WO 2004/099129 PCT/IB2004/001380 INTERMEDIATES USEFUL IN
THE SYNTHESIS OF HIV-PROTEASE INHIBITORS AND METHODS

wo 08RABRBEPARING THE SAME Field of the Invention 5 ThispiaygaYRN /001380
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relates generally to 1,2-dihydroxy-3-amino-butanes, their 3-amino-butene
precursors and chemical methods for preparing the same. The butene and
butane compounds of the invention are useful as intermediates in the
synthesis of the protease inhibitor nelfinavir mesylate and its free base,
which in turn are useful for the treatment of HIV-infected individuals. 10
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has been shown o be an effective treatment for HIV infected individuals. Nelfinavir mesylate is
disclosed in U.8. Patent No. 5,484,926, which issued January 18, 1996. This patent, in its -
entirety, is incorporated herein by reference. ‘

Prior to the present invention, the stereochemistry of nelfinavir mesylate products and-
infermediates prep_ared by conventional processes was determined by the stereochemistry of the
starting materials. Thus, different sterecisomers of nelfinavir mesylate or its free base could only
be prepared by the use of specific enantiomeric starting materials. The present invention
provides a versatite and useful synthetic route for the preparation of nelfinavir whereby key

‘ - stereocenters are established at a relatively late stage in the synthesis of the 1,2ndihyciroxy~3»'

30

amino-butane substituent.

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 Dilyydroxylation of Chiral y-Amino a, B-Unsaturated Esters: Turning the Mismatched
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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 discus$sed generally in WO 93/07142
and in Reetz at al., Asymmetric Dihydroxylation of Chiral y-Amino a,
9-Unsaturated Esters: Turning the Mismatched WO 2004/099129
PCT/11432604100:1360- 0, intethe Mailg § se yia Protective Group
Tuningjgkgtrahedron Letters Vol. 37 55% gg%gég('l%9gfa6{hef%&‘c@‘rohn&% 8258
processes reg?ted to the |nvent|on are found in U.S. Patent No.
5,557,481. Processas fHHSrEUGtTHE arite derivativedissetmiasintermed: ©awn N
ateswrtr?ééfﬁtheécis“és“%‘%érﬁﬁmiﬁ Aresyiate airesfausid: i WSHRAA1937.c oyrimcnis of
aRd WBIs71118y ' These references are: incorperaisdherein py reference.
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preparation of an optically active 3 gﬂmmo butene the stereoselective
conversion of the optically actve AT Tef=8A%Botcafy 10 active
1,3-dihydroxy3 AMNGBHETR ARG'RE Bptieampaetvesarsinekbutane
and ﬁ@ﬂ?ﬁ?}ﬂb’rﬁﬂ’va 3‘%%%@%%3%@%%&@ thereby=f Aehinc-butene to an apicatiy
éfborttitent-thisidisclesune-pravidestaimeshadforihe steregselective. | )

* preparation-a5:0f RuBer BR-amino-hydrox’ aka pole oy dihydroxyianen o yax-
oftne cor esponding protected P-amino alkenes. Specifically, this
invention provides a 3(Rj-amino-butene, a 1,2( dihydro;p-3(R,
amino- butaqg ara Ibzgs%gﬁh%drox -3(Rj-amino-b;r;ane, a method forihe

preparation oftne 3{n}- amino-BUTEHE SREPERsEtmeadoiotie stereoseleetivaration
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2. 2(Rpdinydrox)=vB{Rj-amino-Ruw aas;erd 2(gi-dinydrocri=- 3P
j-aming-hutang. kr.ong embodiment, the rgssbggntmdésclosure Telated o qy o5 -
compundhaying.the formu herelnr&i s asurfe{‘BTg‘?ﬁffﬁéjér? Frofestimte 3R
group, P\ H or PJmtogerrher Wlﬁ‘l B85H Rt D Rt proteeingscise ®-aming
group, and Ra8 thioaikyt 8!’??‘1‘?835?3/3f;in%ﬁﬁfh@r%m@oeﬁfﬁemm:m&&akmc -butane.
disclosure rejates 10.com npoy d accordlng to formula 1, which may be

selected from the foIIowmg gr&ﬁas-’-‘nﬁahsc osure relates to a compound having the formula:
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-2a- In a first aspect of the present invention, there is provided a
compound selected from the group ceéasisting of and = In a second
aspect of the present invention, there is provided a compound having the
formula R IR P,2 wherein Rand R2 together with the nitrogen to which
they are bound form a ohthalimido, succinimido or diformyl moiety; and R’
is thioalky}Qr thioatyk. et Another emRadiment.the.presentdisciasH e grous
relate doa compound having the following formula, WO 2004/099129
PCT/1B2004/601380 -3- P t 3\N P,2 pz HQ DH or HO1 OH 9 wherein R’
is a suitable nitrogen protectipg-group and R2 is H or R’ together with R2
form a suitable nitrogen proég%g group, and R3 is thicalkyl q;thi\oaryL
Compounds relatedto formu,[a*?/may include: 0 R'sR\-s N R*;:R HO
OH HO~ O Ha ) /\ HO pH In another embodiment;:the
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whersin k' and B? together with the nitrogen to which they are bound form 2 phttalimido,

or diformyl moiety; and
= ig thicalkyt or thicaryl.

In yet another embodiment, the present disciosure refate toc a compound faving the following

formuia;



W()'_}’@MJGE@E%Z 10 HO OH or HO OH 2a wherein R'is thioalkyl él}i%a 1.
Compounds related to formula 2a include: H7N H,N HC) off g# 2\6&(\‘\”}99380

WO 2004/099129 PCT/1132004/001380 In a further embodiment, the
present disclosure relates to a method farsthe stereoseiective preparation
of a compound Having the formula 4 or 5 P3 . ilplAlw-O f ~(r)~~ HO OH
.or HO OH comprising converting a compound of formula F p3 P7 dpi 10
to a compound of formula 4Aor formwa 5, by treatlng the respective
starting compounds with 5{1 0S -contalﬂing 0 ing reagent
combination of d:20s0,(OH ~e(CN) K,-'O% CO; and CH,502NH2
in the Presence of DHQD2PH a chirakduxili ary reagent to provide
the 15 compound representestby formulg 4 or jiFesp ively, wherein R’
is a@%@@@hlsr@%@aﬂ%qw%{%mgaﬁg é%d*a@ R togather with R
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wherein R is ihicalikyt or thicanyl. Compounds related to formula Za includs:

wd OH

formuia:



wdneaforther embodiment, the disclosure relates to 'a method fop6@R¥eING: 30

a compound of formula 2 to a compound of formula 4, and/or converting a
compound of formula 3 to a compound 25 of formula 5, by removing the

~ nitrogen protection "group without inducing-racemeation to provide the
compounds represented by formula 4 or E, respectively. In yet a further
aspect the invention relates to a method for conversing a compound of
formula 5. WO 2004/099129 ﬁ’hnglB%O%éllgojé%go 5 NCH 6toa
compound ofafformua7 T or fofmura 8- 6 R4 SRS E 8 65 9eg
Wheféfhcﬁa’ h“?oﬁfﬁffﬁaa?%%ﬁé&ﬁ?@“@‘i‘@é}ﬁ“%?‘%r’ém@fmeﬁhydroxy butene
6 with methane sulfonyl chloride in the presence of a suitable solvent to
provide compound 7 OrP\(VIth methane 10 sulfdhiyl chloride in the presence
of an amine base in a po r aprotic solvent to p?pwde butene- mesylate
7a; and O N~CS@ZLR~—O 7a treating bt,uce\ue__lghesylate 7a with
thiophenoxide, Wherelnt e thiophenoxide is formed in situ 15 using
thiophenol and a non-nutleophilic base in a pafar aprotic solvent, to
provide thiophenyl- butene 8 N2529 In this ré¥ttion, préferably R4 is
chloro, bromo or -OS02-R’, wherein R is alkyl or aryl.

comprising converfing 2 compound of formsa
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to & compound of formuiz 4 or formuia 5, by realing the respactive starﬁng Sompounds with an
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2 suliable nitrogen

protecting group and R is Hor B together with R form 2 suitable nircgen profeciing groun, and
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Rois thicalkyl or thicaryl. Preferably, R% s an thicaryl group or 2 thiophany! group, This aresant

method may further incluge sterecselestively converting a compound of formaiz 1 to one of the

folipwing compounds;

S

o

in a further embodiment, the disclosure refates to a method for converting a cdmpound of
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In addition, compound 7a may be stereoselectively converted to a
compound of formula 8, and a compound of formula 8 may be converted
wo 2t8.8069mpound of formulae 9, 10,11 or 12, respectively: WQ2PR440996# 350
PCT/11132004/001380 -e- p HzN HDHHO OHHO HorHGH 9i4 i
12 in addifion, the inventive methods include converting the compound of
formula 9 or 10, or 5 a mixture thereof,&4e 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 nelfinavirfree base
compound formula 17: 9- H '~\{ off 1~ [-51 a further embodiment, the

formula 9 to a compound of fory
then converting a compound ot
J/ | HN A<dfol5 14 by substituting a mgw amine protecting group, a
carbamate group, through conventional $rocedures. A compound of
formula 14 may then be further converteg to a compound of formula 15:
WIQ 2804098112 SRQE /1 FA00Hak3B0 -7 ~N\ -~ s
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wherein R* in formula 7 is a leaving group, by treating the hydroxy-butene 6 with methane
sulfonyl chloride in the presence of a suitable solvent to provide compound 7 or with methane
10 sulfonyl chioride in the presence of an amine base in a polar aprotic solvent to provide butene-
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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 th'iophenyl-

Cr~C

20 in this reaction, preferably R*is chloro, bromo or -OSG,-R’, wherein R is alkyl or aryl.

butene 8

In addition, compound 7a may be stereoselectively converted to a compound of formuta
8, and a compound of formula 8 may be converted to a compound of formulae 9,10, 11 or 12,
respectively:



whibhoibeday seating compound of formula 14 with methylphenyl sulfon

~ chloride and an amine base 5 solvent followed by treatment with 5i¥
agueous base to yield the compound of formula 15, A compound of
formula 15 may be further converted to a;compound of formula 16:
CONHI-ec a~ 11 OH Hr 16 10 A compound of formula 1E may be further
converted to nelfinavir free base, formula 17, In another of its
embodiment, the present disclosure relates to a method for converting a
compound of formula 8 to a compound of formula 19 op26; D H2N HN \

X{]{};UOOISS(}

orgound 20. 20 com
converted to & compound of fomnula 13 or formyla 14: WO 26804/ 9129
PCT/IB2004/001380 8 O O /\ 0-2HN HOHHOH 13 14 or a mixture
thereof by SRSV iR FeRbxsA mRbaaTonvering the compound of formuia 8 or 16, or
Chz= 3(RY+arinesi ithiopheayhd-BAtenRez 11 or 12 or 2 mixwre thereof by deprotesting the

amine. The compounds of formulas §, 10, 14 or 12 may then be converted io the nelfinavir free
base compound, formuia 47: ’
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In & further embodimant, the present disclosurs relates to a method for converting a
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compaund of formula 8 1o 2 compound of formuia 11 by depratecting the amine, and then converting a
compound of farmuia 11 to a compound of formula 14:
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by subsfituting 2 naw amine protecting group, i.e., a carbamaie group, through conventional
procedures.
A compound of formulz 14 may then be further converted {o 5 compound of formules
1E: | |



_w%g%hgg}g the osmium-containing oxidizing reagent combination of
502(C

OH)4/K3Fe(CN)6, K2CO3, NaHCO3 and CH3SO2RHZ A fifd/ 001380

presence of a chiral auxiliary reagent. Further, the invention includes a
method for converting a compound of for_rpgla 13 to a compound of
formula 17,210r21a00 N Ho R SO2R™'10 21 21a wherein R4 is a
leaving group in formula 21 and R™ is alkyl or aryl in formula 21a. See
Scheme B. herein. Further, the invention includes a method of converting
a compound of formula 211a to a compound of for 22 (shown below)
and a method of converting a compound of formula‘22 tg' nelfinavir free

base, formula 17, according to Scheme B
With regard to the respective
alkylcarbonyl, alkoxycarbon
arylcarbonyl, aryloxycarbonyl orarylalkyl 20 and+
R1 is arylalkoxycarbonyl or arylalkyl and R2 is H.

t-Bu NOH 1522
Pove, preferably R1 is
, arylalkoxycarbonyl,
is H. More preferably,
ven more preferably,

R1 is benzyloxycarbonyl or benzyl and R23& H. Further, R1 and R2

together with the nitrogen to which they are bound may form a
phthalim_ema;;;mm;&@@rmaW-ﬁK&ﬂ%%e@ﬁswﬁ RRE3H. JRE IEMHFne base
ccompusingiand hincluging  areysed nerein in their open, WO, .
2004/099129 PCT/1B2004/001380°-5- non-iimi ﬁ%r‘é’er?s“éﬁ?‘f*ﬁ‘éj B fprmuta 5.
"alkyl" refers t0 a straight: of BranchEd. R G GRS TrRAMgRome Toronuia 1é:

12 carbon atoms in the chain. Exemplary
(Me, which also may be structurally depicte
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl
tert-pentyl, hexyl, isohexyl, and the like.
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20

Kykgroups include methyl
y."P), ethyl (Et), n-propyl,
tBu), 5 pentyl, isopentyl,
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A compound of formula 16 may be further converted to neffinavir free basze, formula 17,

in another of its embodiment, the present disclosure relates fo a mathod for converting &
compound of formuta 8 to 2 compound of formula 19 or 20
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by & two-step process wherein the nhihalimide | i i e,
v Dl ‘ in the phihalimide iz removed using conventionat proceaures e, by

reatment with efhanciaming) to give S-amino-4-tnionhenyl-1-butane foliowad by treatmant with

carbobenzyloxy chioride (Chz-Cl) under conventional condiions (e.0., nthe presence of bese o
give compound 24,

Compound 20 may be converied to & scompound of formula 13 ar formuia 14-



The term "heteroalkyl" refers to a straight- or branched-chain alkyl group
having from 2to 12 atoms in the chain, one or more of which is a

WO 18ttiin selected from S, 0, and N. Exemplary heteroalkplem@lssianeisse
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alkyl ethers, secondary and tertiary alkyl amines, alkyl sulfides, and the
like. 10 The term "alkenyl" refers to a straight- or branched-chain alkenyl
group having from 2 to 12 carbon atons in the chain. lllustrative alkenyl
groups include prop-2-enyl, but-2-enyl, but-3- enyl, 2-methylprop-2-enyl,
hex-2-enyl, and the like. The term "alkynyl" refers to a straight- or

branched-chain alkynyl group hgvmg from 2 to 12 carbon atogmsyin the
- chain. lllustrative aIkynyIOgroupde prop-2-ynyl, but-2-y@4t-3- 15
oal

ynyl, 2-methyloyt-2-yayl hex-2nyl, and the like. Therterm " kyl"
refersto a sr bt ed-chain al roup ing ffom 2- 12
carbon atoms/ifY the chain a here one ore hydrogens i

substituted with a halggerti@lllu
trifluoromethyl, 2-brorfopropyl, 3-chlorohexyl,1-iodo-isdbutyl, and the like.

20 The term "aryl" (Ar) refers to a monocyclic, or fused or spiro polycyclic,
ﬁmmﬁgjf@a‘?@ﬂﬁaﬁ(ﬁmmﬂﬂémﬁimﬁﬁﬁdﬂi@lﬁtemﬁéhﬁbaﬁ%ﬁur%ﬂppﬂﬂamne
2/ IR Qe 3@id-dn@iRtRMSidBRE ; 9 '
groues laglids 1he mewjf%mgt}%%id %ﬁ?ﬁﬁfﬁ% ﬁsﬁ:ﬁ@%%}wﬂ"
(hetegpﬁg)'crigfggs to a MonOCyclic, STFUEEa Br 3515 aRisRe Ieagett o f e
DYEROR) I TR G BrtIeA P RANAHIG S ity RSHTS Stivbteda Fodne commonndiefiosnula
a¥ vfdIPa€%hitrogen, oxygen, and sulfur heteroatoms) having from 3 to 12
ring atoms per ring. llI ive examples of aryl s include the
following moietjes: NN NAN\pN \IN'NO ~, CCN WO
2004/099129 pPCT/182004/001350 -100_%? L NN 1TQOIN \NSNN S
Hi

e R HO SOR™

| 21 21a
wherein R*is a leaving group in formula 24 and R™ is alkyl or aryl in formula 21a. See Scheme B
herein. Further, the invention inciudes a method of converting a compound of formula 21a to a

compound of formula 22 (shown below) and a method of converling a compound of formula 22 to
neffinavir free base, formula 17, according to Scheme B herein,
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ONHt-Bu

L]

-

B U

22

With regard to the respective formulae described above, preferably R'is alkylcarbonyl,
alkoxycarbonyl, arylalkylcarbonyt, arylalkoxycarbonyl, arylcarbony, aryloxycarbonyl or arylatkyl
and R?is H. More preferably, R is arylalkoxycarbonyl or arylalkyl and R?is H. Even more
preferably, R is benzyioxycarbonyl or benzyl and R2is H. Further, R’ and R? together with the
nitrogen to which they are bound may form a phthéﬁmido or succinirnido moien‘(. :

Definitions

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



5 The term "cycloalkyl" refers to a saturated or partially saturated,
monocyclic or fused or Spiro polycyclic, carbocycle having from 3 to 12

WO 2 90%?595 per ring. lllustrative examples of cycloalkyl grou Eh
ollowing moieties: ' moo, 0:) ,Goo,00'0,0.CO, 101"%%’{}%9& 1380

like. A "heterocycloalkyl" refers to a monocycllc, or fused or spiro
polycyclic, ring structure that is saturategl-or partially saturated and has
from 3 to 12 ring atoms per ring selected from C atoms 15 and N, O, and
S heteroatoms. lllustrative examples of heterocycloalkyl groups include:
0Q0Q 96%% slén.é 0~ N S WO 2004/099129 PCT/IB2004/001380 -11,3
NG CN).Q.Uc,,~1U N ON-010 UsCC,'/Q), and the
Ilke The & f“*"ﬁ‘a%@éﬁefta i BRI RS ARECRRASFIR 3¥d STRve bavioaifrem 1 to 12
Théeaream 28" heahris chxsraitnr aliUarupBrosivdomattb (i evtiinziso may be
"suibstitutelel denietrr Sittiatding Epecifiepyl rappopy. MaPRoRAA S OBRYDIAIG! (B,
5 sUpshiasdpentn @ctepani ﬂg@%%@gﬁ"amgﬁgg@at the speC|f|ed group

bears no ?%‘Wﬁ&@oaf-meré o 2 E?Q%”Xr%]% Bgé mn}ﬁ‘?na%&p gvgrra]ge from 2o

I Ed QFO%IS unsubstitute or Su tute

su bsta{uents Rﬂ(ylﬂ?ﬁamlsmlﬂ'i%ﬁﬁgﬁ'% ’ﬁw@a[?‘?tﬁﬁ%ai%[ﬂlﬁ%ﬁc@ﬂzg°'\ﬂ/ﬁe@1r?“d N.
RETERRMEA t’@’ﬁi‘ﬁ%‘%@'ﬂ%ﬁﬂ@ﬂe@Bﬁv@“‘?ﬁ%ﬂfﬁRﬁ""@Wﬁlﬁ@@m@nmedwmeﬂdes

radfsHhediRe. wherein R is an aryl group, as defined
10 The term “alkeny!” refers to a siraight- or branched-chain alkenyl group having from 2to

* 12 carbon atoms in the chain. Illustrative alkenyl groups include prop-2-enyl, but-2-enyl, but-3-
enyi, 2-methylprop-2-enyl, hex-2-enyl, and the like,
The term “alkynyl” refers to a straight- or branched-chain alkynyl group having from 2 to
12 carbon atoms in the chain. ilustrative alkynyl groups include prop-2-ynyi, but-2-ynyt, but-3-
16 ynyl, 2-methyibut-2-ynyl, hex-2-ynyl, and the like,
The term "haloalkyl” refers to a straight- or branched—chaiﬁ atkenyl group having from 2-
12 carbon atoms in the chain and where one or more hydrogens is substituted with 2 halogen,
IHustrative haloalky! groups include trifluoromethyl, 2-bromopropyl, 3-chlorohexyl, 1-iodo-isobutyl,
and the like.
20 The ferm “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 nng aloms
per ring. liustrative examples of aryl groups include-the following moieties:

000 GO h

OO , and the like.

' The term *heteroaryl” (heteroAr) refers to a fnonocyclic, or fused or spiro polycyclic,

26  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 perring. Mustrative
examples of alyi groups include the following moieties:

’\/N'“\&‘{’ @i) Ej:) ‘i



above. "Acyl" is intended to mean a -C(O)-R radical, wherein R is an alkyl,

WO 3 ?ﬁclos)al gl aryl, 15 heterocycloalkyl or heteroaryl group. "Acytoxy" is
Hhtiddto mean an -OC(O)-R radical, wherein R is an alkyR{G/Biaay091380

aryl, heterocycloalkyl or heteroaryl group. "Thioacyl" is intended to mean

a -C(S)-R radical, whereln R is an alky],cycloalkyl, aryl, heterocycloalkyl

or heteroaryl group. '"Sulfonyl" is mtendj d to mean an -SO2- biradical.

"Sulfenyl" is intended to mean an -SO- biradicai. "Sutfo" is intended to

mean an SOZH radlcal 20 'Hydroxy" is intended to mean the radrcal

-OH. A ded to, an t Nadical -
' AIkyIa S. |nt to eaff the d| RO/ whe in
group. "Dialkylamino™ Is |nte to' m he r Wher

and Rb arengach inggpendently an alky oup arnj IS mter.Qed to mc}pde

r

heterocwfoa yl gr, up wh rern e d en\t ge er‘Mrm
‘heterocydélicfing th clu,d rog y" |q25
intended to mean the divalent radrcal ,O- whldﬂ is bon dto' adja}/nt '
atoms (e.g., adjace

a lower alkyl g
-C(O)OR" Wh

toms on a phen | or naphthyl ring) , wherern R, is

"Alkylaminocarbonyl" is |ntended to mean the radical -C(O)NHR" wherein

5 R, is an,ﬁ,l_,l%tmagyg, %9‘1 ial Iam noc rbon%I is intended to mean the

radrcal 5{9:?;‘: INRRD erein asadrﬂ A RBRl el TaerRRy iR oA kged or
GOB AT Cat ¥Fiﬁt’ét¥&@dffa1rﬁé%ﬁ‘?tﬁ'@ra*eraapﬁsrlmrvplmwwgmes of
P@Wﬂ%&@ﬁ%dﬁ@%wa@*@mwy% intended to mean the radical

-C(O)OH. "Keto" or "oxo" |s |ntend d to mean the radical =O. Throketo
intended tq.Mmean the 3 rbam “Is+intend

radical 5 2.5*% alky 5 in @@‘

alkyl-cycloalkyl, wherein aIkyI and cycloalkyt-are tefi
represented b the b r eent pfesen t e g up
-CHZQC!oheKa e or -cy ene. Aryla is inte de

the radical alkylaryl, ein alk and ary aFe e'frn a abov
represented by the bopding arrangement present in a benzyl rou
Amrn %nten 2 I% @

@, ,<\EO , and the like,

A heterocycioalkyl" refersto a monocyclic, or fused or spiro polycyclic, rmg structure that
is saturated or partially saturated and has from 3to 12 ring atoms per ring se!ected from C atoms
15 and N, O, and S heteroatoms. lliustratrve exampies of heterocycloalkyi groups include:

O

d@ b & e ey

) /,QQ Do(_]




10 alkylC(O) NH2 and is represented by the bonding arrangement present
in the group CH2CH2C(O)NH2. "Alkylaminocarbonylalkyl" is intended to

wo mmandhmradical alkylC(O)NHRO, wherein R. is an alkyl gropp-afishida o130
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represented by the bonding arrangement present in the group
-CH2CH2C(O)NHCHa3. "Alkylcarbonylaminoalkyl" is intended to mean the
radical alkyINHC(O)-alkyl and is represgnted by the bonding arrangement
present in the group 15 -CH2NHC(O)CH3. "Dialkylaminocarbonylalkyl" is .
intended to mean the radical alkyIC(O)NR8Rb, wherein R. and Rb are
each independently an alkyl group. "Aryloxy" is intended to. mean the

radical -Oﬁherei@Ro is ansaryl group. "Heteroaryloxy"/ﬁéi}ntended to

mean theffadical -@Rd, whegteinRd i tero W oup,~Heteroasythio”
is intended_to phean the adigl -&d, helgin Rd is @ h eroa@lg :
20 A "suitabhe nit’r_oge'N-pro’tectNg grouphis a gr nat i e ;o
reaction conditigs used in this invention and that can be removed under

conditions tRato not induce racemizatiap at the 3-amjqo or 2-hydroxy!l

centers of the diffRirpkylated compou I prepafedhgreiny The term "a
leaving gkoup" S us d hglgein refers folan grp bt de rE%ﬁEPiHE"’}ike.
molecule in~aSubstitutin reaction by bredkage ofa boltl. Examples of

leaving groups include, 25 but are not limited to, halides, aryl sulfonates,
alkylsulfomatesmansoliiiaieseddm alrineYRIoaKY bamheNF B ol “halo”
anghhetefeand-gridRs Aaddhe sypstituents containing these groups, as

defined q%gq?%b%b/gétmaé{”be 0 tlc?)]nally substituted by at least one _
substituent. The term "optionaty sUBJtRUIREF & ATRYRIRME ¥ bragshpe or more
intifRETR'SAS: (HE SSTRciHsybYitise ieans drd dheterpefes gsate ety srstinents.
moie &if eierslibstheidvies” WerisibatihespecifiedaR0ieuwnsshistitivesltituted by
swhsiutedt: Gubstitteysare optionally substituted) as indicated. The term
"substitugmditgs sHiaklesss RREHRE Fad R ANSRIGHIRIMSANA N7 YIRABI8s defined

sybssifuent that may be recognized or selected, such as through.routine

testing, By those skilled [n the art. The compounds of the present invention
néz]a% have asym %'gfﬁr(f‘%%tr%gﬁaé’tglr%Eﬁgfﬁiésgarﬁ’aﬂﬁiﬁfbdﬁaﬂcﬁ%§rfﬁ’?h%?d"-‘ﬁ“ed
c

‘6%u“nds"qf the present invention may be depicted herein using 35 a

solid linety’ ¥ dbneraegece(rp -6fCa-QoudichlveticreiT Reiuse i splishiipeary!,
t@ﬂepmibajndgrmiammemc Rl &tmmsd&mamh& lndete HiiBlherein
PRSI0l le/eQIFOMAISHRILBa)SEIIRPEr mgfwgmswd%alzwi&ﬁﬁeﬁed to mean
eitbespreolisar datier] wadge Jg, NO.AGRA/080120 PCTI182004/001380
_lsoh%%gﬂsq%géegota%mmetn%gar ,on‘ayom‘sélsmqaﬁt_to indicate thar P

v h §ger leomgr ean an -S0y- biradical. u!fenyl is intended to mean an -SO-
birgdlca? uh% Is intended to mean an -SO,H radical.

“Hydroxy” is intended to mean the radical -OH. “Amine” or “Amino” is intended to mean
the radica_l -NHa. “Alkylamino” is intended to mean the radical -NHR,, wherein R, is an alkyl
group. “Diatkylamine” is intended to mean the radical -NRaRp, wherein R, and R, are each
independently ar alkyl group, and is intended to include heterocycloalkyl groups, wherein R, and
Ry, taken together, _form a heterocyciic ring that includes the amine nitrogen. “Alkylenedioxy” is
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 alkyt group. “Alkoxycarbony!” is
intended to mean the radical -C(O)OR,, wherein R, is an alkyl group. *Alkylsulfonyl™ is intended to
mean the radical -8OR,, wherein R, is an alkyl group.

"Alkylaminocarbony!” is intended to mean the radical ~C{O)NHR,, wherein R.isan étky!
group. ‘“Dialkylaminocarbonyl” is intended to mean the radical -C(OINRGRp, wherein R, and R,
are each independently an alkyl group.

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



shown is meant to be included. It is possible that compounds of the
invention may contain more than one asymmetric carbon atom. In those

WO 288#1981ds, the use of a solid line to depict bonds to asymrretricazanamni3so
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atoms is meant to indicate that all possible stereoisomers are 5 meant to
be included. The use of a solid line to depict bonds to one or more
asymmetric carbon atoms in a compo‘d‘ﬁd of the invention and the use of
a solid or dotted wedge to depict bonds to other asymmetric carbon
atoms in the same compound is meant to indicate that a mixture of
diasterecerebsxg’ presentd inessfaptusasaati@dvantages of the invention

will be apﬂ@tb@uﬂi rmidhacdeserintion thalddfobows,iabishs sttt hesan tﬁe
|n¥§d‘|élaq)n§nd its preferred embodiments. Detailed Description of the

Invention, nt()j Pre rred Embodiments The method of this invention

comprises TELIRYE R B ared IR imsap e mdiRel it &N &mium- containing

oxidizing %&Qﬁ{"t’ﬂ?%%VM@tﬂﬁé%éB%ﬁﬁ%@@ﬂﬁyéﬂﬂWﬁmﬁbWMW atkyl and
acydrdiig a6 thsindbafollmwingnd énepalssohe meHSaingimeakpiddnkat Rt in the
Rari3s N NpreRbMN-orRSHR 8y Bchéilend] Cakibid: GHnglidd 2N R radical
HQ(FQ’TW\R&GQ 'élk@fghb %r%)arg" 98{1%!9 aggﬁwg‘ Qnﬁuigarl@lﬁe@gﬁ%%e the bonding

protectln Qroup; H or R! together orm U|ta
nif rog ngerot%ggnn?'nr%genzér%oﬁ?a fé"f&m &0% 'lo'grm en U'ggﬁ thg radical

Rk Ao PBY Y |EYpPé?e'Pa’EﬂV‘%rﬁﬁ?6&ﬁ}l9@‘oﬁ'ﬁ% dherproup

254 BEPEE eo i isvrdirierey eyl il ijeoded Moreaprdferaliigl MBHGINHR,,

thibphierd igroalby dBeBtigndis réhedbiaale i igraiing isrprgsesitipréBent in the group

neffineMicitariasse compgiiatbditha-Birpesses tiensibet NAIEIR e  radical

'%@Nﬂ@(@%ﬂm'%ﬁl Br?éﬁr(éggﬁeg gy tRQtQ&IHHQ arrangement present in the group
-CHNHC(O)CH,. “Dialkylaminocarbonylalky!” is intended 1o mean the radicat atkylC{O)NRR},
wherein R, and R, are each independently an alkyl group. "Aryloxy" is intended to mean the
radical -OR., wherein R, is an aryl group. *Heteroaryloxy" is intended to mean the radical -ORy,
wherein Ry is @ heteroaryl group. "Heteroarylthio" is intended to mean the radical -SRy, wherein
Ry is a heteroaryl group.

A “suitable nitrogen-protecting group” is a group that is stable to the reaction conditions
used in this invention and that can be removed undér conditions that do not induce racemization
at the 3-amino or 2-hydroxyl centers of the dihydroxylated compounds prepared herein.

The term “a leaving group™ as used herein refers to any group that departs from a
molecule in a substitution reaction by breakage of a bond. Examples of leaving groups inciude,
but are not limited to, halides, aryl sulfonates, alkylsulfonates, and triflates.

The alkyl, cycloalkyl, aryl, heterocycioalkyl and heteroaryl groups and the substituents
coniain‘:ng these groups, as defined hereinabove, may be optiona!ly'subsﬁtuted by at least one
substituent. The term “optionally substituted” Is intended to expressly indicate that the specified
group is unsubstituted or substituted by one or more suitable substituents. Various groups may
be unsubstituted or substituted (i.e., they are optionally substituted) as indicated. The ferm
"substituent” or “suitable substituent” is intended to mean any suitable substituent that may be
recognized or selected, such as through routine testing, by thase skilled in the art.

The compounds of the present invention may have asymmetric carbon atoms. The
carbon-carbon bonds in the compounds of the present invention may be depicted herein using _

), @ solid wedge (%) o 5 dotted wedge ("), The use of a
solid line to depict bonds to asymmetric carbon atoms is meant to indicate that all possibie

& solid line {

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



succinimide or N-diformyl protection on the nitrogen, a high degree of
stereoselection is obtained in the dihydroxylation step. If the phthalmamid

woO gredestiory group is removed and substituted with WO 2004/G98429004/001380

PCT/IB2004/001380 -14 other protection groups, e.g., carbamate, alkyl or
amide, the high degree of stereoselection is not achieved. Thus, it is
preferred to have imide-type protection é%rthe nitrogen prior to
dihydroxylation. This invention also provides compounds that are useful in

the method described herein 5 having the formula 1, 2, 3, 4 and 5,

deseriRed o as NREMS Hinle, GRMPOWRLS: BIRINEIRICAY D ARALR Mher
accordancewithhe in l%"égoﬂ Ancluds tautom el A0, Ao oM oI antain
forms of the compounds O Fornﬁ)ufati, which r‘ﬂay e readily’o e d

usifG A HIBTEYRISHA SRR Fo e Bty a ofge e ingig depict
(S)Hewsinta SHTAYEHE pridpariens (s viacat &ndndioalp dufiell syeriblesiterenigomesirme

5 chirsd 8y nilvemsiaded. chikalse aigeniil IDE e aeFRichonidtrese thavlkadganbad

USIBghEANNELIARAIAEIRIEINERe IhiSHBISSIRO AW A REIRREES o depict
- may b iBERRGAAREDAR LA AT S, (05 HTN ARG B o

this s .egigié: ég(t)er} ex ﬁgssl gzplct only one of the possible tautomeric
forME Eig ereroreTs BEGRd&rstood that a formula is intended to

represent@P EHGH R @ RyrRP S SFthisd iragrted borRpRIERdran thederstipgon that

10 beflifiaitedwridy i tiatetivpieeditooampitunddveretepistedtby the structural

formula. It is also understood that a compound of Formula | may exist as

tahn Ef OF;Z"%@H%QB'%@E@' oﬁ%%ﬁn%rﬁomgﬁ&:ﬁﬁe@réﬁ%ﬁ%mfrs- Itis
ereforep.be o dthata tormula is intended to.represent an —_—
confi u_ratioen formgfgﬁf ?r?’é ?}nm}' %or(ﬁ'pé[os?ﬁsggﬁtnm rgr?da}%ar%?ct]c%@e&%%'%r%t%s i

epicte U : A
R e

15 soRfevdresenfiierte B6rfds may exist as single stereoisomers (i.e.,

20

25

essentially free of other stereoisomers), racemates, and/or mixtures of
enantigmers’and/or diastereomets. ykzsuch single stefeQisorAers,

racematls and mixtures thereof arl{ intende@¥%e within %he scope of the
pr ep#on. In one preferre mbadiment, the~gvertive céfnpounds
that are optically .25 active (i.e. ienant omericalifor didstereomerically

enriched, as described hereinjére uséd in optically pueg forr.
Additionally, Formula | is intende(1 to cover, where applic:fble, solvated as

well as
NH, NH,
/\*/Re' Rj
HO HO
M5 ow

Ot

W4

wherein:

R'is a suitable nifrogen protecting group; and

RiisHor

R’ together with R? form a suitable nitrogen protecting group; and

R*is thicaikyl or thioaryl. '

When used in the preparation of nelfinavir, R is preferably an thioaryl group or 2 moiety
that can be converted into an thioaryl group. More preferably, R®is a thiophenyl group (-8-Ph), as
the thiophenyl group is present in the nelfinavir free base compound.

In the processes described herein involving the imidoyl protection, e.g., phthaimide, -
succinimide or N-diformyl protection on the nitrogen, a high degree of stercoselection is obtained
in the dihydroxylation step. if the phthalmamid protection group is removed and substituted with



unsolvated forms of the compounds. Thus, each formula includes
compounds having the indicated structure, including the hydrated as well

WO 2948Mdh-hydrated forms. 30 Exemplary substituted aryls cpntmmtliyoomso

one or more substituents, preferably one to three substituents,
independently selected from halo, hydroxy, mercapto, thioether, nitro
(NO2), amino, aryloxyl, halogen, hydro¥t, alkoxyl, halo (Ci-C4)alkyl,
C1-C4 alkyl, C1-C4 alkoxy, carboxyl, C1-C4 alkoxycarbonyl, carbamoyl,
N-(Ci-C4)aikylcarbamoyl, amino, Ci-C4aikylamino, di(C1- C4)alkylamino

or atigiquratitherbops)ela, M%ﬁe%ﬁcm%ﬁcﬁ 'ﬁlé—hngh géereé n?ﬁgré%Zelgctxon is not

hydemive®l B4 A arbon
ca(r}lﬂqg,qg N -C4 jﬁ‘yﬁﬁnﬁ%{%ﬁ% Q} r?‘g"%;gﬂ%ga era?égqﬁn prior to
lly

parti saturated heterocycles, acyl, morphollno(Cl C4)alkoxy carbonyl

and pyndy Eﬂ%m%m&gmaﬁwwgwghm%m the method described herem
PCRYIB S0/ 38D 3, 15 erskainesulastituted alkyls contain one or
mastesoiasitite eoispsalaisted from aryl, cycloalkyl, heterocycloalkyl,

hewroar%ﬁéﬂﬁ@tm&%&mg% Q%L%rmdr% IkO h%X O)gu | tautomeric and
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rgo:)égrlr?e?r‘lé( tlﬁroar loxy, alkfylcarbo oxyca

f]car onyloxy, ary yICArBOnyP i ?I&arBWoMWIBW%BWV obtained using
hé?é%%ﬁ PRYRYItR &t RS e Bk Aoty S tive (R)car(@hisomelmomnyl, be prepared
hete rotgcierrisie srtibenis, hetemimydiva ytbams amytoial reagents, or racemic mixtures
hetevdwe@lkq/wwaﬁb&nwnaik@dﬁmm, arylamino,
heterocyeloakantRafizieroaom 'a%a Puap menon of tautomerism, the
a'l@/lﬁ\ﬂé“&%&@%mﬂ%%%‘@ﬁ ?on eX éss% I’OC Tft%%y?amé%;e jutomenc

h%eroap@ inocarhon aminocar
arylthio anﬁeté?oar I fiers“:’xgm%I%W'EHBé’i‘fﬁ?@%e%kﬁ@?éﬁﬁ%htﬁ%@eﬂc form
|o%§\*"£ﬁé§>ﬁﬁ‘é?8@ﬁ?aﬁ%aﬂd 5 IRGH R RS damg e drdleplckio eitnpaukekorm depicted by
atifrdamyraldpymesglalkyl, acyl, halo(C1-C4)alkyl, hydroxy (C1-C4)alkyl,

C1-C4 dikigltiio( Gierdpal kivdt hetaraaidiCot-Edhalleyh may exist as an “E" or 7
hE&ﬁf Q@&ﬁlﬁ@l I@A&Qll Cpg' }ﬁ’i%ﬁ(}l@(ﬁ% %FM'@A@YQ ﬂalh)% 91ere f%lil)e ungerstggd thata

C?HR&&QM@?RMLO%&E%B%%EWM C%Wri%{% f’{'%?'%/ o h%ﬁ%ﬁj&%f&ﬂwound and is not to

b pmqe%mob tyl, 3-chl or0|sobut
hydroxymeth yr %%?&F&f@fﬁ?/?”gdﬁ?fmﬂﬁ%w e fRfevdgrevimaspy |,
4- hydro§9l5’ﬁl‘i’flt 8RS iERmeyHsatiay kidrbpseihgl serepistimien (Dpydssentially free
selhatytastoisrmeg), ESgpyateslyhmizhipixguinofinybmietus dnnslaidatidmers. Al
2stghyditiybfedetitianes, yHeeomtbs bni HoRr iseer o Yiefahy MW%E scope of
phe BydrastivbngoR) hﬁ'&)ﬂl—?ﬁ@f&rém&meg{ R il \%D crclaﬂmq gg’%}s gzg}/angz gptically

b [1¢ niiv.
438“@'??@ Lgyelrﬁgrqe §éy%#g?%uIl?g\ﬁerléai%t?]nrgﬁ?#o%ﬁ]h%%wgesg%emleiwﬁbsed in

)é 1\!;%repare
A& free base with an inorganic acid, such as
Additionally, Formula 4 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.

Exemplary substituted aryls contain with one or more substituents, preferably one to three
substituents, independently selected from halo, hydroxy, 'mercépto. thioether, nitra (NO,), amino,
aryloxyl, halogen, hydroxyl, alkoxyl, halo (C1-Cylalkyl, C-C4 élkyi, C4-C4 atkoxy, carboxyl, C+-C,
alkoxycarbonyl, carbamoyl, N-(C4-Cs)alkylcarbamoyl, amino, Ci-Cqalkylamino, di(Cy-
Ca)alkylamino or 2 group of the formula -(CH,)-R” where a is 1,2,30r4;andR’is hydroxy, C+ -
C; alkoxy, carboxyl, C-C,4 alkoxycarbonyl, amino, carbamovl, C,-C, alkylamino, di(Cy--
C.)alkylamino, aryl, saturated or partially saturated heterocycles, acyl, morpholino(C4-C,)alkoxy
carbonyl and pyrjdyl (C+-Cy)alkoxycarbonyl,



20 hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like, orwith an organic acid, such as acetic acid,

wo 2008J896 Aeid, succinic acid, mandelic acid, fumaric acid, malqRiga604/001380
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pyruvic acid, oxalic acid, glycolic acid, salicylic acid, pyranosidyl acid,
such as glucuronic acid or galacturonic acid, alpha-hydroxy acid, such as
citric acid or tartaric add, amino acid, sygh as aspartic acid or glutamic -
acid, aromatic acid, such as benzoic acid orcinnamic acid, 25 sulfonic
acid, such as p-toluenesulfonic acid or ethanesulfonic acid, or the like. If

t d d d salt ) d
SUitable. BN GSh FTLNG (L AToH BTG deend I oo

anqmﬂﬁﬁ'rchSP%QPﬁg‘%a'é%e’%%ﬂh THLEC o AR YRS PRy huERSACRikg X raryioxy,
tertisteyycaioalia htanboioatkalineadar, aietetydayihnykisiejcartdrgitiearyicarbonyl,
Illua'gna.inb:er&kamples alsaitalbiensalts inghisleHaganiegalts demﬁ@gﬁ)&@mxy‘
awmfmm%ﬁ glycmeng(éqjgﬁgégmamoma erE't@Fé(ey%%%ﬂQQQr@ényloxy.

an de@”%éfo%ﬂ?éa‘r ? %Xkcvéz qrglne S*Ja(c:éh 8P Eyo oalEI nm?orp e?gro?ﬁlamino

piperazine; as well as morgan ts

pot LSRRy agné%ﬁﬂ'?‘lﬁm?ﬁ%?ﬁﬁ nesdY ﬁ?ﬂ'i""é’t‘fﬂﬂ@’l‘ Z|r’5‘8teé‘l’ﬁ¥ﬁ’ﬁﬂ9ﬁ‘fa'aﬁacafb°"y"
litHietrioZMIvBIRASHaRRYS Brlmizminperiionycontantatiditicoae tinrldetemaryithio.
andkenayeexisbeiusingly! Bourstexdoic emerdkaneiapiiinrasydhioalkyl, arylthioalkyl,
ENBRSEIPIEMABEIOT SHASIRIRATBE haICI LA RIEHASITRSIS)alkyl, C-C, aiky‘thlo(cr
diggig pﬂlﬁéﬁﬁﬂﬁ:%’ﬁ%ﬁ%&%@%ﬁ@iw SQEHQnQ%rﬁ&CQ?] n;}ié? }(:»s such as

WI'[ n the sco present. nvent ere the stereoc e
chll’aF gl D Eromoeﬁ 1, ‘{ cﬁ%wns%op Q?W ﬁ% 1, % butyl, 3-chloroisobutyl,

rb ons p ent int

Pé’??fé’é’@’ &Vﬂﬁi%‘%“y’l@dgwaﬁ% ?HP}&PA%@H‘H&@M?W?%@&Y@WWW‘
cHemtandtibiumetyiiasmiad toctwitiemsting  cuampbinrdspyontaimbntyithiomethy,
eitiyerigrordioisomengihgaettyhiral-caxhonbWy heniugehdescribea2-yipropyl,  1-
PaHigsAayIROPAROLING, HRAGBTIODCBHYRIREY IS H3BE-DRIRHN Q- ABEiE3ISropy,
thaggaﬁtmggg%ﬂdq|§hgw§;g}%qﬁglﬁyeor diastereomerically enriched.

Compoullggiﬁ {io.a0e enan |omglr|calfg/ nrlched contaln reaterthan

S0|S0ME ool S SAtNE SPRRhPY S0y gyitable

2 BeE & stereo stgﬁw%'}' PFRDIT ﬁﬁ?ﬁ‘?&[’féP& %Fé?s'?é‘?é ?fb&ﬂ/g%’i'ﬁli‘ﬂ‘écf“‘:h as
camwﬁ’@'&a%‘? -THERSeE afid: SifyTis atisselbiisomie mbesphetic ehitadrsdb e, or with
centegareswEit sucthe diattereidmesiendifrefecai paontainigieates, thabric acid,
7 aféicnlcaasin) gl sie eRRi SHRRT 21 afkold waid CaikarR B%%%%ihfyl acid, such as
dipsteieRues Pisteiabive W@Mﬁé %OQQQ&QPHU@\%@‘EEHQ E%ﬁ?&ttéﬂarﬂc%md amino
0 ysa' Paesfarm axmﬁag %9: describe Panticular compound, the e o,

s ;[flc?rﬁ'c gtp AJ rseucl'ltsr::léJ S—%oluenersel!zlfonic acid or ethanesulfonic acid, or the fike.

If an inventive compound is an acid, a desired sait may be prepared by any suitable
method known to the art, including treatment of the free acid with an inorganic or organic base, -
such as an amine (primary, secondary, or tertiary); an alkali metal or alkaline earth metal
hydroxide; or the like. Hlustrative examples of suitable salts include organic salts derived from
amino acids such as glycine and arginine; ammonia; primary, secondary, and tertiary arnines; and
cyclic amines, such as piperidine, morphaline, and piperazine; as well as inorganic salts derived
from sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminurm, and
lithium.

All compounds of this invention contain at least one chiral center and may exist as single
stereoisomers, and/or mixtures of enantiomers and/or diastereomers. All such stereoisomers,
diastereomers and 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



indicate that the compound is substantially enantiomerically or
diastereomerically pure. Compounds that are substantially

WO Hifaigaigfically pure contain at least 90% of a single isomer arck/182004/0601380
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preferably contain at least 95% of a single isomer. Compounds that are
substantially 15 diastereomerically pure contain at least 90% of a single
isomer of each chiral carbon center pré8ent in the diastereomer, and
preferably contain at least 95% of a single isomer of each chiral carbon.
More preferably, the optically pure compounds in this invention contain at

leQlitirod Mol ROIEH RORELRBAI QR msﬁ%ab;efue%@m@%%a%s R bmpass
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anpsheais grteeran dizing ageRl-dREasshine dimsbiony| Mok RRomerically -
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inopisalyautie fPifixture. If a catalytic amount of the oxidizing agent is

used, thenterdismiyiceate atpsttsad dorgauamalanntthatéptelinuiuddes Babein to
15 atdheanelar amedink Qb QRS RIFSENI ARG ESRCHP IR erically pure.
P@J:%B%Q%Lhﬁaﬁé@ﬂx&%@ﬂ@aﬁ &QI&QMQWS&I@%%:S g‘{t%gé? U@'rg%l'gﬁae lgtgmer and .
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reagent. Praferebiybit tecanivdy mowsiynglleisiminorvttioecispioieetats? 5% of
Wi RiAgRY GeeENgngrauR REeiN trealRantivgth ﬁb‘% QKislizige aeeRk. |@ompounds
fosmR dnabavYe sﬁﬂe%@%&gm{seé}ﬁerﬁm lghle c:ﬁﬁp%&&ﬁ& are presentina

ng”%%IQg:g{tglAQa as%g%r gx sm IIe refemng to scheme A herein,
compoun S 2 are roxy vaated forms of compound 1.

Suitable ﬁ"frg’ﬂ%qﬁoﬁ%’r'gaﬁ%??t@"bWﬁEWeHWH/BF s inyrotipp T Re CRifEAed using
retREYE B SIS FRiEHHT FEGHS of hnarsTurcremanirtRdZRaEmiz fdatalytiiramounts
VWOURO S008I 281 GTE| BRAOAKGibBBOyAibNithag dr-prodectin gngrelendise of
badienmpvedcatrdsikiehl eepoinbiku e RRALNBSeALER s abiian Relitshitigent.
PHoY Q&@u%@!ﬁ@@&mﬁﬁrﬂ?ﬁi@xﬁﬁﬁs@rg&&ﬁmnﬂe %Hgﬂlmﬂ'ea ent is used In an

nltr%g‘g%;%%gyprgmg,r 8%)(25 a?‘nnourﬂ1 ug[hOdr% fgrgtri)rf %[g (r:é!'an gon mixture. If a catalytic
e- protectlng an amino molety are known to t

amount of the oxidizing agent is used the oxidizing reagent |s used in an amount that is about 1%
to about 15% of the molar amount of butene present in the reaction mixture.

Preferably the dihydroxylation is conducied using catalytic amounts of the osmium-
containing oxidizing agent in combination with potassium ferricyanide. A particularly useful
osmium oxidizing agent combination is KyOsO{OH)J/KsFe(CN)s, K.COs, NaHCQO, and
CH380,NH,.. which may be used in the presence of DHQD,PHAL as a chiral auxiliary reagent.

Preferably, the amino-moiety of the amino-butene is protected with a protecting group
prior to freatment with the oxidizing agent. In formula 1, above, R' and/or R? represeﬁt a suitable
nitrogen protecting group. Thus, for example referring to scheme A herein, compounds 2 and 3
are the dihydroxylated forms of compound 1. Suitabie nitrogen protection groups R' and/or R®

are those that when removed to form compounds 4 and/or 5 do not induce racemization. The



skilled in the art; examples of which may be found in T. Greene and P.
Wuts, Protecting Groups in 5 Chemical Synthesis (3rd Ed.), John Wiley &
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In some instances, a nitrogen-protecting group may be specifically
selected to be reactive under the reaction conditions used in the methods

of this invention. Under these circumsténces, the reaction conditions

convert the selected protecting group into a substituent that is either

useful as an intermediate compound in this invention or is a desired 10
aming- ' t] compound. Generally, the nitrogen protectin
g:@t?%ﬁg%%?@g%%&ﬁ%?@% rt%"é.n?oi%tfaegu{?v%zergmﬂﬁﬁ%rg %?crfar%%ﬁ)')ﬁe the
RSy EArB ANy R A/ AR AMSER ek Aa =Y CAFRSHIT- aSHEERE Siagen-protecting
argR D By rePets faeypiarn R d<piprireting RIrpraion Alsietnirolyemn to those
pridediinghg ot perimchsdewiivb sesymeifetiesivih EreindRhisPbaniy et GRylps in
bemzyieartsynkstskysiy Eay Ry widybsDssyOKCEER0) Whigh ) ilRBRAYAHES herein by -
SUQ%FE_H&@dnb@r@mkaﬁpQP§$ﬁe%ns@m§hgﬁm%S%¥L}:t§%gR§ '&pHn'na e ecifically
esoecial BLsialed smbediments, RIS seiecteq rom %Lﬂa”t“-’x carBory
(eth%., benzyloxycarbonyl) or ary?alﬁy'?d(e.g.,"ﬁen% SI5E95 qLHs Mventip Under
preTefrSEEMBEGM RS Raon SAEFH otaNesr WhtReiRRiediPriesting sweietint a
tHehskieepidiptdsrethsr arsstfithedian degnrdigts comirmivnitio ik inoietipn 20 iA\s desired
irfivatedbatioed itladachbyeropgdation reaction in the method of this
inventionpresayabbhineedi LR SRR Ng b vhaRIN R R HbEROSAIRS, '

diastey; SPr ' eq | ference to 0othe . Thus, the

d;@{g@%igﬁg m@%ﬁ?%ﬁ itlﬁvé?r%gtrﬁdd 8{"5“@ r?\%[’r?{?gn jgryearbony,
myxture of both RAnd $Somérs, wieh IFHRERRIS TemRRe o retinpatapsiifciude
unequal’ ConcenP&f8hsTTHe AFirdenisabiscertRieaeysubstimRtgnyt, &
AT RRERESFY berprotitaibrifgiabbanidast 95 %6.of 4mitigeyenantian e is H.
Aecerdinigly, thiefresdltinghaninatyutBhasdiskptaducios ebRIREIABEy (e.g.,

mixiyephdiasipeamers Whe iR adiasieBoTneie S eRSISHBNAIRIGH Rt

with the enantiomeric purity of the product. Preferably, the diastereomeric
ratio should reflect the enantiomeric integrity of the product. Optio J
the diastereomers may be separated using conventional procedu

@aaainzaogmemm@r;aq@aérpwmsewa@b%m@%fgegt@ﬁg% at S0

-nja’
be useful for the separation of diastereomers prepare the method of g Jor
this inventiopi.include chromatography and
crystallizatipn/ge-crystallization. Other useful methods may be found in
"Enantiomerq, Racemates, and Resolutions," J. Jacques et al., 1981,
SUTRPRIARY and S8Rty _ '

As indicated above, the dihydroxyfation reaction in the method of this invention preferably
occurs stereoselectively, wherein one of the possible diastereomeric products is formed in
preference to the other. Thus, the dihydroxybutane: product obtained in the method of this
invention ig a mixture _of both R and S isomers, wherein the two isomers are present in unequal
concenfrations. The amino-butene used herein is substantially enantiomerically pure (containing
at least 85% of a single enantiomer). Accordingly, the resulting amino-butane diol product is
obtained as a mixture of diastereomers, wherein the diastereomeric excess is consiétent with the
.enanﬁomeric purity of the product. Preferably, the diastereomeric ratio shouid refiect the
enantiomeric integrity of the product. Optionally, the diastereomers may be separated using
conventional procedures fo obtain a diastereomerically pure product. Exemplary methods that -
may be useful for the separation of diastereomers prepared by the method of this invention
include chromatography and crystallization/re-crystallization. Other useful methods may be found
in "Enantiomers, Racemates, and Resolutions,” J. Jacques et al., 1981, John Wiley and Sons,

—



WO 2004/099129 PCT/IB2004/001380 -18 New York, NY, the disclosure
of which is incorporated herein by reference. The stereoselectivity of the
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presence of a chiral auxiliary reagent. As used herein the term "chiral
auxiliary reagent” refers to an optically active compound that is stable to
the dihydroxylation reaction conditions-(i8ed herein and is capable of 5
influencing the stereochemical outcome of the dihydroxylation reaction.
Advantageously, the dihydroxylation reaction may be conducted using a

quiener orkolin tinisabisale ishascs i IRl Aot e FERBRREIR O Mye stereoselectivity
stejaesaiRgivBkdoR (ERINURNER MR fmk%qgsct'oni the ce of a chiral
or gAY ) AmpgrDyanEs, Exarbics STUAT RAMERsofo e
reagents that may be Usefil in the By dPoRYIAABH SPasiiesiest g optically active
i TR e SRS R T AR a0 AAtiRB oMLy ieatiberein and s capable o
(CoDs2p A Sierawirfrirecuineme @ Sedijphemyiidi6n pysicnidinadivheiRtiesy, the
(DH@RRIFOPedrtiounye @ABIERIUNRNE ety hIRRIRIBRI2AM s uiiary
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piotic,solvents, Usefu] solvents include toutand!, acerohEt Eabedhbiirsap
and acetoneiwater, The iR RIFsKIHB LN FeartitBrmisPbe conducted at any
suitable 2 Ehp Lt resdriapaspctivnameydetionmdueigdieroin shieiad atnixures of
tehPipfeeltiiés e aaabio s BeAstor albourtsr ooy tain pavaty @ndl BaMIe Preferably, the
GMMWWMﬁW@ ﬁmﬁﬁé_ﬂfé.(Bﬁ@ﬁﬂé@@&@%ﬁ;ﬁ_t-bmaml, acetone,
steieasieatvaly conMened: i afamiPRRELRMw Q%%O&H&di st.any.suitable
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this rocessgsthe commercially e (from
room t Lire

(=1 N .. . i
Pros eg{?ﬂﬁ'nms hthalimide of 3(R)-amino-4-hydroxy-1-butene. This
p p Je of 3( ydroxy -
material YRS REH Hikisvarérn ameatestad Gofemiprebuirerisisthmselectively
P:ngraﬁgﬁdﬁooqmimomrwhép&mthér@—hymﬂm eiahe iy BexERRVesIRAL A
invesfel staciphersyriiis s erictiseis will bR mse il artRBIDFRRARION.Ofhciogies, Mt
rraﬁﬁpaw,r_l_ﬂ?ﬁbls) %W&%M%%M&Wo%ﬁ%gﬂéh%Q%‘lﬁ%a contains a 4-
traBRiorRA the hudiony droye, ta a leaving aroup, then replacing tie
_ t ; ﬁ; MFor tn the ;gea%ar ﬁoﬁc neffinavir, wherein the 4-h droxyt -
Ieawggm%ronuep Wlthr{’jléhlo enoy group. stitution S Y
Froie y be converied intd a thigpheny! substituent that will be useful for the preparation of
nelfinavir. This conversion process may be accomplished by first transforming the hydroxy group
info a leaving group, then replacing the leaving group with a thiophenyl group. Substitution
processes of this type are well studied and may be accomplished using any of a variety of
| transformations. Leaving groups refer to any group that departs from a molecule in a substitution
reaction by breakage of a bond, and include, but are not fimited to, halides, aryl sulfonates,
alkylsulfonates, and triflates. For example, the hydroxyl group may be converted into a halo
moiety, a mesylate (-OSO,CH,), a triflate (-OSO.CF3;), a tosylate (-OSO.~(p-toiyl)) or other
commonly recognized leaving groups that may be replaced by a nucleophilic reagent: The
nucleophilic reagent may be in any form, for example, a reagent containing a2 nucleophilic moiety,
particularly, a thiophenoxide moiety (e.g., PH-SK"), or an arganometailic reagent.



30 processes of this type are well studied and may be accomplished using
any of a variety of transformations. Leaving groups refer to any group that
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'N,N-dimethylacetamide, methyl-t-butyl ether, or tet ahydrof ,

and include, but are not limited to, halides, aryl sulfonates,

alkylsulfonates, and triflates. For example, the hydroxyl group may be
converted into a halo moiety, a mesylage (-OS02CH3), a triflate
(-OSO2CF3), a tosylate (-OS02-(p-tolyl)) or other 35 commonly
recognized leaving groups that may be replaced by a nucleophilic reagent.

The ”“%QBHJHSJ%%% {ho% érf]tai foﬁ{%h fo%}%xan}gdeﬁ reeco%v?rsson ofthe

contalnln a nudeophilic moiety, par TSHEGN h|op enoxide mo
PR A M B GHREFRR 112 rbag AV dtasTgmbuiene 8 as

PibFEedbamm 1380 -19 This embodiment of the method of this invention

is exemplified by the conversion of the

3(R)- phthallmldo -4-hydroxy-1-butene 6 to the o

3(R)-phthalinid-4-thiophgngkbutene 8 as illystraed below; g g)H

0S02CH3 bgf 7a_0 G40 @ jsdnethod, the

hydroxy-but rs(first erted to a butengsneg Iate fa-by treatment

with methane sulfongl chloride, under conventlonalondltlons (e.g., inthe

presence of an amine Wase, e.g., triethyl amine or diisopZapy! ethylamlne,

in a polar aprotic solvent, e.g., N,N 10 dimethyl forTamlde

a QY-

treated with thiophenoxide (formed in situ using th| henol and a
non-nucleophilic base, e.g. 15 diisopropyl ethylamine, potassium

carbonate, and the like) in a polar aprotic solvent, to form the
thio heél]yrhf) Mo i B de’éblg%geo?e?ését?f’é“@ﬁ%%)@Fé}fﬁgﬁ gt‘esylate 7a by

utene C O{I
cﬁﬁ‘ﬁlﬁ’ﬂﬁ‘ﬂf% restﬁaﬁt@ :agp %Etﬂgade under conventional conditions (e.g., in the presence of

an amine base, e.g., triethyl amine or diisopropyl ethylamine, in a polar aprofic solvent, e.g., N,N-
dimethyl formarnide, N,N-dimethylacetamide, methyl-t-butyt ether, or tetrahydrofuran). One
skilled in the art will recognize that the chemical transformations in the methods of this invention
may be performed using any pharmaceutically acceptable solvent that is compatible with the
intefmediate substrates and the transformation conducted, The resulting mesylate may then be
treated with thiophenoxide (formed jn situ using thibpheno? and a non-nucteophilic base, e.g.
diisopropyl ethylamine, potassium carbonate, and the Iiké) in a polar aprotic solvent, to form the
thiophenyl-butene compound 8. Stereoselective dihydroxylation of compound 8 can be conducted
using the osmium-containing oxidizing reagent combination of KyO0sOy(OH}aKsFe(CNYg, K2CO4,
NaHCO; and CHaSO:NH; in the presence of DHQD,PHAL as the chiral auxiliary reagent, fo
provide the 1,2(R)-dihydroxy-3(R)phthafimido-4-(phenylthio)- butane 8 and 1 2(S)—d1hydroxy-3(R)
phthalimido-4- (phenylthto) butane 101 ina 13:1 ratio.

©<§-<i ©:§:C @EH;
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using the osmium-containing oxidizing reagent combination of
K20s02(OH)4/K3Fe(CN)6, K2CO3, NaHCO3 and CH3SO2NH?2 in the
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1,2(R)-dihydroxy-3(R)phthalimido-4-(phenylthio)- butane 9 and
1,2(S)-dihydroxy-3(R)- 20 phthalimido-4-(phenylthio)- butane 10 in a 13:1
ratio. ?2 O \S\ S OHO OH C40 HO OH08 9 10 WO 2004/099129
PCT/1112004/001380 _20_Removal of the phthalimide amino-protecting
group may be conducted using any conventional method that does not
induce racemization at the 3-amino or 2-hydroxyl centers of the butane
compounc% General methods for removing protecting groups are .
described 1A GRS BAHAMNITE, @U’B?éﬁr%?“@%ﬁﬁ?ﬁ?e?‘ﬁ’éﬁﬁﬁé’ﬂf’%ﬁﬁq using any
meMyRHiRE Bshoe tistsleasdintinguce meesifnpting,a) tha oo pranydroxyghcenters of
H2te-biHara@pingotiifihi3eoemi petmdsfiayehevighsaetientty e tvatézetar i Greene
tragiafovme dupio Bsheik R Medials wif RORROMACSHAREAHREINR 9 to dihydroxy-
prepaationof Aelfinavir or nelfinavir mesylate. One skilled in the art will
recognize that the stereoisomer that is stereoselectively formed by the
dihydroxylation method of this invention maybe/chnged by using a

different chiral auxiliary reagent. One skilled in art will also recognize

that stereoselective dihydroxylation of 3(R) ino-butenes containing
different nitrogen-protecting groups andfordifferent butene 15

substituents, in the presence of different guxiliary reagents, may produce
mixtures of 1,2(R)-dihydroxy-3(R)-amino-butanes and
1,2(S)-dihydroxy-3(R)-amino-butanes iddifferent ratios. That is, the
stéREoSeTRANItY B the BiRseRs ey isetion iaysangd e ntiergidermediate
theogpeuifits usabkinite arbataticapd ofitnebiiral rmupddidannesyagient used in the
reaction (ngskitsiria oifterami-ensiging rar e bnsioRMkalRIdsCriral bRy formed

regaRa My diNRNE mORSEL A IRRARRGRIDES 9@5@@ fmging a different chiral auxiliary

reagent. One skilled in the art will also recognize that stereoselective dihydroxylation of 3(R)-

amino-butenes containing different nitrogen-protecting groups andfor different butene
substituents, in the presence of different auxiliary reagents, may produce mixtures of
1,2(R}-dihydroxy-3{R)-amino-butanes and 1 12(8)-dihydroxy-3(R)-amino-butanes in different ratios.
That is, the stereoselectivity of the dihydroxylation reaction may vary depending on the speciic
substrate and the spec'iﬁc chiral auxiliary reagent used in the reaction (e.g. using different quinine
or guinidine alkaloid chiral auxiliary i'eagents}. However, based on the teachings herein and
through routine experimentation (e.g., preparing compounds having different ni'trogén protecting
groups or compounds having different substituents and conducting the dihydroxylation reaction .
using different chiral auxiliary reagents), one skilled in the art wili be able to select a chiral -
auxiliary reagent that stereoselectively provides the desired stereoisomer of a specific

amino-butene.

For example, the dihydroxylation of 3(R)-amino-butenes may be conducted to
stereoselectively provide 1,2(S)-dihydroxy-3(R)-amino-4-{phenyithio}-butane, using a chiral
auxiliary reagent other than DHQD,PHAL and optionally, using an amino-butene having &
nitrogen-protecting group diﬁerent from the phthalimide, illustrated above.  The nitrogen
protecting groups may be exchanged, if desired, by converting the phthalimide-protected 3(R)-
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, Chz-protecied 3(R)-amino-4-thiophenyl-
1-butene 20 may be prepared from the phthalimide-protected 3(R}-amino-4-thiophenyl-1 nbutene

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



20 through routine experimentation (e.g., preparing compounds having
different nitrogen protecting groups or compounds having different
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chiral auxiliary reagents), one skilled in the art will be able to select a
chiral auxiliary reagent that stereoselectively provides the desired
stereoisomer of a specific amino-buteng25 For example, the
dihydroxylation of 3(R)-amino-butenes may be conducted to
stereoselectively provide

ésgcg(m( amlno -4-(phenylthio)-butane, using a chiral .
liary reagent %aﬁ“ﬁ'ﬁfégﬁf‘gﬂﬂ %ﬂ’?ﬂeaﬁl”ﬂ?%'wh‘ﬁﬂ?ﬁ@‘é'nbme“e followed
amo GeHBFHE ‘Hﬁ\ﬁﬁﬁ’%’eﬁﬁﬂe@wﬁm&%@m@w eiffesrdintdtonmdiiens (e.g., in the
phthesi$arierofiferstk iteteatrisdve tieytiixgsien op CtEHRPGrFRUPGIBRASHAL -butene 20

exahanges, tbansisad Lbb‘)é:ofﬂz\éer&@ﬂﬁ%oﬁﬂmﬁamﬂﬁ:ﬁﬁgt%ﬁg&(%gn%?natfon of

5 amlﬂ@ﬁ)}mﬁ%ﬁéf C:N)Q%% %EH&P %ﬁqgﬁﬁﬁm :nbrt% Ip{gsgrhcé 8?8 )'}Fg{’%?F as the

CbZhP Pa gyre(aRL hio 1
specifica hed ea"fﬁi‘)’e %ﬁfﬁbdﬂfiﬁa%ﬁé’?&?b%m'@mmavwsand
preb%@odfgb‘ﬁ?’tﬁ (Bhthattirbeopedidans (1) arrind-tethiophenyl-l-butene

8, above, by a two-step process wherein-the phthaji o igde is removed using
conventional WO 2004/099129 PCT/1B2004/00138 1 procedures (i.e.,
44thiop

by treatment with ethanolamine) to glvg 37amino- henyl-1-butene,
followed by treatment with clo g@e (Cbz-ClI) under
conventional conditions (e.g., ¥etle presence ase). Stereoselective
dihydroxylation of Cbz-3(R)-amino-4-thi 'phwi-l-butene 20 may be
conducted using the osmium-containingonidi_zing reagent combination of
5 K20S02(OH)4/K3Fe(CN)6, K2C03, NgHCO3 and CH3SO2NH2 in the

presence of quinuclidine as theauxiliary reagent, to provige_the
1,2(S)-dihydroxy-3(R)-Cbz-4-(p @ i0)- butane 13 and )
1,2(R)-dihydroxy- 3(Rc) -4-(phenylthio)- butane 14 pa 4:1 r@O
HN- czoo g§f§HOH13 ATQ Adfart  the
2- hydroxyl waiety of the maygr dihydroxyb , S3es the

HO OH
13 14

Advantageously, the 2-hydroxyl moiety of the major dihydroxybutane 13 possesses the
same absolute configuration as the hydroxyl moiety in nelfinavir. Accordingly, this material is also
useful for the preparation of nelfinavir or nelfinavir mesylate.

The rate of dihydroxylation of the amino-butenes described herein may be accelerated by
the addition of alkylamines. For example, it has been discovered that use of DABCO (1,4-
diazabicyclo[2.2.2]octane) accelerates the rate of dihydroxylation. Moreover, it has been
discovered that complex alkyl amines, such as DABCO may be used as chiral auxiliary reagents
in the method of this invention. For exampie dihydroxytation of the Cbz-amino-butene 20 using
K20s02(OH)/KaFe(CN)s, K2CO3, NaHCO, and CH;BO,NH; in the presence of DABCO, as the

chiral auxiliary reagent, provided a 30% yield of the1 ,2(3)~dlhydroxy-3(R)-Cbz—4n(phenyithso)-
butane 13 and 1.Z(R)-dihydruxy-3(R)-Cbz-4~(phenylﬁ'|io)- 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 auxiiiary reagents, described above.



same absolute configuration as the hydroxyl moiety in nelfinavir.
Accordingly, this material is also useful for the preparation of nelfinavir or

WO MeisNF mesylate. The rate of dihydroxylation of the amino-botenE®o4/001380
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described herein may be accelerated by the addition of alkylamines. For
example, it has been discovered that use of DABCO (1,4- 15
diazabicyclo[2.2.2]octane) accelerates?he rate of dihydroxylation.
Moreover, it has been discovered that complex alkyl amines, such as
DABCO may be used as chiral auxiliary reagents in the method of this
inventiofcrotitsta rpsimpding df exylakiansaldhe ERERMIRARHIBRE2DHSHIA] of
K@ea2OH)d/K3Fe(CN)6, K2C03, NaHCO3 and CH3SO2NH2 in the
presence of DABCO, as the chiral auxiliary reagent, provided a 30% yield
of thel,2(S)-dihydroxy-3(R)-Cbz-4-(pheRyithio) 20 butane 13 and ’
1,2(R)-dihydroxy-3(R)-Cbz-4-(pH§ylthi - butane 14 in a ratio of about

S i

2:1. Generally, acceleration of t roxylation reaction may be
achieved by using DABCO in an famount that is about 10 % about 100 %

. of the molar amount of butene &esent ifi the Xeaction mixture. When

used as a chiral auxiliary reagent, DABCO mayke used in amounts that
are the same as that of the other chiral auxiliary reagents, described
above. WO 2004/099129 PCT/IB2004/061380 -22 Accordingly, a
S8 HRFEUR B BT BPAMILC A e byt st contAninsrigizing sergent netination
fitfeoP 2ORFKR QNR X1G0: OBHGR 4oy Orestihigyithie the prgeuecbah it as
& whithl andismiesygeson i@iviag Xiizina e AR LRI IaHRR £f
K20sOQIhpHsESGING: K2 ' g CH3SO2NH?2 in the
pIERgnse of DHQD2PHAL as %%rglygg)%%%%gu%ﬁf ?ge{)gr%\/t?daect?{re'pou"d of
compound represented by formula 2. The compound of formula | may also
be stereoselectively converted to a ¢ { pound of 10 formula 3: R3 R3

R‘!

\

N
/

RZ
HO OH
3

by treating a compound of formula 1 with an osmium-containing oxidizing reagent combination of
Ko050,{OH)a/KaFe(CN)s, KaCOa, NaHC O3 and CHySO0.NH, in the presence of DHQDPHAL as a
chiral auxiliary reagent to provide the compound represented by formuta 3.

The compound of formula 2 may also be convertedto a compound of formula 4, while the
compound of formula 3 may be converted to a compound of formula § by removing the nitrogen

protection group without inducing racemization to provide the compounds represented by formula
4 or 5, respectively. :

"

0

The compound of formula 6:

oy



N R2 HO OH 3'15 by treating a compound of formula | with an
osmium-containing oxidizing reagent combination of

WO 2BRASO200H)4/K3Fe(CN)6, K2C03, NaHCO3 and CH3SO2MHZ/in#618/001350
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presence of DHQD2PHAL as a chiral auxiliary reagent to provide the
compound represented by formula 3. The compound of formula 2 may
also be converted to a compound of fezaula 4, while the compound of -
formula 3 may be converted to a compound of formula 5 by removing the

nitrogen 20 protection group without inducing racemization to provide the

C%@Bﬁ?&é?féﬁ {EQE%%BIEQ &%J%Uﬁ’ 8{} %@ é%%%ﬁ@%&%ﬁ%@%‘@% thane

of form
O e o e S e b e e
ertiFfetAERTE sulfonyl chloride in the presence of an amine base in a

polar aprotic solvent to provide butene- mesylate 7a; and O N ~OSOZR

thiophenoxide is formed in situ th|o enodl and a non-nucleophilic
base in a polar aprotic solvent, rAde/ h|op \enyl- butene 80 s

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

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

b

In patticular, the compound of formula 6:

O

6

butene 8

is converted to a compound of formula 7a:

O .
_ SO.R'
N _
0

7a
wherein R' is alkyl or aryl, preferably, methyl, trifluoromethyl or p-tolyl, and converting the .
compound of formula 7a, to @ compound of formula 8 by treating the compound of formuta 6 or 7a
with an osmium-containing oxidizing reagent combination of KzOs0,(OF)/KFe(CNjg, KaCOs3,



N 10 8 In particular, the compound of formula 6: OOH INO 156 is
converted to a compound of formula 7a: O N --OS02R 20 7a wherein R’
WO Jgoaliytavaryl, preferably, methyl, trifluoromethyl or p-tolyl, apg-EERERE 380
the compound of formula 7a, to a compound of formula 8 by treating the
compound of formula 6 or 7a with an gsmium-containing oxidizing
reagent combination of KZOSOZ(OH)Z%&BFe(CN)s, K2CO3, WO
2004/099129 PCT/IB2004/001380 -24 NaHCO3 and CH3SO2NH?2 in the
presence of DHQD2PHAL as a chiral auxiliary reagent to provide the
chiatifefdnendsirdsahitdity foesenta FRIBRB,AESp st ¢aiy OxFapubagenfichrovide
InHelsomifemeormpeisic ol eyl 8 dssietpasaiagtively converted to the

compound of formula9: O P /HO OH 109
' 0 :
g
—_
O

i1
In turn, the compound of formula 8 Is stereoselectively converted to the compound of
formula 9:
0 f
s
o HO OM
10 :
?_ .
or te a compound of formula 10: <
0 E
' s
Nbg:\
HO OH
15 10

or a mixture thereof, .by treating a compound of formula 8 with an osmium-containing oxidizing
reagent combination of K20802(OHY/KsFe(CN)s, KoCO4, NaHCO; and CHaSO:NH; in the
presence of DHQD,PHAL as a chiral auxifiary reagent to provide the compound represented by
formula9 or16. '

' 2Q Alternatively, the compound of formula 8 is converted to the cbmpound of formula 41:



or to a compound of formula 10: O S/ N HO OH 15 10 or a mixture
thereof, by treating a compound of formula 8 with an osmium-containing

wo gieagereagent combination of K20sO2(OH)4/K3Fe(CN)spK2@930.4/001380
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NaHCO3 and CH3SO2NH2 in the presence of DHQD2PHAL as a chiral
auxiliary reagent to provide the compound represented by formula 9 or
10. 20 Alternatively, the compound of fd¥ula 9 is converted to the
compound of formula 11: WO 2004/099129 PCT/IB2004/001380 -25_
H2N H OH 11 5 and/or the compound of formula 10 is converted to the
compound of formula 12: S H2N HO OH 1, .\0\ by treating the respective
9 N
.

starting compounds with a reagent that de s the nitrogen protection
group to provide the compound represent ormula 11 or 12,
respectively, without inducing racemizatioyf. Further, a compound of
formula 9 is converted to a compoun rmula 14: O HN HOM OH 15
14 and/or a compound of forpym is converted to a compound of
formula 14 by treating the

MO OH

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

HoN

HO OH

12

by treating the respective starting compounds with a reagent that de-protects the nitrogen
protection group o provide the compound represented by formula 11 or 12, respectively, without
inducing racemization. '
Further, a compound of formula 9 is converted {0 a compound of formula 14:

§
o

H
1

-

andfor 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 -
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 formuia 10 is converted to a compound of formula 13



respective starting materials with reagents that will open the bicyclic ring
of the nitrogen protecting 20 group, e.g., the compound 9 to 14

WO 20vessien, or add a nitrogen protecting group in a single stepe18:Br00.4/001380
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 WO 2004/099129 PCT/IB2604/00138(i -26 O -INHOH 13'5
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 imﬁ
O

formation step described above. The invention alg
of converting a compound of formula 16 to a compeaung of formula 16: o
HN-, 10 0 15 by treating the compo d of formuld 14 with methylphenyl
squonyI chloride ang ine bealse 45 sol llowed by treatment with
an aqueous base td p rmula 16. The compound of .
formula 16 is further
CONHt-au HZNN OH 16 by heating a s¢f
3R}3-benzyioxycarbonylamino-4-phenylthio-I 20 buteneoxide 15 and (38,
4aS 6aS)-decahydroisoquinoline-3-cardxylic acid t-butylamide in

5 akagmﬁaggmmm%%ﬂ% Q\%L oaoség%up@uawf%%%qz

addln%rIgAL{ene and washing with water an rochlon

exiractng and °“8?n5‘?ﬁ|ﬁfd°[’ﬁ8“8d386h%a odpe. respéciive starting compound by using

the carbamate formation step described above.

The invention also includes the methad of converting a compound of formula 44 to a

compound of formula 185:
0
: 0
O~
./

15

10

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

S CONHLBU

g |

HoN N
OH

16
by heating a solution comprising (25, 3R)-3-benzylaxycarbonylamino-4-phenyithio--

20  buteneoxide 15 and (35, 4a8, BaS)-decahydroisoq'uinoline-s-carboxy!ic acid t-bufylamide in
isopropy! aicohol; adding an aqueous solution of 2N potassium hydroxide; adding toluene and
washing with water and 1N hydrochloric acid; extracting and combining the aqueous layers;



WO 2004/099129 PCT/162004/001380 -27 and drying the extracted
product to provide (3S, 4aS, 8a8)-2-((2R, 3R)-3-amino-2-hydroxy-4-

wo Rgmdirebutyl)-decahydroisoquinaline-3-carboxylic acid t-bgiHaipica dfizse
The compound of formula 16 is then converted to nelfinavir and/or
nelfinavir mesylate, compounds having the formula 17 and 18,
respectively, CONK-BU = O HO N OH76 17 "OSO2CH3 CONHt-Bu 0
H. 10~ OH H AN16 10 18 according to the methods described in WO
97/11937 and WO 97/11938, which are incorporated herein by reference.

Thedctfg}%QHQ%IaJ@E'ﬂ%@u 5 gar'ﬁtgé“@%’ XL 85%692? SRR, S0Mmpoun ygffoxy-4~

0o--<s éonvertl g the compoun
foPRFIVATECRSt &""8&?56%??&08‘1“?85‘?{?& kg RNl

PCT/1S2004607agquoggyf formula 16 is then converted to neiﬂnawr andfor nelfinavir
mesylate, compounds having the formula 17 and 18, respectively,

CONHE-By
o] E
i
HO.
N
ﬁjH
o4
5
17
“Q50,CHy
CONHEBY
o H
2
mfj)k" %
H
OH
10 is

according to the methods described in WO 87/1 1937 and WO 97/11938, which are incorporated
_herein by reference,

The compound of formula _8 is alternatively converted to a compound of formuia 20:

e
. | Q‘/%i

20

by first converting the compound of formula 8 to a compound of formula 19:



pu/N 5 H2N~ 19 and then converting the compound of formula 19 to a
compound of formula 20 by adding different 5 protection groups as

WO geis¢lsazPherein. The compound of formula 8 is a preferred sebsirateofoae13so
adding different protection groups as it provides high stereoselection in
the subsequent dihydroxylation step. The compound of formula 20 0 0-<
s HN 10 20 is also stereoselectively cofferted to a compound of formula
13: 0 HNC 0 HO 15 13 orto a compound of formula 14: 0 HN 200" H
14 or a mixture thereof, by treating the respective starting compounds
with an osmium-containing oxidizing reagept [
K20s02(OH)4/K3Fe(CN)6, K2C03, NaHCGQ CH3S0O2NH2 in 25 the
presence of DHQD2PHAL as a chiral auxiligrFreagent to provide the

compound represented by formula :f{im respectively. WO

2004/099129 PCT/1B2004/001380«
19

and then converting the compound of formula 19 to a compound of formida 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 sterecseiection in the stbsequent

dihydroxylation step.
The compound of formula 20
0—-( g
o
20

10
is also stereoselectively converted to a compound of formula 13:
o
g
o+
HO H
15 :
13 -
or to a compound of formula 14:
S o
20

or & mixture thereof, by treating the respective stgﬁing compounds with an osmium-containing
oxidizing reagent combination of K;OsO,(OH)/KsFe(CN)g, K2CO3, NaHCO; and CHaSONH, in

25  thepresence of DHQDPHAL as a chiral auxiliary reagent to provide the compound represented
by farmula 13 or 14, respectively. '



In similar fashion, a compound of formula 13 is converted to a compound
of formula 21: HHO R' 21 5 wherein R4 is a leaving group as defined

wO ZJoetgisniizpparticular, the compound of formula 21a is formedep¥ /83655801380

10

15

5 YR

the compound of formula 13 with p-toluenesulfonyl chloride (tosyl chloride)
and a base, such as triethylamine, in methylene chloride. Preferably R4 is
chloro, bromo, -OSOZ-R', wherein R' 1€%ikyl or aryl, preferably, methyl,
trifluoromethyl or p-tolyl. The compound of formula 20 is converted to a
compound of formula 21a: 0 p HNs 10 HO OSO2R" 2l1a wherein R™ is
alkyl or abylsiaite fpstteralbmpoatiyt [drHue 1RMRHAVL AR O BAR of formula 21-
converting the compound of formula 21a to a com ound of formula 22: p
O CONHt-Bu \ ON N OH 15 22 WO 2004/099¢29 PCT/1112004/001380
-30 by treating the respective starting cg pounh an
osmium-containing oxidizing' reagept comby ation of ‘
K20s02(OH)4/K3Fe(CN)6, K2C03, NaHCOS and CH3SO2NH?2 in the
presence of DHQD2PHAL as a chiral auxifary ¥eagent to provide the
compound represented by formula 21a or 22, respectively. The reaction
may take place according to the foIIowin(}%cheme (Scheme B). SCHEME
ﬂgﬁg(@mgg@p@(m%eg erein. In particular, the compound of formula 21a is

formed by reacting the compound of formuia 13 with p-toluenesulfonyl chloride'(tosyl chioride) and
a base, such as triethylamine, in methylene chloride. Preferably R* is chioro, bromo, -0S0,-R',
wherein R' is alkyl or aryl, preferably, methyl, trifiuorormethyl or p-toly).

The compound of formula 20 is converted to a compound of formula 21a:

O
0 s
O~ ‘ﬁ—é
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:



K2CO3 S Cbhz S Cbz\ S NaHCO3 cbz NH NH _C CH3SO2NH?2 ts/ NH fR)
chiral auxiliary agent + solvent HO OH HOB OH QONH{t-Butyl R™S0O2c1

W0 200@099129S N b sor "on HN (rlil PHIQ 21a HO OSO2R™ solvefisNo13s0

10

15

tR S QONHt-Butyl HO ~ 0 O-1 S CONHt-Butyl HO RI/ HN (R) 1.

aqueous basellocat HO 22 2. AMBC base / water 17 5 Formation of the
compound of formula 22 may be achié¥@d by treatment of a compound of
formula 21a with PHIQ (3S, 4aR, 8aR, 3-N-t-butyl
carboxamido-decahydroisoquinoline). Removal of the benzyloxycarbonyl
nitsp geatiprolectigegiaU o GAPRMNID g2 ab RSGLH ARG IRMING reagent
canglitipRgdrepnjeed, wﬁﬂffjas‘?e?@}@)dﬂ%@%n@é% oyl MH?P nn the presence of

ra ter ocenters rovide the compound of formula 16,
"aEERHRI0 o R ieteceer ) Molon e oot o o o

a5 ge. E’-?Piﬁ%?&s Tﬁﬁ@m@é@@ﬁﬁ@ eefnisiaiRisedPipwe Reigme (Scheme B).

exampffEEkePe confirmed bg one or 15 more of theyfo wmg proton
magnetic resonafice JpedtrOEEENY: ﬁPFﬁ‘@aﬁspectr Y, elemental Q
K,CO; Chz
Cbz\ S NaHCO, \NH ' S
NH~{ CH,SCO,NH, 1]
_ — chiral anxillary agcnt
solvent HO oH
QONHt~Butyl
R™S0,C
B
b S @
soivent O—/ HN {R}ﬁ
1a OSOR™ soivent

o O
04 (3] CONHt-Butyl
MR % 0_{ g INHt-Butyl
HO™ ;
1. - Bqueous bas: base/heat
22 2 AMBC

base / water

Formation of the compound of formula 22 may be achieved by treatment of a compound
of formula 2%a with PHIQ (38, 4aR, 8aR, 3-N-t-butyl carboxamido-decahydroisoquinoline).’
Removal _of the benzyloxycarbonyl nitrogen protecting group from compound 22, under
conventional conditions (provided that the selected conditions do not induce racemization of the

stereocenters), provides the compound of formula 16, which may be converted to nelfinavir and
nelfinavir mesylate, as described above. -

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

maore of the foliowing: proton magnetic resonance spectrosdopy, infrared spectroscopy, elemental

microanalysis and melfing point. Proton magnetic resonarice (1 H NMR) specira were determined

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



microanalysis and melting point. Proton magnetic resonance (1 H NMR)
spectra were determined using either a Varian UNITYplus 300 or a

wo BEnemabkElectric QE-300 spectrometer operating at a WO 2004408808 9061380

PCT/IB2004/001380 -31 field strength of 300 megahertz (MHz). Chemical
shifts are reported in parts per million (ppm, 6) downfield from an internal
tetramethylsilane standard. Alternativel§i 1H NMR spectra were
referenced to residual protic solvent signals as follows: CHCI3 = 7.26
ppm; DMSO = 2.49 ppm, C 6HD5 = 7.15 ppm. Peak multiplicities are

depignalasbBralinmesaresinales. Grnil ehitichrd RuBIRL M BEAORR SRk ppm, 5)

triplet; q quartet br, broad resonance; m, multiplet. Coupling constants

ar@cﬁ'f%‘ﬂ rom it mrerL fetpastyitien my’eﬂecﬂ'%sW@'bb iR ESIP R were
P etine FIRTde FESIORERliE s VRIRsigainerdoliewst CHIZATERREIpmICIDMARly Sai ppm, C

wegiacper formeth byeaitlankisiblics ala Rdagha P EeIBRsws sin M HNG MR, doublet
wege e rmepe auM@l LETR-APR3IEN ?é E[ﬁ!&negﬂg?gtec}%néants are given

reacHlons ere C Q%“I Etum sea S unaer,

R A e e e

pressure O? on uniess

ERESEIFEE BB HS AT T RSRRATAE eI G Misraib fo estpss. GA-

- exielitio RSNFAtFEhYRIPTNNCho(THA Wiemtiomkeiuong are uncorrected. Al reattions
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soslmebenzeghieneptemkerkprieskso wier Bichir QaaiApRIEGH 2L By wHasess
digkillgehifeamealgilsammeris %@é@ﬁé@éﬂé@séﬁ%rﬁgﬂg RSHaRs @3 %m\fe suppliers
'nWt?m%l?ongg'g}bégt Qe[l)etBMgiré}\l Fan ﬂl‘% lf%s%n\};rgﬁé 5) ur{h en phenone

(dimeth Isylfomd ZggITBE tert

Etﬁﬁ g8 ﬁ%ano Geniesict %“fh e iérfa ME“(E’:W%!H&"W@BF?JM

ether) A&P&Eétffry"m%‘?éfﬁywcwﬁe(pﬁbﬂwewf@?ﬁﬁ&ryﬁﬁ@mﬁm@ﬁwmawm}
(OB RNy hEmiselo MIEE Bompity Busiterthbu OXxisOaY awtyn i FAOH (ethanol),
Etrmogmaoammhj?ﬂpH@Aﬁﬁ@ﬁ?@ﬁf@%&ﬁéﬂ&@bmﬁ Ph (phenyl),
Ny N iphrjesemie thy | gioyisae diamiely B RLREF IS RN ARSI AL, TrA
a QMQ&Q&MNMM (Aa'sc'ig)ethylm lme) %g -diisopropylethylamine), TMEDA

(d Eﬁ‘yrg'lch O%%/tl Carm% E‘!fqgﬁl%n% UI h {Darﬁ:g}lcmﬁp&czo (acetic anhydride), NMM
(4(‘hfﬁ?§l¥‘|'§7Péﬁ’?H’f6‘E?ynd|ne) dl@‘é‘coa 4 digiepiipaizrRaistshe), DBN DDQ
(1(B3dishlabidy/ e8] ddreBanbprBIBRVARG4-dimethylaminopyriding), DABCO(1,4-
digzzdvieystid 2 Aiffangec-7Tomne), QMAGatbbNysipeihyansiamide), BB (18-
(PaRizeRRESY DyARE- PEIS @@Aé’%ﬁh&ﬁﬁﬁmﬁywc&gﬁ’ﬁ%) PNB (p-nitrobenzoyl), and
cabpraadscahysipisgROING SRECG eramplGs gf ariols

S
COITIpOUﬂdS ?CCOI’ mgeto the invention may dm‘ég a&van a ously

prepared’ss et BT REIE Ex%fﬁ‘bﬁegoﬂé%‘\’ﬂd’fh%?@'@'ﬂﬁrﬁﬁl affyepfion may be
cOYBUERRINTLORIBRTEY theksh Aeih dhenBmmplssiriane Sthsse ofanwles and the
preswaLdyeprisnetansiney ndE XANPL Enk Ilﬁsmeaﬁm ptSethritation thany way.
4-thiophenylbutene 8

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

ot

A solution of methanesulfonyi chloride (1.2 mol, 1.2 equiv, 137.5 g, 93 ml}-in 150 mi of
ethyl acetate was added to an ice-cooled (0°C) solution of phthalimido-alcohol 6 (217 2g, 1.0 mof,



O 4N O 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

WO 10@5881dflon of phthalimido-alcohol 6 (217.2g, 1.0 mol, WO 3Q0¢4898i28 1350

PCT/1B2004/001380 -32 available from NSC Technologies, Mt. Prospect,
IL) and triethylamine (1.3 mol, 1.3 equiv, 131 g and 181 ml) in 800 ml of
ethyl acetate at a rate sufficient to mairitafii the temperature of the

- resulting reaction mixture below 20C. At the end of the addition, the

mixture was warmed to ambient temperature and stirred for 3 hours.

HP LG iantdysis BisoWechmogtartingrrosiesial.)\ Mt eichyBRRd Hawas 28486y, 1314

e 8 ke s WA ol Ufperatur o

u vV [ W

tvf/]légs#g%%%%(?go rmvﬁ&%té%rbﬁlg (C)Ev?/e(% lg\gééax??éc r|}o€1levx"7‘| AtSBA' R MisiE eRavarmed to

bulRBPES ETRST 53 iee fm BORE B HisaNakER DM nosleinamatesistWater
5. 45369Qpe Ve sdrdienétar sodingrotuevasrstirethtvn i poinods RkFwich )he aquecus

waghastdees sgvbkstillati entrot itrepaiivgs ace iRl MeSoRiiABo IRGRLer, followed by

vaGae@inABé 500 nneme. AREHIR e eI iIBaMINLE WAR GRS iftion under

ambienitemperatiEe: (RiPRREOL2 & aas%.zé% Léci)%réaéz]%%rﬁé%gggﬁ%% L) was

dii | 2.0 mol. 2.0 2
and B S BB e b S5l o Rt SR e hour. Afer

10 yPPEreRATSEiER Ate aotiet e okieat frmneratas, bieshensl 2w dr epiv, 221 g,

hodP§ () RIM Risamedpdistividiviated. @ 185k 2iesylime)Sa Ng\NIdRm fusre Sldde and the
7ard2 0 /i€ DEIBehten T 85° (int2i ténfSetilurdl 1 Hr.d il ikialodkat < 1%
e e e e
to ambieynt tevm:r[i)%rature' ang g%loa\}g%(% sffg'ndeféo?"ﬁ(g '%?)%Hg}gﬁﬁe‘i F?wfx?&réa."'z' tH),

15 wak PoarS asst P MTBE R Gk fa' st dlelditr, RigiC Botdibik 298 s,

of 3 FitS"ESRYOBHXEsR YR EePIRGIA ETiERleMeasiebiinend Rl oFersa eenitinggs hours.
organic phesaivis wriatuthintha R ST Berabdiliesacd dusectitivaliomrost. portions of 1
distitisH @iatan esphastoNarassy (R) Eneamav S e iy Bib=/R thaORks dried with
tempral R iRacie HraHiaPinil AN LAs SIS RIS RMYIS WaSTEE unt

20 CORIERA ARSI SmBEIRlE. g fesying soliton wes diied
' | ot
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hexanes gl F)eth%p&s}ﬁgergé Seéd_crystals were atde & Tfifiigy Was cooled to

misture. Afer 10 minute S HGHRCOPRAGE PUUBH A hsvivnss (1AR&eatied. Seed

foPHRHNYRIE AAPY fotirsstire Surdtewblier dfowedtes adatitommdainecipitate formed.

heXémedriingrier an additional 2 hours, the solids were allowed to settle and the hexanes were
decanted off. The resulting slurry was diluted with fresh hexanes {600 ml) and stirred for 30
minutes. The mixture was filtered and the light orange solid was washed with 1 L of hexanes and
dried under vacuum to yield 231.9 g (75%) of 8, as an easily filterable light orange solid. The:
compound of formula 8 was obtained in enantiorhericaily pure form, as defined herein. 'H NMR
(300 MHZ, CDCl5,) 6 7.76 (m 2H), 7.69 (m, 2H, 7.33 (d, J = 7 Hz, 2H), 7.17 (t, J= 7, 7 Hz, 2H),
7.08 (m, IH), 8.20, (ddd, J = 7, 10, 17 Hz, IH), 6.25 (d, J = 17 Hz, IH), 5.22 (d, J = 10 Hz, H), 4.90
{m, IH), 3.77 (dd, J = 10, 14 Hz, IH), 3.28 (dd, J = 5, 14 Hz, IH).



decanted off. The resulting slurry was diluted with fresh hexanes (500 ml)
and stirred for 30 25 minutes. The mixture was filtered and the light

WO Zgﬁg[&gggghd was washed with 1 Lot hexanes and dried und cﬁwwnﬂ}& 380

9 g (75%) of 8, as an easily filterable light orange s
compound of formula 8 was obtained in enantiomerically pure form, as
defined herein. 1H NMR (300 MHZ, CRLI3,) 57.75 (m 21-1), 7.69 (m,
2H,7.33(d, J =7 Hz, 2H), 7.17 (t, I =7, 7 Hz, 2H), 7.09 (m, IH), 6.20,
(ddd, J =7, 10, 17 Hz, IH), 5.25 (d, J = 17 Hz, IH), 5.22 (d, J =10 Hz, IH),

- 4.90 30 (m, IH), 3.77 (dd, J = 10, 14 Hz, IN), 3.28 (dd, J = 5, 14 Hz, IN).
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WO 2003/099129 PCT/IB2004/001380 -33 EXAMPLE 2: Preparation of
1, Eyaptith o (Riphoh At RictidoReagipiahalinidnd-(Gheeyithio)- butane (9)

1, 26Dk cimpsr kiR 3 ¢(RPPRalRH s 4r(BhantHidy) nitaian €0 10) pu/ / ON H
HI/N5HOOH 910 Into a2 L Erlenmeyer flask was placed potassium

ferricyanlde (197.5 g, 0.60 mo { 10 equiv), potassium ogmate (0.368 g,
0.001 mol, 0.005 equiv), sodi @ arbonate (50.4 g, 0.6 3.0

equiv), potassmm cafbonate (3279 9, 0.60 mol, /4 equiv),

methanesulfq (22.2ys 0. 24 mol, k2segu MQD2PHAL
(1.55 g, 0.00@ ’ quw) This mix| olved in 900 ml of
t-butanol/waterq1 : {jvlv) andcooled to OC=5C. ompound 8 (61.84 g,

0.20 mol, 1.0 equiv) Yat%ddeBas a solid in one 90F’f?on THE mixture was
stirred vigorously for 15 18 rgours and quenched with 30;g of sodium

bisulfite: Water (600 ml) was added and the mixture was extracted with
ethyl aceidte® BbE#ITeTeRirg iSO MeseP porseies fatieadet A7t e8P mol, 3.0

extnanis wereiyrasinstdes0cee gsively wilhol ISNaONL ¢hdium bikaibdhdtCB506) 0.60
Mhnet]13. avgulypeddsilnkcalposhied 26t soditon suléalapRdieanseniraiades (22.8 g,
unger mm@.@@.\/&d@% F3:0f @ @@'y%w HiplS. 8@1@.&0 35i8 ARl was
Ol hich sauy, salidfied oo, standing, The Helg a3 ApR(0 mn%a?dxd%?(sf B4g

iCate !

ana ysis in Was a 13:1'mixtu

duBFQl%‘Péo IO A e (118 e K ‘WHIEH‘WB% R%%‘d‘wTﬂ?dﬁ'E"f‘HﬂWéF PTe4aRspusty for
'HIRIMRSEE BiAfEamATD SP300 sotlivgn SDiGtes Vgt H00m) prsedapsang the mixture
1@bt) B30 DM kihy) 25268 (1506 nAH)2 4/@030N i b 2) 3. 8Be(nombibe)] BUHR acetate
(queap g Waskdd sudcdSileyMtanRINGdN.(2 ) 3. 3Q KoY (880 )i x 1) and brine (1 L x
1), dried with sodium sulfate and concentrated under vacuum fo provide 61.7 g of a mixture of
diols 9 and 10 as a gold oil, which slowly solidified on standing. The yield was approximatealy
90%. 'H NMR analysis indicated that the product was & 13:1 mixture of diol sterecisomers 9 and
10, which was used without further purification. *H NMR of Compound 9: (300 MHZ, CDCE3)
§7.4-7.1 (overlapping m, 10H), 5.30 (br 5, 1H}, 5.09 (br s, 2H), 4.60 {m, 1H}, 3.85 {m, 1H), 3.52
{overlapping m, 2H}, 3.15 {overlapping m, 2H), 2.30 (br, 2H).
EXAMPLE 3: Preparation of 1,2(S)-dihydroxy-3(R)-Cbz-4-(phenylthio}- butane (13) and
1,2{R)-dihydroxy-3(R)-Cbz-4-(phenyithio)- butane (14)

0
ﬁ@g

OH

0/,,



EXAMPLE 3: Preparation of 1,2(S)-dihydroxy-3(R)-Cbz-4-(phenylthio)-
butane (13) and 25 1,2(R)-dihydroxy-3(R)-Cbz-4-(phenylthio)- butane

WO 4@ R0 /- HN- HO OH He H 13 14 30 WO 2004/099129 C1/1B2004/001380
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PCT/IB2004/001380 -34 The mixture of diols 9 and 10 (6.62 g, 19.3
mmol), obtained in Example 2, was suspended in 25 ml of 40% aqueous
methylamine and heated to 60 C for 5 B4 The reaction was cooled to
ambient temperature and a stream of argon was bubbled through the
solution for 5 2 hours, decreasing the volume significantly. The mixture
was placed under a vacuum atmosphere (ca. 18 mm Hg) for 1 hour to _
remove fﬁ%&”'@%'ﬂ?@%‘ﬂb‘ﬁé ro‘%’? acls VS‘ ob'%PWé‘ a°é§<%°“ 2 2, was
solution. T0 this solution was ad &essi ve ater Gdibim
biedtBRIKEHT 2 A4 gl B¢ ﬁﬂﬁ%ﬂﬂ%ﬁﬁ*@mwaaaﬁt%a@mﬁs o\ é? %oHrﬁfgﬁﬁ@" was
resediddmikiine torpeiticcad thyireem of lFeotd roferbybibled 3Ta.igh Bipselytion for
22 mume)) dvas aatig etledvoipwis eigimddiny. 1 0rhesomitituge mixdUpRosa st ed Jacuum
1 Q%pme REYS AR 1A REWVRI SRR AR ABAI IR IHE EES W@ clear
Wbt L0 £HLQ&¥§'9£\&;8£ 1 B HiGel ’séﬂtsér?%éfé‘%%%é‘@%&!@e?é f@ﬁ; jé? @M, sodium

er was dried with sodium sulfate,

brine. 0] anlc
PRI B R S IR § PSS G ARSI L 1 g Jubre 5
1 B3(5aar) %fé"‘éY'lel‘ﬂ"‘EfPé‘iﬂﬁﬁecﬁF (POBHT, MhaR < BIRY YGHFRdersiopwise and the
staadiing. MiBLFXW P RdifoP tdparaflba efyl acetate layer was separated and washed
3-herrsioaty eatrbmyl aordAs 4fthio pioe Ry Rufgat:d Sodilir) & drbbnal®aa0 brine. The

@%Qm&éégrﬂd QaMwasisksRrRIGeshineeadmkab PeQ\/e WSnixture of

mﬁ TgaumcliQQBt %lnlg gg Le‘p 1@n16 g\.‘foy a%aé[ri]r_)ghg rg\\:/v% cr)}P B% sghd:ﬁed on
n was cooled to room temperature emainin mln was _

reiRBYBS under vacuum using a rotary evaporator. The resultlng agueous
solution was extracted with ethyl acetate (2 x 100 ml). The ethyl acetate
|ageasiRigid: Preparation of 3-benzyloxycarbonylamino-4-thiophenylbutene 19

Compound 8 (50 g, 0.16M) was suspended in 250mi of 40% agueous methylamine, then
heated to 60° {0l bath) for five hours. The resulting solution was cooled to room temperature.
Remaining methylamine was removed under vacuum using a rotary euapofatnr. The resulting
aqueous solution was extracted with ethyl acetate (2 x 100 mi). The ethyl acetate layers were
combined and washed with 100 mi saturated NaCl, dried over. sodium sulfate, filtered and
concentrated under vacuum using a rotary evaporator to provide 28.11 g of the amino-butene as

- ayeliow oil (slightly greater than theoretical yield). HPLC showed the purity to be 92%. HNMR

(300 MHZ, CDCly) 8 7.35 (d, J = 8 Hz, 2H), 7.27 (t, J= 7, B Hz, 2H), 7.17 (§, J = 7, 7 Hz, 1H), 5.83
{ddd, J=6, 10, 17 Hz, 1H), 5.18 (d, J= 17 Mz, 1H), .09 ( d, J = 11 Hz, 1H), 3.47 {m, 1H), 3.11
(dd, J=5, 14 Hz, 1H), 2.82 (dd, J = 8, 13 Hz, 1H), 1.69 (br g, 2H). This material was used without
 further purification. _

Benzyl chloroformate (21.4 ml, 28.5 g, 0.15 mol, ' 1.05 equiv} was added dropwise, at
room temperature, to a stirred mixiure bantaining a solution of amino-butene (25,5 g, 0.142 mol, 1
equiv) in 120 m! of ethyl acetate and sodium bicarbonate (25.05 g, 0.298 mol, 2 equiv) in 120 ml
of water. After 10 minutes, HPLC showed no starting material. After two hdurs of stirring, the



25 combined and washed with 100 ml saturated NaCl, dried over sodium

sulfate, filtered and concentrated under vacuum using a rotary evaporator
wo s pivide 29.11 g of the amino-butene as a yellow oil (slighflygkgat85 001380

than theoretical yield). HPLC showed the purity to be 92%. 3H NMR (300

MHZ, CDCI3) 5 7.35 (d, J =8 Hz, 2H), 7.27 (t, J =7, 8 Hz, 2H), 7.17 (t, J =

7,7Hz, 1H),5.83 (ddd, J=6, 10, 174&-1 H), 5.18 (d, J = 17 Hz, 1 H),

5.09 (d,J=11Hz, 1H), 347 (m,1H),3.11 30' (dd, J =5, 14 Hz, 1 H),

2.82 (dd, J =8, 13 Hz, 1 H), 1.69 (br s, 2H). This material was used

WItI;,g;g;g M@@épgmcme @@mtag@.lmf%@ﬁés 4t <b Tl of 8 st id, 50 mi

mol, turater? ggé\(zn%lcar ? %}S\”SF g rog s p%l tﬁl_reéiriégdao&f:[{* ma(ajgnesmm
mixi ure containin "(%a SO |on Oor amino- u ene 8 4

eqiilfpie TUMHT Cé’ﬂ‘fﬁi"é%‘ﬂé‘f@%ﬂ’%% Hﬁ'ﬁ%?d&%bﬁ‘ﬁ@@%’ IBPRgVigedes4 g. of
mol 9 252tV FAd IRYaneR) dhevvatid waftearysBafirer o, HaRieGah afierd hel filtration
5 Stafing nvake paheAtiesrio Boten aissliing:) Hagii Gt 0dHaRA rystals (24.78 g, .
PQ,E% GRROAQRLARY. 1%5_@%%&\4%% rpdedang m@q@amﬁ%m 57.4-
g?eﬁﬁgpmﬂlﬂﬁébm O P2l sty ?C 9 r—ﬁ J aéq SOdIUM, & 40 (brs,

n%l chiori Ve r%a ne’sil

|ca onate, and saturated so ium 40
- suffiie? ﬁﬁé?e?j MRt bhe AP SR Pvacuum usmg a rotary evaporator
to provide 31.84 g, of 19 as a tan solid (72% yield). The solid was
10 re@yamsiizest fPorpahatdnexane(aiesysafairjisatias-HtisphglyBileme anes 10 and
rempve a brown insoluble oil) to give white, needle-like crystals (24.78 g,
56% yield, in two crops). HPLC showed the purity to be 99%. 1H NMR

(300 MHZ, CDCI3) 6 7.4 - 7.2 go@pping M. | OH), 5.84 (ddd,

17 Hz, 1H), 5.21 (overlapping 5.10 (br s, 2H), 5.04 (br g
4.45 (m, 1H), 3.15 (m ). 10 E PLE 5: Preparatlof
3-benzyloxyfargon 0-4thtophenylbutgr
HN S /\ H KO K He H ‘1 7§ 14 Compouf
was added as a solid, in on& po gn to a 3-neck roundbottcn’n
. containing a 0C-5C solution of potassium ferricyanide (2.90g, 0.009mol, 3
15 equiv), potassium osmate (01805g, 0.000015 mol, 0.005 equiyi sodium
bicarbonate (0.76g, 0.009 20 mot, 3 equiv), potassium carbonate (1.24q,

0.009 m@orﬁp%gﬁﬁ\ﬁ)s HEH%%,”P@@&&W%Q 'gtﬁgd as asolid, in one porfion, to a 3-ne§k
roundbottom flask containing a 0°C-5°C selution of potassium ferricyanide (2.96¢, 0.009rmol, 3
equiv), potassium osmate (0.005g, 0.000015 mol, 0.005 equiv), sodium bicarbonate (0.76g, 0.009

20 mol, 3 equiv), potassium carbonate (1.24g, 0.009 mol, 3 equiv), methanesulfonamide (0.28g,
0.003 moi, 1 equiv) and {DHQ),PYR (0.026g, 0.00003 mol, 0.01 equiv) in 15 ml of -butanoliwater
(1:1viv). The resulling mixture was stirred for 12 hrs at 0°C-5°C, then at room temperature for
eighteen hours. The solid product was then filtered, washed with t-butanol/water (1 : 1 viv) and
dried to give 0.9g of a while salid (86% yield). The HPLC showed a ratic of 4 : 1 of diols 13 and

_ 25 14, This product mixture was recrystallized from ethylacetate/hexane (3: 1 viv) to give 0.18 g of
13 as a white crystalline solid. HPLC showed 97% pure 13. 'H NMR (300 MHZ, CDCl;) 5 7.4 -
7.2 {(overiapping m, 10H}), 5.2 (d, 1H), 5.1 (s, 1H), 3.8 (brm, 1H), 37 {m, 2H), 3.5 (m, 1H), 3.3 (m,
2H), 3.1 (m, 1H} 2.6 (d, 1H).



0.003 mol, 1 equiv) and (DHQ)2PYR (0.026g, 0.00003 mol, 0.01 equiv) in
15 ml oft-butanol/water (1 : 1 v/v). The resulting mixture was stirred for 12

WO /v de95C, then at room temperature for eighteen hours. Foe/salid4/001380

product was then filtered, washed with t-butanol/water (1: 1 v/v) and
dried to give 0.9g of a white solid (86% yield). The HPLC showed a ratio
of 4: 1 of diols 13 and 25 14. This produ¥mixture was recrystallized from
ethylacetate/hexane (3: 1 v/v) to give 0.18 g of 13 as a white crystalline
solid. HPLC showed 97% pure 13. 'H NMR (300 MHZ, CDCI3)b 7.4 - 7.2
(overlapping m, 1 OH), 5.2 (d, 1 H) 5.1 (s, 1 H), 3.9 (brin, 1 H), 3.7 (m,
129
pCRAEES oA T B DD Sl R HAERE e v
3 -benzyloxycarbonylamino-4-phenylthio-I-buten 5
p-Nitrobenzoyl chloride (20.8 g, 0.112 mgl) was added at 3-10C to a OC to
5C solution of ‘

thio-1,2-butanediol 14

. i tetrahydrofuran (300 ml).
The resulting mixture was stirred for one hour dL0 with ice-cooling.
Methanesulfonyi chloride (10.4 ml, 0.135 mol) was added dropwise at
2-12C and the mixture was stirred with ice=tooling for one hour. Any

_ insoluble pmatternas! Biterad @it ed d. masbipdayibietiay bacetate: Foeofitméeiution
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angt f@m@m@&w@am@m@%ﬂeﬁ gevam%mqa m@@gyaﬂdm@wsamm
%anrgi rg§ W?%egr y;aév? d In QA teargs&ﬁm ure ahrre%q?gﬁne hour

Su CGSSIVE]¥ Wlt water ueous C acl Ut ion

i 8 SERARgy MeResiy %’BYbffEf?F%? 8400 RO B R a2 12°C
mBrder SAHENRE BTFRE rab iRsreoatnsdopver g ABsisat e matteryqg filkered off and
comstit atthciyidertstac Thefiltlveand tid inghheg ighre avabiret apgtedhizedritedunder
tolie ner( 406 rad) litichisepiRPYA IR0 S HR&WE300 mi) and washed successively
(ZﬁﬂﬁBﬁtg’l’%MV'Q&%@QBX@@[H@%’%%%‘H%@ A, a saturfsfd aqtl.lgous solution of
rohen a o yield fram
R n§§m€“§r§“ L P e
b e o conry
7 GisP R, |65'i“F5 4394 (azjh t&L&'g?s. £B.3R)Z rrrryiasyEarenaning-Hohepyihio-2-
d,riefhanes FHEHo =G -0iteigndvom), ME0{dd39812.0,58%] Hisld Hyp#. 2(@R,3R)-3- -
(nbdhyic3ybrifoitamimbd@nbnthia1 [H)uBHRBidE1 4389 o dAesiiiysiad. 41OnfiR (cDCl,,
T%oé‘i&h—lﬁt{}@@o%ﬁ‘%ﬁ@r C??ﬂ 5% 441éﬂﬂﬁ }%4925 1%%34%%25 H%4), 5.00
AT Sl R I g
(s, 3H), 3.05 .-14 0, 8.2 Hz, 1H}IR (KBr): 3347, 1725, 1609, 1531,
1514 1349 1283 1172, 1109, 1028, 925 cm™, Ea}g 1 ~14.0° (cl.01, CHCly); Elemental Analysis
(Ca6tosN20eSy). Calculated: C,54.35; H 4.56; N,4.88; Found: C,54.49; H,4.19; N,4.75.

An aqueous solution of 2N potassium hydroxide solution (28.7 mil, 57.4 mmol) was added
to a stirred, room temperature solution of {?R,3R}-3-benzyloxycarbonylamino-4-phenylithio-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 mi) was added

~ and the resulting mixture was washed successively with water (200 ml), a saturated aqueous

solution of sodium hydrogencarbonate (200 mi) and saturated brine (100 mi), dried over
rnagnesium 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. *H NMR (CDC 15, 300 MHz) 5 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,



25 An aqueous solution of 2N potassium hydroxide solution (28.7 ml, 57.4
mmol) was added to a stirred, room temperature solution of

wo 1@R38)43-benzyloxycarbonylamino-4-phenylthio-2- PCT/IB2004/001380

methanesuifonyl-oxy-1-(4-nitrobenzoyloyloxy)butane (15.0 g, 26.1 mol) in
1,4-dioxane (120 ml). The resulting mixture was stirred for one hour at
room temperature. Toluene (200 ml) waé 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) deied moer mgme@lmxﬂfatﬁlﬁd cRnEeNiEAed WFal Yagilihig Anaiysns
OVR{FRaitith3chenzuposasbanyamiessHrlisaibipsd-pulsoseyide 15

8.430, (8% yield) as a colorless oil. This material was Used” Withou
further purification. 'H NMR (CDC13, 300 MHz) 6 7.5-7.1 (m, 10H), 5.2-5.0
(MEBAPRLED Tem, Fltppasagion(d of=5361HA3%4), 8a8B2{RRH) 3RS 28I G Zhy)itRey-4-

5 (KBrpn@80ahitBPde dbadokdddindvio-3QaAI0AI20:R CHAPRAG/ 16 1380
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-37 1256, 1100, 1028, 1006, 882 cm.-1 (01025 : -26.2 6 (c1.01, CHCI3);
Elemental Analysis (018H19N03 $ alculated: C,65.53; H,5.81; N,4.25,
Found: C,65.36; H,5.85; N,4.33."' dVIPLE 7: Preparation of (38, 4a8,
8aS)-2-((2R, 3R)-3-amino-2-hydrox 4 5
phenylthiobutyl)-decahydroisoqui ihe-3- c%‘ﬁ‘&i@}hc acid t-butylamide 16
S CONHt-Bu H2N N { OH 16 10A solutioniof (2S,
3R)-3-benzyloxycarbonylamin®¥4-phgnylitio-I-Buteneoxide 15 (8.439)
and (3S, 4aS, 8aS)-decahydroisoquitbline-3_earkpxylic acid t-butylamide
(4.98g, 20.9 mmol) in isopropyl alcohol (70 w heated at 70-75C for

5 hours. An aqueous solution of 2N potassium~tydroxide (52.3 ml, 104.5
mmol) was added and heating was cofnued at 70-75C for 15 hours.

After cooling to room temperature, toluene (120 ml) was added and the
mixture WasldisnwasisetRyithavatexyth2BnninsinetdNraydaachinrienasidd 9 (8.43g)
MxXdlag0saa] 8a£)~d¥£b@n;@€ﬁi§ﬁU§oﬁm&9f§£&Hﬂblﬂﬁ Mb%%hfdje"mmou) in
totk&?ﬂ?@p&ﬂ-&l@o%t i(?g)m-;%? He&fa&h& %&9?‘%"%? Wg‘ﬁs g ddgost;[se goiutt n of 2N

gg@@m%%gggn?g'u O ] L e Sl i o

Wltﬁ org anlc

kB FRHER YIRS g goer ﬁ‘ﬁ%‘?ﬁ@gi&ﬁ?@ﬁ’\%{é EPcfcestsiraRsd tagerture was
VAHIF Wty W2 S 288 SN AYRFRIBR Rkl 01, 40 mi x 1). The aqueous
2-ewdntaoyert phrebiyithiol wadhadethiyoeoig0 qUiRakNe - 31earh OxYkeGa@Icus extracts
t-Dusbydajnie 1 HHA BGhgHelgheous solution of 5N potassium hydroxide, then extracted with
toluene (120 mi). The combined organic layérs were washed with saturated brine, dried over
magnesium suifate and concentrated under vacuum to give (38, 458, 8a8)-2-((2R, 3R)-3-amino-
2-hydroxy-4-phenylthiobutyl)-decahydroisoguinaline-3-carboxylic acid t-butylamide 16, 9.39g, yield
85%, as a coloriess oil. 'H NMR (CDCl3, 300 MHz2) & 7.5-7.1 (m,5H), 6.05 (brd s,1H), 3.68 {m,
1H), 3.37 (dd,J=13.0,2.8Hz,1H), 3.02-2.88 (m,2H), 2.83 (dd, J=13.0,9.8Hz,1H), 2.64
(dd,J=13.2,5.THz,1H), 260 (dd,J=8.0.3.7Hz,IH), 2.30 (dd,J=13.2,6.6Hz,1H), 2.27
(dd,J=11.8,3.3Hz,1H), 1.32 (s.9HI),2. 0-1.0 {m,12H)
EXAMPLE 8: Preparation of (38, 4aS, 8aS)-2-[(2R, 3R)~2~hydroxy-3 -{3-hydroxy-2-
methytbenzoylamino)-4- phenyithmbutyi]decahydrorsoqu:noline~3—carboxyi:c acid -
butylamide 17



85%, as a colorless oil. 1H NMR (CDCI3, 300 MHz) 6 7.5-7.1 (m,5H), 6.05
(brd s,IH), 3.68 (m, 1H), 3.37 (dd,J=13.0,2.8Hz,1H), 3.02-2.88 (m,2H),
WO 208808%129=13.0,9.8Hz,1H), 2.64 (dd,J=13.2,5.1Hz,1H), 2.6 CT/1B2004/001380
(dd,J=8.0.3.7Hz,IH), 2.30 (dd,J=13.2,6.6Hz,IH), 2.27
(dd,J=11.8,3.3Hz,IH), 1.32 (s.9H1),2.0-1.0 (m,12H) 25 EXAMPLE 8:
Preparation of (3S, 4aS, 8aS)-2-[(2R, 3R§-2-hydroxy-3-(3-hydroxy-2-
methylbenzoylamino)-4-phenylthiobutylldecahydroisoquinofine-3-carboxyli
¢ acid t- butylamide 17 WO 2004/099129 PCT/IB2004/001380 -38 O
CONHt-13u HO H OH 17 5 A solution of eetoxy-2- methylbenzoyl
chloride (4.37 g, 20.6 mmol) in ethyl acet @0 ml) was dropwise added
to a stirred suspension (3S, 4aS, 8aS)-2-({3K, 3R)-3-amino-2-hydroxy-4-
phenylthiobutyl)- decahydrmsoqumollne -3-carboxyligagid t-butylamide 16
(9.1 g, 21 mmol) and SodJ.gm h rbonate 14 55 g, 54.2 mmol) ina
mixture of water (40 ml) and ; AENAO™ v
mixture was stirred for an add -codling. Water (20 10
ml) was added and the organic layer was separat H washed with a
saturated aqueous solution (20 ml) of sodium hydrogencarbonate, dried
over magnesium sulfate and concentratdd under vacuum to give (3S,
4aS, 8aS)-2-[(2R, 3R)-3-(3-acetoxy-2-methylbenzoylamino)-2-hydroxy-

5 4- phenylmimubﬁ]am@@miﬁewkmmc&&&@QW'@ mnmtw idRetate (40
(1201 Qas/iRbpie Ui 1OLONESS . SRHRE BOQQé' % ?ffo— ydrcxy-4~
Mg’lzrg %tﬁi'gbjtjécg |s7<3 1u|7 8 %’B c%xy C l? (]E dls ! 1 b and

1SN AP AP ! 4%32% o) an
2.9%9 da 'J‘L PP i“iﬁf%ﬁé QdBmains e of watey (50.m) gty acgipte (40
(s,f?Pi)ME' W@%m Thegrptyreryazighiredder pmatiditipnal Gotir Wighrick Ladjind.. OVater (20

10 (s 9M yvag addsdsaathireonian(i2 85¢er b sndppuascadaadiaimsalition Afas aqueous
48&5!%&%@%03%%&39&3&5%)6&mﬁébﬂv@ﬁﬂwﬂwggﬁate and concentrated
-zmarmgg%@%ggmw%ﬂﬁﬁamﬂip@%g V2 rrffeur?ry]ﬁfax;j‘rfb a)rS:Yng) 9% hrony-

e hg&.%?z? ket x#: 7R Ehu H%m}% Sﬁeft@ \Xlgi 96%) as

stlrr for 1.5 hours a e result

co‘f riess S0k Amamaa s cgo\ﬁhhaga MHz) 5 7.5-7.1 mBH) 7.1-7.0 (m, 1H), 5.51
15 (brdsm) .48 (m,1H), 4.07 (m 1H), 3.81 (dd,J=13.7,9.2Hz,1H), 3.41 (dd,J=13.7,4.7THz,1H),

2.91 (dd,J=11.7,2.0Hz,1H), 2.56 (dd, J=12.9,8.1Hz, 1H), 2.44 (m,1H), 2.32 (s,3H), 2.27 (s,3H),
2.3-2.1 (m,2H), 1.99 (m,1H), 1.9-1.1 (m.11H), 1.07 (s,9H). :
Aqueous ammonia (28%, 24 mi) was added to a solution of (38, 4a8, 8aS)-2-[(2R, 3R);3-
(3-acetoxy-2-methyl-benzoylamino) -2-hydroxy-4-phenylthiobutyi]-decahydroisoguinoline-3-
20 carboxylic acid t-butylamide (12.7 g) in methanol (96 mi). The resulfing 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 mi)fwater (25 ml). The residue was dried at 500C under vacuum
to give (38, 4aS, 8aS)-2-[(2R, 3R)—Z-hydroxy~3-(3—hydroxy~2~methy!benzoyiamino)—ni-
phenyithiobutyfjdecahydroisoquinoline- 3-carboxylic acid t-butylamide 17, 8.00 g, as coloress
25  crystals (54% yield from (2R, SR-benzyloxycarbonyiaminM»phenylthioQ—methanesu!fonyloxy-‘f»
(4-nitrobenzoyloxy) butane). 'H NMR (CD,0D, 300 MHz) & 7.49 (m,2H), 7.27 (m.2H), 7.17
(m,1H), 7.01 (m, 1H), 8.90 (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, 'tH), 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).




mixed solution of methanol (75 ml)/water (25 ml). The residue was dried at
500C under vacuum to give (3S, 4aS, 8a8)-2-[(2R, '

wo 2Rywgdroxy-3-(3-hydroxy-2-methylbenzoylamino)-4- PCT/IR2004/001380
phenylthiobutyUdecahydroisoquinoline-3-carboxylic acid t-butylamide 17,
8.00 g, as colorless 25 crystals (54% yield from (2R, '
3R-benzyloxycarbonylamino-4-phenylthjg-2-methanesulfonyioxy-I-
(4-nftrobenzoyloxy) butane). 11-1 NMR (CD30D, 300 MHz) 5 7.49
(m,21-1), 7.27 (m.2H), 7.17 (m,IH), 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 IH{, .37ré?_i
11-1), 3.08" f’ﬁ”:"é”'.‘i?jlf’ﬂiFfE[ﬁTfi%’ﬁ"(?ﬁ,ﬁq?f’ifi‘ﬂ“’ié‘,‘&’gf‘i o iy e
2.GRRPYRes of e PresaH invartion and reibedp afRTERANNA YYD §PDPounds. Itis to be
P Gt 82004160 18300p86f Faeresantiplestiomis prbjpaiestio asyyraw/indik sbeneeof the
furihuily satpienshexepaplibrthe compounds of the present invention

s and methods of preparing such compounds. It is to be understood that
the scope of the present. invention is not limited in any way by the scope
of the following examples and preparations. 5 40 CLAIMS: 1. A
compound selected from the group consisting of 0/ N-<-s-'(S \O

- HN-C- o0 and 2. A compound having the formula R1 3 N R2 wherein R’
and R? together with the nitrogen to which they are bound form a
phthatiniido, suceinimido or difonnyl moiety; and R3 is thioalkyl or
thioaryl.
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CLAIMS:

1. A compound selected from the group consisting of:

2. A compound having the formula

R‘t
AN
N
7.

R2

wherein R and R” together with the nitrogen to which they are bound form a phthatirdido,
succinimido or diformyl moiety; and ' '
R is thioalkyl or thioaryl.



