ("""!l). The use ofa

solid line to depict bonds to asymmetric carbon atoms is meant to indicate that all possible

sterecisomers at that carbon atom are included. The use of either a solid or dotted wedge to



"substituent” or "suitable substituent” is intended to

mean any suitable substituent that may be recognized
woromebdEes ed, such as through routine testing, POYIR2008®1380

skilled in the art. The conpounds of the present

i nvention may have asymmetric ‘carbon atons. The

carbon-carbon bonds in the coapunds of the present

i nvention may be depicted herein using 35 a solid

line ( ), a solid wedge (), or a dotted wedge (*.. fi

). The use of a solid line to depict bonds to .

asy reepistbiords daasypmetay when pempris reentiindiGaigithak oty the,giereaiomer

POS Séhbleis meare toe inslodeRlr # isqlossiieethat campoums afttienimasnion may contain

i ncl

2%%%%85% C_tl_rﬁalc%%%% {ﬁﬁ) Olﬁ étﬁ&l dogl t%lfnds‘; Mk Lgedof ‘é@gﬂ ‘ﬁné tQ deplctl

asynﬁ‘?éi!%tP ESVE‘a‘PHBFF’%PPaFPE‘S isgmezatin Pt ‘ﬁ&i ‘g°5t ef‘ﬁrﬁt"s%?ﬁ’iﬁre

tthe re¢emtte b iscuried. Thelueswf aisglidrieetn derichbdnds fonud erdnotk asymmetdc

POS SiaRoR atbiéth a‘é@rﬁ&ﬂhﬁ"&*%eﬂfveﬁtﬂﬁaddﬁl\éﬁl@& bAISokRY d6RB vadg8 to depict

o hsible ohR el bl G B BF sl Bhooda s HEaftso ndjcets trat

asyrtn'ﬂtlflel%d'@tﬂ‘i@@ﬁfsaﬂmntl s neant to indicate that all
possi bl e GiicefegtiressnaRbEnREES ofthéiviRtion tvll bbapparentifidti et desErystion that

€ fQIl‘owé1 waidh hiflerkek BE |r1t\181t|g1?§Hd(ft£ p@@ﬁ&%n’fb@dlmgﬁs. or nore

asymmetric carbon atons in a conpound of the
i nventi on and the use of a SO|Id or dotted medge to
depi ct : As pdAd

sanme ¢ onﬁwmdhédsofmmtm.wcdnmdéee ataemérhatan am.nmomawvmh e osmium-
di ast er eoner

a dvacﬁf'tamm OXI ]Lzmg ﬁ%eg{t rovu%ethe correﬁp?ndwgldl 361? ¥aﬁ‘n}% bf.ltrarcn)emat%cp]rgmg fothe
t%sc‘P'IO}UFQ grverelsghemel BB Adows, which illustrate the
invention and its preferred enbodi ments. Detail ed

Descrigpti og of the Inventjon gnd Preferred Enledi ments

The methgd of this |nvenHW§d3npmh<ﬂas treagfent of an

am ng- bu ene v tfr—am osmi unt copf ai ni ng oxi di zi ng

agent Ji de t heoCormesp I'ng Ho ‘

di hydr oxygm no- but ane, a%cor digng to the fo | ow ng
general schene (Schene A} RNR2 N2 2 and/or RN, R
~~r/ V R3! _ R3 R3 HO HO Zoff3iiNt—12 NH2 R3

- q)p

NH,

HO

wherein:
20 R is a suitable nitrogen protecting group; and
R%is H or
R together with R? form a suitable nitrogen protecting group; and
R¥ is thioalkyl or thioaryl.
When used in the preparation of nelfinavir, R%is preferably an thioaryl group or a moiety
25  thatcan be converted into an thioaryl group. More preferably, Risa thiophenyl! group (-S-Ph), as
the thiophenyl group is present in the nelfinavir free base compound.
In the processes described herein involving the imidoyl protection, e.g., phthalmide,
succinimide or N-diformyl protection on the nitrogen, a high degree of stereoselection is obtained
in the dihydroxylation step. If the phthalmamid protection group is removed and substituted with



HOHO OH 4 OH5 (A) wherein: 20 Rl is a suitable

nitrogen protecting group; and R2 is H or Rl together
wowaos/oRA29 orm a suitabl e nitrogen protecting grOL/B0emm1380
R3 is thioal kyl or thioaryl. Wen used in the

preparation of nelfinavir, R3 is preferably an

thi oaryl group or a noiety 2514-hat can be converted

into an thioaryl group. More preferably, R3 is a

t hi ophenyl group (-S-Ph), as the thiophenyl group is
present in the nelfinavir free base conpound. In the

pr o CHSERIRteHRREPYPH EF- REPaMate, i@y midpdhethign degrepbstereoselection is not
pr otzeitdvedn, Thes, gt js pibfefal o ffe imG@eHypd Profctidd @ the nitrogen prior to
N- di 0850 latidpr Ot ect| on on the nltrogen a high degree

of stereo el ec btained in the dihydroxyl ation
step. IfF ﬁ@"eﬁ“ﬁ"ﬁ* Pﬁ‘& 55 cpPpRURtsiab e YiebNip tednethof#eastped herein
&nd hgwiggthé founuiad, Y3t hard®, EBCHEOYVE29 PCT/ | B2004/ 001380
-14,,95,;}{33,3@@,,@,%,“@ groups, e.g., carbamate, alkyl or

am de, p? dqrr%Pee of stereoselectjon is not

achi eved” ef'ﬂ te pqmibpunds in, pecpidange (with 1, iBventignfaclydg fautomeric and
pr ofstespisomerio formb ef thé ccrm;g’emdsm Famule d, widehhyayriexyddiy disined using

Thi %chd?dﬂé@kdo@ﬁ]mﬂe%ﬂ FUr @*Qn@%sopﬁc%mam% aﬁ@??;s@ﬁé?s H%ﬂfa% epared -

‘ 19” & gét%%ﬁsp%gfg gn‘%heals e, Iug%c 5aggrogonsraw{cg%1&;€ﬁea ,eorracemlc mixtures
Cowﬁ@ﬂ%@sqlWé?'Wﬁé‘ﬂP"&ﬂt@"@éﬁ?b’Mﬁﬁs in accordance wth
t he i nvenisumerstood ihatdile 220PEURAE inBy eXAiBlt theSihBRdRR ST RioMerism, the

for Fﬁﬁmlﬂé drta\nlﬁgs%tﬂn mﬁmﬁgtloﬁ%ﬁ&l déq( %&1@ P’@% gg)s%b e tautomeric

rea | I % é n tec

For B e'ef?f5{° bg amegswaewvéorwf 'Smd%dgfewfg%ﬁ*@ﬂgalﬁwnc form
1be pfitegsizpictdd compound ard isnatiobe pted mbrely tosispecliegingppure fagm depicted by

usi thg sﬁ.j&.j-aﬂonﬁymt hons and chiral r eagents, or r acem c

m xt ures ved using, conv t i.onal

techni g ubs @ ko un%grs‘tﬁ n dé hetq 88'8"?&%?'96]&5 R 1" oRb GR @ Ry o 7

ex hfefiguratipesl ispieaiore mbHre ! B and Z iawers s fris therafore fodre nodegstood that a

dr asstrgesis nehded fo régrésentSpeddhfigu@adnaAsim@KRE @pRied cohadusd and is notto

28 ni Ye I@ﬁt@d ngeﬁl 'ﬂ)ea Jﬁg 'cQ%Souh@HLn??é%rc{e b¥ tfng fom?ljla érng?gesn ded

t here be understo
to repr e§°€l‘?t° 9% ?Veptéi’ﬁf’?m@f‘i‘% MRY P AEsingle sterRisofesi(er egsentially free
c ongotheUstereaisomersh ccerhaiesh end/dr mixtuesd oherastioynets@ndiorie@icbingrs. All

co ”E@H sayid s%réﬂns@ﬁ@r‘s Q&&%aﬁyandﬂb@urgtﬁéﬂ&? é+£ iﬂienJe@ fo/BM Wwithin the scope of
s %? gr%selﬁpi Fl%;l 06)1 one. ;2% rread em%ontp ment, ?Le mventwe comlpounlds thaly are optically

exi s
25  active (1 e., enantlomencally or diastereomerically enriched, as described herein) are used in

optically pure form,

Additionally, Formula 1 is intended to cover, where applicable, solvated as well as
unsolvated forms of the compounds. Thus, each formula includes compounds having the
indicated structure, including the hydrated as well as the non-hydrated forms.

30 Exemplary substituted aryls contain with one or more substituents, preferably one to three
substituents, independently selected from halo, hydroxy, mercapto, thioether, nitro (NOy), amino,
aryloxyl, halogen, hydroxyl, alkoxyl, halo (C4-C4)alkyl, C+-C, alkyl, C4-C, alkoxy, carboxyl, C4-C4
alkoxycarbonyl, carbamoyl, N-(C;-Cg)alkylcarbamoyl, amino, C4-Csalkylamino, di(C,-
C,)alkylamino or a group of the formula -(CH,).-R’ where ais 1, 2, 3 or 4; and R’ is hydroxy, C- -

35 C,4 alkoxy, carboxyl, C+-C; alkoxycarbonyl, amino, carbamoyl, C,-C, alkylamino, di(C4-
C)alkylamino, aryl, saturated or partially saturated heterocycles, acyl, morpholino(C;-C,)alkoxy
carbonyl and pyridyl (C,-Cg4)alkoxycarbonyl.



configurational isonmer, or a mxture of E and Z
isoners. It is therefore to be understood that a

wo coorodE29 s i ntended to represent any confi gur BCT/IB2a04/001380
formof the depicted conmpound and 'is not to 20 be
limted nmerely to a specific conpound form depicted by
the fornmula drawi ngs. Sone of _the inventive conpounds
may exi st as single stereoisoners (i.e., essentially
free of other stereoisoners), racemates, and/or
m xtures of enantioners and/or diastereoners. Al
such si ndixempiare sesiitstedralkyds canteineomatoe snognsbibstitventsrelected from aryl,

t her@@éau@r Qetbrﬁéyﬁlegl@ﬂ hk@roBigH, eré Pnfihot Eﬁn@ (ﬁ‘aﬁeh)@foxylt%xy, aryloxy,

pre | e

SRl e b DU LSRR b
(i. eafylcaéﬁa)("&x}’ oner f¥eNveabopy. di akatespantastemal | yheteroarylcarbonyloxy,
&nr inehkedryloagatianCr | bedhdtwdc@dldé)(ylébﬁ'tﬁmﬂsed | Mete@BycloSIRYidadbonyloxy,

gg\rlgurere%r \A%E('i‘oﬁe a§fcta b8|§/? a?kilamlﬁgré\&%nﬂ}? hlatgr\%é@f)ﬁg%ﬁ]%o Reteroarylammo,

uns SYUEBE o a"ﬂi?°°?’ﬁ@‘y'c onfrdimieRsarbomyly s | hefezreyeiqayiarinagarbonyl,
i nclhedwsryauimperhooy, diaikylamigocaihenyl, maudamhleﬂhls taryitsib efidcheteroarylthio.

| nC'E‘)lé*h;ﬂQ'yEdﬁﬁltM iilof ﬁﬁcld@@ |obver%§<ylﬁ1@r%ad?& I@l@rﬁﬁéaﬁ( arylthloalkyl

| ”§roalr?’y9 1 o ?'@ arﬁlgfgéhi% b%i%@ ?%%Iehyijrsxy? aclg)glkv}” 01-04 Skyihio(C
s u b%F%ﬂéﬁF?aWi(%d%}?&H d‘@tﬁqcxplosléyl(écﬁéaikyf ano avitfaiCaalkyl groups, such as

hy d cRrgmetiR r2aagioathylf dh@esisagrbpyi, B‘—ﬂl]idrdbrobm)d:brm&ﬂ 3-chloroisobutyl,

ar y |,ogz§j/ LTW( Q@L&}&ﬁ&& nyﬁ rLyb ﬁ&&g%{ ro(?%pr%pgl 2-l|1ydroxy|sopropyl

dﬁly rgﬂy C a?tbygm%thyl propylthlopropyl sec-butylthlomethyl
15u|- ( Q’rFO(WI)eEHkaI qumplmumelwl dsndoigiethyll - CAayidtyl, ans-fnien-2-ylpropyl,  1-
di ( flidaz6ifikeprdpyl] amiHRQoMuyR 9T B#éﬁ lrﬁéthﬁ he,_fyehybHy A 3&% l
R7 W h%\ %o})rgp &4 g nylglttﬁ Qﬁh ' I's hydr OX))/ 1 ppmpy
C4 al'Kt g bRy |f%oxycar bonyl , ani no,
car banoyf an irgentive %mkwnéﬂﬁ slrse,f qesited seitlnay ke prapeirerby any suitable
ar yhgthadaknwwatnemb at, inplading teskdmentsa thdirdé Babe Ith e MEgEieseid, such as
Cy I . » .
2@ hyd;)ffﬂﬁrﬁ%gh gg@%b&]mlgg%ﬁ%%iﬁ8%&?@@%1\05@@0‘% Qé(J En%)(l"e Ilke,. orw!th
SO BB Aoul SRS o2l BB 47 SUEH ok, gl et martc acid
contalpric 8k PrkvigiEnide oxalibadid, lyenfi¢ scids edlieyit ecld, fpy@nosiylydcid, such as
Ccy chigaukdallacid &%Elﬂtﬁw&dcgaéldﬁwhydr&? L&, Rh ¥ <:~|tr|€5‘élc§or dPtartaric acid, amino
o Gy OB S b T
231 kMBS RCKl ’8’6'?19% P-m%zﬁnewfe&? MP@WSU'@F'S/P%PM%W
ar yl car boayihertve campyduod ig Gabigrydesirdaabie meyabe/ pregiidaas)shy suitable
h et ﬁll’etﬁ@d’ %b\ﬁr% lﬂ'@%l lﬁl’?ﬁ)&mg ﬁeJﬂrﬁén@BfQI‘?er AR ?éé’ ﬁ@r%ﬂc ot mc or or%(amc base,

g Xcl oal kyl car oncy et eroc
het %LF & &P G31R BRYD PEORSY; O eﬂ'ﬁﬁy};ﬁf‘ Sl F‘S?'I %{rﬁ"ﬁ‘ e calth meta
het @1"@6'9% loothe gl Hpdtmative ekampias obsujtibiensaltsincludgioagakiy lsaﬁm:iesmed from

3@l kyrhind@aciie e@h BOGNEIne amf aydiriie Jﬂr@ﬁo’ﬁfa%ﬁ‘%ly »secondary, and tertiary amines; and

h
et g)'c@%%ﬁ%g @uémég a%ﬂﬁie:/ﬁ{oppga%F kan:]i %%%razglg,aarsesvgmﬁ inorganic salts derived

rrerif%{’bf '”ma‘FaR’ij’ H?tﬁfs'“'ar'??&”ﬁ?“ﬁ“ aﬁdgﬁﬁleaee\r@aqagwwmm aluminum, and
Exeltpirar y substituted al kyl groups include | ower

a: t(?lloge LAH e Rahds vt thls ﬂl/éﬁifén cbﬁt&%tife%% ’onf?'{%glggﬂté?gké(r}@yexét%s single
3% al %?ras a:?na%g{ mI%HVé Pfd?)la?‘ltl pars %Mo‘ﬁplﬁwreor@rs Cﬁll such stereoisomers,

al kq;qas@qﬁoy(-z@pnd mixtures thereof are intended to be encompassed within the scope of the
present invention. Where the stereochemistry of the chiral carbons present in the chemical



C4) al kyl, heteroaryl (C1-C4)al kyl ,

het erocycl oal kyl (G -C4) al kyl and aryl (Cl- C4) al kyl
w@e@dp9128uch as chl oronet hyl, 2-bronoet hyl, PCT/IB2004/001380

1-chl oroi sopropyl, 3-fluoropropyl, 2,3-dibronobutyl,

3-chl oroi sobutyl, iodo-t-butyl, trifluoronethyl,

hydr oxynet hyl , 2-hydr oxyet hyl.,16 3- hydr oxypr opyl ,

2- hydr oxyi sopropyl, 4-hydroxybutyl, methylthionethyl,

et hyl t hi omet hyl , propyl thi opropyl,

sec- butylthlonethyl 15 pyrrolylnethyl

qui stukturey ilpsielsg herein isi nacipEsjliedt th themizalfsiiigyre i fifjgnded to encompass

3- t &nfpBards Yo liner steredistimdict @bdhlchitOgrmpy |

4 t h' az O\}\Ir{énméédyclefcnQéq%mldcm%tch¥+dund? e tﬂe@rﬁ ycl %W%%“Ve" T %sed herein to

- napht h
andingeRe et o corpfouBgs SHUGHEN? oeei?ﬁs%iﬂ'mmf%y gl e°°"t&°L¥"ds that
&lesare ethnaericatipghrithed grntaparaatér iyn 5960 § sindlesstdrepisomert 4nd greferably

kn o%ﬂﬂta‘n”gr&é?é? 1 t75%] oF‘Q ng&lé Bgrebibdnidk. n@%pdﬂﬁdsttﬁb@ aifero%@.tekéaﬁnencally

hy d?r[‘j'g'{]eg :rr?rgangg??aaer thgn Of/’mj A Elng%g%{eomﬁfnﬁc%f Eacg Ehlraﬁzarbon center present
phois Hestastereawerdand preferablyesontiik areaterrthap) 5% oA sumlqﬁiq{pq;somer of each
aci ghiralTbibbh SseAGiEthé Giastetddther. "LEaBly, Abeler, thél EipBirds &@iptbsent in

n funarlc acid, malonic acid, pyrUV|c
1&3 %E“migﬁg%g%0|d ycolic acid, sallcyllc

pyr anosi qun ugeq @scrlg%%pﬁﬁgglar cglnawp d'?ﬁ termae;intlaal% Pure" is used herein to
gal iadi¢aty eat theacimppundl ip rsabdtantialip xepardiometically ua hdiasterepmeridaly pure.

aC ' gon?ﬂouﬁo@ kfafdré Sub@srisly e@aﬂ&nﬁ]éﬁcall?&iréjaontéh‘é’cﬁéaﬁ%‘ﬁ&@@iﬁélé iSomerand .

aCI Hefsrlablgchﬁ%?na Ieggt 9%% olrg sgnall‘eﬁ%oﬁq%:g aColrnaoundS ?l‘hp %pezgubstantlally
18- t ddstrssameticafionireconteingt lspst 80% ®h @ singi¢ ispmer ohescd Ch'ﬁ# carhppg center
|i kiresehffin i@ diasterddiiet, il pesirRMLEDRtaih 8t leaist 98%iofh sir@leti@mbrtebch chiral

S al éarﬂZFyMQ"g prgfe(%glz rtI%%PtQXI ty%‘grg C OLR(E'IHQ?IS H%Hb‘ﬁ@ JKJWM’Eagt@ 5% of

I ncl ree acl
. no? gagis isoer g}?ﬁﬁ Rfefﬁa‘%“"t% HPaBiS %ot il RPIT niPypounds
S ecidentifiedyrereip s $imgtet stezgoispmera are alekit ko desnsibedomppungds thatlaterpeesent in a

2ar b tﬂﬁ%@rﬁtamé’h‘ﬂé&&%"ﬂ@fa s‘i?&letlslaﬁiell i ke. I'llustrative
exanpl St ggin?x% Za?hon I;]egctg)g Jin dthe me g’f g ﬂ e%c?n rgagJ bg Sonducted using

derlved
ar gigiehipmetrig ﬁfrﬁatqm anpmtsméthy osr@@aﬁmw OXI%ﬁm aget- icatplytic amounts
am dfass oﬁd‘tﬁhg agymlarecusaan thlealhydﬁdxy'liitloﬁmapIbp&bmddbtmagn the presence of

nor QhGhdnGic aRBlEts l‘aps%[:ﬁ'ué 'oﬂ@zlngaaaeﬁ@’ﬁwlad seRSs 4R bR fo-RiBikihgagent.

derive rom so cl um

2l A RBIHOMET %ﬁmuet&ﬁ"bs g pentic heia- o Dot Foaeeort gp i an
Al | anyintdiert is @gui-ofolat th the ainpynd pitbiutsne Rresentdi the eeactiop mixturep ife catalytic
C hi grduntoBiE Sidizig HgdhBY usey, |ﬂ%tox@§|n§de£§}hﬁs us8®in an amount that is about 1%

St et{) %80u§ 95'373 fgf%e n%r%g ér%unEAf % tgr(eja‘cr‘esgﬁt metnél@g&tlg%&@ Sk d/ or

di astereo er eoner s
and m Xtﬁﬁf@@b“t the dibgroxation i eaBALHES usiho lﬁ%ta'@ﬁca@}?ﬁ%{% gfffe osmium-
30M t dvhfaininh exidiziagosgentfin t:&mbmapdsre«snmmotassiwe fredriicgemide\\ffepagtictilbgy useful

i }’IS(E?I il %mﬂﬁﬁ%’\ﬂ?ﬁ cBrnﬁnéﬁQﬁC[rsﬂ S0 é é@ﬁ)@nk C'd" hB8co, and
st r ofdeRetl YVh"f yggfﬁé T RIFTNTEL R 8£§ gf‘??é‘ﬂa‘ apyifigry reagent.

chemi calPrefereiply; the raminp-snojefyt of thd @thinodrutenrcio Aotested withonpidiegtidg group

co n,srar tB tr%&it \ancme oibiBhPaYe MO rmcrrmcas 128648, R:‘iahd/&le Fe@feb&{la suitable
artic

op‘ﬂ"{°@8" Wrg}ecggq gi;rQ/UéJ Tﬁtga arseéamﬂeere!;eep Fpscheme A hereln comrpounds 2and3

are the dihydroxylated forms of compound 1. Suitable nitrogen protection groups R' and/or R?
are those that when removed to form compounds 4 and/or § do not induce racemization. The



i ndicate that the conpound is enantionerically or

di astereonerically enriched. Conpounds that 5 are
wep@anpanperi cal |y enriched contain greater thapCBHOR06£001380
a single stereoisoner, and. preferably contain greater

than 75% of a single stereoi soner. Conpounds that are

di astereonerically enriched cpntain greater than 50%

of a single stereoisonmer of each chiral carbon center
present in the diastereoner, and preferably contain
greater than 75% of a single stereoi soner of each

chi madogeraprétetingograpentdy be feridied 4l |aas|taa|é Paifte the F¥aetor s&dabnte of the
hOW%Y od t(g Br%w&éomégw%dgteﬁ{egla o??a? cénﬂ)ourﬂdo é?:%b'lecl‘ﬁljréﬁgn -protecting

pure orm When use artircular co

t he SFPHENINS TEheds (P prpipeting ?@,d ‘lﬁé’é‘lﬁecﬂl?raé g B1°'eFVr?6‘? ngpmto those
t hatskilddén thearpexamples of wisichosdydom fourd ih V. Geseaednd Bridéuts, Sekelcling Groups in

@i aghenea tlhe@@'(ﬂréy Edp)uﬂéhn WilePEBEMNIS (1b§§}twh%ﬁ% mcorporated herein by -

38&?&%@%&% ltsy ?ngre@t n%orm ﬁsganc%sr gplérpgde%ﬁ)% eg b”ﬁtgé‘iuﬂ n‘)ﬂy%e specifically
| eastleasiyg 'aﬁfea&t"@lun@f e fegeigr ponditinaprsd indhs methads ofthis invention. Under
Subsiean tiradinbtyncd) thl ARSEON QEHURIbRsCEhlert thel E@ectafraédingibroup into a

| ea§£bs§t9e4’c ﬁllgf l@el&bmgfﬁl és%ﬂ 'WerQJ.atee&%o&B C{{ @nls u?l@l{tljgrg Pr is a desired

g Q%tsen In | ast er eoner,
onf"Ql"ﬂ's t F%’é’gﬁt@gﬁ%wm%{‘ single i somer of each Chl ral
car bon. Srealipthehizegeh prptectinb groagstriag bé dejectpdiiram thempisties dBerein R’

AN {shi gkylcarenyt, i %ﬂoﬁ@é’iﬁd’i\gn artjla*(ﬁé%ny97 éﬁ@ll&&ycar@orﬁl Pgllyféarbonyl

i SO L

o7 RSPl TS AR Y, Sl By b nF8Rhoecio g
st e%@%ﬁ JOHRIES "H}eﬁ?‘“rré?ants P@PZH@Q’%@”@OM: deraeribreY. tthulyicaipanyl, t-
1pr ebaydxydarboayl, a0 bérayl ot dubdituted @&izAigRApsAE.g) SO zMfan@R? is H.

si ng| %sée%i@lweﬁrefe;rp@ éﬁ&b'BMﬂEnﬂé(yhatlé oﬁle @@Cﬁ a‘p rEr)!leoW}grbonyl (e.g.,

cte

PR HAIBID P oy ATk Ofrgrefored embodiments,
“osm um contai ning oxidizing agent. If catalytic 7
amounts of the oxidizing. agent are used, the

di hydroxyl ati on may be conducted in the presence :

St OhighRO@EBdtier GitrAA® Hitdgen & wikchYRGIRTocANd Binth ha’ﬂﬁ%% 5 Yor
that serves as an osm umre-o0xidi zi ng agen 25 I a

st oi chi onetrJc, anmount of the oxidizing agent is used,

t he oxi di zi[ngfreagent is used in an anount that is

equi - nol ar he anmobunt of butene present in the

r easuctimnide( Xt Unenoidyf a catal ytic ampunt of the

26’)(' di zi %lf@%&@ abo§'a M§ g&]dﬂo%(ﬂ%oﬁ)}g alo% s meﬁl?%?%ﬁ% flnv?rr,t]lon prgerably

In an anpunt
nol %”faﬁﬁﬁﬁie'eaﬁwelwt"@f?@ plecd &t Pastible Hiastpraemearic grpducts is formed in
m xppreferenceRe dieantteb| Yhus hibe dinjtyakyinsayé atodan obtaineicin GHeh@lbd of this

usi |ﬁ\ﬂ3nﬁbﬂﬁseﬂ er(thr‘é oﬁﬂ@l@érﬁ ngon‘teﬁewﬁ?ﬁéﬂ Mgfwo%gm‘é@%]:eadr&'em% unequal

OXIdIﬂ
g i in iol product is
Na Hibtaheauach mikitld S@dMeRomedWHe RinTMideRredh St ekddsd B Bonsistent with the

f .
g{ Z&gﬁfg Q%Ww F’Sr?%d”?f?m grem‘é,%lo& ath%%lé)&ere&%’r% r%t%a eﬂlé reflect the

pr ot BUPBE MBI LT fie Prodet; r‘PQ?'{C@‘P'Uu*be digsterepmarpmey emsepeRted using
Wi t ¢envehtiong) piodédeies tp abip@ri diasteneofmerically prelprodakto E@emplity methods that
3ENGh&S be%efﬁle&rtﬁéﬁ‘ﬂﬁraﬁbn%f‘ blaabkmers éreﬁ]alréor ﬂgﬁym%%gfqﬁré tGention

ra Thus
go n%cgudﬁ @ror%ttgragﬁ%ané crv&alhzatnonfre-crys alhgatlon Other useful methods may be found

in "Enantiomers, Racemates, and Resolutions,” J. Jacques et al., 1981, John Wiley and Sons,



are the dihydroxylated fornms of conpound 1. Suitable
nitrogen protection groups RL and/or R2 are those

wo bat/ovsien renoved to form conpounds 4 and/ or BCTIB200£/001380
i nduce racem zation. The W) 2004/ 099129

“PCT/ 1 B2004/ 001380 -17 nitrogen-protecting group nay
be renoved at a suitable pointign the reaction
sequence of the nethod to provide a desired
internmedi ate or target conpound. Suitable
nitrogen-protecting groups and the nethods for
pr otNewtYorkgNGite digelogyrerf witichiisigromarateaherein biefetepcea e skeneasiectivity
t 0 tdpfs GihydedkiibtloR Ebadtidn fsREnicdsd by c6heastng A re@étno%'t@'bré?&%e B chiral

fou rg‘ﬂxuﬁﬁﬂ/ é ?Eeﬁr 43 Us%d@g;gla E’E T c% jal ﬁuxﬁl%&f a§er§( gerﬁ gdo an chalg active

( 199>9'71P°% ghfs %f%b'ei o\ PiBXSIFoxYiatian 15afien pnejiens pserl Bereinans is gapable of
i5t S ifinéricing the. stekeacteoiinal duftdin@ BIOBSS dihyaroryltibo Gattion Advattidetigsly, the

gr 0 % yarBRialsh réRfm 'nfa& G@éohéﬁcte&@é rfé%‘iﬁﬁné & qﬁﬁdnﬁ&ﬂﬁfc’ \égch al auxiliary

der t3 nI ditions used
S A TN a0 9 W, MLt
r ea@mingrbuigtasd Fxdmpies otabinal ewxliary rragenés teat meylbeysefuidn the diydroxylation
gr OWgxchidnloPth inveies ﬁ’nbl&dé&ﬂ'&dr&d’t‘lﬁﬁdmb g 4%ﬁ1ggﬁneH§lQife¥hler @SHE,PHAL),

1gnt (?1 (ﬂ%qln%ez 5%?;”@%\"9% g*rﬂ}c} hl{‘ﬁ dletﬂ e(BE-Ib}EIQYI? 'E%dlro U'B‘ﬁ'ﬁ anthraqumone—
Genér’raq'vf Weth‘ifﬁ%HWp&%ef@ﬁhwma& @thgre@qeafe [§‘§C'ﬁ5§9 INp&O 93/07142, the
sel estietref of ovitich heincmppordtedeteram By @fefentdl ParScularly useful chiral auxiliary

al kYéaPé}ﬁQﬁmM]e (Dﬁbbﬂw&aEMﬁR A0 ?ﬂl-fﬁ MNC 8k éﬁ% riedlh¥droxylat|on

aryla kox rbon ar yl ox )

o PP o SR g b e rapens B et i o shouts
1Br othed themlag pPraepbof buferlelrtrsent inttoseadtios reikies  wher ei n R1

| S b eNZYyGeneyly the @ifytroxylRRR ?eﬁ&t@ﬁiﬁ'lbymé)ébndu&e&}h' ofdr Qﬁfe%&%mtures of

ben ol?r%%%n?s)%‘d\ ?@Qﬁpyolvin@!)r rﬁxtﬂregc%n %Fl '(s)orlveﬁtlél @J water Erefer%nly the

gr ou
esp é"@Fté’P My B‘? pdcied i P@Hb&i@|°ﬁe'\’ﬁ"§ Uﬁeful is@veg@"@@ti@doupﬂ@mcetone
ar y -altdnobwatsa arsiaastbne(veteqy . The dily@lozyation xeactinn mayiyd chndbeted at any suitable
2081y ke@dpgﬁé{ure( @elﬁbra"y,%ﬁ@éb&n n%? Be @gddct%d EbterhdRraRlrd3%bm ta?]ou'{ (ﬁ% to about

preferrem 2 nbodi nment s, and R2 together w
ni t FTEFTREE i ch t hey are bound form a phthalinido( o
Yor O sliees emhepipgnt(of thip inveritien, ¢ proteRi®d R-amindibutanedsistereoselectively

aboyénvertell @tchnRytHodydrb g tbuRbl LSRAHAEDPHAL dshi JRIRAI B@&ia@f‘eagen’c A
A thi §séfm¥§{“g' rlglrfcﬂh‘rasr %L'%I'S tI%%SrH:rn%c@&gvaﬁa%%g rom%éac 1%{:l¥nblo%|es Mt.

mhereln one
2P or AEEFPEh """ﬂﬁeqhwf"ém@‘e of SR emipodthwdpy-thyieae. Tiffomaterial contains a 4-
di hygiraxy gioup thatds pusetilimécusbtiatha e@paratiot binetirdvinothe@fn thehd-isydroxyl

i nv ﬁﬁféiy%ébes cihvéHed inklf @th@ﬁhepﬁgﬁbsﬁjéﬁﬂ?lat%lf b%chg&[lﬁor the preparation of
con gegfh n \rlll'a t ﬁ% %osr’lver%neoroc%?ss%gygﬁ?cgﬂ'gﬁlg}?gby H%F%gtﬁm?ngg the hydroxyl group

s ub#tosthiepving| gougnthien feplatig tbalepyingpaieup vith grbiehanyh grods Sutbstitution
3b eaplocdd&ob thisotyisd 4vg el Stididit drid Ry be 2BSRRligHED Ging, anS' |3€a varlety of
res ngts%oﬂl%tlo%nl&glné)&&%e ?efeg Eo%n Q)r&%q%? {!jeé)args frog'ltbtn’ﬁaolecele ina substltutlon

renx)étgéétl%p gy Brsﬂgap%f)feqﬁonw a(nH inclyge, but are not limited to, halides, aryl sulfonates

alkylsulfonates, and triflates. For example, the hydroxyl group may be converted into a halo
moiety, a mesylate (-OSO,CHy), a triflate (-OSO,CF3), a tosylate (-OSO.-(p-tolyl)) or other

35  commonly recognized leaving groups that may be replaced by a nucleophilic reagent. The
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particularly, a thiophenoxide moiety (e.g., PH-SK"), or an organometallic reagent.
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25 For example, the dihydroxylation of 3(R)-amino-butenes may be conducted to
stereoselectively provide 1,2(S)-dihydroxy-3(R)-amino-4-(phenylthio)-butane, using a chiral
auxiliary reagent other than DHQD,PHAL and optionally, using an amino-butene having a
nitrogen-protecting group different from the phthalimide, illustrated above. The nitrogen
protecting groups may be exchanged, if desired, by converting the phthalimide-protected 3(R)-

30  amino-4-thiophenyl-1-butene 8, prepared as described above, to a Cbz-protected 3(R)-amino-4-
thiophenyl-1-butene prior to dihydroxylation. Specifically, Cbz-protected 3(R)-amino-4-thiophenyl-
1-butene 20 may be prepared from the phthalimide-protected 3(R)-amino-4-thiophenyl-1-butene

8, above, by a two-step process wherein the phthalimide is removed using conventional



may be perfornmed using any pharnmaceutically acceptable

solvent that is conpatible with the internediate
wgeningnyakes and the transformati on conduct ed. AEEIB2004/001380

resulting nmesylate may then be treated with

t hi ophenoxide (formed in situ using thiophenol and a

non- nucl eophi lic base, e.g. 15-4iisopropyl ethylam ne,

pot assi um carbonate, and the like) in a polar aprotic

- sol vent,

to formthe thiophenyl-butene conpound 8.

St ereosel ecti ve di hydroxyl ati on of conpound 8 can be
condpreeesires (18] by dreatiment withsthanelamne) ta pive Fanied-tlibghieng 1-butene, followed

r eagmteambmm&hmmn@fowﬁﬂﬁ&%g'&l%w BhveoRal cé%ﬁgr% (e g., in the

:Ogél r gﬁdo auxi %P&I:oselefc Vﬁé‘@?ﬂ'&w?tgn °fﬁ%63{R&’éD"hlig‘P? é‘th"’phe"V' -1-butene 20

1 2( 'Ry dieh yerndusisd 31@1&) pthe hesimiiumi-cbotaising porisiingt heagdnt combination of
bt ark®sO,(@RIKFe@NR) K.dD Mﬂﬂ@@gﬁnMOgNﬂQn the presence of qumuclldlne as the

Pht h@.r&l%]éﬁﬁryé a%&g%;wf{ idbl ) 16(%%6 éﬁ%cnazﬁ (%» Siylty ﬂl@%ne 13 and
20047 %ﬂ@bﬁ%m@tﬂ@z@daheomesgutaneze Renbimtio.of t he
pht hal i m de am no-protecting group na

Y/ o] conduct ed
usi ng any conventional nethod that c@ ot induce

racem zation at the 3-amno or
t he butane conpound. GCeperT ¥
protecting groups are de

0 or renoving
' ' Greene 5 and Wit s,
supra. For exanple, treatnent with hyl am ne

H2 NHo OH 11 This conpound

Phydr oxyt centers of

y be subsequently

converts phthalimde 9 to di hy?_raoﬂ_ﬂ- am no- but ane 11.

derivati zed and transforned i nto ot her internedi ate

or nelfinavir nesylate. Gie gkilled in the art

10 conpounds useful for the~preparation of nelf@i r

recogni ze that th_r%Ctereo oner that is 0o
stereosel e P
met hod of

, i\ el S by the gdiqydr | at
@ I nv may be @--. ing a
different chiral aUXI| reage One skib in

the art wll also red’@gni 2B t hat stereosel el i veoH

di hydroxyl ation a8 3(R)- am no-butenes ggntaini ng

di fferent nitrogen-protecting groups and/or different

1But ene 145ivanideseystyLthe-bydroxyl mbiety ofthemgoihyarbxyblithriealt f¥sesses the

au X bdnheRdbYolutecRiiaBon J3BY% hfir&G %%ty'ﬂ %&HﬁvﬁsAcggrdmgly, this material is also

%%u' ‘g} tEé(%E&)%o%{fﬁ}mgW ?fé'e'g'm"éﬂgﬁ"afen di f f er ent

ratl 0S.

hT’Fﬂﬁ of igydraxyjtios pléheaminetbutendsvpscibed hertimmay be accelerated by

di htpelradditiph @t alkpaniirea.C ForosxafiBly, ik YeshedhRBHIdnR Rsd BOABCO (1,4-
1§peé‘1£zfab|5yclo[222]octane) accelerates the rate of dihydroxylation. Moreover, it has been

20

discovered that complex alkyl amines, such as DABCO may be used as chiral auxiliary reagents
in the method of this invention. For example, dihydroxylation of the Cbz-amino-butene 20 using
K20802(OH)4/KsFe(CN)g, K2CO3, NaHCO; and CH3SO2NH; in the presence of DABCO, as the
chiral auxiliary reagent, provided a 30% vyield of the1,2(8)-dihydroxy-3(R)-Cbz-4-(phenylthio)-
butane 13 and 1,2(R)-dihydroxy-3(R)-Cbz-4-(phenylthio)- butane 14 in a ratio of about 2:1.
Generally, acceleration of the dihydroxylation reaction may be achieved by using DABCO in an
amount that is about 10 % about 100 % of the molar amount of butene present in the reaction .

mixture. When used as a chiral auxiliary reagent, DABCO may be used in amounts that are the
same as that of the other chiral auxiliary reagents, described above.



substrate and the specific chiral auxiliary reagent

used in the reaction (e.g. using different quinine or
wa@uaioriogdize al kal oi d chiral auxiliary reagents)PCT/IB2004/001380

However, based on the teachings herein and 20 through

routi ne experinentation (e.g., preparing conpounds

having different nitrogen pregzcting groups or

compounds havi ng different substituents and conducting

the di hydroxylation reaction wusing different chira

auxiliary reagents one skilled in the art will be

abl e t o ASErERl. 3comtRpyndof forgylaitjis siprospleciypitRonyeie to a compound of

st gsreaet ecti vel y provi des the desired stereoi soner of

a specific am no-butene. 25 gor exanpl e, the

di hydroxyl ati on of 3(R)-ani no-butenes may be conducted

to stereoselectively prdyide

1, 2(S)-di hydroxy-3(R)-am ngs phenyl t hi 0) - but ane,

using a chiral auxiliary s eaggnt other than DHQD2PHAL

and optionally, using anﬁﬁn1no- ne having a

ni trogen-protecting group dlﬁgerent romthe

pht hal i m de, illustrated above. The nitrogen
5protecting groups may be excharged, if desired, by

co 'B%@Jaﬁﬁg[\ge JOH]E%L&G B’l?& ,'nglg"l @@1 a‘ﬂ l@ﬁtcglqan% C#&(Idéﬁ%l’ ea%entB:oranlnatlon

ut ene are
ab gi/e0 SQ%OIQJ%B%C%)F KeGle NaFC g( NHzin the presence of DHQD,PHAL as
t hizofitaeanxlliard rebgenttn gropide the cdmpomhd Ingpnhsentgd lytfiraaia 2.
Sp e C ' figqd c!obﬁpmﬁ;@ gri6tmiia 8 Glaf? gs@t(e@er&%lé@ve‘?y cbiVeRRNED¥dmpound of
q g} 20 may be prepared fromt
10phﬁﬂﬂ? de-protected 3(R)-am no- 4- thlopheny
-butene 8, above, by a two-st%p process mherein t he
phthalimde is renoved ugiing cynventional WO
2004/ 099129 PCT/ 1 B2004/ 00N380 /' -21 procedures (i.e
by treatment with ethanol to give
3- am no- 4-t hi ophenyl - 1- biR?ene, | oned by treatnent
wi th carbobenzyl oxy chloride, under
conventional conditions (e.g., in the presence of
base). Stereoselective di hydr oxyl ati on - of
Cbz- 3(R) - am no-4-t hi ophenyl - 1-butene 20 may be
15 cohiteeing@ cerapapd of fremdas hwithgp essrvrercentainipoexiviangreaagnt combination of

re ag:eog(oamfgﬂe(tm)g, RIT O NaBCE206 OR{SOMHb AntfiipRds6At 6 DHISBIFMAL a¢

[idi
! e“%m %3% au%e b Jomgoda& ?e?:?e@&?ed%p fo%égyfhle I he
1 2( S) - HergaraydAf @('Pz)'a%fﬁaz!am giﬁ?@m@ﬁﬁeemmwpgﬁr@uws while the
a nc‘bmpiburﬂ(oﬁ):mdﬂd’mmycm Yori3¢riel tdGrnmaounp sl B ibPjemolant thdtrogen
20 Fﬁ)roﬂe&nﬂ?%réup]mﬁak ‘n@ucm@ra@érmzatlmg pr@v:g% the c§mpounds$epré_suwtg<} bblformula

4 or 5, respectively.

The compound of formula 6:

b

25

I



13 14 10 Advant ageously, the 2-hydroxyl noiety of the
maj or di hydroxybutane 13 possesses the sane absol ute
wa@ eovktiogaieat i on as the hydroxyl noiety in nelfipPewiB2004/001380
~ Accordingly, this nmaterial is also wuseful for the |
preparation of nelfinavir or nelfinavir nesylate. The
rate of dihydroxylation of theszam no-butenes descri bed
herein may be accelerated by the addition of
al kyl am nes. For exanple, it has been discovered that
use of DABCO (1, 4- 15 di azabicycl o[ 2. 2. 2] oct ane)
accielcenvartesigo & hampowideof ffrmiga Byhnt treatipd acereneund\eh faspwia p with methane
hassm@rbméh&q@me préébnbd\@ilan GNP LAY irdd dolst appotit Bshent t6 H@hdeﬂﬁltene-
DAl e used as chiral auxiliary reagents 1in the
met WS%'[TE% 3#fs i nvention. For exanple, dihydroxylation
of the Cbz-am no-butene 20 using’
K20s2( OH) 4/ K3Fe(CN) 6, K203 | $OEHH3SO2NH2 i n

t he presence of DABCO, as s WLdl auxiliary
reagent, provided a 30% ch o
t hel, 2(S) - di hydr oxy- 3(R) - Jz- 4- \phenyl t hi 0) 20 but ane
%3 and 1, 2(R) - di hydr oxy- 3(R) Cb204 (phenylth| 0) -
utane 14 in a ratio of o
e et mBplef e S h RO at i SBaT bt aormge n s
ac hising érdopbgnoleil R gorDABEMhilinbasr in agueluaprotic britent o proide thiopigenyl-
% apisk 8100 % of the nolar anount of butene present in
the reaction mxture. Wien used as a chjral auxiliary
reagent, DABCO may be used in anmounts A\t are the
' ' y reagents,
$2004/ 001380 -22
(| 1S

descri bed above. WO 2004/ 099129
Accordi ngly, a conpound @
stereosel ectively convert ed und of fornula
22 RB RN RRHOOH 5 2 by tkeating the conpound of
qdormula | with an osm um containi gg oxi di zi ng reagent
conbi nati on of K20sO2( OH) 4/ K3Fe(CN) 6, K2C03, NaHCCB

and CH3 SORMNS ,a,l et opﬁoeo?mpf DHQD2PHAL as a
chiral auxiliary reagent to prOV|de t he conpound

represented by formula 2. The conpound of formula 1
may al so be stereosele conv d to a compound
of 10 formula 3: R3

15

o

is converted to a compound of formula 7a:

0
OSO.R'
N—<:
0

20 ' Za
wherein R' is alkyl or aryl, preferably, methyl, triflucromethyl or p-tolyl, and converting the .
compound of formula 7a, to a compound of formula 8 by treating the compound of formula 6 or 7a
with an osmium-containing oxidizing reagent combination of K;0s0,(OH)/K3Fe(CN)s, KoCO3,



RLN RR HOOH 3 15 by treating a conpound of fornula

I with an osm um contai ni ng oxidizing reagent
wa@ eoiopEed on of K20sO2( OH) 4/ K3Fe( CN) s1 K2COB, POEH20B/001380

and CH3SO2NH2 in the presence of DHQD2PHAL as a

chiral auxiliary reagent to provide the conmpound

represented by fornula 3. The2tonpound of formula 2

may al so be converted to a conpound of fornula 4,

whil e the compound of fornula 3 may be converted to a

co I j ' .

o Bl o, 85 R pfer £ TBULRRHAL S ikl AR e toprovce

pr d0§ epsPRYNd TeRssEBRSRh o Fad ewndctvgl-f ormul a4 or 5,

respectively. The conpound of fornmyayg: O N 40H O

25 6 WD 2004/ 099129 PCT/ | B2004/ 001- 23 is

8—=/py treating a.

sul fonyl chloride
in the presence of a 152 in a polar aprotic
solvent to provide b DA< ate 7a; and O 40SO2R
O5 7a treating butené-nesylate 7a with .
t hi ophenoxi de, wherein the #hi ophenoxide is formed in
sSitu using thiophenol and a ngp-nucleophilic base in
a polar aprotic solvent, to provide thiophenyl- butene

8 0 N Inturn, the compound of formula 8 is stereoselectively converted to the compound of

Cro-(

S
O H OH

formula 9:

T

Oy

10
'R
or to a compound of formula 10:

(0]
S
N—g:\
O HO OH

15 10
or a mixture thereof, by treating a compound of formula 8 with an osmium-containing oxidizing

reagent combination of K;O0sO,(OH)4/KsFe(CN)s, KoCOs, NaHCO; and CH3SO,NH, in the
presence of DHQD,PHAL as a chiral auxiliary reagent to brovide the compound represented by
formula 9 or 10.

20 Alternatively, the compound of formula 9 is converted to the compound of formula 11:



CC 10 8 In particular, the conmpound of formula 6: O

OCHN 15 6 1is converted to a conpound of fornmula 7a:
wWO2@B0229 N O 20 7a wherein R is alkyl or apgi/B2004/001380

preferably, nmethyl, trifluoronmethyl or p-tolyl, and

converting the conpound of fornmula 7a, to a conpound

of formula 8 by treating the'&%hpound of fornmula 6 or

7a wth an osmi um contai ni ng oxi di zi ng reagent

conbi nation of K20s02( OH) 4/ K3Fe(CN) 6i K2C03, WO

2004/ 099129 PCT/ 1 B2004/001380 -24 NaHCO3 and

CH3S2NH2 in the presence of DHQP M(L as a chiral

auxiliary reagent to provide tK ppound represent ed

by formula 7a or 8, respectively. (:*o 5% In

turn, the conpound of fornmula 84s stereoselectively

converted to the conpound of/ f

Srmula 90 OS N O Hd
OH 10 9 or to a conpdih®af fornula 10:

5  and/or the compound of formula 10 is converted to the compound of formula 12:

HoN

HO OH

12

10 by treating the respective starting compounds with a reagent that de-protects the nitrogen
protection group to provide the compound represented by formula 11 or 12, respectively, without
inducing racemization.

Further, a compound of formula 9 is converted to a compound of formula 14:

;
5
$
0

H
15

14
and/or a compound of formula 11 is converted to a compound of formula 14 by treating the
respective starting materials with reagents that will open the bicyclic ring of the nitrogen protecting -
20  group, e.g., the compound 9 to 14 conversion, or add a nitrogen protecting group in a single step,
e.g., converting compound 11 to 14. In similar fashion to the formula 9 to 14 conversion, a

compound of formula 10 is converted to a compound of formula 13



0S OHOOH I 15 10 or a mxture thereof, by
treating a conmpound of fornmula 8 with an

WO 0m091eont ai ni ng oxi di zing reagent conbi nat PONIEA004/001380
K20s2( OH) 4/ K3Fe(CN) 6, K2CO3, NaHCO3 and CH3SO2NH2 in
the presence of DHQD2PHAL as a chiral auxiliary
reagent to provide the conpd&ﬁd represented by
formula 9 or 10. 20 Alternatively, the conpound of
formula 9 is converted to the conpound of formula 11:
WO 2004/ 099129 PCT/ | B2004/ 001380 -25 S H2N HO OH
11 5 and/or the conpound of fornula converted
to the conmpound of fornmula 12: S H2 -1 12 10
by treating the respective st [ rpounds with a

to provide the
12, respectivel g racem zati on.

Furt her, a conpound of fornmula 9 | nverted to a
compound of formula 14: Or \ #3S HN oH 15 14

5 by deprotecting the nitrogen followed by benzocarbamate formation. A compound of formula 12
is converted to a compound of formula 13 by treating the respective starting compound by using
the carbamate formation step described above.

The invention also includes the method of converting a compound of formula 14 to a
compound of formula 15:

@_/o—{N g

by treating the compound of formula 14 with methylphenyl sulfonyl chloride and an amine base
15  solvent followed by treatment with an aqueous base to yield the compound of formula 15. The
compound of formula 15 is further converted to a compound of formula 16

HoN N
OH

16 ,
by heating a solution comprising (28, 3R)-3-benzyloxycarbonylamino-4-phenyithio-I-

20  buteneoxide 15 and (3S, 4aS, 8aS)-decahydroisoquinoline-3-carboxylic acid t-butylamide in
isopropyl alcohol; adding an aqueous solution of 2N potassium hydroxide; adding toluene and
washing with water and 1N hydrochloric acid; extracting and combining the aqueous layers;



and/ or a conpound of fornmula 11 is converted to a

conpound of fornmula 14 by treating the respective
wat@rdig materials with reagents that will opreT/AB2E04/001380
.bicyclic ring of the nitrogen protecting 20 group,

e.g., the compound 9 to 14 conversion, or add a

nitrogen protecting group in.g@ysingle step, e.g.,
“converting conpound 11 to 14. In simlar fashion to

the fornula 9 to 14 conversion, a conpound of fornula

10 is converted to a conpound of fornmula 13 WO

200a190w i Tl PROGL DYIESES, 49S)83SkR-N(PR-GR)-B-amigo-Zrhysijoxy-4-

depmhﬁa'bmyg dedaBydrdidobugit-4 Rl oestidpuiienias sar bamat e

formation %&aniég Ifao1r6r¥ls'”thaen ]cgn Héc'd ft‘ﬁorm{”ﬁ{ r agudl‘é)r neqf‘nawr

compound oF f or e respec

st afesyist§: Wﬁ‘é’dﬁ'&?"lﬁgtheéq”ﬁ@ia 17(?@1655?96%)’@ for rmt | on-
step descri bed above. The inventi al so includes the
nmet hod of converting a conpbundfor mula 14 to a
compound of formula 15: a 0O SP N 10 O 15 by
treating the conpound of fornulasld wgtlsret hyl phenyl

sul fonyl chloride and an|anithe pase 15 sol vent
foll owed by treat nento se to yield
the conpound of fornula Tme ound of formula

15 is further converted a conpoun ornmula 16 S
H-Bu N HNIle, C OH 16 by heat i sol ution

conprising (2S,

3R) - 3- benzyl oxycar bonyl am no- 4- phenylthlol

but eneoxi de 15 and (3S, 4aS,

8as) - decahydr0|squ|noI|n% § car lhoxyl i ¢ acid

t-butylam de in |sopropyﬁ alcohol; addi ng an aqueous

sol ution of 2N potassiumh drexi ; ad®"MY tol uene and
washing with water and 4N [iaci d;
extracting and conbi ni ng dhe us Wayers WO

2004/ 099129 PCT/ | B2004/ 003380 - 27"

10 18

according to the methods described in WO 97/11937 and WO 97/11938, which are incorporated
. herein by reference.
The compound of formula 8 is alternatively converted to a compound of formula 20:

Q

by first converting the compound of formula 8 to a compound of formula 49:



and drying the extracted product to provide (3S, 4aS,
8aS)-2-((2R, 3R)-3-am no- 2- hydr oxy- 4-

w@b@aphdike obut yl ) - decahydr oi soqui nal i ne- 3- car bB&I/IB2004/001380
acid t-butylam de 16. The conpound of fornmula 16 is
then converted to nelfinavir and/or nelfinavir ’
nmesyl at e, conpounds havi ng the2f-ornula 17 and 18,
respectively, CONHt-Bu HO NN H OH 17 OS02CH3
CONHt-Bu H HONN HO ~ OH 10 18 according to the
met hods described in WO 97/11937 and WO 97/ 11938,
which are incorporated herein by r&ference. The
conpound of forrmula 8 is alterna y converted to a
conpound of fornula 20: o 15 - C~j 220 Dby
first converting the conpound,/ofS fornula 8 to a
conpound of fornmula 19: Wawe2Q04/ 099129
PCT/ | B2004/ 001380 -28 S H2 1919

and then converting the compound of formula 18 to a compound of formula 20 by adding different

5  protection groups as described herein. The compound of formula 8 is a preferred substrate for
adding different protection groups as it provides high stereoselection in the subsequent
dihydroxylation step.

The compound of formula 20
. A
o g
10
20
is also stereoselectively converted to a compound of formula 13:
o)
0 S
O
HO H
15 '
13
or to a compound of formula 14:
20

or a mixture thereof, by treating the respective staﬁing compounds with an osmium-containing
oxidizing reagent combination of KoOsO2(OH)/KaFe(CN)g, KoCO3, NaHCO;3 and CH3zSO2NH; in
25  the presence of DHQD,PHAL as a chiral auxiliary reagent to provide the compound represented

by formula 13 or 14, respectively.



and then converting the conmpound of fornmula 19 to a
conpound of formula 20 by adding different 5
w@e@ieedieon groups as described herein. The cop@DIBRd04f01380
formula 8 is a preferred substrate for adding
different protection groups as it provides high
stereosel ection in the subsequ#nt di hydroxyl ation
step. The conpound of formula 20 o - HNC 10 20 is
. al so stereoselectively converted to a conpound of
formul a

s - <
conpound ?ngs?m'?ﬁgs#{(j}r ’sz%ilﬂ‘?(’tlg’ Wﬁﬁﬁlf"%l)"si?é%@qgg titﬁgmg‘}"”%f’ of formula 21:
mxture thereof, by treating the re tive starting
conpounds with an osm um containi ng \_.oxi di zi ng reagent
conmbi nation of K20s02( OH) 4/ ( ¢, K2CO3, NaHCO3
and CH3SO2NH2 i-n 25 t f DHQD2PHAL as a -
chiral auxiliary reageet/to provi t he conpound
represented by fornmula 13 or 144 regpectively. WO

2004/ 099129 PCT/1B2004/ 001380 -29 In simlar fashion,
a conpound of formula 13 is conéérted to a conpound of

5 or widrein Riis a le@ving-groupl@s B¥finedhibreln. WhigirtRiigr, 174 cdnspoand B AMhURI21a is
g][ Ofcéﬁ?egufb?/ ﬂa%gﬂngﬁig gcl?rﬁ)'bﬁd Bf formlia P$ith 'pgweﬁgsulfokﬁ %Io%gen&gﬂ &goride) and
a gase, suca:h astnethylamine, in methylene chioride. Preferably Ris chloro, bromo, -OSQO,-R',
wherein R'is alky! or aryl, preferably, methyl, trifluoromethyl or p-toiyl.
The compound of formula 20 is converted to a compound of formula 21a:

0
o—{ g
O =
10 HO  ©OSOR"

21a

wherein R™ is alkyl or aryl, and preferably, methyl, trifluoromethyl or p-tolyl, and converting the
compound of formula 21a to a compound of formula 22:

/[‘/\i CONHt-Bu

15



formed by reacting the conmpound of fornmula 13 with

p-tol uenesul fonyl chloride (tosyl chloride) and a
whame/odach as triethylam ne, in nethyl ene chlpeT/t004/001380

Preferably R4 is chloro, bronmp, -0S02-R, wherein R

is alkyl or aryl, preferably, nethyl, trifluoronethyl

or p-tolyl. The conpound of f-80rula 20 is converted to

a compound of forrmula 2la: o - C~j 10 HO OS2R 21la

wherein R'* is alkyl or aryl and preferably, met hyl ,

trifluoronmethyl or ? tol yl, and converti

n
conpoHRRINS e {pastie st °P'BP°&”‘1§0"H‘B€Hr?6mHP Sl gidzpo reagent
CONtdimbBation ©f KIOIEROHL/KER(CN] #2604, NAISCQ2nNCHEGRMIH(F0be prgsence of

PCTALERSRAL MMaux'hgf?rerenf th Brdlide 1t doMBoun@fpresente By formula 21a

R s e e T L)
PNH2 in the]gresence

r e8P tfeF i ¥vi de

/mul-a—2ta—or™ 22, res
pl ageo,accor gi,ng t
IEHENE B

schewa\(Sc B) .
NaHC03 \NH S cbzNH,s8.Nz NH
(R chira Xi | i ar yhigigedkry s@dtven
"ONHt - Butyl RSQ2CI (#yent O 0--< SN sdéHvent HNG( R~) ©H
' ' gommamw
base O_< S
solvent @——/ HN (%

21a HO- OSO.R™ solvent

— r Q
©4 HN-{/\N ONHt-Butyl
R)

1. - queous bas base/heat
2. AMBC

base / water

a chiral auxi
represented b
reacti on may t

Formation of the compound of formula 22 may be achieved by treatment of a compound
of formula 21a with PHIQ (3S, 4aR, 8aR, 3-N-t-butyl carboxamido-decahydroisoquinoline).
Removal of the benzyloxycarbonyl nitrogen protecting group from compound 22, under

10  conventional conditions (provided that the selected conditions do not induce racemization of the
stereocenters), provides the compound of formuia 16, which may be converted to nelfinavir and
nelfinavir mesylate, as described above.

Examples

The structures of the compounds of the following examples were confirmed by one or

15  more of the following: proton magnetic resonance spectroscopy, infrared spectroscopy, elemental
microanalysis and melting point. Proton magnetic resonance (114 NMR) spectra were determined

using either a Varian UNITYplus 300 or a General Electric QE-300 spectrometer operating at a



PH Q 2la HO OSO2R'' solvent 010 S ~- ONHt-Butyl HO O

Q(R) 04 g CONHt-Butyl HNHN (RN O --b___ HOR 1.
waouened2bhase/ heat HO (R) 22 2. AMBC base / wWet'BIB2074/001380
.5 Formation of the conmpound of formula 22 may be

achi eved by treatnent of a conpound of fornula 2la

with PH Q (3S, 4aR, 8aR, 3-N-ti3ibutyl

car boxam do- decahydr oi soqui noline). Renoval of the

benzyl oxycar bonyl nitrogen protecting group from

conpound 22, under 10 conventional conditions -~
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o pedt Hestc By 2Ry &) sBeslia prs SRg USiEg &FRtkp-Gimer 1600 series FTIR
m crspactrernsteri Elementsl mistoanaiygesyeranerforPedibtydtantinlfisestab inc., Norcross, GA.
I efﬂmng Boirltslwére M@mﬁ@&c& el Temb QpshadnRrant Bn{éd:lrzxcl:dﬁ%[ttt&g All reactions
el er | I . ner. I

o 3ty BdBleb 3l somin' SRl Tpshd anS ohigf V(RS ltsETS Bf Sroon uness
BCT/othepire Arterh 14 sanmerdy repgentsavestusedA§raceiutd frapdheirErsaeryesyppliers
( MHzwith theredioningaexceptiin.t Tetraliyarofuedd @THIR das distifeaifitos) spdiim-benzophenone

m | lkEt?lrﬂ)riérﬁcpﬁQe. éazhlorgtﬂélfﬁgnle %I—%CIf rw%%i@tﬁ\ed: W&aﬂ:ﬁh hydride prior o use.
t et r amet ‘%t}rsl | ane

st andar d. ternativel 1H NVR )
spectra "'é"'at'?rﬁf‘%eld%'ﬁr&'é Jobes: (=S (ﬂﬁg‘b etB?r)oESME <“g|%1dw}‘?¥'f°fmam'de>v
si griRMSO (dimethyi$uliexids), MTBIE(tS-butyymetayl gther), CENBTIMethancl)OEtB figthanol),
& @bk (Sthylacklate]) DVE (dfRke fiboldinftttylatiel) AS (20étd), e@icBMRPR@henyl),

s ol oS imayn STk, S AOHRLSE: lipfo
| D). te), Cb. b - ), TFA
Goutf iR dyy B B S, B84 i
m  Wifwerogeelie . codpithi ng ant s (\&N-disgrrorylgthyipmingler ¢ 7. TMEDA
| nf ria,NNiNetkisowehyietoylenedid)ing DA @catie raeid0 BEZ0 (eeeicuzmhydgded, NMM
Per ki Rkl iBbnokR)0 seri gsedTIR S%%?&I&h%@&ﬁodiinﬁ*ﬂésmnt al ppq
m croanal yses were perforned b tlantic Mcraolab
qonc_(z,S-M%?-gg-glcya@j A4-benzoquinone), DMAP (4-dimethylaminopyridine), DABCO (14~
diazabicyclof2.2.2]octane), DBN (1,5-diazabicyclo[4.3.0]non-5-ene), DBU (1,8-
diazabicyclo[5.4.0jundec-7-ene), DMAC (N,N-dimethylacetamide), PNB (p-nitrobenzoyl), and
PHIQ (38, 4aR, 8aR, 3-N-t-butyl carboxamidodecahydroisoquinoline).
Specific examples of various compounds according to the invention may be
25 advantageously prepared as set out in the Examples below. These examples and the

compounds contained therein are not meant to limit the scope of the present invention in any way.

EXAMPLE 1: Preparation of 3-phthalimido 4-thiophenylbutene 8

30

A solution of methanesulfonyl chloride (1.2 mol, 1.2 equiv, 137.5 g, 93 ml) in 150 ml of
ethyl acetate was added to an ice-cooled (0°C) solution of phthalimido-alcohol 6 (217.2g, 1.0 mol,



Melting points were determ ned on a Mel-Tenp appar at us

and are uncorrected. Al reactions were conducted in
waepiomiseal ed fl asks under a slight positive PCEHEER004001380

of argon unless 10 otherw se noted. Al comerci al

reagents were used as received fromtheir respective

suppliers wth the foll ow ng -8eepti ons.

Tetrahydrofuran (THF) was distilled from

sodi um benzophenone ketyl prior to use.

Di chi or onet hane (CH2Cl 2) was distilled from cal ci
hydr?\@éabk?r fogNSC 39?@'09'9?0’14? BrosReet Iblrod H@@Ha'wa%@@ﬁw' 139‘*“"' 1314
i ncl andiets81 biHIO8¢Mmieds ki)l acdtdieat)s raisEficient to maintain the temperature of the

( N, I\Ir' ulﬁﬁ@tré'é\éilJnQﬁlﬂﬁgbg&) 20°c. DMHR drid ot Bydito el Iwas warmed to
iy oy e L P i SR SRl B0 g it water

g8 v C(6P0 mii) west ddgdd and e reulting mixiueesvag stired figs 15 minutésy afier wifigh the aqueous
(ph eﬁﬁéké was Fémdyvbd. ITFHB SXLHIER prbdess was Fépebib @Stk adird 500 rhiMéter, followed by
( tb(ri‘ln?z rafgl)él){ ol %h%'?%ﬁ' lne %g B{Il&%tﬁe %éi’e%@ %}ngzd bchF éo‘llatlon under

( N, Waﬂilfq?‘éggg gmﬂp é}t(w Fea}marﬁ@?e at 5O{pA0°C ) over a 2 hour period. DMF (1 L) was
(N, Nadded d¥id-distilationivethdsthyedceipleene ctintrvedender vAaGi of ZC@1or Tthour. After

?& e re‘gﬁ o Ehvheos ey grﬁblgﬁ)empwe thiophenol (2.0 mol, 2. 0 equiv, 221 g,

met h )23 hg dEﬁ°B’ﬂPV6F%qug’DCC%aﬁ wg%g equry )%%9?@? Errﬂd\ﬁ, ad d and the

DI\/AFTe{uitmgl mncgtmsamtﬂtjcp@ﬁ"c mtqrfee)l temmm HPAC anaIySIS mdlcated that < 1%
di azémhr@h@sﬂét&e%aa}m&mﬂhburs OBNVR analysns indicated 1-3% mesylate), 'H NMR
( .1 % fB1es a?%’i Cé&é ﬂﬁi‘lcﬁgpg‘g& (?1 )(6]1’2§&dd J=7,10, 18 Hz, IH),
o 48 (ﬁ‘@r'PBPI"ae‘e?'é)nf' Ko, Mo (. 7 iQ a%azwqd J 2 d0 H), 298 5
PHI QH)3the reétafitn nbai w&-cbbléd—tbmﬁtyént temperature and allowed to stand for 26 hours.

r L T nd stice ss 1 rtions of 1
Car boxamTﬂQQnﬁﬁxWa@'b&J SO né}llvi Bg)a ﬁéﬁ' Lé & ﬁéml ?.%g

varil ou
25 VRS e EUTP NP Gy braattd. g epyhng =i o e i
bel oVe:STinansiditassda i filtrateawad distiiied at gtmeprbanrcbsessuseito sgnmyeithe MTBE until
sdherifé Pot dnfperflire RBEHRY 95°€. | Didilidtiort WEs S6PBEardf thé Aiture was cooled to

pr €s rﬁhﬁenh@%?g}étlgg nllle %s@lméhs\éﬁtyop Féﬁ.\wj W&xa% %P Qé%ﬁw gﬁ’%& Seed
S O| lﬁWs@H’ wsfe a¢geda fe sfired mre clebtd migutes a ahhespnge pregipitate formed.
equi After stiging For gn a@Biomd 2 houns, feQolidk werk allaiel yd setiie @bdthe haxases were

addegcdddR. iThE re@Q@"g%@r Q59 qilsed WtH %h Afxanes (500 ml} and stirred for 30

%?rﬁalglﬁ%]o gﬁwlﬁgdvas fi ltgfgrgwﬁ g%tlo?nger sgnﬁc* \ﬁé&asheg wﬂ’n (N o? hlexanes and
Tec vitied ierecuut to VK @3 hee (75%) 08, anen easiyditiérgiealishimeangd sad. The
ol tcoﬂap@hn& gittbrhuia B3s Ebtairtd th e]a%orﬂér)callytrbun%%? Nds d&ne@hdidih. 'H NMR
ac e a
et L I T o P
20C 7 08 (mi IHk 6 8B dddgrJ 1 hdo. éﬂd? AR5 (@ He 1?rﬁit|"ﬂ)r%22v(&s' 10 Hz, IH), 4.90
y@r n@diHy, @.77 (dd, J = 10, 14 Hz, IH), 3.28 (dd, J = 5, 14 Hz, IH).



anbi ent tenperature and stirred for 3 hours. HPLC

anal ysis showed no starting material. Water 5 (500 m)
worw4imgded and the resulting mxture was stirrepdI/igE0041380

m nut es, afterwhich the aqueous phase was renoved.

This extraction process was repeated tw ce using 500

m water, followed by extractizon with 500 m brine.

The bul k of the ethyl acetate was renoved by

distillation under vacuum at 36C - 45C (pot

tenperature at 50C - 70C ) over a 2 hour period. DV

(1 L) was added and distillation of the ethyl acetate

}Nﬁ: Eﬁ)‘(ﬂm’LE Heﬁ'ebkﬁéiﬁﬁ of/ﬁﬂﬂmné%ﬁ-ooxg?@)ﬁﬂﬁahln|M@her&ftﬁ|6)’ bdt@ne (9)
S
t ongBp ALl iog: (n'm"v"'y)abr@a‘e'”") 221 g,

206 m ) and dii.sopropyl et hylam ne (2.0 nol, 2.0

equiv, 258.5 g, 350 m) e added and the [ting
m xture was heat egl to 65 i nternal tenperat . HPLC
anal ysi s indi cat ed that < 1% st art| /3 mesy| ate

remai ned afg i s /indi cat ed

1- 3% nesyl a of nmesy| 7 300 MHz,
CDCI3i) b 7.8 (i 2F 7.75 (m 6. ddd, J =
3, 10, 18 Hz, |H)© "5 540 (overl appl figHdm 2@'!) 5.10
(m IH, 4.88 (dd, J =10, 10 Hz),4.50 (dd, J =5, 10
Hz), 2.98 (s, 3H). Thg& reaction m xture wds cool ed to

anbi ent n@ger Er‘ie'rlﬁt@yeﬁﬁb(ék whd prueedlpdifsith anttydnRie (R6.5j001EGmol, 3.0

1-(5 e unv tp% a?snmg'strrﬁ%% ?& pqO EJ& mol, I'0 @E Fqum?ﬁeﬂa lpl'fj X\%‘?éoﬂ%g (60.4 g, 0.60

UCC i ons'
sat mOta? eaq Petessiumcpegnaie{3e-$g. PARme! 34 equivhmethanesyiiprantde (22.8 g,
or ganH enah hiasseyuinpanddYHGEIPALL {1.55 Na BB molan.d1 B4div).e iig mixture was
The dfsédhfe& ﬁ‘»tsﬁo Wt-ﬂkaﬁf:l}dateﬁﬂ %/v)aJnHP&'%Q‘?Jd E.5RS. Qﬁzﬁ%ﬁwdtagm 84 g,

renpve got ten;Per ature reach

95¢C? ZE)F‘Q't z p F%t't"? 37 3eRg a8 2 5Up é‘d’" PRItION Bhefyitirg was sfiegd vigorously for
18 ool @kbuts@nd aisnehad withafrp efrsadium bisulfifdl Vatar 90D i) wgs axided And the mixture

was wid bistaeted witht dinyhgsaresoo fi 2 ahd180d nfi kil exb co%@tﬁé’d ethyl acetate

' cr ys)tdr%lctg w% (Ngshﬁéi % esgnpeé/t n§1l§ha6H§ q} )ﬂ\l HIE? 50 %angignne (1Lx

reci
st i Ak Frﬁg “t'%?“&'ﬁ" Sa'éﬁﬁ n GW&P"f@teH éeﬁesvactl%f@mvtda §1 MP@ mixture of
al | aved ahmos&td doR adnehidhRRwlyeXIRIfies o\ &dnding. dEraftidaths @bproximately

%r 86"/eS1 e S JISLH‘O{ tewgtﬂ%l Iro E&@aé’g ‘{3hl rIl&t%E Iaf JI:%‘(?rgcﬁs%mers9and

lrre
was 19: |“tht°% Watiusath Withoptdurihprgpyrificgtionn g'é NYB|of Gorpreynd @i s@eqiMHz, CDCly)
Wi t B7% -1 @dverlagpiime S0H)NBI30 (Birs| B4, 8.09dlerTs, 2H,@L00 (M H16l), Bise(ndl 1H), 3.52

231(09ergpt(1r79§r@2H$_E 1§(ov<§§p% n?%il b}éo(HH Al abl e li ght

O LNk Prepatriap ?Sdrzés)thWﬂPXt%(Rér&Pt*ﬁ BTN putape (13) and
25IVR1,2(Rp-0Dydrbiey-3(RBRHz 3 (phehy hid)obiftaneXity), 7. 69 (m 2H,
7.33 (d, J =7 H, 2H), 7.17 (t, J =7, 7 Hz, 2H),

hoydfs (1H N

7.00 (m IH), 620 gdd, J = 7, 10, 17 Hz, IH), 5.25
(d, J = 17 He, 92 (d, J =10 Hz, IH/ A 90 30
(mIH) 377 dd 10, 14 Hz, IHL 3. d, J =
5, 004/ 099129 PCTbI‘%OOM 1380 -33
EXA ation of Q

1, 2( |hydr o?ﬁ@ pht hal\Ld flo- 4- (lphe | t hi o) -

but ane (9)

1, 2(S)-di hydr oxy 3( R) pht hal i m do- 4- (pﬁenyl Phi 0) -
butane (10) OO0 13 14

30



ANl N DD50HO OHOHOOH 9 10 Intoa 2L

Erl ennmeyer flask was placed potassiumferricyanide

WO 2®4/0%1g9 0.60 nol, 3.0 10 equiv), potassi um PETVEE2804/001380
(0.368 g, 0.001 nol, 0.005 equiv), sodium bicarbonate
(50.4 g, 0.60 nol, 3.0 equiv), potassium carbonate

(82.9 g, 0.60 nol, 3.0 equivVv)-34net hanesul f onam de

(22.8 g, 0.24 nol, 1.2 equiv) and DHQD2PHAL (1.55 g,
0.002 nol,- 0.01 equiv). This m xture was dissol ved

in 900 M of t-butanol/water (1 : 1 v/v) and cooled to
0C-5C. Conpound 8 (61.84 g, 0.20 nol, 1.0 equiv) was
added astre miRtuiecbfidibisof@nd @0 {6.62rg, 19.AenmalX bhtaigedaasExample 2, ‘was

St I gursg%dgé g% rﬂl%gjid"/o {q?éoug" ﬁe%arﬂﬁ’é’g g néaid tFHaea Fhehl 'I"MeFéactlon was

a
3 i oM B et b o S SoSty e o
5 22 anus, 386rearing Xhe yolurifdh eigwimarily.n elihe enikiye wes etiaged under a vacuum

ext Etﬁn%.t,p% r\é’%faew"iﬁfﬁh oﬁ%&@&éh&ﬁ'aﬁy r‘élnb:ﬁné—m%m t§ provide) clear
1) S i??u? T éf) ogﬁ s ac@eo( succ sswel )Wateq ‘5?@ sodium
Wi tW°‘§rbaﬂti?PH %%t e %H] T ?f’eW r ad0edy SURFEIvel IR s

pr okicafeongte (2748g; 68Mmmpl)ghoketon acetgfe (30l I@G@O‘d‘ﬂ@"hi psying gnixture to 5
gol e el hatibendy Gloesidriyiate @d.75d, faizanl, Zmsibipnel aigied diopwise and the

é/ e egultp@% )ﬂlﬁp Cv%%}tﬁ%& ?tlr thQ Qpe/ gthyl E&e%ay%? @Lé’ §ép§rated and washed

St eft@gqsglyﬁl@ryl@ 49 mépﬂﬂtnonief 1 '\'/\H? CEH‘ %gat%sg&uu%btcwgmate and grlne The
f ur brganic lqyairiat ddgivitosndiufidulididitiefed Goiepaparatid B leaySHEP dvF-grmixture of

CDC!!:gi-)l%auﬁdszlgénd 147(a§a {: %/I%HUQP& é\@htmﬁ))vs}n oma%ﬁthgglmrsolﬁhﬂed on

3.5 an‘J'("Sverl appi ng m 2H) 3 15 (overl appl ng m 2H)
12.30 (br, 2H). EXAMPLE 3: Preparation of

1, 2é@mﬁt€md=rrsp\sm36Bbz-mzyldxyeﬁbamdrmmmmophmmnem)

and 25 1, 2(R)-di hydroxy-3(R)-Cbz- nyl t hi o) -.
butane (14) H OOSJNFINHOO—IH 314 30 WO
2004/ 099129 PCT/ |1 B2004/ 001380 - 34 Th xture of
diols 9 and 10 (6.62 g, 19.3 tained in
Exanpl e 2, was suspgéndgd i 40% aqueous

nmet hyl am ne and heat\e 5 h. The reaction
was cooled to anbien tenperature —and a stream of
argon was bubbl ed through the 4gol ution for

20
V Compound 8 (50 g, 0.16M) was suspended in 250mi of 40% aqueous methylamine, then

heated to 60° (oil bath) for five hours. The resulting solution was cooled to room temperature.

Remaining methylamine was removed under vacuum using a rotary evaporator. The resulting

aqueous solution was extracted with ethyl acetate (2 x 100 ml). The ethyl acetate layers were

25  combined and washed with 100 ml saturated NaCli, dried over sodium sulfate, filtered and

concentrated under vacuum using a rotary evaporator to provide 29.11 g of the amino-butene as

* avyellow oil (slightly greater than theoretical yield). HPLC showed the purity to be 92%. "HNMR

(300 MHZ, CDCl3)  7.35 (d, J = 8 Hz, 2H), 7.27 (t, J =7, B Hz, 2H), 7.17 (t, J = 7, 7 Hz, 1H), 5.83

(ddd, J =6, 10, 17 Hz, 1H), 56.18 (d, J = 17 Hz, 1H), 5.09 (d, J = 11 Hz, 1H), 3.47 (m, 1H), 3.11

30 (dd,J=5,14 Hz, 1H),2.82 (dd, J = 8, 13 Hz, 1H), 1.69 (br s, 2H). This material was used without
further purification.

Benzyl chloroformate (21.4 ml, 25.5 g, 0.15 mol, ' 1.05 equiv) was added dropwise, at

room temperature, to-a stirred mixture containing a solution of amina-butene (25.5 g,.0.142 mol, 1

equiv) in 120 ml of ethy! acetate and sodium bicarbonate (25.05 g, 0.298 mol, 2 equiv) in 120 ml

35  of water. After 10 minutes, HPLC showed no starting material. After two hours of stirring, the



5 2 hours, decreasing the volune significantly. The

m xture was placed under a vacuum atnosphere (ca. 18
wWOonookid91bor 1 hour to renpbve any renmi ni ng et hyT/EBR0M001380
to provide a clear brown aqueous solution. To this

sol uti on was added, successively, water (5 m), sodium

bi carbonate (2.48g, 60 mml) ak& et hyl acetate (30

m). After cooling the resulting mxture to 5 C (ice

bat h), benzyl chloroformate (3.75 g, 3.2 m, 22 nmol )

was added drogvvl se and the 10 resulting m xtur S .

sti rifYeEs &5t SeprAE And teRIBCIRYPT Vias eesfied WitsS PP Gy ciie acid, 50 mi

Sepasatutagdl sridm\kixsthette, sWcias satueted soitnh cii@ider drighever magnesium

gf LubbtdiGherectid co%@én%t@ct &Ger%&@h&l iRy %t%@@%&%toﬁt@ Hrovide 31.84 g. of
rine.

_IL
sl 1382 o7 spRUP ARy eGP o Bl bt Bty g g raton
rA xttoreghdifter p@wiocRmYe @ b3wmingbluble of)de give vihitd, Beeedikeierisfalsgg4.78 g,
a | ightyichy, AW dpk). HBIASHbwediihaiurits lo®abyvs. SNV (Bd0asHZPODCly) 5 7.4 -
st an7dﬂ {) rla w 4ledd Pf %pﬁ:{ qj} hgﬁHf% %overla;ip&g nb2H) 5.10 (br s,

3- benz oxépc
HN_@H), 570¢ (brsq! é’ﬂnw)§16902§') O 16|\/p was suspended
in 250mM of 40% aqueous net hylam ne, then heated to
0 h |
{1 XA Aol Eudloiefyoarbbiipdniad il e bt 13anc
was Menoved under vacuumusing a rotary evaporator
The resulting aqueous solution was extracted with
et hyl acetate (2 x 100 ni yhe ethyl acetate | gyers
were 25 conbi ned and vvashth 100 m saturat

NaCl, dried over sogl um s

te, f||teregéﬁnd
concentr at nd ac/um usi ng a/T&tarf Qvapbrator to
provi de 29 g of H¥Re\ ami no- but @ aH e ow oi |
(slightly greater thandtheoretical yield). shovved

the purity to be 92%7"1H (300 MHZ, CDCI"@) bo. 3

Ed, J =8 Hz, 2H), 7.2%3(t, J =7, 8 Hz, 2H),17417(t

J =7 7H, 1LH, 583 (ddd, J =6, 10, 17 Fz, 1 H),
5.18 (d, J = 17 Hz, 1 H), 5.09 (d, J = 11 Hz, 1 H),

3. 47 (m Campdund B.(1d1 0.8T8 mq],dd equlv) wasaddddiasieizolid, in dH pordn8@a 3-neck
(dd ’rouﬁdbottgm ﬂélsi% cé’rl?anmn% alrc-53c SRutidr W p&ass%H)femJEHl&e (2.96g, 0.009mol, 3

u

Bon 91 RlEas gt e b 0oBg Y ogpon i Bios Bl o vicfPonate (qzsa, 009
28quing), 3\/98%"’)&1%?@8“'6 FEpRARLS d1-248t 0.06910h 3 estfige W&Wﬂeéu'fw@'%? (0.28g,
St i oroesimsl Xdquikene (MHGRHPYIR (026, 8.06008 M01N0.0f eqailiHE-nk bft-Bitéholwater

(25 (15 1de()iorh%4éulmlmlxtgre wgéjsltlrlréﬁ)for 1§ %%8%515°@ghe§gtg&lm empeiature for

acetate bi car bonat
equ F\Qj‘teﬂf‘%’ﬁo“i’ﬁ so%r%ipctwaft tg?n filtgge é\fas%%ﬁq trﬁﬂa@g/wam &1 viv) and
showeel tngivesd. 2ordf p wijtersalidéda%ayield) AT ectPLC\sbovied @ ragio off4 : 1 of diols 13 and
o5t I 1k ITAE probitte mME 2R A AR I dthyidde@RAELAL @8 Q viv) to give 0.18 g of
13 as a white crystalline solid. HPLC showed 97% pure 13. 'H NMR (300 MHZ, CDCI3) 6 7.4 -
7.2 (overlapping m, 10H), 5.2 (d, 1H), 5.1 (s, 1H), 3.9 (br m, 1H), 3.7 (m, 2H), 3.5 (m, 1H), 3.3 (m,
2H), 3.1 (m, 1H) 2.6 (d, 1H).



-35 layers were separated and the organic | ayer was
washed with 50 mMl of 0.5Mcitric acid, 50 m

wa@ adoungdiedl sodi um bi carbonate, and 50 nl sat ur B¢ BPB2004/001380
sodi um chl oride, dried over magnesium sulfate,
filtered and concentrated under vacuumusing a rotary
evaporator to provide 31.84 g-3f 19 as a tan solid
(72% vyield). The solid was recrystallized from hot
hexane (after a hot filtration 5 through filter paper
to renove a brown insoluble oil) to give white,
needl e-like crystals (24.78 g, 56%yield, in two
cr opKamPHE s CPaparatish dfbﬂbewrowc,sruoﬁylhemaa%enylthubwm(eaeﬁude 15

MiZ, CDCI3) b 7.4 - 7.2 (overlapping mq1 O), 5.84
(ddd, J = 7, 11, 17 Hz, 1 H), 5.21 (dvery apping m
2H), 5.10 (br s, 2H), 5.04 (brgs, 4.45 (m 1
H, 3.15 (m 2H). 10 aration of

3- benzyl oxycar bonyl ang nyl but ane diols 13

and 14 O- O- S/ \\QX C HOHHO H 15
13 14 Conpound 19 (1 g, 0.003 nol %1.0 equiv) was
added as a solid, in one portion, to a 3-neck
soundbott om fl ask contai ning a m@ 5C solution of
potaSS|un1ferr|cyan|de (2.96

0.0
pot assi uRMNSORHEY! Pi9TidssEe 9.6 %’d’@f(» "‘Téa‘?‘ﬁﬁ? at 3ﬂ° (%%a g(‘f)d‘? ¥/§ solution
s odiotiZRBRE Stbéneyiaxyarbpfylantig;4-hefyBido- 2&butadep10l34mﬂg)/qu triethylamine
ﬁg: ﬁ%ﬁl‘eﬂg nall ?ng r?ﬁ@t?ahf)dlof@élg(eod)mlg O P@%hltlng%lﬁtﬂéﬂﬂé@ stlrred for one hour
u o
I @a’iwﬁ%ﬁ% cy§ufp st 21270
of tendihe ramyre/vwaﬁténed wn(hice~coqlm97°v9ne haquseAny sqlibteimagiermiesdiltgiedoff and
Was watHel ivBdletiiyDdcetdid. tWeTitate afin&kashing®ére edmbine®8Ad concentrated under

: ﬁgﬁ%uarﬁ U{-,% r%sgﬁlr\ﬁarg%’]&g Evgsea?ﬁ’] g'l%ﬁrn'?eﬂgl J&F&fﬁ\?gob 9\!) ﬁ%ﬁéd sy}ﬁfsswely
and WHBIMFIEOG 8D 610! FueRys Giic 40 FRLIEN (S0 StsbarFRdops Souton o
1Fhe stiRlinChyeilvgenearbenated 5 ol) arfd séturafed bfinedb®ING, dii@l evatimaHesiun suifate
Thi %nﬂoﬂé@dﬁ&ed’ﬂn?ﬁr VdcBuriiethe rré%ﬁlﬁﬁé%sﬂué @2 6crfstafiPad from toluene (400 miy/
et hyl s&ﬁg[teygt e% X\S%P | I'nh d (ﬁf{ﬁ%—bg?]zgl\?\g réo}wgmmo-# %%nylthlo-z-
1H Nma(leéeitwnw1 @@bsazysxw atane 7 (38.6( @vefﬂr%ap@ﬂkﬁ grom (RR3R)-3-
OH) befzylexytaibonyiariihia-4-PhehyithiB-1,2kbutdhediob149 a daloriés crysté. , "HBIMR (CDCls,

7 stlyo b i Sl el o o o

EXAIOF"EE 16D, 45¢ a.} 18P 5P ), 4.50 (dd, J=12.0, 5. 1Hz, 1H), 4.21 (m,1H), 3.25 (dd,

3- benm, Gli(ylz,al‘lb&nﬁldsm B@5 (bdph@hg' B2tz oHH]LIRIGKBre 13847x 1788 189, 1531,
1514, 1349, 1283, 1172, 1109, 1028, 925 cm™, [a]p? : -14.0° (c1.01, CHCls); Elemental Analysis
(C2sHasN20gS,): Calculated: C,54.35; H,4.56; N,4.88; Found: C,54.49; H,4.19; N,4.75.

25 An aqueous solution of 2N potassium hydroxide solution (28.7 ml, 57.4 mmol) was added
to a stirred, room temperature solution of (2R,3R)-3-benzyloxycarbonylamino-4-phenyithio-2-
methanesulfonyl-oxy-1-(4-nitrobenzoyloyloxy)butane (15.0 g, 26.1 mol) in 1,4-dioxane (120 mi).
The resulting mixture was stirred for one hour at room temperature. Toluene (200 ml) was added
and the resulting mixture was washed successively with water (200 ml), a saturated aqueous

30 solution of sodium hydrogencarbonate (200 ml) and saturated brine (100 mi),. dried over
magnesium sulfate and concentrated under vacuum to give (28, 3R)-3 -benzyloxycarbonylamino-
4-phenylthio-1-buteneoxide 15, 8.43g, (98% yield) as a coloriess oil. This material was used
without further purification. 'HNMR (CDC13, 300 MHz) 6 7.5-7.1 (m, 10H), 5.2-5.0 (m, 3H), 3.70
(m, 1H), 3.22 (d,J=5.6Hz,2H), 2.99 (m,1H), 2.9-2.6 (m,2H) IR (KBr) : 3302, 1694, 1538, 1323,



o Fi 515 p-Ntrobenzoyl chloride (20.8 g, 0.112
nmol ) was added at 3-10Cto a OC to 5C solution of
WO 2R48M128- benzyl oxycar bonyl am no- 4- phenyl t hi oPQT/PB200/@1380

nediol 14 (39.0g) and triethylamne (39.1 m, 0.280

mol) in tetrahydrofuran (300 m ). The resulting

m xture was stirred for one hoifr- 10 with ice-cooling.
" Met hanesul fonyl chloride (10.4 nml, 0.135 nol) was

added dropw se at 2-12C and the m xture was stirred

with jce- or__one, n et t er _
v Lk RO b e TR Y gt B WL TS Sl mvas
filt(CatleNQSH Galreiaipdi Ao, %mNé@ﬁtﬁon@UC@ﬁgs; H,5.85; N,4.33.
concentrated under vacuum The resulting residue was

dis et 300 waghed .
‘suc%%gslg \AF %ﬁ %ﬁlr'el”¥ é’ 8258)?}'@% i@%é@ﬂg"'z'hydroxy""
éit rnhenwalouuisk)rldmahmmémmiu)e 3—@%@@@@@@%@@ :
solution of 15 sodi um hydroggucarbonate (50 m) and
saturated brine (50 m), d d) over magnesi um sul fate
and concentrated under vac The resul ting residue
was recrystallized fromtol ugne (400 nm)/ diisopropyl
ether (300 mM) to give S CONHt-Bu

(2R, 3R) - 3- benzyl oxycar bonyl ani no- 4- phenyl t hi o- 2-

nmet hanesul f onyl oxy- 1- (4y . gXy) butane (38.6
g, 51%yield from (2R 3R)-3-}
benzyl oxycar bonyl ani no- 4- phenyft hig
as colorless crystals. 1H NVR (CDC 20 300 MHz) b
8.5-8.0 (m 4H), 7.5-7.2 (m 1 , 5.44 (ddd,
J=6.9,5.1,2.3 Hz,1 H), 5.11 (s 2H), 5.09 (brd d, 1

H, 4.57 (dd, J=12.0, 6.9 Hz,1 H), 4.50 (dd, J=12.0,

. 1 Hz, Akolbljon o2 3R 3MehzpdkycaBonymindd;pherlitigh-Klitenéoxide 15 (8.43g)

e el friamibhoyil ol s duydnds st Jo S

7 zsoprfg)@glcohfbgg m )9\235 rLeme Qa'iSOQ for.5 hopys. OArt quepys’ "solution of 2N
CHCI p@lassiuf lyrexideg(F2. 3 mial Oﬁémsnol)@@ﬁﬁje@ﬁmmm was continued at 70-75°C for

Cal GIlB |h§l§r§ dﬁﬂe@élﬂé &roonkethp&rBture Nolﬂen%% ZOM ‘added 5411 #Emixture was

T8 e Py 130 0 B RRIRSR A B Pl S B T B
a Sthﬁrqc@averercg@m washed wite t@.@p@ﬂ PH M >0$) The pH of the aqueous extracts
( 2R waRhdjdstdaedyty/1 20isiig ausdueduy kslition 6F-58-pplassny liyBiofide then extracted with

et flé}ﬁléﬁé H|26 Q’?y | The %é/mt}neg %Q?Qllaé EW@M&%¥W e)ap.l\'%géﬁrbﬁne dried over

15. | oXane T
E es d’i’ﬁg?ﬁ&"‘rﬁ”%ﬁ%ﬁ"é °%5%""§‘F? YEEYRRHP U ($ 7S §3S) Fé@ﬁn‘*m -3-amino-
20e m2ehyerbxyréephenitiiiahetyliede¢shdioisnayinaliges3-carkabyiic acaktdutyléraide 16, 9.39g, yield
r es st A danon&sg b 1%@@/@9@@@0@%%&% welnyslw é.65 WRLAH), 3.68 (m,

(20051 L3 g5 09080308 (o8] L AETE (SRR v, 200
) , (e %%IS é'YP?eTH) §PedidimHd S HaID, add0codddTiteftgit), 2.27
u ndﬁwd JEAC8|BLBRAIZ, TH) 0. 32€s. Qrﬂ)&, 0-B&RIm, oH)

er%éﬁh.gw nggg@)@géra & (o8, RSN DR | -sRY1S BNGEY) F@ hydroxy-2-

rmt anqtinibeitzy PWFQVHB'GP"W'WFWFr°pﬁ9ﬂP'ﬂP'ﬂ‘&t3r°GfP°x¥1Pl acid  t-
NVR HuGRlidedt7 300 MHz) 6 7.5-7.1 (m 10H), 5.2-5.0 (m

3H), 3.70 (m 1H), 3.22 (d,J=5.6Hz, 2H), 2.99 (m 1H),
2.9-2.6 (m2H IR (KBr) : 3302, 1694, 1538, 1323, WD
2004/ 099129 PCT/ | B2004/ 001380

2- but anedi ol 14)



-37 1256, 1100, 1028, 1006, 882 cm-1 [a]D25 : -26.2 6

(cl.01, CHC 3 ); Elenental Analysis (CLBHLINGZS):
w@adghaeed: C, 65.63; H 5.81; N 4.25, Found: PGBIE6(04/001380

H,5.85; N 4.33. EXAMPLE 7: Preparation of (3S, 4aS,

8aS)-2-((2R, 3R)-3-am no-2-hydroxy-4 5

phenyl t hi obut yl ) - decahydr oi sogsgnal i ne- 3- car boxylic

acid t-butylamde 16 3 CONHt-Bu KRN N OH 16 10 A

sol ution of (2S,

3R) - 3- benzyl oxycar bonyl am no- 4- phenyl t hi o- | - but eneoxi d

e 15 (8.43g) and (3S, 4aS,

8aS) - decahydr oi soqui nol i ne- 3- ca ylic acid

t-butyl am de (4.98g, 20.9 nmol) i sopropyl al cohol

(70 M) was heated at 70-75¢C fo S5 howsnswss AN aqueous
solution of 2N pota S|u hydr oxi de (52 3 m, 104.5

nmol ) was added and : (NS G d at 70-75C

for 15 hours. After ca soon t elper at ur e,

toluene (120 mM) was added and the m X was- 15

washed with water (120 m) and I N hydrs oric acid

(80 mM x 1, 40 mM x 1). The agieous extracts were -

combi ned and washed with toluene (100 nl x 3). The pH

of the aqueous extracts was adjusted to pH 12 usi nlg a
&queous Plor Bi-a5etoyN-PRIYRERPY F\'?'?E%W"&% 9&5 6 mmpd) i sthylacetate (40
ext ma)otas dropwvisdeddédid aigimed sdi2Osiaml(3S, 4aBh8aSE2 (2R, AR)eB-avwingedhydroxy-4-

| ay %ﬁ&beﬁtleﬁ@éQ@gro’ﬂbc{tﬂﬂolﬁ@%-‘éérﬁ&?@ 2Bl - B@ylan%e' £90.9¥881 mmol) and

g:ag go% %ﬁgd éfgglcar ona! engSS(gc erﬂ%é% %mlét.!ﬁeﬁg ag mH andI e%\yl acetate (40
2- hynlx withjicedcopling niHetriixtere was atiredferaa lagditiondl By withred-¢onlking 3Water (20
18" befbdsCadasd hdtthedstganlcasyehRas1ddpar@eB S, wagheddl with a32lratétiSaqueous

a Cg [OL] 22%8@03 odi g%'ﬂy%l%%néa%g’ (dnghoogir&%j@?p@_?m%te ant concentrated

( dd unds Saceunzto S'FTZ(3§_ pﬁs 8@)-@-@(2@, 3B)3- ﬁpﬁw-z-n?thglgen(@@m|no)-2-hydroxy-
J=13:pBerfittdtptyFddcahy@roBehuinélitiel3tarboxglicaciB t-Butptmide HR,7 g2yi€d96%) as
(dd cdoiesOand: amc')'?phJ)LH) H rZMﬁ dcﬁ’adaobmﬂ}% 87.6.78 F(l%;sill) H.4-7.8 (n2 4H), 5.51

1EXA|(}?5?_EJ“§) 4& Hﬁ—p é@dg 1)517%§g|§3r|-|)2 Et{%é%"ps 72457Hz1H)

3R) 221 Kgddlfa)g@z ok, g&);«%@r(dg(y-@s 9.1Hz,1H), 2.44 (m 1H), 2.32 (s,3H), 2.27.(s,3H),
met kysldeqray | 1evinaly, 49nhenyhihi.obglew) | decahydr oi soqui n

2004 090 35 Bt {808l iR RS oo pesr 2 on oo

H (3-acetoxy-2-methyl-benzoylamino)  -2-hydroxy-4-phenylthiobutyl}-decahydroisoquinoline-3-

20  carboxylic acid t-butylamide (12.7 g) in methanol (96 ml). The resulting mixture was stirred for 1.5
hours at room temperature. The resulting precipitate was collected by filtration and washed with a
mixed solution of methanol (75 ml)/water (25 ml). The residue was dried at 500C under vacuum
to give (3S, 4aS, 8aS)-2-[(2R, 3R)-2-hydroxy-3-(3-hydroxy-2-methylbenzoylamino)-4-
phenyithiobutyllJdecahydroisoquinoline-3-carboxylic acid t-butylamide 17, 8.00 g, as colorless

25  crystals (54% yield from (2R, 3R-benzyloxycarbonylamino-4-phenylthio-2-methanesulfonyloxy-1-
(4-nitrobenzoyloxy) butane). 'H NMR (CD50OD, 300 MHz) 8 7.49 (m,2H), 7.27 (m.2H), 7.17
(m,tH), 7.01 (m, 1H), 6.90 (m,1H), 6.79 (m,1H), 4.43 (M,1H), 4.06 (m, 1H), 3.54
(dd,J=10.1,3.5Hz,1H), 3.37 (m, 1H), 3.04 (dd,J=8.7,1.7Hz,1H), 2.60 (m,2H), 2.24 (s,3H), 2.17
(m,2H), 2.01 (M,1H), 1.9-1.1-(m, 11H), 1.17 (s,9H).



OH 17 5 A solution of 3-acetoxy-2-nethyl benzoyl
chloride (4.37 g, 20.6 mol) in ethyl acetate (40 ml)
wor®4hrapn se added to a stirred suspensi on ( 38CT/IES)4/001380
8aS) - 2- ((2R, 3R)-3-am no- 2- hydr oxy- 4- ‘
phenyl t hi obut yl ) - decahydr oi soqui nol i ne- 3-car boxylic
acid t-butylamde 16 (9.1 g, 2d%.mol) and sodi um
hydr ogencarbonate (4.55 g, 54.2 mml) in a m xture of
water (40 m) and ethyl acetate (40 nl), with
ice-cooling. The mxture was stirred for an additiona
hour wi t IThe eemplexcind pgparatiahserovide@atioge fither Hikeyata gorbexeaplty the
the cQﬁF&HHé:of k@ YREeny\BenfoR RAd ALESHs 3f\Wepafviisch dombbunas. Itis to be
e

sat ur at ed ous | ution. (20 m . '

Py Bt iR faee 8 e teg ke st el B oyt gope o e
condenvingexetrleggderergaiogtim t o gi ve (38, 4as, :
gasS) - 2-[ (2R, '

3R) - 3- ( 3- acet oxy- 2- net hyl benzoyl am no) - 2- hydr oxy-

4- phenyl t hi obut yl ] - decahydr oi soqui nal i ne- 3- car boxyl i c
acid t-butylamde (12.7 g, yield 96% as colorless
and anor phous. 1H NWR (CDCI 3, 300 MHz) b 7.5-7.1
(m8H) , 7.12-7.0 (m 1 H), 5.51 15 (brd s,1 H), 4.48
(ml1H, 4.07 (m 1H), 3.81 (dd,J=13.7,9.2Hz,1 H),
3.41 (dd, J=13.7,4.7Hz,1 H), 2.91
(dd,J=11.7,2. OHz, 1H), 2.56 (dd, J=12.9,9.1Hz, 1H), 2.44
(mlH, 2.32 (s,3H), 2.27.(s,3H), 2.3-2.1 (m2H),
1.9 (m1 H, 1.9-12.1 (m11 H), 1.07 (s, 9H Aqueous
ammonia (28% 24 m) was added to a solution of (3S,
4aS, 8aS)-2-[(2R, 3R -3-

( 3- acet oxy- 2- net hyl - benzoyl am no)

- 2- hydr oxy- 4- phenyl t hi obut yl ] - decahydr oi soqui nol i ne- 3-
20 carboxylic acid t-butylamde (12.7 g) in nethano
(96 m ). The resulting m xture was stirred for 1.5
hours at roomtenperature. The resulting precipitate
was collected by filtration and washed with a m xed
sol ution of nmethanol (75 m)/water (25 m ). The

resi due was dried at 500C under vacuum to give (3S,
4aS, 8aS)-2-[(2R

3R) - 2- hydr oxy- 3- ( 3- hydr oxy- 2- met hyl benzoyl am no) - 4-
phenyl t hi obut yl ] decahydr oi soqui nol i ne- 3-car boxyl i c
acid t-butylam de 17, 8.00 g, as colorless 25 crystals
(54%yield from (2R, :

3R- benzyl oxycar bonyl am no- 4- phenyl t hi o- 2- et hanesul f on
yl oxy-1- (4-nitrobenzoyl oxy) butane). 1H NVR ( CD3CD,
300 MHz) 6 7.49 (m2H), 7.27 (m2H), 7.17 (m1l H),
7.01 (m I H, 6.90 (m1H, 6.79 (m1 H), 4.43 (M1
H, 4.06 (m 1H), 3.54 (dd,J=10.1, 3.5Hz,1H), 3.37 (m
1H), 3.04 (dd,J=8.7,1.7Hz,1H), 2.60 (m2H), 2.24
(s,3H, 2.17 (m2H, 2.01 (M1 H, 11H), 1.17 (s,9H
WO 2004/ 099129 PCT/ 1 B2004/ 001380 -39 The exanpl es and
preparations provided above further illustrate and
exenplify the conpounds of the present invention and
nmet hods of preparing such conmpounds. It is to be
understood that the scope of the present, invention is
not limted in any way by the scope of the



foll owi ng exanpl es and preparations. 5 WO 2004/ 099129
PCT/ 1 B2004/ 001380 -40- W claim 1. A conpound havi ng
wo b@4peripul a: R~ R3 R2 5 wherein RL is a suite@l/E82004/001380
nitrogen protecting group and R2 is H or Rl together

with R2 forma suitable nitrogen protecting group,
and R3 is thioal kyl or thioary#a- 10 2. The conpound
according to claim1, selected fromthe group
consisting of: R S /- NRZ 3. The conpound
according to claim1, selected fromthe group
condVadlsilg of: 0 'O FIN-C C‘o and 0-) -C-S 15 4. A
compound having the formula: R R R R3 N\N R2 R2
HO QH or sHEReddhh RRinie iR 1s a suitable nitrogen
protecting group and R2 is Hor Rl together with R2
forma suitable nitrogen protecting group, and R3 is
t hi oal kyl or thioaryl. 5R1The cq according to
claim4 having the formul®; 25 WD 2004/099129
PCT/ 1 B2004/ 001380 -41 N ‘

5 R?
wherein R’ is a suitable nitrogen protecting group and R is H, or R' together with R* form a
suitable nitrogen protecting group, and R?is thioalky! or thioary!.
10 2 The compound according to claim 1, selected from the group consisting of:
R! S
\ {
N
/
R? ===
3. The compound according to claim 1, selected from the group consisting of:
o f
S 0
oA
— HN—<:
o and ===
15
4. A compound having the formula:
R’ R® 1 3
\N R R
/ N
R? R? .
HO OH o HO OH

20
" wherein R'is a suitable nitrogen protecting group and R? is H or R! together with R? form a
suitable nitrogen protecting group, and R®is thioalkyl or thioaryl.

5. The compound according to claim 4 having the formula:
25



RRRI NRZRZ HOHor HO OH 6. The conpound

according to claim4 having the formula: 5\ s\ s O
WDy O HO OH 7. A conpound havi ng t he forpal/aB2004@1380

R3 R3 HZ HZN HO OH or HO OH wherein R3 is alkylthio

or arylthio. 15 8. The conpound according to claim?7

having the formula: s s HN-WHpN HO H O HO OH WO

2004/ 099129 PCT/1B2004/ 001380 -42 9. A nmethod for the

st ereosel ective preparation of a conmpound represented

by formula 4 or 5 RR H2ZN H2ZN HOB OH or HO OH 4 5

conprising treating a gonpound of fornul R3 Rl N
10 R2 with an osm um ci ni ng oxidi zin agent
conbi nati on of KRZOSOZ(s 4/ K3Fe( CN) 6, 'KZS 3,

W W
./ /
R? RS
HO H “or HO OH
6. The compound according to claim 4 having the formula:
5 .
O f
§ 0 HO OH
7. A compound having the formula:
.10
R
Hy
HO OH  or
wherein R? is alkylthio or aryithio.
15 8. The compbimd according to claim 7 having the formula:



NaHCO3 and CH3SO2NH2 in the presence of DHQD2PHAL as a
chiral auxiliary reagent to provide the conpound

w0 egmpsdart ed by fornula 4 or 5, wherein 15 Rl PGI/EB2004/001380
suitable nitrogen protecting group and R2 is Hor Rl
together with R2 forma suitable nitrogen protecting
group, and R3 is alkylthio ora2arylthio. 20 10. A
nmet hod of maki ng conmpounds represented by fornula 8,
conprising the steps of: On\\ (:)4INC o0 8 a)
treating hydroxy-butene 6 with nethane sulfonyl
chloride 25 0 CH 0 WO 2004/099129 PCT/1B2004/ 001380
- 4396 i Anetnbd Pr 8BS QBre&clttivepregidtioreof B agrepolind raprpsehiad by formula 4
aprotic solvent to provide butene- mesylate 7a; and O
CSOE?é' NO 5 7a b) treating butene-nesylate 7a with
t hi ophenoxi de, wherein the thiophenoxide is forned in
situ using thiophenol™and a non-nucl edphilic base in a
pol ar aprotic solventy to provide thipphenyl-butene 8
o- 0O HZN H2N

&
lon

10 R? —

with an osmium-containing oxidizing reagent combination of K;0sO2(OH)4/KsFe(CN)s, K2CO3,
NaHCO; and CH3;SO0.NH; in the presence of DHQD,PHAL as a chiral auxiliary reagent to
provide the compound represented by formula 4 or 5, wherein ‘
15 R'is a suitable nitrogen protecting group and
R%is Hor
R together with R? form a suitable nitrogen protecting group, and
R?is alkylthio or aryithio.

20 10. A method of making compounds represented by formula 8, comprising the steps of:

ot

a) treating hydroxy-butene 6 with methane sulfonyl chloride

e

25



10 8 11. A nethod for stereoselectively converting a

conpound of formula 8 ON\ ~ / / O159 to a
wa@ormoemad of formula 9 or formula 10: o - o - BCHIBI®4401380

-C-\O 040 9 10 20 conprising treating said conmpound

of formula 8 with an osm um contai ni ng oxi di zi ng

reagent conbination of K20sC243CGH) 4/ K3Fe(CN) 6, K2C03,

NaHCO3 and CH3SO2NH2 in the presence of DHQD2PHAL as

a chiral auxiliary reagent to provide the conpound

represented by fornmula 9 or fornu AAa 10. WO

2004/ 099129 PCT/ | B2004/ 90,%6353559 g

ster eosel ect} Bk vl a}%ﬂ%@s#ﬂé %ﬁ\fi%rbgt:ene',

0 - CAN-C eBylatg73;gncy conpound of fornul a 11 or
formula 12: s H2N H2N HOB HO 11 12

5 Z.a.
b) treating butene-mesylate 7a with thiophenoxide, wherein the thiophenoxide is

formed in situ using thiophenol and a non-nucleophilic base in a polar aprotic

solvent, to provide thiophenyl-butene 8

ot

10 8
11. A method for stereoselectively converting a compound of formula 8:
e :
g
—_
0
15 8

to a compound of formula 9 or formula 10:
e e
S
o H§ H Hd H
8 10

20  comprising treating said compound of formula 8 with an osmium-containing oxidizing reagent
combination of K;0sO3(OH)4/KsFe(CN)g, K2COs, NaHCO3 and CH3;SO.NH; in the presence of
DHQD,PHAL as a chiral auxiliary reagent to provide the compound represented by formula 9

or formula 10.



10 conprising the steps of: a) treating a
t hi ophenyl -butene 8 with an osm um cont ai ni ng

w@zoodiogiizyy r eagent conbi nati on of PCT/IB2004/001380
K20s02( OH) 4/ K3Fe( CN) 6i K2C03, NaHCO3 and CH3SO2NH2 in
t he presence of DHQD2PHAL as a chiral auxiliary
reagent to provide 15 -44 -
1, 2(S)-di hydroxy-3(R) pht hal i m do- 4- ( phenyl t hi 0) -
butane 9; and O (DO Hd H 9 20 b) treatnent of
1, 2(S)-di hydroxy-3(R) pht hal i m do- 4- ( phenyl t hi 0) - but ane
9 t d2. r ertonethod fips stpriaedelebtively choveating a gompoyndet formida &r oup,
wherein the treatnent does not indy racem zation at
the 3-am no or 2-hydroxyl centers o but ane
conmpound, to provide a dihydrg 1 /0~ but ane conpound
represented by  fornula { 13. A nethod for
preparing a conpound rep ent AeHby fornul a 16,
conprising the steps of
PCT/ 1 B2004/ 001380 -45 S CONHt®Bu O 1-z4-1 ONN H
OH 16 5 a) heating a solution %orrpri sing (2S, '
3R) - 3- benzyl oxycar bonyl am no-4-~
pheny} tdmpaudd-obidinriest denukbizand (3S, 4as,
8aS) - decahydr oi soqui nol i ne-3- carboxylic acid

t-butyl am de in isgprpyl alcohol; O biN 15 10 b)
addi ng an aqueous ti on of 2N pot as hydr oxi de;
S —S
<

H HO OH
n 12

HaN
HO
10
comprising the steps of:
a) treating a thiophenyl-butene 8 with an osmium-containing oxidizing reagent
combination of K;O0sO,(OH)4/K3Fe(CN)s, KoCO3, NaHCO3 and CH3SO.NH; in

the presence of DHQD,PHAL as a chiral auxiliary reagent to provide
16 1,2(8)-dihydroxy-3(R)phthalimido-4-(phenylthio)- butane 9; and

20 b) treatment of 1,2(S)-dihydroxy-3(R)phthalimido-4-(phenylthio)-butane 9 to
remove the phthalimide amino-protecting group, wherein the treatment does
not induce racemization at the 3-amino or 2-hydroxyl centers of the butane
compound, to provide a dihydroxy-amino-butane compound represented by
formula 11 or 12.

25 A

13. A method for preparing a compound represented by formula 16, comprising the steps
of:



c) adding toluene and washing with water and IN
hydrochloric acid; d) extracting and conbi ning the
waowened?29 ayers; and e) drying the extracted pPOHIR204/G91380
provi de (3S, 4aS, 8aS)-2-((2R, 3R)-3-am no-2-
hydr oxy- 4- phenyl t hi obut yl ) - decahydr oi soqui nal i ne- 3- car
boxylic acid t 15 butyl am de L§. 14. The conpound
according to any one of clainms 1, 2, 4 or 5, wherein
Rl is al kyl carbonyl, al koxycarbonyl,
aryl al kyl carbonyl, aryl al koxycarbonyl aryl carbonyl,
aryl oxycar bonyl , benzyloxycarbo| benzyl or
arylalkyl and R2 is H 20 15. Tlie gonpound accordi ng
to any one of clainms 1, 2, 4 or mherein Rl and R2
together wth the nltrogen to h tcheys are bound
forma phthalim do, su00|n|glgo or dlfornyl noi ety.

ghe

5 a) heating a solution comprising (2S, 3R)-3-benzyloxycarbonylamino-4-
phenylthio--buteneoxide 15 and (38, 4aS, 8aS)-decahydroisoquinoline-3-

carboxylic acid t-butylamide in isopropy! alcohol;

16

0
o—( S
O+
0
15
10 b) adding an aqueous solution of 2N potassium hydroxide;

¢) adding toluene and washing with water and 1N hydrochloric acid;
d) extracting and combining the aqueous layers; and
e) drying the exiracted product to provide (3S, 4aS, 8aS)-2-((2R, 3R)-3-amino-2-
hydroxy-4-phenylthiobutyl)-decahydroisoquinaline-3-carboxylic acid t-
15 butylamide 16. ‘

14. The compound according to any one of claims 1, 2, 4 or 5, wherein R' is
alkylcarbonyl, alkoxycarbonyl, arylalkylcarbonyl, arylalkoxycarbonyl arylcarbonyl,
aryloxycarbonyl, benzyloxycarbonyl, benzyl or arylalkyl and R? is H.

20
15. The compound according to any one of claims 1, 2, 4 or 5, wherein R'and R? together

with the nitrogen to which they are bound form a phthalimido, succinimido or diformyl moiety.



