| NTERMEDI ATES USEFUL | N THE SYNTHESI S OF HI V- PROTEASE | NHI BI TORS.  AND
METHODS FOR PREPARI NG THE SAME Fel d of the Invention 5 This invention

rel ates generally to 1, 2-di hydroxy- 3-am no-but anes, their 3-am no-butene
precursors and chem cal nethods for preparing the sane. The butene and

but ane conpounds of the invention are useful as internediates in the
synthesis of the protease inhibitor nelfinavir mesylate and its free base,
which in turn are useful for the treatnment of HI V-infected individuals. 10
Background of the Invention Treatnent of HR /infected individuals is one of
t he nost pressing bionedical problens of recent tinmes. A prom sing new

t herapy has energed as an |nportant nethod for preventlng or |nh|b|t|ng
the rapid prolif dMEERMEDISTESL 3818 ‘ BITE

inhibitors block a key B MESHBES Rl K2 [LEresuItrng in
substanti ally decreased viral | oads, mhrch slome the 15 steady decay of ‘the
i mune systemand-its resulting del géeofitesesbhiect s on human health. The

HA! proteasge inhib - mul a:
tal protease 1nni Wﬁl@fnvé?ﬁerfrblgt@#é ee@@cw zaéredmwén% rslhe.ei @rg,!;é)xrréugﬁa ?ﬂ% i a:

be an effecti \?éeci’rf"gﬁ?rf%ﬁ?m‘f’%?’eﬁ?‘{?f‘?"ﬁ?"@%‘[‘%taeﬁaﬁ’a ffrea'.!}%rree"d%e'wwaw qfresyl ate
~is discl osed terinugntien aratisefid ad\iptenBedin® rothé synthisic of the groteese nibiamyifikgr 1996.

- This patent, infesyidtSand@Bired RkY, which inlNCaE RRIUBbakk tREThRhIY IY-fi@l8 inaiig@s. Pri or
to the present i nvention, the stereochem stry of nelfinavir nmesylate
products and |nterned|ates prepared byconventronal processes was .

‘det er m ned® by the stereochem stry I 1L ting materials. Thus,

-di fferent stereoi smm@wadﬂféctedardmuualméefmnmstprrésmnémceedrbﬁﬁreblmw d only
be prepared DyeckddGmbks & REmiSiRE R théagy R UnleRIEB bd £ iMbHahtnMhol R GEJeRfrg or THE

present | nvent l‘ngl

p ing the rapid proliferation of the virus in human tissue. HIV protease inhibitors block a key
enzymatic pathway in the virus resulting in substantially decreased viral oads, which slows the
16 steady decay of the immune system and iis resulting deleterious effects on human health. The-
- HIV protease inhibitor rielfinavir mesyiate, having the following formula:

o -0s04H,

20 hasbeén ShOWra to be an effective "rreatrnent for HIV infected individuals. Neif‘ navir mesylate is
~ disclosed in U.S. Patent No. 5,484, 926 which issued January 16, 1996. . This patent inits |
- entirety, is lncorporated heregn by reference '
“Prior fo the present mventxon. the stereochemlstry of nelfinavir mesylate preducts and
mtermedrates prepared byconventrenal processes was determined by the stereechemrstry ofthe
26 startrng matenats Thus drﬂ’erent steremsomers of nelfinavirmesylate orits free base could only
‘be prepared by !he use of specifi ¢ enantremenc starling materials. The present fnvention
provrdes a versatlle and useful synthetrc Totte for the preparation of nelﬂnawr whereby key
stereocenters are estabhshed at a relahvely Iate stage in the synthesis of the 1 Zudrhydroxy-a-
amlno-butane substltuenL o
. 30 . HlV-Protease rnhrbrtars prepared by use of cyc!rc sulfates are drscussed for example, in
U 8 Patent No. 5,705,647. Asymmetnc dihydroxylation, utilized in the present invention to rake
neffiravir mesylate intermediates, is discussed generally in WO 93/07142 and in Reetz ¢t al.,
Asymmetnc Drhydroxylatron of Chiral y-. Ammo a, B-Unsaturated Esters; Tumingthe Mrsmatched



provides a versatile and useful synthetic route for the preparation of

nel fi navir whereby key atereocenters are established at a relatively |late
stage in the synthesis of the 1,2-di hydroxy-3- am no-butane substituent 30
Hl V- Prot ease inhibitors prepared by use of cyclic sulfates are discussed,
for exanple; in US. Patent No. 5,705,647. Asymetric di hydroxyl ation,
utilized in the present invention to nake nelfinavir nesylate

internmedi ates, is discussed generally in _\D 93/ 07142 and in Reetz et al.
Asynmmetric. Di hydr oxyl-ati onof Chiral y- Am no. a, B-Unsaturated Esters;

Tum ngt he M smatched -2- into the Matched Case via Protective Group Tuni ng,
Tetrahedron Letters Vol. 37.9293-9296 (1996). O her background processes

- related to the e Maicon! @ase via Grifsdtive Gridp Suniff trefthed¥on Letibrs Y8i7 37 8bs-oke0Cesses
- for produci ngng{gb(ﬂe derivatives useful as intermediates in the synthesis of
5 nelfinavir ate are found in WD 97/11937 and WD 97/ 11938. These
references are | ncg?‘ﬁro'?a&’fgé‘?ﬂ‘"ﬁéﬁoﬁsﬁsﬁ‘?atﬁépé%FF(‘%“"”SEFW?/ ingd.S¢ Patent Noent i on
Thi s i nvent i on 5/581.481eBrotesses forpoioitg fraide delietiyes e@an atiiameddtesaithapithedabl y
active 3- agi naesmmemesyzatehﬁes&ﬁa ﬁ%@'ﬁﬁﬁéa\f%rﬁ%%‘?ﬁiéﬁ@ Fhesk etk GA! 'y
active. 3-am no: “t‘?-ed nqwc%gtlcally 10 active

1, 2- di hydr oxy- 5'%?1 ST ESERG ¢ he optically active 3-anino-butene and
1, 2- di hydr oxy- "3- ani no- but ane pr odumamgrvohthe biwentio n one enbodi nent , this

i nvention provi des misvatdnach feRiestther ﬁétﬁddeﬁasGieeﬁrtaﬂaa‘v‘&orpbﬁﬁ@%ﬁﬁchl@%cﬁ@:&ﬂf RS

or R R anino- hyrqwme t@ﬂ&é%ea%e%@xfgf,%w ﬁﬁemfﬁf'ac%ue &ammcogt;%egﬁ?é’%gajcg@g

pr ot ect ed R— am no enes ecl f

3(R) - ami notbut e %1 "lyd?(‘)R}‘a'B’P%WBWd*QT‘F?}'ca“&?ﬁ'ﬁ?’%iﬁ%@"?ﬁﬂd A2-dihydroxy-

1, 2(S) - di hydr oxpmB¢-R)tar@mpridneed betebyie, a net hod for the preparation of the
3( R) - am no-butene and a nethod for -the stereosel ective di hydroxyl ation of
the protected R-anino butene to formthe

1, 2( Ry - di hydr oxy- 3(R) - am no- but ane or 1, 2('S)-di hydroxy 3(R) - am no- but ane.
20 I'n one of its asHe®E smqumenﬁa%@éﬁwonpm@mawoﬂ@rfa@@geqssetaveammumd

havi ng t he1§ or srilsair R RRIming-HgdroxyalRerioR ibPdifflirokgation & the baftsonithd prA@RARREMIcECt | Ng

group, R2i's Hyhed? soefftShy! s iefdn FovilQ I3 R)-shd-ARLE, 2 1 2(R)-dihydroxy-3(R)-
ammo-butane orat; 2(Syd|hydroxy-a(R)—ammo-butane amethed for the preparation ofthe 3(R)— ‘

* amino-bitene and a method for the stereoselectwe dihydroxylation of the protected R-amino

butene to form the 1 2(R)~d:hydroxy-3(R)-ammo~butane or{ 2(8}—ti1hydroxy-S(R)—amm0~butane

20 In one of its aspects, the present invention relates to a compound having the formula
R 1 : R ‘3
N :

4
© wherein R1 isa suutable mtrogen prutectmg group, R2 is H or R1 together wnth R*form a suitable
. mtrogen protecting group, and R3is thioalkyl or thmanrl ' ,
;25‘ o In another of its aspects, the present inventlon reIates to compounds accordmg to formula
- 1, whichmay be selected.from the followmg group;

,ai-id \

In yet-another of its aspects the present mvenhon relates to a compound havmg the |
-30 -fonowmg formula;



nitrogen protecting group, and R3 is thioal kyl or thioaryl. 25 In another
of its aspects, the present invention relates to conpounds according to
formula -1, which may be selected fromthe following group: Q--"( S nN
R and In yet another of its aspects, the present invention relates to a
conmpound having the all followng formula: -3- R "R3r RZN )--~ R~ HQ( OH.
or HO OH.2, wherein R is a suitable nitrogen protecting group and R2 is H
or R together with R2 forma F suitabl eghitrogen protecting group, and R3
is thioal kyl —orthioaryl. Conpounds related to fornula 2 may include: - B.
-R ssR s50 NR Rl /1 HOOHHOHOHO\H and o -Ho CH |n another
aspect, the present invention relates to a conpoundw h the follow ng
formula: R3 H2 H2N 90 HO SHR! or OH  2a, - vvhereln R3 i$ 't hioal kyl or;

t hi.oaryl. Conpounds rel ated to)N mul a 2a rqx}a“cl HD OH and HH

R R? :
HO  OH or wS  ou 2,
wherein R' is'a suitable nitrogen protecting group and R*is H or R' together with R form a
suitable nifrogen protectmg group, and R is thicalkyl or thioaryl. Compounds related to formula 2
. may include: - ; '

and

HO oH or HO$ ) OH
. 2a '
-wherein R3 is thioalkyl oF. thaoaryl Compounds reiated fo formula 2a mciude

P

10




4 In a further one of its aspects, the present invention relates to a
method for the stereosel ective preparation of a compound having the fornula
4 or 5: ti R RB3 a HZNH2N i4 HOB OH -or HOOH t 5 4 conprising
converting a conpound of formula 1: R3 RL 1 N 10 to a conpound of formula
4 or formula 5, by treating the respective starting conpounds wth an

osm um cont ai ni ng oxi di zi ng reagent conbi nati on of K2ZGs2(OH) . a/ K 3Fe(CN) 3,
K2CO3, NaHCO8 and CH3SO2NH2 in the presence of DHQD2PHAL as a chiral
auxiliary reagent to provide the 15 conpound represented by fornmula 4 or 5,
respectively, wherein Rl1 is a suitable nitrogen protecting group and R2 is .
H or Rtogetherwith R2 forma suitable nitrogen protecting group, and R3 -
i st hi oal kyl or thi dmeyiriiePeref drialHsysctsRBe ipgesent tirtvéraiar yeiategrto Wpmarodaol ik ophenyl
group. This pr%@éuectme&éyagnwawﬁsowm b Al Fose' ectivel y
converting a conpound of formula 1 to one o 1 owi ng conpounds: R3
R3 RR R RZNR2 20 1,10 Ogs or HO OH 2 3 | ‘a further aspect, the
invention relates to-a methog for convertinga conmpound of fornmula 2 to a
conmpound of for mul a 4, and/oeyconverfing a coppound offornula 3 to a
conmpound HoN

" HO OH

§l=
H ]

10

to a compound of formula 4 or for}ntile 5, bir freating the res'pective starting compounds with an

' osmium-containing oxidizing reagent. combmanon OF I05Q(0R)KaFe(CN)g, KoCOa, NaHCO;,

and CHssozNHg inthe presence of DHQDZPHAL as -a chiral auxiliary reagent {o provide the

16 compound represented: by formula 4 ar 5 respectively, wherein: R’ is a suitable mtrogen

protecting group and’ ‘R¥isHorR! together with R2foim a suitable nitrogen protecting group, and

R is thioalkyl or thioaryl Preferabiy, R" Isan thtoaryl group ora thmphenyl group. ‘This present

method may further include stereoselechvely comremng a oompound of formula 1 to one of the
Jollowing compounds

RS

20 ®6  bHo
| | 2. 3

tn a further aspect the mvenhon reiates fo a method for converting a compound of

| formuta 2t0a compound of formu!a 4, and/orconverﬂng a compound-of formula 3 to.a compound
25 offormula s, byrémoving the nitrogen protection group Without inducing racemization to provide -

the compounds represented by formula4.or 5, respectwely

ln yela: further aspect, the mvent:on relates to-a method for converting a compound of

o -formula 6: :



25 of formula 6, by renpving the nitrogen protection group w thout inducing
racem zation to provide the conpounds represented by fornula 4 or 5,
respectively. In yet a further aspect, the invention relates to a nethod
for converting a conpound of formula 6: -5- O 8 to a conpound of fornula
7, 7a or formula 8 O a ~Ra puz~ S Na 7 wherein R4 informula 7 is a
IeaV|ng group, by treating the hydroxy- butene 6 with methane [ -sul fonyl
chloride in the presence of a suitable sqkvent to'provide conpound 7 or

w th nethane 10 sulfonyl chloride in the presence of an am ne base in a
pol ar aprotic solvent to provide butene- nesylate 7a; and p 7a treating
but ene- mesyl ate 7a with thiophenoxide, wherein the thiophenoxide is formed
in situ 15 using thlophenol and anon-nuclgophilic base in a polaraprohc

solvent, to provide thi0phenyl- bute-\\ 8 onn this reaction,

preferably R4 is chloro, -brono or - 0 9 erein R is alkyl or aryl: .In
é%giz;nverted to a conpound of

y be converted to a conpound of

addi tion, conpound 7a nay be st er eos
formula 8, and a conpound of formula 8
formul ae 9,10, 11 or 12, r’espectively:

to a compound of formula 7,- 7a or formuia 8:
[0

wherein R* informula 7 is a leaving group, by treating the hydroxy-btitene 6 with methane

sulfonyl chloride in the presérice ofa suitable solvent to provide compotnd 7 or with methane
10 sulfonyl chioride in the presence of an amine base i Il"l a-polar aprotic solvent to provnde butene-
mesylate 7a; and t

treating butene-mesylate 7a with thiophenaxide, wherein the thiophencxide is formed in situ
16 wsing thiophenol anda- non-nucleophilic base in a polar-aprotic solvent, to provide mlophenyl-
‘butene 8

' i:20" : in thls reactxon preferably R4 i chloro bromo or -OSOTR' ‘wherein R is alkyl or aryl

In addition, compound 7a maybe stereoselectively converted to a compound af formula
'8, and a.compound of formula 8 may be converted fo a. compound of formulae 9,10, 11 or 12
:espectwely '



YI | )--"~tizNHOH HP1 HOH. Hx or 9 10 11 12 In addition, the
i nventive nethods include converting the conpound of fornmula 9 or 9.0, or

5 a mxture thereof, to a conpound of fornmula 11 or 12 or a m xture thereof
by deprotecting the am ne. The conpounds of formnulae 9,10,11 or 12 may then
be converted to the nelfinavir free base conpound, formula 17: 31 \ vy ,

i %WNHLAUI t 17 10 In a further one of its aspects, the present
invention relates to a nethod for converting a conpound of formula 9 to a
conmpound of formula 11 by deprotecting the am ne, and then converting a
conpound of forrmula 11 to a conpound of fornula 14: \ = 15 14 by~

substituting a new am ne protecting group, i.e., a carbamate group, through
conventional . procedures. A conpound of fornula 1A'|=y t hen be t her
converted to a conpound pfy formula 15, - - -----§¢ -¥%-------- .- -
. 7 2 0-4~()5 HN o Q
O
G/\é’ﬁ:\; Oigﬁ i
: H COH H - or HO H
: | | 9 1 12

in addition, the inventive methods include converﬁng the compound.of formula 9 or10, or

5 a m:xture thereof, to a compound of formula 11 or 42 of a mixture thereof by deprotecting the

amine. The compounds of formulae 9,10, or 12 may then be converted fo the nelfinavir free
‘base compound, fermuta 17: ’

10 ~ inafortherone of uts aspects, the present mventlon reiates to.a method for converting a
' comppund of formula 8 to a compotnd of formula 11 by deprotecting the amine, and then

E
:
:
E
:
z
]

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

s S 14 .
by substltubng anew amme ;prctecimg group. ie,a carbamate group, through conventlonal
procedures ,

_ A compound of formula 14 may then be further con\rerted toa cempound of formula
15



by treating conpound of forrmula 14 wi th nethyl phenyl sul fonyl chloride and
an am ne base 5 solvent followed by treatnent with an aqueous base to
yield the conmpound of formula 15. A conmpound.of forrmula 15 may be further
converted to a conpound of formula 16: ¢ ONHt-au O H NZzZt CO OH 16 10
A compound. of fornula 16 may be further converted to neifinavir free base,
formula 17. In another of its aspects, the present invention relates to a
met hod for converting a. conpound of forppla 8 .to a conpound of fornula
19.0r 20: os H2N 19 20 15 by a two-step process wherein the phthalinde

is renoved using conventional procedures (i.e., by treatnment Wth

et hanol amne to give 3-am no-4-thio henl-1 butene followed b P Y ,

ytreat nentw f-h carbobenZonxychIoride Cbz-d un conven~.)

honal conditions (e::, i-n the presence of base) t ve comnpound . 20. 20

Compound 20 may be converted to a conpoundoof f or a 13 or formula 14: pt

OO0 ~-003 \ H\w FI HO OH HO ?Z::>m~/ —8
Hi

15

_ by {reating compound of formula 14 with methyiphenyl sulfqhy’l chloride and an amine base
5 s_ollvsnt followed by treatment with an agueous base to yield the compound of formula 15.
A compound of formula 15 may be further convertedtoa compound of formula 16: -

10 A compound ‘of formula 16 may be further converted o neif inavir free base, formula 17,

In another of its aspects, the present mvenhsn telates to a méthod. for. convartmg a
compound of formula Bioa compound of formula 19 ofF 20:

b P

5
,by a tws—step process wherem the phthallmlde is removed usmg conventlona! procedures (ie. by
) ,,tzeatment wlth ethano!amme) to: gwe 3~am:no-4~thlsphenyl—1»butens followed byireatmentthh '

. -lcarbobenzyloxy ch!onde (Cbz—Cl) under convenhonal conchtions {e.g. in the presence ofbase) to
“give compound 20, ' ‘

20 Compound 20 may be conveited to.a compotind of ‘fénﬁma 13 or formuia 14:



13 14 or a mxture thereof by stereosel ective dihydroxylation of

Cbz- 3(R) - am no- 4-t hi ophenyl -1 -butene 5 20 using the osm um cont ai ni ng

oxi di zin reagent conbination of 9 KzGsQ2(OH) 4/ F(?Fe(CN) e, 1C2C3B,

NaHCO3. and CH3802NH2 I n the presence of a chiral auxiliary reagent Further,
the invention. includes a nmethod for converting a conpound of fornula 13
to a conpound of formula 17, 21 or 2la 0- s HOk4 H zR . 1021 21la
wherein R' is a leaving group in formulag2l and R " is alkyl or aryl in
formul a 21a. See Schene B herein. Further, the invention includes a nethod’
of converting a conpound of fornula 2la to a conpound of forrmula 22 (shown
bel ow) and.a “ethod of converting a corrpound of fornmula 22 to nelfinavir

free base; formula 17, according tq herre B herein. O £ONH6Bu. 14 OH 095
22 Wth regard to the respect ve Iae descri bed ab preferably Rr

i s al kyl carbonyl, al kxyca(g ar yI al kyl car boo ,ap ai koxycar bonyl ,
arytcarbonyl, aryl oxy nr aryl al kyI H More preferabl Yy,
R is arylai koxycar bo wd/ or aryI yl and Is H E{\rmre preférably,

Rr is benzyl oxycar bonyl or ben R2 is H Furthgt, and R2 toget her

with the nitrogen to whichighey are bound may forma pht alim'do or
succi nim do noi ety, Definitions As used herein, the terms "conprising" and
"including" are used herein in their open, non-linmiting. sense. The terra

alkyl ref er s FTREEHER f‘te’e?ﬁe'eﬂ‘?’%‘iq'&ﬂ@ﬁ"a&?fbﬂf ﬁbza?('ﬁﬁﬂm"@r‘o‘i)‘ﬁ“*ﬁ%?'hﬁeﬂer om1 to
12 car bon5at 8@rwsingthe lvemighapniinixeidiphg repgak kgohbirgfiamuys SCOsTRIOHECRaeciny] (M,
whi ch al so mikzdlﬁ NaHCO;.and CH3SO:NH; in the presence of a chiral auxiliary reagent. Further, the

invention includes a methad far converting a compound of formula 13 to a compound of formula

17,21 or 21a .
. N . S .
o o
h wd  w ' . ‘
' 21 21a
wherein R*is a leaving group in formula 21 and R™ is alkyl or aryt in formula 21a. See Scheme B

10

herein. Further, the invention includes a method of converting a c_‘:om'p'ound of formula 21a to a
“compound of fermula 22 (shown below) and a mettod of canverting a compotnd of formitila 22 to
; nelfinavir free base, formula 17, according io Scheme B herein. |

Q-
%

- 18

With regard to the respective formulae described éﬁdve. preferably R'is 'al'kflrca'rbOnyl
alkoxycarbonyl, arylaikylcarbonyl, arylalkoxycarbonyl arylcarbonyl, aryloxycarbony[ or arylalkyl
-20 and R®is M. More preferably, R Is arylalkoxycarbany! or arylaliyl-and R? is H. Even rore
preferably, R'is benzylaxycarbonyt or benzyi and RYs H. Further, R! and Rz,tpgether with the
nitrogen to which they are botind may form & phthalimido or succinimido molety, |
Definitions

As used herein, the terms * compnsmg" and “including” are used herem in the;r open,



structurally depicted by 7), ethyl (Et), n-propyl, isopropyl, butyl,

| sobutyl, sec-butyl, tent butyl (tBu), 5 pentyl, isopentyl, tert-pentyl,
hexyl, isohexyl, and the like. The term "heteroal kyl" refers to a straight-
or branched-chain al kyl group having from2 to 12 atoms in the chain, one
or nore of which is a heteroatomselected from8, 0, and N. Exenplary

het eroal kyl s include al kyl ethers, secondary and tertiary alkyl am nes,

al kyl 'sulfides, and the like. 10 The teruyg.al kenyr refers to a strai ght- or
branched-chai n al kenyl group having from2 to 12 carbon atons in the
chain. Illustrative al kenyl groups include prop-2-enyl, but-2-enyl,"'but-.3-.
enyl, 2-nmethyl pr6p-2 enyl, hex-2-enyl, and the |ike. The term al kynyl
refers to a strungnitiogssisepr anched-chai n al kynyl group having from2 to 12
carbon atons in the aa&inpatdt letdsstis @E&éfgﬁt-@#dféiﬁﬁ(éd—c%@él grbd?;%\!rl:%eh 9{1&91% ynyl,
but - 2-ynyl, but ng I ke:
The term hal oalcl?%f)Irl %é*"XWtL% Ch%mn%xerx?laﬁfa'kﬁgeg %Sr'g%u ﬁ@'& @H@¥Wﬁ RERYEY 8% oup
havi ng from 2- sﬂ“‘ﬁ%ﬁﬂ'ﬂ?ﬂ’?‘"&f’bﬁheﬁ‘ﬁ (Ehe-popdisaprenybibuih sehutlosee byl tasiu (Byxir ogens
i S substitutsed pantyihisapedtyli@gentyl, hadi) istbbxyRbidae: k@l oal kyl groups incl ude

trifluoromethyl, 2:RrOSRPHARr l%fe?maQgt%gbﬁf(wbra?ﬂ&%ﬁ&wamsaﬁgg}fo%}) Haying o szécf °

ik 20 The t
: pl)l scym c, :r oﬁért;}" %%%ﬂ@l@ﬂ‘é%%'ﬁ%ﬁ@f‘?ﬁ&%??@%ﬁﬂ PRIFoted gl Shend Nat  are

all car bon) haEemepldry bﬁtﬁftglkﬂblﬂqqderdwttatsmondmandrtemgyal!lryl dmisds] iyl semidegxanpl es
of aryl groupsahdwésiide the following noieties: 11C~ | =Z~z 0, andt hel i ke.

poryeyel o105, or i kREEL b Sl S B RIRE i o bR e o

sel ected from LAFHSH a%f‘?é”eef'@a'%e'ﬁqmﬁ%’e alht?fwirgﬁgléwncll@%ygeﬁ-ennmdt-%wtf hoget-3-
het eroat ons) hewl, Rgefhylonp-Sety) hd2-enyhgnathenm®. per ring. |llustrati ve

ex alrrpl es of aryl graudRsm *‘zﬂ@:llﬂ!’ el 23S of rﬁéﬂb%y\ﬁrgrg:hg@éhg’];l &y%y! grou;l;\lhawng from J2\%0 N N1
0 ke " 12 carbon atems in the chain. llustrative alk - |
ynyl groups include prop-2-ynyl, but~2—ynyl but-3~
15 ynyl 2—meihylbut~2—ynyl, hex-2-ynyl, and the like.
The term “haloalky!” refers fo a strasght- or hranched-cham alkenyl group ha\nng from 2-
"12.carbon atoins inthe cham and where one or more hydrogens is substifuted wuth a halogen.
K Il!ustratlve haloalkyl groups include tnﬂuoromethyi 2-bromaprapyl, 3-ch!omhexyl ‘f—lodﬂ-asobﬂtyi
and the fike.
20 - The te'r'm “aryl” (Ar) refers to a monocyclic, or fused or spiro pclycycf:c aromatic
. carbogyéle (ting: structure having ring atoms that are all carbon) having from 3 to 12 nng atoms
o 'per fing. lilusiratwe examp!es of aryl groups mc!udethe following moletles

, and the lzkc

N The term “heteroaryi (heteroAr) refers fo a monocycllc or fused or spiro poiycychc,
. .‘25 aromatic heterocycle (nng structure having ring atoms selected from carbon atoms as well as
' natrqgen oxygen, and su{fur'heteroatoms) having from 3 to 12ring atoms perring. Wustrative -
examples of_'_aryl groups include the following moieties:

o :N/.::;‘N N,/Q:N . N
' "\/' a p
-',-‘./'N ’N\;ﬁN ' _ / ,




C- e 5 The term"cycloal kyr refers to a saturated or partially saturated,
nmonoeyclic or fused or spiro polycyclc, carbocygle having from3 to 12
ring atons per ring. Illustrative exanples of cycloal kyl groups include
the followng noieties: D~ o0 o0 0,0'0a. "COC), 0 0\%nd the like. A
"heterocycl oal kyl refers to.a nonocyclic, or fused or spiro polycyclic,
ring structure that is saturated or partially saturated and has from3 to
12 ring atons per ring selected fromC gtoms 15 and N, 0, and S
heteroatons. Illustrative :exanpl es of heterocycloal kyl groups include: O 00
00O 50, NON60, Ofl,Qfl,co,c5 NN-It O Cp~ CS N )~ O I J, NNO
CND NNt O4 /1 00 NtJ) and the |like. The term "hal ogen" represents
chlorine, fluorine, nbrom pg;or |qg|ne Toe ternN hal 0" g 5 reprgsents

ﬂ«ogb

chloro, fluoro, bgomy or . e/terN1" ﬁib ed"( nsfﬁejﬁ t he
ars SWibgt i t,u

speci fied group or i Bt ,
term "unsubstituted” neans that the speC|f|ed group bears no substltuents

“\_JOOO[]Q

-, and the like.

5. The term “cycloalkyl” refers to a saturated or pastially saturated, monocyclic or fused or
spiro polycydlic, carbocycle having from 3 fo 12 ring atoms per ring. lliustrative examples of
cycloalkyl groups include the following rnmetses

e 1‘0

A “heterocycloalkyl" referstoa manocycllc or fused.or-spiro polycycﬂc ring structure that
i saturated or partially saturated and has from 3o 12 ring atoms per ring selected from C atoms.
15 and N, O, and S heteroatoms. lustrative examples of hetero.qycloaikyl groups include:




The term "optionally substituted" neans that the specified group is
unsubsti tut edor substituted by, one or nore substituents. 10 "Al kyl thi n"
is intended to nmean the radical -SRa, wherein Re is an al kyl group, as
defined above. "Arylthio" is intended to nmean the radical -SR, wherein R
is an aryl group,. as defined above. "Acyl" is intended to nean a -C(O-R
radical, Wierein Ris an alkyl, cycloalkyl, aryl; 15 heterocycloal kyl or
het er oaryl ~group. "Acyl oxy" is intended to mean an =0C(O) -R radical,

wherein .Ris an alkyl, cycloalkyl, aryl, "het er ocycl oal kyl or heter oaryI
group. "Thioacyr is intended to nean a -C(S)-R radical, wherein Ris an

al kyl, cycloal kyl, aryl, heterocycl oal kyl or heteroaryl group. "Sulfonyl

is intended to nmean an -SO2- biradical. "Sulfenyl" is igtended to nean an

-SO biradical. "SulfQ™ is @ntendeg to mean an - SO2H rical' 0 "Hydroxy"
i nt®nded to nean

is intended to nearf th rdlcl- ‘he

the radical -NH2. " kla i ned éj alc RO,
wherein Ra is an al kK groNp "Dlhi ky1 nt ), the
radical -NR'R,, wherein Ra and Rb are each |ndependently an al kyI group,
and is intended to i cIJRIe het er ocycl oal kgjl gr oups, é\_{her ei n%and Rb, taken

together, for m ahet el o&yh i that | N¢J udeg ne nitrogen.
" Al kyl enedi oxy"-is |25 intended | anéﬂm\;}' b ] r%| cal . O-which i's
bonded t 0. adj acent “at s(er face ~dt o &) eﬁ?ﬁ‘ }6' Trapht hyl

ring) ., wherein Ra is a Iovver al kyl group. "Al koxycarbonyl” is .intended

~to nmean the radical -C(OOR, wherein R is an al kyl -group. "Al kyl sul fonyl™"

is intended to nedhe %me“halagﬁnt&bresmUnemewi. brofRine ios iodine, al Heytérmghabylp.

" Al kyl ami n@car, QA¥hts cHicvo, h@}@g.@ﬁ,@o}@d&man t he radical -C(0O NHRO, wher ein R

{ O nean

~.is-an alkyl d
o car - 00 Ko ke S RRAS! &9 ecied Fo bk ERIIEr VA ARy

group. " Mer catRsttuenis. iThe e eunsybstitediinepprethat figi spegified glqup bepps no'sgbatitventsy| * i s

‘intended to mammpmmvmknmﬁ fol4did that thedpecified groapeinsiisiitiad araaekidddy mean

the radical =Qu.g meogﬁggtgl S intended to nean the radical =S. , Car barmyl "

'_ , Is nt ende(g to nea’l}ukylguo is mtengedl to mcé t?ne rar% cat-SR? wherein R® is an alkyl group. as deﬁned ‘

above.
“Arylthio" is iritended fo mean the radical -SR®, wherein R is an aryl group,.as deﬁhed.
ahove. ‘ a : _ _ | .
. "Acyl” is intended fo mean a -C(O)-R radical, wherein R is an alkyl, cycloalkyl, anyl,
15 ihetemcg,'cioalkyl'or heteroaryl group. "Acyloxy" is intended fo mean an “-OC(O)-R radical, wherein
Risan-alkyl, cycloalkyl, aryl ‘heterocycloalkyl or heteroaryl group. “Thicacyl" is mtendedtomean
a ~C(8)-R radical, whereln Risan alkyi, cycioalkyl, aryi heterocycloa!kyl or heteroaryl group,
*Sultonyl” is mtended to-mean an -802- biradrcat “Sulfenyl” is intended fo mean an -S0O-
. biradical. “Sulfo” is intended to mean an -S0;H radical.
. 20 T “Hydroxy” is mtended to mean the radical -OH. “Amine” or “Amino” i intended to mean— ’
‘ the radical -NH;. "Aikylamlno is intended to mean the radical ~NHR,, wherein R, iz an atkyl
B grqup._ “Draikyiam_mo is intended to mean.the radical -NR Ry wherein R, _and Ry, are each
- '-indepe'ndént]y an alkyl group, and'is intended+to include heterocycloalkyl groups, wherein Ry and
N Ry, taken {ogether, form a heterocyclic fing that includes the amine nitrogen. “Alkylenedloxf is
25 _ ;ntended to mean. the divalént rad;cal “OR,0-which is bonded to adjacent atoms {e.g.; ad;acent
' ~ atoms on-a phenyl or naphthy? nng) wherein R, is a Iower atky!l group. “Aikoxycarbonyl is -_
B mtended to mean the radtca! -C(O)ORG, wherem R isan alkyi graup. "Alkylsutfonyl’ is mtended to
 mean the radical -SO,R,, Wherein R, is an alkyl group. L
"Alkylaminecarbonyl" is intended to mean the radical -C(O)NHR,, wherein Ry is an aiikyi
30 ' .group. "Dsalkylammccarbonyl” is’ mtended to meari the radlcal -G(O)NRaRb, wherein R, and Ry, -
- are éach mdependent!y an atkyl group. - ‘
"Mercapto™ is intended #o mean the radical -SH.



5 "Cycl oal kyl al kyr" is intended to nmean the radical alkyl-cycloal kyl,
wherein al kyl and cycloal kyl are defined as above, and is represented by
t he bondi ng arrangenent present in the groups -CHz-cycl ohexane or

- CH2- cycl ohexene. "Arylalkyl" is intended to nean the radical alkylaryl,
wherein al kyl and aryl are defined as above; and is represented by the
bondi ng. arrangenent present in.a benzyl group. "Anminocarbonylal kyr is

i ntended to nmean the radical 10 alkylcxngﬁkﬂ and is represented by the
bondi ng arrangenent present in the group t[Sa - CH2CH2C( O) NH2.

"Al kyl am noear bonyl al kyr is intended to nean the radical al kyl C(O) NHRa,
wherein Ra is an al kyl group and is represented by the bondi ng
arrangenent present gabdxiteis Bead to hdAAGld24dca)-aPoB. " Al kyl car bonyl am noal kyl "

I's intended to mean,t0¢, fad kscméndec?tla h’%é%}“h!ﬂ.%@:alabk%:o@éw is &ﬁeﬂ)&&pdi fesnhed by

_the bondi ng arrangenent” present roup 15 - CH2N
"Di al kyl am noda#esbT¥| al kyr s int ended to nmean the radical al kyl C(QO )NRnRb,
wherein Ra and Rb: acmrbana:glhnslrtadwemdeanttﬁeyaMI@KCWHz group. "Aryloxlr is

' g;tended t‘I% mean t h@ycioﬁ!ﬁﬁgll&laks ntEhSd 1ML rddRall ScyPdciddigl, wadr@M Bliyl and .
eroaryl ox i a
het er oar yIy gré&iﬂ"amylﬁé‘?%?'begraflf’q"ﬁ? E"JIF Eepreﬁet"geﬂ&@ © popdd nga"a"m%ge"ﬁ;ar%eﬁ th? SRd,
wherein  Rd i srawphetboihyiang Pogfzcpherenes dppEbY s Mterdeheiogp Siedetivhg -
group” is a graaBryk Whdreih SikPplad gl 4ro deihed &6 aBdve,Cmd 4 Reliebéntedshy thesiaiding) t hi s
invention and tl gteﬁmgﬁgzreg&t fnear‘g% ggnﬂjadel{mu?ﬁ nkfaﬂyrﬁs ﬁu#%ﬁéed@m%tthe'rgﬁéépe

racem zation ters o ﬂgl hydrox | at ed ‘
conpounds- @reﬁ&‘b"@ﬁ”h@?’ﬂe?w ’STWE’e?e@fe% bYa“‘Fé%QW Bipent £5s ﬁﬁe?’@ fh refers
“to any group tdmagckleteipm%tzs“Pﬁhybmnwamamdlmuismtemecatosrwbsﬁiﬁmcal@#kv@@&wﬂﬁaon by

e ﬁﬁ?‘%‘%&%ﬁ“‘ oo Bpdy E&*ﬂm“'“”fg%ﬁ”;ﬁ%ﬁf‘“ﬁ%“ﬁhe
z%fP HI’Iete 598% ‘é{ d° h&ter S 4 '

al kyl , -cycl oaI e eroaréel group s and t he
substituents atgNHGQH#EYY a!‘ﬁé%@*’@ﬁ%%ﬂgsb,y tﬁ% berdingrasgngratenl pratselv e pube
opt i onal I y5S ubsiNHEI®OHD yDiakyldnrEAboRfigky!” Sikierided o @Rbn thd adicd) ekt OBRONal |y

substitut ed’ LR A:LOAPR, &0 o RuRAbotty AUGAI B! .omemweéaltémegrmegroqp

i's unsubstitute

_ one | I 2]

Various group&drayOBewhrteiyRudsfary %/fa'fped*%?magﬂ% t'% ‘Ptﬁ?%g °('T3389'e ‘1
opti-onal Iy sulwereniil ed)he?a@arvlmmu@a‘ﬁeidwamﬂv@“lse*ermﬂed‘t%mb%ttﬁqua@qﬁ-‘sr"d- ‘M‘em'"sw tabl e
substituent" irgisdHe@RAgdidu@. Mean any suitabl e substituent that nmay be

“recogni zed, or sel egt, QH ‘nﬁ S e RYcib Qs honki | | ed
i'n the ar %ﬂ The coﬁ S%gabéf%’l]{%?e"aﬁ?mécmgegs 1£9ﬁ.%b |ts)s% n‘gy ave as ﬁmgtrl c :
'C ar bon at ons. YFgdn this inventior and that can be removed under 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. fo any group that departs from a
molecule ina subs'timtion reaction by breakage of- a bond. Examples of ieaving groups inclide,
26 but are not limited to, halides, aryl suifonates .alkylsutfonates, and. triflates.
. The alky); cycloalkyl; aryl, heterocycloa?kyl ‘and heteroary! groups and the substituents.
:ﬁoniaming these groups, as defined hereinabove, fay be oplionally substituted by at least one:
' substituent. The term “aptionally substituted™ s intended to expressly indicate that the specified.
_ : -gréup is unsubstituted or substituted by one or mOre’Su'itable substituents. Various groups may -
30 e unsubstituted or substituted {i.e., they are optlonaiiy substituted) as indicated. The term
| subshtuent” ar su:tabie substituent” is mtended fo méan any suitable substltuent that may be
'recogmzed or selected such as through rotting testmg, by those skitled in the art,
The compounds of the present mventton may hiave asymmetric carbon atoms. The
carbon carban bonds in the compounds of the present invention may be depicted herein using

35 a solid line { ), a solid-wedge ("“""") or a dotted wedge (") The use of a
solid line to deplCt bonds o asymmetric carbon atoms is meant to indicate that all possible

- stereoisomers at that carbon atom are: ;ncfuded. The use of either a solid or dotted wedge to



car bon-carbon bonds in the conpounds of the present invention may be
depicted herein using 35 a solid line ( ), a solidwedge or a dotted wedge
(...... The use of a solid |line to depict bonds to asymretric carbon atons
is meant to indicate that all possible stereoisoners at that carbon atom
are included. The use of either a solid or doffed wedge to 13 depict bonds
to asymmetric carbon atons is neant to indicate that only the stereoi soner
shown is neant to be included. It is posgible that conpounds of the

I nvent.i on may contain nore than one asymmetric carbon atom 1n those
conpounds, the use of a solid line to depict bonds to-asymetric carbon
atons is neant to indicate that all possible stereol soners are 5 neant to
be included. Fhtbsias Bhsymnaticicatbd dxendiomepiodiictie tetpnly tresteescisemeror e
asymetric - @o“msgn&mm iR, GATPALER ol coama,nuwe@ndv@;momg, do@inuse of a
solid or dotté& depi ct 1% stmg so[ ALbon af oms in
t he sane corrp@lﬁ’?ﬂ:th"s"“?@éﬁf“e chﬂf?ﬂla@g't Z" ?f’&tco"ﬁpw?n %{ dc? | ASt er BONers is
present O her pbeatassgeneintaddy siomalg owanfo ltld’Féfelf'F?@@‘rHOFséﬂ'ﬁ %f?qls"{ﬁ‘ém&f?par ent
fromthe d%sc'}ﬂegﬁt't% n{cmaéd Tﬂ@u&@\‘é%ﬁne‘&@ﬂé{a{&t dohdsus bricak Mot eyrnmrznt i on and

t f de aad -
b of b1 1 e, b SHPTATE A TRRTH S P Cont %%394""“9§°'%’3‘fn§°§$‘ffc§% aeiment of

an ani no- but erbendmtqW%@FM%‘R‘T‘%W"%&WF’&|'WPW“@>?P’B‘?°2‘T‘%‘@m e 5P "i‘/l de the
‘cor r espondi Ng nfhindiy sHoRxtyasmaoisprebame, according to the 15 fol l owi ng genera

scheme (Scheme A) er%tures@lnd %arﬁégeé Eﬁhe eren\dbh vt HpPdredrom the bidergén tiat HO 2 OH

-3 -1 'NH2 NH2 R3

erel n:
10 follows, which illustrate the ;nven’uon anJ! its preferred em{)é%mengh

Detailed Description of the Invention and Preferred Embodiments
The method of this invention comprises freatment of an amino-butene with an osmium-
containing oxidizing agent to provide the cotrespanding dihydroxyamino-butane, according fo the

15 following general scheme (Scheme A)

R _R? CRL B2 SR R
7 N - and/or N™
1 . L . Rs . ‘ X ) Rs
HO :

" whereln: __ | o .
- 20 'R! is a suitable nitrogent pretechng gn‘éuﬁ; and-
a RlisHor o
R togetherwith R® form a sultable mtrogen proiectlng group; and
Ris thiualkyl or thioanyl. . L
N ‘ When usedinthe preparation of nelt' nawr, R )IS preferamy an thtoary% group or ainoiety.. .
.28 Lthatcan be converted into an thioaryl group More preferably, R’isa thlophenyl group (-5-Ph), as
' {hé thiophenyl group is present in the nelfinavir freée base compaund
in the processes described herein involving the :m:doy! protect;on e.g., phthalmide
suocnmmide ar N-diformyl protection on the mtrogen a high degree of stereoselection is obtained
dinthe drhydroxyiatlon step. If the phthafmamld protectlan group is remaved and substituted with



20 R is a suitable nitrogen protecting group; and R2isHor R together
wth R2 forma suitable nitrogen protecting group; and fe is thioal kyl or
thioaryl. Wen used in the preparation of nelfinavir, R31ls preferably an
thioa jl group or a noiety 25 that can be converted into an thioaryl
group. More preferably, RO is a thiophenyl group (-S-Ph), as the

t hi ophenyl group is present in the nelfinavir free base-conpound. In the
processes described herein involving the,mdoyl protection, e.g.,
pht hal m de, succininde orN-difornyl protection on the nitrogen, a high
degree of stereoselection is obtained in the dihydroxylation step. If the
phthalnan1d protection group is renoved and substituted with -14- ot her

protection gr atkpsprotestion groups bpacrtistnateddity)Or arfitie, dhigtedeglel 6f shtrgkeld@gisaet Of
stereosel ecti Qahévéd “Gr‘hus 3CRI RYEd tl'hﬁé.ge :ma&éé%.&e Pr&ﬁ&ﬂ@%ﬁ% Wa'og%ﬁ Giol [ de-type

‘protection on the nit trogen prior to ation éntion al so
provi des corrp& YRRt “are useful in the nmet hod descri bed herein 5 having
the formula 1, 2, 3hisidveativd ale proddes cortyednda etz uskiltirethenpelhat desdgbetreteind s

I nt er medi age QMWL FukA, @gqqngg%gmmgggo\;ehe i nvention .l nclude tautaneric
and - stereoisgneric forms of the conpounds of Fornula 1, which may be

readi |l y obt ai gfﬁ MPRUR gues known in the art For exarrpl e, optically
active (R and (S) lntemdetesmmawe-ﬁ fiv apeardande Wi the dnvanton éclds peivkliiccand -

synthesis, e Qemo'ﬂcﬁﬁdﬁ@foﬁﬁﬁ mhe &Yrﬁbbmg%f %ﬁuf&hlv&h@h nfa?ﬁg%&&ﬁmb@rned afm C
m Xt ures .%,Sss]%' ved conv s under st ood

that while a ownmth f‘:fxaf"ﬁ t h‘@ﬂé‘ﬁ@ﬁ&i gt'%‘l’ﬂ‘?ﬁ L%‘?ﬂ* Pafete
formul a di@wi ﬁ@%sﬁﬁeﬁﬁﬁﬁﬁcﬁf‘ﬂﬂ@s'ﬁs B@c Feinacshira wnhes pdekie reegedsp paacenismixiase  of t he
possi bl e t aut meypisd resolvbdushig corventibrsat tebiigésor € to be understood that a fornula

i's intended to. reﬂ{t?ﬁﬁ@%m@:ﬂﬁ@tﬁﬂfe%%rﬁﬁduﬁ $8A’emlﬁlt§1e%en%|qg oﬁ%ﬂétﬁ&gﬁqsﬁ @1 und

~and is not to be |

the structur ai°f"i'%ar¢f?}‘r"'a95 ""f"f'“ fis s é‘fcgﬁa‘ﬁﬁﬁ’é’f@f’b?ﬁ!f‘chHP“%°fé'ﬂﬁﬁ9ﬁmﬁta Bpmetisy mJI al
" may exist as fanns: [t thegfore (7%e undemibpdhata formowtaik inleaderorapresent any tiuloiericdonof E and

Zis o Mer-sq5 | Lofiife defi@Edcb@pdand shdReottd BOEEDAAE e 108 bpedific compound form depicted by
the structural formula. .

It is also understood that a compound of Formula 'I may exist as an “E* or 'Z°
configurational isomet, or a mixture of E and Zisomers. It is therefore to be understood that a
formula is intended to represent any configurational form of the depicted compound and is not o

/20 be limited merely to a'specific compound form depicted by the fo‘rmuiai drawings.

Some of the inventive compounds may- existas smgle steree;somers {ie. essenﬁallyfree
of cther stereelsomers), racemates andlor mixtures of enant!omers andlor diastereomers, Al
such single stereorsomers facemates and mixtures thareof are intended 1o bewithin the scope of
the present invention, In one preferred embodiment, the inventive compaounds that are optically

25  active {i.e., enantiomerically or diastereomencally ennched as descnhed herem) are used-in

: optically pure form. : ' :

A Addlhonally, Formula 1 is mtended to cover, where applicable, se!vated as well as’
unsolvated forms of thie compounds. Thus, each fomula includes mpounds having the
lndlcated structure, mciudmg the hydrated as well as the non-hydrated forms.

30 Exempialy substituted aryls contain with one ormore substltuents preferably onetothree
substituents, mdependently selected from halo, hidroxy, mercapto thioether, pitro (Noz) amino,
aryloxyl halogen hydroxyl atkoxyl, halo (C1—C4)alkyi C4-Cs alkyl CiCy alkexy, carboxyl, C+-Gy
“alkoxycarbonyl, carbamoyl, N-(C-Cgalkylcarbatinoyl, amino, - 1-C4aikytam(no di(Cr
Ca)alkyizmino or a group of the formula {(CHy),-R” where als 1,2, 3 or 4; and R’ is hydroxy, G- -

35 G alkoxy, -carboxyl, C4-C4 alkoxycarbonyl, amino, carbamoyl, 3C1-—'C4 afkyiém’ino di{Cy-
C,)alkylamino, awi saturated or partially saturated heterocycles, acyl, morpholmo(CrC.,)alkoxy
carbonyl and pyndyl (C,—C4)alkoxycarbonyl



formula is intended to represent any configurational formof the depicted
conpound and is not to 20 be limted nerelyto a specific conpound form
depicted by the fornmula drawi ngs. Sone of the inventive conpounds may exi st
as single stereoisoners (Le., essentiallyfree of other stereoisoners),
racemat es, and/or m xtures of enantioners and/ordi astereoners. Al such
singl e stereoi soners, racenates and m xturés thereof are intended to

bewi thin the scope of the present |nven§|on In one preferred enbodi nent,
the inventive conpounds that are optically .25 active (Le.,

enant|onmerically or diastereonerically enrlched as descrlbed herein) are
~used in optically pure form Additionally, Fornula | is intended to cover,

wher e appl i cabl e, méer?drgegtJb%ﬁlutEEbIkyl@gontaHrb%@|0Vﬁffo%dsuf3§ﬁﬁ§ts %;e&.thefr&ﬁ)gwpunds

Th h f

‘el udi ng t h‘ércﬁ( b, DS RaIRE WRGHoRE i e AP DT U B
substituted ar e@%ﬁ'ﬁ‘% WGW%WOM@WP%NMQHCQWtaj‘w’pﬁi’eﬁmlwatﬁn&camm ot hree
substituents, anyrdepshdent | yagbgekmeyf r oMdiadagicaldy], 0XY , hefBRdafRBrbéhyioxy

thi oet her, g s rbd}ﬁﬂ no, t?eﬁ%!igéf&éfkwcatb%ﬁ?ge” gé/tgr cIXaufy[(cg\kangl’%bonhal ©

(C1-4)al kyI i I"l? car

car banoyl , (h “’@fﬁoa g’l‘%’ﬁ?‘ﬁ’hWWP’"’”%IﬁW'“OCEEt@%F'WV@W“HOhEtﬂ?W“O

- C4) al kyl ani no digikylamige. o U pkyigmindearbdngk mAnden(iCER)aylR  haleaxioaikylsnidocarfon®, or  4;
and R7 is hydlhﬁtéﬁéarylﬁi‘un&ﬁrb@@! @Ialk@é?ﬂ‘nocﬁﬁﬁr@p?ﬁé(rkaptoglkﬁﬂo %}ym&(é(rﬁﬁﬁt@v‘agl%ﬁ am no,

B O g N
and pyridyf ( WW'M’CW’%‘HW acyl, halo(C ESaaiigh hasirgry GkiSDpik, @r-Ecaikuktiofd s
contai n one ocC.)ai, aetemw(o.w;)emﬁ,smab@mhlsﬁtcmmawém(cwga@edmé suchas
het er ocycl oal lgydramdIG, @rlaf%ﬁ{o&!hy! 1%“0%0;) Qﬁ)uorog%gﬁ? 310 o%obw dr XYL dbutﬁl kOXy’
aryl oxy, heteroc B@} eteroarjm
al kyl oxycar boR§¥ P4 E@'I"’E%W%'Hh Pregyetyh P )@%W hydmé‘fpgﬂp ﬂér%ﬁ%%é”
aryl oxycar bonghydraxurh o setpyithioniothnly | ethyiednestryiar prbwyiiidpoopyll OwF-bUEmlomethyl.
' Eet eroary :15>x|y§y%|tuﬁ.law:,, lfqeharnﬂﬁytﬁ)h Oahlﬂéblfl@ﬁﬁ DONY. furyl ryiethyl, | 3-thien-2fpropy,
aryi am ho, _nel Leelie PRt Y e, oo Pl HSB o 2
“al kyl ani nocal" PR %ﬁ’i‘eﬁﬂ BsHilye fik e het erocycl oal kyl am nocar bonyl ,
het er oar yI em noc arib@nwenmshcallnkqmamma rabiasinell satnmsyCiaireparcaltl vihyt dlitadle
aryl t hi o andi hah®ri@avm/in i, lnd@kﬁmbﬁa@ﬁﬁ oP DR ﬁa@fe ?uﬂn QLKc%ang:raQU Q:Ecﬂ ficl ude
.l ovver al k¥d neﬂyﬁr%@%loqggé{&/ Lydrob?blmifcy l tdhslu uncaéxlcl hitrie acy c; phosphonce}{:ad and the like, orwrth
-an -erganic acid, such as acetic acid, malele acid, succinic acid, mandehc acid, fumaric acid,
malonic adid, pyruvic acid, Coxalic acid glycohc acid, sai:cyl:c acid, pyranosndyi actd such as
glucurenic acid or galacturonic acid, a!pha—hydroxy acid, such as citsic acid or tartaric acid, amino
‘acid, such as aspartic acid or giutamic acid, aromatic acid, such as benzoic acfd orcinhamic acid,
25 -suifonic acid, such as p-toluenesulfonic acid or ethanesuifonic acid, or the like.
| if an inventive- compound is an acid, a desired salt may- be prepared by any stiitable
method known to the art, mcludmg treatment of the free acid with an inorganic or erganic base,
‘such as an amine (primary, secnndary, or {eriary); an alkali metal or alkalme earth metal
hydmmde, or the like. lllustrative examples of suitable salts include organic salts derived from
30 amino acids such as glyclne and argining; ammonia; primary, secondary, and terliary amines; and
" gyclic amines, such-as ptpendlne morphe!:ne and piperazine; as well as inorganic salts derived
from sodium, calclum potassnum magnestum manganese, iron, copper, Zinc, alummum. and
lithlurn i
Al coﬁipbuhds'oft’h’is j‘nVentioh contain at least one chiral center and may ‘exist as single
35, sterevisomers, andlor mixtuhe,s‘ of gr_\an'tim_iiers and/or diastereomers. Al such slerecisomers,
diastereomers and‘;r_nix_turés_' therect are intended fo be encompassed within the scope ofthe
present invention. Where the.,stelrggéhemistry of the chiral carbons 'pr_es.e.ht in the chemical



10 nitroal kyl, am noal kyl, aryl oxylal kyl, acyl, hal o(Cl-C4)al kyl, hydroxy
(Cl-CA)alkyl, G-C4 alkylthio(C - C4)al kyl, heteroaryl (Cl-C4)al kyl,
het er ocycl oal kyl (G - C4) al kyl and aryl (Cl-C4)al kyl groups, such as
chi oronmet-hyl, 2-bronoethyl, 1-chi oroi sopropyl, 3-fluoropropyl,
2, 3-di bronobutyl, 3-chioroisobutyl, iodo-t-butyl, trifluoronethyl;
hydr oxynet hyl , 2-hydroxyet hyl, 3-hydroxypropyl, 2-hydroxyi sopropyl,
4- hydr oxybutyl, methylthionethyl, ethylthionethyl, propylthiopropyl,
sec- butyl t hionethyl, 15 pyrrolyl nethyl, ‘?ﬁﬂ_nol i nyl met hyl, i-indolylethyl,
2-furylethyl, 3-thien-2-yipropyl, 1- imdazolylisopropyl, 4-thiazolylbutyl,
phenyl met hyl, 2-phenylethyl, 3-riaphthyl-propyl, 1-naphthylisopropyl,
4- phenyl butyl .and, dNRistdidihereidis AR shdMER bileVBeRiRiTRAINEL it PteAdeB #5dhcorRpAeSi T ed
salt may be prepar e% b%t ,a&}/%ﬁw}ab e tho%_kpo%n in the art, including :
treatment of CHEPHPESOHATR '?rﬁe?ﬁ's?rﬂﬁgg%ﬁ’ﬁ" "™ such as 20 hydrochl oric
aci d, hydrobroni c Wheegsed déstibeiagartieiagdconpotnd, ibe e Bpticp 88w sped hewinto and t he
i _kg, or \évi t N indRate Aok eonP6indis eman@@?@aleﬁdsféreaﬁlmanywcpédi Corfigdus tigti CCi Ni C
acl d, nmndetic_aci ric 1.q,. n ] - I C
acid, glycdli Sreaeg?'%?mé%%ggnqcp%ﬁzgrg?'ﬁ?r&%ﬁrﬁ?ﬁggﬁg#yal s““&%?é{i%‘gﬁ%ﬁ%%}é%’eﬁ%ﬁtur oni ¢
acid or gal actunyhpreataclien 755 pfifasingipaitessaEomes dGompges st #F firstereomeripplly
tart ari c aci d enr2iedvontaia giester tlancﬁh%a& mpafetdaisapérdf@ph @ira_lt:?albqnicmta-pfedent _ -
aromatic aci dy, RHEEASNE BELhrEreBbly Ebnllin drédil M3h $590 6 Lhingle3feredisbrid? Bf dacC1 d,
such as p-tol uenesul fonic _agl d or et hane§uaiﬂ§ opi ¢ agl d, or ﬁshe like.. If an
“inventive conflBHEMOG PEREALIA g diagtergamet Erpfarai, hopgyP A SBPRIEISEE RISFEIHT
suitabl e toeth@idalypwedorio the art, including treatnment of the free acid
~Wwith an inorgani c Wheisg@dstibaapsriculs dstipoasd, e tai*dpcaliniureTBuyed heRmandar y,
or tertiary): aRlal e Mibledle AKAMERP oERidbATR A aldbiibdf pl (he
l'ike. Illustratrve exanples o'f‘_,sw [ abl e SETE nclude (D)rgar_n c_salts derived
-from.30 am noC%EEﬁ’ct!ngsst'Eﬁ’EPfea%bs'@P‘Vl'Meﬁ%""Qﬁ‘i‘fa'h’P&Pﬁ‘?‘\t?é‘,atrla‘??ﬁ??rﬁ° a,s“lg}ei‘sﬁﬁ?"ﬁ‘d T
secondary, anprefesblyi @nipincatilerst g5% ol a siygld isomemi Fespousdschatame silpséntiiine,
rm(rjphol I neals anssRbaedisdl Ple catai 'R idasBGov ST G iSonRR bl chciletirh\68don &dnem
sodi um calciu otasslLum nmagnesi u ] S Buor LLOR - £O [ e,
~al um num andprg%einﬁﬁﬁ)ﬁ?T']aﬁﬂr%meé’(?ﬁ%%ﬁgﬁ'a@ 8{?%3{%?%8?%\’(@%3 js'8 ° 'é%ﬁet?gt:’eﬁma%ﬁﬁ?east
one chiral cetalen Hag PrefEbldhesrticely Myergmeoundsin thigiveidign cplfpedeastii §ianf
m xtures of eaange mmaranﬁidsapreﬂiaalgtcmta@ﬁele&t od% lof 8 wingle _sb:aeretﬁosipm§, _
~di ast er eONer si;affedHerdintts Sifglt AGERRMeATR: héln8B 86dideCoRfoupRaRIREseRA ik t hi N
- the scope, (gf é’he'_ PL sent e %\éf&@t ton. Were the stereochem stry of the
chiral cafbonS™haRHEnT 7 PpEYEQLATIYG Sones. T
: The idihydrqulaﬁpn"reacﬁon_ in the method of this invention may be conducted using
stoichiometric or catalytic amounts of the osmium-contairing oxidizing agent. If catalytic amounts
of the oxidizing. agent are used, the diliydroxylation may be conducted in the presence of
stoichiometric amounts of a second oxidizing agent that -Servgs asan osmium‘re-oxidizing agent.
25 | a stoichiometric amount of the oxidizing agent 'is.used,_tl‘le 'oxidiz'ing reagent is used in an
amount that is equi-molar to the amount of butene presentin the reaction mixture. If a catalytic
amount of the oxidizing agent is used, the oxidizing réagent s usedin an amolntthatis about 1%
to about 15% of the-molar amoeunt of butene present in the reaction mixture. .
Preferably the dihydroxy!‘ation.is conducted qsing ‘cgta!yﬁc amounts of the osmium-

30 containing oxidizing agent in combination with potassium ferricyanide. A particularly useful
' osmium - oxidizing agent combination is KzOsOxOH)/KeFe(CN)s, KGOy, NaHCO; and
.GH;;SOQNHQ.,‘WNCI’] fay be used in uﬁe;]:::_resehc'e:df DHszPHAL'-as-*a chiral auxiliary reagent.
Preferably, the amino-moiety of the amino-butene is protected with a protecting group

prior to'tteatmén,i with thgréxidizing-‘_agent. In formula 1, above, R aﬁdlor-Ri_-represept asuitable

35 hitrogen protecting group. Thus, for example referring to‘"s'c_heme Aherein, compounds 2 arid 3
are the dihydroxylated forms of compound 1. Suitable nitrogen protection groups R! andfor R?

are those that when rémoved to form Cth'ounda 4 andlor 5 do not induce racemization. The



f structures illustrated herein is not specified, the chemcal structure is
I ntended to enconpass conpounds containing either stereoisoner of each
chiral carbon. When used describe a particular conpound, the term
"optically active" is used herein to indicate that the conpound is
enantionerically or diastereonerically enriched. Conmpounds that 5 are
enantionerically enriched contain greater than 50% of a single

stereoi somer, and preferably contain greater than 75% of a single

st ereoi soner. Conpounds that are diasteri@onerically enriched contain
greater than 50% of a single stereoisoner of each chiral carbon center-
present -in the drastereoner and preferably contarn greater than 75% of a
single stere0|§o%erm S as ché res e di aster

Profer ably. - nOREUEProuiS S ey b Brmafed afs BB PRl st EuRR S Re 1 or m
When used des &‘Pﬁh%tf’apf?)'&%etal degited interopgide ndfargﬁfrf@mt)%*ﬂtrn Siutphie pitipdep-pptacity i s used
herein to " grﬁabscaaa the b dstirrotaamyOine de-| r‘éte&ld@&t aniid rdidtyar RhitORBEel cal |y

.or diastereo rereg glﬂre)é,{ry,gg,gp,es 0&9;?&2%?5‘%8559 ék&e%kl{&%@tﬁnﬁyhégn%oups in

enati oneri cal ure_contain at eferably
contai n at®| eSemiGEBEnEiEsis3diEqgy Jahg E’&?Ye?rs"“ﬁdﬂ‘d&?ﬁ)d‘é’ '?*H%r’t‘cwt%ﬂ"a?{t iral |y
15 di ast er eonwferanad inyits poitirgly. Clorsbmeé instahceb, cavstog@Otedingagrsipngdyebd spedtesliyof each

chiral- car boonse@‘&iéﬁﬁarbe rd@&tﬁ@@ra&rtaeneécb&rodhd’%éﬁﬁrs&ﬂmémetﬁdasiofﬂfs@rfv@ﬁrﬁ@uﬁd&ont ain
| pre:c g?:rll;)l §5t/oheg;s§; ‘f?‘(’{‘é %’gr;?earguoglo e@ﬂﬂﬁ'ﬁ%"'ﬁ\'rer?me ﬁ?’%‘ﬁ??%ﬁ/‘bgﬁfﬂuﬁlm" 8t |east
- 97.5%o0f a s?“h@fm@"*i%mﬂheanwﬁﬁe%rn vpreereeﬁamplymm Higinvgntionopista degitaiof a
--single i smreram:@srpﬁmd&maﬂardetmhmﬁdmal herein as single stereoi soners are
meant Lo descr i be ATRRUAMticb kol PES Bfbelledbs 18 b Hollidd AR 40 2l ns - at
| east 90% of a s 9"6 I Soner met hod of
this inventidh ﬁw Ron @’onﬂ'ﬁﬂ’;‘l’"@@c'% aligiegy ?f'M'r oﬁ%’?‘f‘?’%"aﬁ’i"“ﬂata&"?@w -amount s
- of the osm umndexagionyl Prgfvta}lwldnctszrigHa@Emplarfsummaltrygelnoromlgrgtc&ps iodludehe

oxidizing. agrik ®kRtddSAflereit hR' i MerEyIELBbAYO NbdiB¥: OSMfehBehyl, Ne-t he

resence of econ idi.zin t serves
Dresence B BhRhEBhOEL LB TPUALR o L ﬂeso?@r 'ro@fogrrﬁﬂrr@t%?
- oxi.dizing agé?lteﬁpg‘”"““’bs%%fe"eﬁhé’"?ﬁ@f"‘éﬁ"%r ) - lee sefested -fram yandelkaysagbany! aﬁ‘?@unt t hat
-i's equi - nol arbetaylot@baeiberrtylabdl byl Bameypne RbaH. mwtehpreremoémbaﬂrmamm:ﬂre If a

~-catalytic ampuntof the oxidizing agent is used, ae oxidizing reagentis
~used in an anountthat is about | QA to about 15% of the molar Aqpount  of

‘butene present in the reaction mxture. Preferablyt_he di hyd ation. is
- conducted using U BhY Wik 12 TREH S0 Rhick BEy 88 Thib form a phthatimidog Yor
. : Q
7 - succinimido ). moiely.
.20  Asindicated above, the drhydmxylatron redction in the method ofﬂusrmrentmn 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 is a mixture of: both R and Sisomers, wherein the two isomers are present m unegual
concentratrons -The amino-butene used herein’s substantially enantiomerically pure (contaihing: '
25 at least 95% of a single enantromer) Accordingly, the resulting. ammo—butane diof: product is
o obtarned asa: mrxture ofdrastereomers wherein the diastereomeric excess is censrstent withthe.
enantrome_nc purity of the produet Preferably. the drast_ereomenc ratr_o should refiect the
énantiomeéric integrity of the product. Optionally, the diaétereamers may be- 'sebarét'e'd' using
. -conventrana! procedures 1o obtain a diastereomierically pure product. Exemplary methods that "
30 , may be useful for the separatron of drastereomers prepared by the method of this mventron
' rnc!ude chromatography and crystalhzatronire—crystalhzatron Other useful methods may befound
In "Engntiomers, Racemates, and Resolutrons " J. Jacques et 2k, 1981, John erey and Sons,

-



30 containing oxidizing agent in conbination with potassiumferricyanide. A
particularly useful osm um oxidizing agent conbination is K20s02( ON) 4f K31
e(GN) 6, K2CO3, NaHCO3 and CH3SM2NH2., which nay be used in the presence of
DHQD2PHAL _ as a chiral auxiliary reagent. Preferably, the am no-nviety of
the am no-butene is protected with a protecting group prior to treatnent
with the exidizing agent In fornmula 1, above, Rl and/or R2 represent a
suitable 35 nitrogen protecting group. ﬁg for exanple referring to
schene.A herein, conpounds 2 and 3 are t dlhydroxylated forms of conpound
1. Suitable nitrogen protection groups RL and/or R2 are those that when
renoved to form conpounds 4 and/or 5 do not induce racemi zation. The -17-.

“ni trogen- prot egid gk, ﬂvqmséﬁﬁ%r@&wﬁmﬁ%oﬁedﬁeéﬁb}r@@ﬂeﬁcep?ﬁé%ﬁeréogeléch@w
reacti on sequ e or

e ned] a
target corrpoun%}(Eh g?'?'d[rgxg'eumﬁeaﬁwgéseai‘fﬁf)‘%g[’%%?‘fﬁt'd'g SFESEfBB '"é'?‘?d’retsﬁ??e ﬂiﬁq&?ﬁ%ls f or
prot ecting anceiayieagelk s Hepddwreimibetomidireiayxian ceagentefers tp anlopliselly activé | | ed i n
the art; exanploamount thatis sthbiea yainhdexpelion Readtion EhSHINES L8 Herbln andld Gpatiddt ect i ng

Goups in g C}]ﬁﬂ%l&‘ﬁ‘llg ﬂ%’s@r&%ﬁéﬂ%ea §l§t FE%!‘ he dﬂ%!ﬁ* %%tfg‘n SRﬂgnth\QEXus&lt%g 9)

which is |nco orated herein erence ts en

i nst ances, 'fW“Bﬁ’@H"”ﬂF??P%‘d‘ﬁV %F‘&ﬁﬁ uFfRgA %'@'"%?f@ﬁ'i“f"!’%al% asdilagedigy to be
reactive underreadqettcrfelmstﬂrgweedwdm 26 siihyrsaxgh3(Riuridodutmes hogs)atfydrdxy-8(R) -
i'nvention. Un%rnu-&taﬁ&e Eﬁamﬂ&rw&ﬁa%eﬁ.aw&éb@eﬁtﬁﬁawaf& .fsemﬁﬁ fnk ORRIRPAMET t the

select o0, b o Sl A0 gk okt i Gordb P, "

i nter nedi at e conp
ani no-subst¥i t d’éﬁ’f?q'ﬁnﬁ"%? Yéirtgad-4Evnadiradi dethae PHQ)H YR, hyveoadnane efenuippist ect i ng
groups -may be tsedig dictee (BHORAGI @ndiE Sfticaly aMh@feégdﬁtsRIsclosie& invis\saoarda oy |

al koxycar bony tgseigdi v @l‘lvh%h(i@ p&ﬁ%‘hﬁz ré%éﬂ/ @r PO ar {'%H:a{' ff%'ogen

| bony!
o1 bt oot g or SRS FRIERICDRBUL ﬁB“@sPY&QW@?r@$ﬁ?“¥zﬁev%a"b§ﬁﬂ‘9¥M@aw bony!

benzyl car bony Ireactioniin poseductad ixingihe, chiral ABiidyiegdeobiyareamiount shit is atolityl % tolblon§/ | or
substit :Jlt ad be?«zmﬂe gl HiRGunt 6 bltene &em.méeéb&&mﬂxmfeand R2i s Pk In |
espeC| ally preferr g | ecte om.ar oxycar ony
(e.g. benzyl oxyc grg%gﬁe&% my(m’x?h?m rergdfson fnay bec?"qgmei“gf’ cfar %‘" P
ot her pr ef er r 8H¥ETEIHH 3 qisanic F&We"taﬁamvws 9‘(5’@“[‘% Eqlvenys @ waﬁ@ Rieferablyethe t o
“whi ch they ar edobonmdy beosamdategit fur proiiccholfen)s0 IUsef@ s@wntlingiute tdhatatol )acemiept v .
_ t-butanoliwater and acetone/water. The dihydroxyation reaction may be conducted at any suitable
20 temperature. Generally, the reaction ay be conduq_ted attemperatures from about 6°C to about'
_Toom temperature..

—’C

' _ In‘'one embod:ment of this mvenhon. a prntected (R)—am ino-butene Is stereoselect:vely
: converted into an amino-hydroxy butanol usmg DHQD,PHAL as the chiral auxiliary reagent. A
o useful starting material-for this process is the commercially available (from NSC Technelogles, Mt
' 25 l Pros;aect, {llinois} phihalimide of 3(R)—ammo~4 ‘hydroxy-1-butene.. This material contains a 4-
' hydroxy! group that is a useful precursor in the preparation of neifinavir, wherein the 4-hydroxyl -
molsty tay be converted. into a thiophenyl substituenit that will be useful for the preparation of
" pelfinavir. This conversion process may be-acédmpﬁéhed by first transforming thie hydroxyt group
 into-a leaving group, then _re'p!a’cir'_lg. the leaving -gmuﬁ with & thiopheny! group. Subsﬁnﬁion
30 .-présés‘ses of this type are well studied and may be accompiished using any of a.variety of
~* 4ransformations. Leaving grbupé feferto any group that departs from a molecule in 2 substitution.
i reactaon by breakage of a bond, and mclude ‘But are not Irm;ted to, ‘halides, aryl- sulfonates '
; '-allgrisulfonates and triflates. For example the hydroxy} group may be éonverted into a halo
" imolely, 4 mesy!ate (-OS0,CHjy), & trifiate (»OSOZCF:,) a fosylate (—0802-(p-toly!)) or other
) 735 | commonly recognized Ieav:n,g groups that may be replaced by a nucleophilic reageqt. The
: , nugleb.ﬁhilic reagent may be in any form, for exatnpie, 2 reageht containing a nucleaphilic moiety,
i _‘,';;partibularly, a thiophenoxide moiety (e;g., PH-SK"), or an organometallic reagent.



20 As indicated above, the dihydroxylation reaction in the nethod of this
invention preferably occurs stereoselectively, wherein one of the
possi bl e. diastereoneric products is forned in preference to the other.
Thus, the di hydroxybut ane product obtained in the nethod of this invention
is a mxture of both Rand S isoners, wherein the two isonmers are present

i n unequal concentrations. The am no-butene used herein is substantially,
enantionerically pure (containing 25 at_.l east 95% of a single enantiomner).
Accordi ngly, the resulting am no-butane diol:product is obtained as a

m xture of di astereoners, wherein the diastereoneric excess i s consistent
with the enantioneric purity of the product. Preferably, the

di a; tereo gr iCc ratim e?wllri]tfauthm&t bRhd mahodlohis ingunditis exempiiied byieegivitsion ofthet he |
product. ti 2 r r y @ﬁ L£gnyenti ona
procedures to&@grﬁ@h dag*‘&$%ﬁ§8§%$50%|ﬁa % %ﬁ%ﬁ@ ?ﬂmﬁégﬁ%'érg nethods

t hat” 30 may beéustrstled B¥9:or t he separation of dlastereoners pr epar ed by t he
met hod of this invention Include chromatography and
crystallization/re-crystalldzation. Oher useful gethods naybe found . in |
"Enantioners, Racematesg, agld Resgjuti-ons,” J Jagljues_ef 1981, John
Wl ey and Sons, -13- NY, the disc [ I i's incorporated
herei n by r ef er ence: @ _erK‘eQ ectivity @ .%roxyl ation reaction
i s .achi eved by" conduct i ng he reaction in the prdsence of a chiral
auxyllary reagent As used ergln t he tern1"ch|raloaux74|ary reagent' ‘refers
to an optically active conpound that i's stable 3? t e™di hydr oxyl ati on

reaction conditions.- used herein and is capable gf 5 inffugncing the

st ereocheri cal out come of the di hydroxyl ation redction. 4!1» nt ageously; the

"~ -di hydroxyl ation reaction may be conducted using @.qU|n| e or qU|n|d|ne '

al kaloid as chiral auxiliary reagent to forss

stereoselectlvely 1., 2(R) -di hydroxy- 3(R)am
1,2(S)-dihydroxy-3(R) am no- but anes. -Exanp ' C { auxiliary reagents

" that may be useful in the dihydroxylation reactilgn of this invention Incl

ude di hydr®qui ni di ne 1, 4- pht hal azi nedi yl .di et her ((DQQD)ZPHAL) } 10

hydr oqui none 2, 5di phenyl -4, 13-pyi i m di nedi yl di et her,; (DHQ 2PYR,

hydr oqui none .ant hriadhis. methed, tib, Wydidiywtuteds §tiirst dobl@PIBGNbdand-TehdateBa beal | y

ko por o o FEYATEORAL IR B ATH T i dnals G e MR L
L oagent s-1 nol TR HBELpR RN it sreftopso oo ke PleaBlonf £ g'* h
 di hydr oxylt@it i émethy &rwemign ﬁ'sﬁﬂtﬂ@ﬁﬂa@?@weuﬁieﬁg t‘P#ﬁ ef1af. IanEffa*EYQ'iOW} yone eagent
in an amount $wed it aft iiudcodniRaHztthadhenical Ganstdmond in mlamemadtsammmenﬁbn of
b ut ene pr es enﬁaa}} b ﬁehgm{eﬂ %Qiﬁd 9{} pﬁérﬁlra&é{iﬁ:ally acceptable solvent that is compatlble with the
_ mtermedaate subsirates and the transformation condugcted, The resulting: mesylate may thenbe
treated with th:ophenoxnde {formed in situ. usfng thlophenol and a non«nucleaphtlic base, e.g.

15 dusepropy] ethyiamme potassuum carbenate, and the ilke) in a polaraprotic solvent, to form the
| mlophenyl—butene compaund 8. Stereoselectwe dlhydroxylauen of compound 8 canbe conducted _
using the osmium-containing oxldnzmg reagent cambmatmn of K20$02(OH)4!K3Fe(CN)a, K008,
' 'NaHCOs and CHSONH; in the presence of. DHQDzPHAL as the chiral auxiliary reagent, {o’
7 —provade the 1 2(R)-dthydroxy~3(R)phthahmld0—4~(phenylthno)— butane 8 and 4 2(3)-d1hydrexy-3(R)n
.20 phthahmudo—4~(phenytthm)- butane 10 in 2-13:1 ratio. :

8 9 10



General ly, the di hydroxyl ation reaction nmay be conducted in polar solvents
orm xtures. of polar solvents and organic solvents or m xtures of organic
solvents and water. - Preferably, the reaction may be conducted in polar
protic solvents. Useful solvents include t-butanol, acetone,

t - but anoVwat er and acetone/ water.. The di bydroxyation reaction may be
conducted at any suitable 20 tenperature. Cenerally, the reaction maybe
conducted: at tenperatures from about 0C,to about roomtenperature. in one
enbodi ment of thi's invention, a protect€d (R)-ani no-butene

| ' stereosel ectively converted into an am no-bydroxy butanol using
DHQD2PHAL as the chiral auxiliary reagent A useful starting material for
this process is the connercially avai l abl e (from NSC Technologies M. 25

Prospect; Illinois f e.of 3 no- 4- hyd is -
materi al contains 3»} 'ﬁwa ?af 51"""8? 8[(5.5.23153{%3{:@5@0 ¥ "qag;%l C%B@é&%gr A i ’n the
preparation ofomenPhgghe ﬂ‘ﬂﬂ/ﬁ@,ﬂsé?‘fmﬂvw&mﬁ?ﬁ?ﬁé&% 3-amign SRy cprders ehver t ed
| nlt]? a thi Ophﬁi&mbtaﬁmﬁqpmmmerbﬂimhom fbﬂrerb@znyﬁﬂétﬁhgsjrmpszﬁrh&smbﬁpmﬁﬁéneo? of
nelfinavir, T | sform ng
t he hydroxyl g%@ﬁﬁgn¥ﬁ£S*PQ?Bég%ﬁﬁaaggﬁgﬁm%ﬁ@ﬁggggﬁg?ﬁﬁgmfhé§Em§hgﬂg group
with a thlophéWVPbﬁ?%Uﬁ Substitution 30 processes of this type are well
studi.ed and nay be acconplished using any of ariety of transformations.
Leaving groups refer to anygroup that depart ma nolecule in a
substitution reaction by breakage of a bond,/and include, but are not
limted to, halides, aryl suifonates, kyl sul fonates, and triflates. For
exampl e, the hydroxyl group may be convert into a hal o noiety, a
nmesylate (-0S02(?H3), a triflate (-OSO2CH tosylate (-0S02-(p-tolyi))
or. other 35 commonly recogni zed Ieaving_groups that may be replaced by a
nucl eophilic reagent. The nucl eophilic-teagent- may be in any form for
exanpl e, a reByeaemeount snnbagrbsecnenty dojyhlized endrivinefoyred infaothircioleanddipte a -

~ t hi ophenoxa decditpotiids uéeil foblthe prifharationXtiteinaviPér ndifa0if @agpREEt al | i ¢ reagent.

~conversion of the

- 19- Thi's enbodi e, (gwﬁ F?? ledtirpﬁ a{%ln%gﬂﬁ% tﬁ&%g stérF'él %ﬂ)te}tgé? lsgt%mgé?ethIelyieh#& by the
3(R) - pht ha | e SRR I0d BTt ey Bachangey s ARPBRAFSIBERCH OSO

CH3 z ‘reagent. One skilled in the art.will also recognize that stereoseléctive d‘hydroxyla’hon of 3(R)-
: | amino-butenes containing different nifrogen-protecting groups andfor different' butene
16 substituents; in the presence of different auxiliary reagents, may produce mixtures of
1-,2{R)—cﬁhydroxy-3(R)~amin'o_-butanes and 1,2(S)-dihydroxy-3(R)-amino-butanes in different ratios.
That is, the slereoselectivity of the dihydrdxylaﬁonﬁ reaction may vary depending on the specific
- -substrate and the specific chiral auxiliary reagent used in the reaction (e.g. using different quinine
or quinidine alkaloid chiral auxilia:‘j freagent's}'. Hdwever, based on the teachings_ herein énd
20  throughroutine experimentation (e.g., preparing compounds having different nitrogen protecting
‘groups or coripounds ha_viné;_ different.subétituents and conducting the dihydroxylaﬁo,n reaction
wsing different chiral auxiliary. reagenis), one skillied in the art wiil be able to select a chiral-
Auxiliary reagent that stereose!ectwely provides the desired sterecisomer of a specific
amino-butene. .
25 For example, - the drhydroxylatmn of 3(R)-ammo-butenes may be conducted to
-stereoselecnveiy provide 12(S)-dlhydroxy-a(R)—amano—4~(phenylth|o)—butane using a chiral
' auxiliary reagent other than DHQD,PHAL and optionally, using an antino-butene having a
nitrogen-protecting group different from the phthalimide, Blustrated above. The nitrogen
'j:\rétectirig groqps—-’may be exchanged, if desired, by converting the phthalfmid&pratected A(R)-
"30 -amino-4-thiophenyl-1-butene 8, prepared as described above, to a Cbz-protected S(R)-amind-d—
‘thiophenyl-1-butene prierto dinydroxylation. Speciﬁeény,-c,‘bz-prézect'ed 3(R)-amino-4-thiophenyl-
A-butene 20 may be prepareri from the phthalimide-protected 3(R)-amino-4-thiophenyl-1-butene
8, above, -by a two-step process wherein the phthalimide is removed using conventional



0 72 O C-CS O 5 1tIn this nethod, the hydroxy-butene 6 is first converted
to a butene-nmesylate 7a by treatnent with nmethane sul fonyl chloride, under
conventional conditions (e.g:, in the presence of an am ne base, e.g.,
triethyi am ne or dl sopropyl ethylamne, in.a polar aprotic solvent, e.g.,
N; N 10 dinethyl formam de, N, N-dinethylacetam de, nethyl-t-butyl ether, or
tetrahydroTuran)._Cne skilled in the art will recognize that the chem cal
transformations in the nethods of this invention may be perforned using
any pharnaceutically acceptabl e sol vent tHat is conpatible with the

i ntermedi at e 'substrates and the transformati on conducted, The resulting"
nesyl ate-hay then be treated with thiophenoxide (fornmed in situ using

t hi ophenol and pgcédaRes 1 6S byaRBHehtniin Ql@aﬁ&amlﬁ'e) ngé—:ﬁarﬁ‘hd«@ﬂi%l‘@w ll~bl§£r{eyfhl 0 4 m t he

pot assi um carb | C-SO

t hi ophenyl - but gﬁgeagrgen?\%ﬂ'ncﬁ H’Qb‘enﬁ' é% 8‘? @gf P@B“dﬁ{)‘f‘?ﬂ)‘(ﬂ“t?ﬁ?)lcﬁ?q'%‘i’? (6‘9 Bdhpounds
can be conduct @sengspifgse). r%ef%ﬁ?@fmQﬂwmmamnn&!t@ﬂ%ammng#mmgum-mmzmat i on
of K20502( OH) 4hiéqFi %{ﬁrctedi(m Nt e BRAR Rocli  BRERACBCS Of

DHQDZPHAL a t en QVi

1, 2(R) - di hygr ox§ gﬂg "E'%;‘?ﬂ’%k%@*‘l'ﬁ'a%'gﬁ%ﬁd #”’ﬁ&”g‘?*z " uP’S??Q%’rPW""‘““e asthe -
1,2(S)- d| hydroi& 3’”2@3%*9ﬁ@l"ﬁ"ﬁh%ﬂbz(ﬁl-t(*yﬁren’yﬂ(*ﬁ)kﬁbéﬂpmmﬁun)ebwewarai 13:1
.ratio. O1,2R)-Gihydrdiy-3(RBChZ-4- PhéapioPuaQ40i a- 81 Bd. 0 - 20- Renoval of the
hthaI|n1de ani no- protecting group may be conduc ed using any conventi onal
rret hod that does not ‘i nduce racem zation at the ' no or 2-hydroxyl

. centers. of the butane conpound. General ma;thods. =g renoving protecting
groups are described in Geene 5 a. For exanple, treatnent
with nethylanlne converts phthali ¢ drox y- -

10 ' 'Adventageehsiy, the 2-hydroxyl moiety of the major dibydroxybutane 13 possesses the
-same absolute conﬁguraﬂon as the hydroxyl moiety in neffinavir. Accordmgly, this material is also
usefui for the preparation-of nelfinavir or nelfinavir mesylate. '

‘ . The rate of dihydroxy!atnon of the amino-butenes described herein may be accelerated by

‘ ‘the addmon of alkylammes Feor example it has been discovered that use of DABCO {1.4-
15 - diazabicyclo{z 2 2]oetane) accelerates the rate of dlhydroxylatnon Moreover it has been
.discovered that complex alkyl amines, such as DABCOmaybe used as- ch:ra! awxdliary reagents

‘in the method of this invention, For example dthydmxytahon ofthe Cbz-amme—butene 20using.
KzOsOZ(OH)JKaFe(CN)G, KZCOS, NaHCOa and ‘CH3SGNH, in the presence of DABCO, as the

o chlral aux:trary reagent prowded a30% yleld of thet 2(8)-d1hydroxy—3(R)-Cbz—4 ~(phenyithio)-

- 20 butane 13 and k| 2(R)-d|hydroxy-3(R) -Cbz-4-(phenylthio)- butane 14 in a ratio of about 2:1.
Generally, acceleratran of the dihydmxyiat:on reaction may be achieved by using DABCO in an
amouht that is ahout 10 % about 100 % of the molar amount of butene present in the reaction .
mixture. When used asa chlral auxiliary reagent, DABCO may beused in amouits that are the

- same. as that of the other chiral aux;llary reagents desctﬁ)ed above.



am no-butane 11. Ho H 11 This conpound may be subsequent |y derlvatlzed and
transfornmed into other internmediate 10 conpounds useful for the
preparation of nelfinavir or nelfinavir nesylate. One skilled in the art
wi |l recognize that the stereoisoner that is stereoselectively formed by
t he di hydroxyl ation method of this invention nmaybe changed by usinga
different chiral auxiliary reagent. One skilled in the art will also
recogni ze that stereoselective dlhydroxxiatlon of 3(R)- am no-but enes
contai ning different nitrogen-protecting groups and/or different butene 15.
substituents, in the presence of different auxiliary reagents, nmay produce
m xtures of - 1, 2(R)-di hydroxy-3(R)-am no-butanes and . 1;2(S) di hydroxy _
_3(R) - ani no- but aneéscardinglli 4 doepeunt offartriuia g is stefivatledtiely.coiertatter eos@lmidi vi ty of
t he d|hydroxy%@&kgn reaction may vary depending on the specific, substrate
and the specific.chiral auxiliary reagent used in the reaction (e.g. using
different quinine or quinidine alkaloi®™ chiral auxiliary. reagents).
However, based on the teachings hegein and 20 through routine
experlnentatlon (e.g., preparing cohﬁ s having different nitrogen
protecting groups or conpounds havi ‘ fferent substituents and
~conducting the di hydroxyl ation reapwlon ywsing different chiral auxiliary
reagents), one skilled in the art will_Jl® abNe to select a chiral-
auxiliary reagent that st ereosel ect i ve provides the desired stereoi sonmer
of a specific arnino-butene. 25 For exanple, the dihydroxylation of
" 3(R) - ani no- byt enes ma ducted to Stereoselectively provide
1,2(9)-di hde "'E’(“F?)‘%’aﬁ‘i“ﬁg"f%’"('%iw%aﬁH%s'mﬁﬂl‘%n‘r@ oxiiginggagentapinpingtion
auxi liary reaiiefsO.00HdkF4(Ehiin KDIGQDBRAGIY snd Ol SOpH; Ditfeelpregence siDMADEIHAL as

“anl i no- butenscm@vaumarﬁe dg@htttmgmw&&@&hh%regéfﬁuam Wrhlgpent fr Om t he
pht hal i m de, |Iluﬁ1

ectin rou
" exchanged, if desl réﬂmp%’i} %3%?}%??[“%‘9?%8 %Fﬁ“ﬁeéﬁ%” YGRTB 'ilegjtt‘g IQ}{
. ami-no- 4- thi ofgmeig¥:- 1- but ene 8, prepared as descri bed above to
- aCbz-protected 3(R)-an no-4- thiaphenylgsl -but enepnort odi hydroxyl ati on.
- Specifically, Cbz-protected3(R)-am_po-4-\hiophenyl- 1-butene 20 nay be
- .prepared from the phthalim de-protgcted’ 3(R)-anino-4- thlophenyl-l-butene
- 8, above, . by a two-step process m@ eln the phthalinide is renoved using
eonventi.onal -21- R2 \ ' ' :

o  oH

15 by treating a compound of formuta 1 with an esmium-containing ﬁ:ddizing reagentcombination of
.Kzosog(OH)‘aleFe(cN)S, KaC 03, NaHCO; aind GH3;SO,NH, in the presence of DHQDPHAL as a
. ‘chiral awdliary reagen@ to provide the compound l;eprésénéed by formuia 3. | .
The compound of formula 2 may also be converted to a compound of formula 4, while the
. compound of formula 3 may be converted to & compound of formula 5 by removing the nitragen |
20 protechon group Withaut inducing racemization to provide: the compounds represented by formula
4 or 5, respecﬁveiy
The compound of formula 6;-

95 - .8



procedures (.e., by treatnent with ethanolamne) to give

3-am no- 4-t hi ophenyf-1-butene, followed by treatnment with carbobenzyi oxy
chloride (Cbz-C) under conventional conditions (e.g., in the } presence of
base). Stereosel ective di hydroxyl ati on of Cbz-3(R)-am no-4-thi ophenyl -
-butane 20 nmy be conducted using the osm um containing oxidizing reagent
conbi nati'on of 5 K20s(Q2(OH) 4/ K3Fe(CN)6, KQCO3, NaHCO3 and CH3SC2NH2 in the:
presence of quinuclidine as the chiral ggxiliary reagent, to provide the

1, 2(S)-di hydroxy-3(R)-Cbz-4-(phenylthio)- butane 13 and

1, 2(R) - di hydr oxy-3(R)-Cbz-4-(phenylthio)- butane 14, in a 4: 1 ratio. r Q
HN ~20.-1Opp/ \ HOOHHe H i3 14 10 Advantageously, the 2-hydroxy
noi ety of t heisadverteddd Byshigundu fanida 8,y fesdng a 3espolittof f@ade 6 alis aktitre
conflguratlon L i S
mater val i aPdgt QBaRiF bR i erREbEh i PutB e d B ko ARSI b 2
mesyl ate. Themestate %87andi hydr oxyl ati on of the am no- but enes descri bed herein
may be accel erated by the addition of al kyl am nes. For exanple, it has

been di scovered that use of DABCO (1l.4- 1p diaz el 0j 2. 2. 2] oct ane)
accel erates the rate of dihydroxyl gti on bregver, 1t has been discovered
that conplex al kyl am nes, such as IDABUOMY ‘be, used as chiral auxiliary
reagents In the nethod of thi S inve 1 . For &xanpl e, di hydroxyl ation of

t he Cbz-amni no-butene 20 Usi ng 702@02(O—I)aﬂl K3Fe(CN)s, K2C03, NaHCO8 and

- CH3SO2NH2 $n the presence of DABCO as the Zaxhiral auxiliary rea%g
#b) 20

provi ded a 30WeaingiuieneMesylats T2 aftihiophengritieovpreny i thiopheoadde et nfg

- but ane 13 andusinga(:diherdi e & henpieiBpilic 6338 ndrfoRbapiutit kddied) to phivida eyl N a

ratio of abouf 2:.%. ~ CGenerally, accel eration of the di hydroxylation

- reaction may Dbe achl eved by using DABCO in an. ampunt that is about 10 %

about 100 % of the nol ar ampunt of butene prese n the reaction mxture.
Wen used as a chiral auxiliary reagent, PABCO be used in -anpbunts that

. are the sane as that of the ot her ch ral,aUX|I ‘ary reagents, described
above. :

10

15,

wherein R’ is alkyl or aryl, preferably, méthyl, trifluoromethyl or p-tolyl, and - converting the .
compound of formuls 7a, fo'a compound of formuta 8 by treating the compound of formula 6 or 7a
with an osmium-containing oxidizing reagent combination of K3050:(OH)4/KeFe(CN)3, KoCOs,



T Accordi ngly, a conpound of fornula 1 is

stereosel ectively converted to a conpound of fornmula 22 R3 NR Rz Hd OH
2 by treating the conmpound of fornmula 1 with an osmi um cont ai ni ng _
oxi di zing reagent combination of K20sQ2( OH) 4/ k3Fe(CN)8, K2C03, NaHCO3 and
CH3SO2NH2 in the presence of DHQD2PHAL as a chiral auxiliary reagent to
provi de the conpound represented by formula 2. The conpound of fornula 1
may al so be stereosel ectively converted-2o a conpound of 10, fornmula 3: R3
R2 HOOH 3 15 bytreatlngacorrpound of formula | with an _ B
osm um cont ai ni ng oxi di zi ng reagent conbl nation of K20s02(COH) 4i K3Fe(CN) S,

i1 ary 1 ealBHeO BTGB HEEB S PSR P BRRE L e The

conmpound: of fmemgﬂnaouzdrmspsaﬂtesi@yfomdﬂawe8tr®deqhmeha conpound of fornula 4,
whil e the conpound of fornula 3 may be conve eq to a compound of forrrula'
S by renoving the nitrogen 20 protection gr thout i nduci ng -
racem zation to provide the conpounds 5eprese Led” by forrrul a4 or 5,
respectively. . The corrpound of :

In turn, the cempound of formuia 8 is stereoselechvety cotwveried to'the compound of
formula 9: '

10

" ortoa compound of formula 10:

45 R ' :
ora m!xture thereof by treatmg a compound of for::u!a 8 with an osmium—contammg OdeiZan |
 reagent combination of KyOSOAOH)JKsFe(CN)s, KoCOs, NAHCO; and CHySONH, in the
.-presence of DHQD;PHAL as 2 chtra! auxihary reagentto prov;de the compeund represented by
Lforsnula 9or10. '

20 : Altemahvely, the compound of formula g9is converted to the: compound ef formula 11



is converted to a conpound of fornula 8, by treating a.conpound of fornula
6 with nethane suifonyl chloride in the presence of an amine base in a
pol ar aprotic solvent to provide butene- nesylate 7a; and 0 C*O t 5 7a
treating butene-nesylate 7a with thi ophenoxi de, wherein the thiophenoxide
is formed in situ wusing thiophenol and a non-nucl eophilic base in a polar
aprotic solvent, to provide.thiophenyl- buteene 8 10 In particular, the.
conmpound of forrmula 6: i / O 15 6 ismonverted to a conpound of formula
7a: .O SO2R " 20 7a wherein Ft is alkyl or aryl, preferably, nmethyl, :
trifluoromethyl or p-tolyl, and converting the conpound of fornula 7a, to
a conpound of formula 8 by treating the conpound of fornula 6 or 7a wth
an osm um cont ai ni'ng OX|d|2|ng reagent conty \|on of .
KZ'-CsOZ( OH) 41 K3pe(CN) a, : KZCO3, -24- NaHCQB ® CH3SOZNH2 in the presence
of DHODZPHAL as a chiral auxiliary reagent pr ovi de the conpound
rgpresent ed by fornula 9a or 8, respectivel ygi. p 4 0 5

HaoN

HO

1

§ andfor th‘z’e'compoun& of formula 10 is converted to the éompaund of f'onnu_lafi pA

H, N

10 by treating the respective starting comipounds with é freage'nt that de-protects the nitrogen
protection group ta provide the compound representad by formula14-0r12, res;aechvely, without
mduclng racemization. . L

Further, a compound of farmula gis converted foa compound of fermula 14;

oﬁr.-,,-'_.-“'-' .

H
15 )
a4
andlor a compound of formula 11 is converted loa compound of formu}a 14 by treafmg the'
-tespective starting materlais with reagents that will open the bicyclicfing af the nitrogery pratecting -
20 group, e.g., the-compound 9 to 14 conversion, or add 2 mtrqgera protecting groupina smg!e step,
.., converting compound 11.to 14. In similar fashion fo the formula 9 fo 14 conversion, &

‘compound of formula 10 is.converted 1 a cormpound of formula 13



In turn, the conpound of fornula 8 is stereoseleotively converted to the
conmpound of formula 90 HOH 10 G 9 or-to a conpound of formula 10: HO H
15 10 or a mixture thereof, by treating a conpound of formula 8 with an.

osm um cont ai ni ng oxi di zing reagent conbination of K2GsQ2( CH) g} c3Fe(CN) 6,
K2C03, NaHCO3 and CH~-S2NH2.:in the presence of DHQD2PHAL as a .chira
auxiliary reagent to provide the compound represented by formula 9 or 10.
20 Alternatively, the conpound of formuiga 9 is converted to the conpound of .
fornula 11: 25 H2N HOH 11 5 and/or the conpound of formula 10 is
converted to the conpound of formula 122 S H2N HOOH 12 .10 by treatlng
the respective starting conpounds wth a reagent that de-protects the :
nitrogen protection group to provide the conpoung T&presented by fornula 11
or 12, respectively, wthout i nduci ng racem naFurt her, a conpound of
formia 9 is converted to a conpound of formula $4-/0 -S ~.J HN HOB OH

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

The invention also includes the methad of converting a compound of formula 14 fo a
* compound of formula 15: ) '

10.

by treating the compound of formula 44 with methylphenyt sulfonyl chloride and an amine base
1’5 solvent foﬂawed by treatment w:th an aqueous base fo yield the compound of formula 15. The
compound of formuia 15 is further converted toa cornpound of formula 16

1 &
‘by heatmg a solution compnstng (28 3R)-3- benzyloxycarbonylammo%phenyimlo-l-

20 buteneoxide 15 and (_38, 4a8, BaS)-decahyd_rogsoqmnplme&carboxyhc acid +hulylamide in‘
~ isopropyl alcohol; adding an aQuequs solution of 2N_—potassiurri hydroxide; adding toluene and

 washing with water and 1N hydrochloric acid; extracting and combining the aqueous layers;



- 8aS) - decahydr oi soqui nol i ne- 3- car boxyl i ¢ aci

- tol uene and . H

15 14 and/or a conpound of formula 11 is converted to a conpound of
formula 14 by treating the respective starting materials with reagents
that will open the bicyclic ring of the nitrogen protecting 20: group,

e.g., the conmpound 9 to 14 conversion, or add a nitrogen protecting group
ina single step, e.g., converting conpound 11. to 14, In simlar fashion
to the formula 9 to 14 conversion, a conpound of fornmula 101s converted to
a compound of formula. 13 -26_ S/ '\ Hy.13 5 by deprotecting the nltrogen
fol l owed by benzocarbamate formation. A“Conpound of fornula 12
is.converted to a conpound of formula 13 by treating the

respective' starting conpound by using the carbanmate formation step

descri bed abowugi dryinghiee dxiraces progiict @l peide (36 448esas)-ReeRBRPDAmRL-2-A@RMPL-t | Ng a

conpound of f f _f.0 ~ 10 15 by
treating t he @gﬂ%& %ﬂh%8?§yﬂﬁﬁﬂﬁﬁ%z %ﬁmw%%ﬁyﬁﬁﬁényﬁ sul fo chl oride and
an am ne base 15 soll%eRmregd @v@@“@y‘%ﬁé‘?ﬁ"r@ﬁ‘t‘aﬂw tohnelffaviy Sbﬁe'ﬁa‘ére to

yi el d the conpesymek, mfmpbmfdahdva:gliﬁfarﬂitlemmmouaﬂaeﬂ:ﬁeuf ormula 15 i.s further
converted to a compound of fornula 16 tt . GONHf au H2N CH by .
heating a solution conprising (2S, 3R
3-benzyl oxycar bonyi am no- 4- phenyl ttri o-

Uteneoxide 15 and (3S, 4aS,
t-b lamide in isopropyl

al cohol,, adding an aqueous solutiqn of 2 pota35|ﬁﬁ1hydrOX|de addi ng

-

10 T B 8

acoording o the methods descnbed inWo 97!1 1937 and wo 97]1 1938 which are mcorporated _
_herein by reference.
The compound of formula 8is a]ternatn:ely converted toa compound of formula 20:

. @fﬁ{_,

20

by first converting the compotnd of formista 8 fo a compound of formula 19:



washing with water and I N hydrochloric acid; extracting and conbining the
aqueous | ayers; ------------ and dryi ng the extracted product to prOV|de
(3S, 4a8, 8aS)-2- ((2R 3R) - 3- am no- 2- hydr oxy-4-

phenyl t hi obutyi ) - decahydr.oi soqui nal i ne-3-carboxylic acid t- butyI am de 16.
The conpound of fornmula 16-is then converted to nelfinavir and/or

nel finavir nesylate, conpounds having the forrmula 17 and 18, respectively,
CONHt-au O OH 17 "osocPo O CONHbBU HOYgH 10 18 according to the nethods
described in WO 97/11937 and WO 97/ 11938, which are incorporated -herein:
by reference. The conpound of formula 8 is alternatively converted to a
conpound of fornmula 20: 15. 20 by first converting the conpound of
formula 8 to a conpound of fornula 19: ._28-9 and t.hen converting the

conpound of formula 19 to a conpound of fo 20 by adding different 5
protection groups as described herein. The eespound of fornula 8 is a

preferred substrate for adding different ot ection groups as it provides
hi gh stereoselection in the subsequg di hydroxyl ati on step. The conpound
of formula 20 — L

1

and then converting the compound of formula 19 o a compound of formula 20 by adding different
5 protection groups as described herein. The compound of formula8is a preferred substrate for
adding different protection groups as it provides high stereoselectton in the subsequent

dihydroxylation step.
The compeund of formula 20

10
s also stereoselectively converted to a compéuﬁd of formula 13:
15,
or to'a:compound of ﬁ}mUIe 14:
20

, 14 _
ora mlxture thereef by treat:ng the respechve starhng compounds w:th an osm;um-contammg

'oxxdrzmg reagent comhmation of KZOsOZ(OH)JKsFe(CN)s. KZCOs, NaHCO, and CH3S0,NHyin
25  the presence of DHQDzPHAL asa ch:ral aux:llary reagent fo provide the compound represented
" by formula 13 or 14, reSpechveiy '



o 10 20 is also stereoselectively converted to a conmpound of fornmula 13:
0O HN 15: 13. or to a conpound of formula W os 20 HODH 14 or a

m xture -thereof, by treating the respective starting conpounds with an

osm um cont ai ni ng oxi di zi ng reagent conbi nati on of K20sO2( OH) 4/ K3Fe(CN) 61
K2CO3, HaHGOB and CH3SO2NH2 in 25 the presence of DHQD2PHAL as.a chira
auxiliary reagent -to provide the conpound represented by fornmula 13 or 14,
respectively. 29 |In sinmilar fashion, a2enmpound of fornula 13 is converted
to a conmpound of formula-21: OHO R+ 21 5 wherein R4 is a |eaving group
as defined herein: In particular, the conpound of fornmula 2la is forned by
reacting the conpound of formula 13 with p-toluenesul fonyl chloride (tosyl
chloride) and a DASEIErEghion. acomppyndiohiomus 1ds copvartedina gepPRmd offermuiaiRite
Preferably R4 is chloro, bromp, -0SQZ-R, wh yn R is alkyl or aryl,
preferably, methyl, trifluoronmethyl or p-toly he conpound of fornula 20
is converted to a conmpound of formula 2la: 1 OSO02R* 21a wherein R' is
al kyl or aryl, and preferably, I i fA uoromet hyl or p-tolyl, and
converting the conpound of for conpound of forrmula 22: .

21
5  wherein R is a leaving group.as defined herein.: In particular, the compound of formula 21a is
formed by reacting the compound of formula 13 with p-loluenesulfonyl chlon'de"(tosyi- chioride) arid
a base, such as triethylamine, in methylene chioride. Preferably R* is chloro, brome, -0S0,-R',
‘wherein R'is alkyt eraryl, preferably, methyl, trifluoromethyl or p-lolyl.
‘ The compound of formula 20 is converted to a compound of formula 24a:

T S .'.H_O‘ osoR"

wherein R" is alicyl or aryl, and preferably, methyl, triflusromethyl or p-tolyl, and converting the
" cornpound of formula 21a to a compound of formula 22:

T



] HOH 15 22 -30- by treating the respective starting conpounds with an
osm um cont ai ni ng oxi di zi ng reagent conbi nati on of K20s02( OH) 4/ Ki Fe(CN) s,
K2CO3, NaHCO3 and CH3SO2NH2 in the presence of DHQ2PHAL as a chiral
auxiliary reagent to provide the conpound represented by formula 2la or
22, respectively. The reaction nmay take place according to the follow ng
schenme (Schene B). SCHEMER f A K2~C2(OW4/ K3Fe(CN)6 P K2C3B cbz S bz S C\
S NaHCO3 NH NH NH~ CHr SO2NH2 g tsl + \ _tR solvent HO OH HO OH WN\Ht - Butyl
R'"SOZCl O0-S N solvent / HN PHHQ 218 HO OS02R'' sol vent 04cw8
ONt)3tty- Ho OiN S oNrtt-siriyt .nop HOHN 1. aqueous baa=&eat 140 22 1
AMC 79 basei water 5 Formation of the conpound of formula 22 naybe

achi eved by t hpatamg %eQ’ESpactiG@ By Ebmpounds with an osmium-containing oxidizing reagent
cotnbination of Kzosoz(OH).,lKaFe(CN)s, K,CO,, NaHCO; and CH53S0O;NH; in the presence of
DHQD,PHAL as 4 chiral awudliary reagent to provide the compound represented by formula 21a
or 22, respectively. The reaction’ may take place according fo the foliowing scheme (Scheme B).

SCHEME B
Ko0s0,(0H), / K5Fe(CN)g
: S KCO, Cbz\ ,
A 2 3 NH
. WH CHSONE,
‘ ) N chiral exxillary agent /
- solvent HO

2ta HO DSOR" - solvent

_ Formatmn of the compound of formula 22 may be achteved by treatment of a compound.‘
: of farmaila 21a with PHIQ (38, 4aR EaR 3-N -t-butyl carboxamado—decahydrolsoqumollne) -
_ ‘Removal of the benzy!oxycarbonyl nitrogen protecting -group from compound 22, under
‘ , 16. convenhonal cariditions {provided that the selected conditions do notmduce racemization ofthe
-stereocenters) prowdes the compound of fozmula 16 whtch may be conveﬂed to neiﬁna\nr and
‘_ne!ﬁnawr mesylate as descnbed above. * _ ' '
' Examgle :
_ The structures of the cornpounds of the fotiowmg examples were conﬁrmed by one of
15  fiore of the following: proton magnetic resoniance spectroscopy, infrared spectmscopy. elemental
' microanalysis and meltmg point. Proton magnetic resonance (THNMR) spectra were determined

.usmg eithera Varian UNITYplus 300 ora Genera[ Electric QE~300 spectrometer operahng ata



of formula 21a with PHI Q (38, 4aR BaR, 3-N t-butyl

car boxam do- decahydroi soquinoiine).. Renoval of the benzyl oxycarbonyl
nitrogen protecting group from conpound 22, under 10 conventi onal
conditions (provided that the selected conditions do not induce

racem zation of the stereocenters), provides the conmpound of fornula 16,
whi ch maybe converted to netfinavirand netfinavir mesyl ate, as described
above. Exanples The structures of the c fpounds of the follow ng exanpl es
were confirnmed by one or 15 nore of the tollow ng: proton magnetic
resonance spectroscopy, infrared spectroscopy, elenental mnicroanalysis and
mel ting. point. Proton magnetic resonance (1H NVR) spectra were deterni ned
using eithera ﬁ@{%&@ﬂ%ﬂﬁ%%nﬁ@@lxﬂhh@ni@&ﬁﬁ&}e r&loﬁ&i:ﬁ pefits ﬁEnﬁlﬁQ(ppm 6}
spectronmeter operating ‘ate -31- field strength of ahert

Cheni cal shi f t dowafigd T’%‘b

an internal t etefesmeddiylesidabpmtic sthenidgnak asidiitws: GHEB v €2§ ppnt PMEBRR24pert. a wer e

referenced to |l oAl Ql Soolet 1, doutflet26 PP
DVBO = 2. 49 ppé%%pﬁ)’g %k&mﬁ&w&%kdaé‘%ﬂ%%i?ﬁﬁmét"{la}gid gre es?DéYZt ed as

fol | ows: s,9si ?fg‘P‘é’Ee‘s + iplefoy Ayaget 'Echr"adé‘ﬁB'faé?e &, PR favlipg conptanty e gfyegy - o)
quartet; br biri bladlz. Mrésed airowiiontiR) snebitd weteatbtaingd ugiigiafgrkindiimeradltseres ETIRI ven

ipn Eer t E | I nfr cafhnRRE %@{eh@nm&bdahnys%e@%f)é}fowmﬂmnﬁum@&amm Nﬂ‘cl@ss GA.
er Kl n- nmer

_ pect croa were
por fof med by ANPIRER NP Bl S Mg frpaetus i el Ao AR a6R 1o

det er mi ned onawavecorpsiest iassetumeried:fasksaunden m slght pesiivaipressie qf@@e'ﬂ MRS wer e
-conducted h SeRdriisemeal Artohnasikireyamteweraust bglbeieosom invierefpeasssuppiest- ar gon

unl ess 10 ot hepyy u?e%da%ggm filbrs, GO gAnpﬁf\?e%rsﬁ:emﬁsam%ﬁz%pﬁeﬁ&@ ved

fromtheir respective l oNns

exce
Tet r ahydr of ur % Aoy ”Waéjo ®¥°?NGPP%CP¢°&WW"%“B@%%‘8BHBWB?FeP"“lé%P%?r pri or
to use. Dichlor onetAvbregatoGHRSLIR)einiadude EbQ [dietiall et AMFAN - dmathyfognarddel.pr i or

‘to .use. Abbr evmaéo (H‘lﬁatﬁ%&ﬁ!ﬂxuﬁ@ M@feR (teﬂiﬁbty!%myﬁsttr%@ dlbalhathRbif) 810k (ethiviol,

- (N, N-di-net i t hyl
Sthery, ol iﬁga Ffigsere g;ﬂ?fﬂi?ﬁo‘?‘ ety Bt Eoproebl e b fbalh. "
(et hyl ene gI y CH (righerdmein. &6 [fesviateh Che fbsvpyjaxycartonyl( Req WT‘)“*O"!PPF"?%e W), ) Tr

(triphenyt met higifiporoabstic (t osadidat ), B ( berEy-dizopepyieyapdide), f | 0TMEDA

(tert-butoxygapne ﬁl )eh-aﬁfé%letﬁy;en(édfa}nidev%@ﬁ%‘éeh&a&d;' Ao Edifanhydride), NMM
(N, N-dllsoproplet N;

I
NN, N -tet ra @%’"&%edl am thC AC(C]-I (ieslopeoigpigmiage oo ( acBP

~an hydr I de) 20 NWMtchlom—S 6-dicyano-1,4-benzoquinone), DMAP (4-d:methyiammopyndme) DABCO(14~
diazabicyclo[2.2.2Joctane), ~ DBN (1 5—d|azab|cyc!o[4 3.0lnon-5-ene), DBU . (1,8
| -;dlazablcyclo[ﬁ.4 Olundec-Y-ene)-, DMAC (N,Ndlmethylacetamade), PNB (p-mtmbenzey_l)f and

| PHIQ (35, 4aR, 8aR, 3-N-t-butyl carboxamidodecahydraisoquinoline). o
Specific  examples .df various. compounds according to the invention may be
25  advantageously prepared as set out inr:'the Examples below. These examplés and jhe

compounds contalned therein arenot meant to limit the scope of the presentinvention in ziny way.

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

30

4 solution of methanesulfonyl ch!onde (1 2 mol 1.2 equiv, 137.5 9,93 mi) in150mlof
ethyl acetate was added to an ice-cooled {0°C) solution of phthalirido-alcohol 6 (217.2g, 1.0 mol,

S Plstrel raseeyglege FAA | StrrlE RS GOt RN rom



(4- met hyl nor phol i ne), DCC (dicycl ohexyl -carbodiimde), DDQ 20

(2, 3-di ehl oro-5, 6-di cyano- 1, 4-benzoq6i none), DVAP

(4-di nmet hyi am nopyridi ne), DA600(1, 4- diazabicyclo[2.2.2loctane), DBN (1;
5-di azabi cycl o[ 4. 3. 0] non-5-ene), DBU . (1, 8-

di azabi cycl o[ 5. 4. O] undec-7-ene), DVMAC (N, N-di net hyl acet am de), PNB
(p-nitrobenzoyl), and PH Q (35, 4aR 8aR .3-N-t-butyl

car boxam dodecahydr 6i soqui nol i ne). Specifsr exanpl es of various conpounds
~according to the invention may be 25 advantageously prepared as set out in
~the Exanpl es bel ow. These exanples and the conpounds contained therein are
notrmeaht - to limtthe scope of the presentinvention in anyway. EXAMPLE 1:
Preparation of z3ailebie Frerh NST dechdolagheis dfHRepspidsili) endtrighyigming (1 8ol A 3eg¥ul Boh  of

”ﬁ] h?nes U|t f ?ny lan hh‘pfnh deado%ni %f Jaral ace&te2at QG4tk Yuflickatto MaBitsin¥@ tBthperdtute 450 m  of
ethyl acetate was, a | o) 0

pht hel i mi do- al 66‘7'1'8'[19 %eag.t?lisr be?owé%%) A q’l&%gg))f s Adﬁﬁ%nr e &&xture \Kﬁ (\Sfarmed fo
Technol ogi es, MmbisPtterapreere a'PdIE‘)'”e&rfR!l 3poyrss HRLE arrﬂ‘yaésf()wedamﬁewng matesiadb Wate;,, 131
g and 181 @1 ) (500 riPkhsatided bnthdwdultiagaiiaieavaattinad toatsenigiteh faita wbict the agueves nt ai n

h f o d of
the t ggpte[g; ure Qsev&agfemocsﬂhéémms@%&gmsm &wﬁcae.h@wo%% r/f‘éuovbehsy end o

en rred
for 3 hour o HPRESRPER T RO e TN SHEl P vy SpAaon SRt
was added and tvhenmes86°Ci #C iiokempazatvia ot S9G + 715Q) dvera ArBurrering: QMF(H#)W@? Whl ch

't he aqgggus - pPhas& a%?—ﬁplsﬂﬂlﬁﬁﬁﬁﬂ%e&ﬁ'ﬂc&at@%&é@ﬁﬁnﬁ%ﬂﬂ&mat\ﬁmfefr@lh@.ﬁ.t.e‘térlt\II<VI C]‘?
usi ng m ter 0 Xt r.ac U 0
t he et hyl 18er§'fee'e$v&§9?’ﬁ'6%‘%aé z |3Tb“?n te'% o%m%ﬁﬂ%%m%omd Eseq@ﬁ%@ 45C
(pot tenper at u286 g agddisopraryiethylaging (2. mol, %Bﬁﬂ”'“péﬁﬁr% 350 fi-werg aqded gagdhe 5 gged
“and distill ati esulihg itereatab jidatea eesat @ienatioapsratin SiFL Cavaiysis indted et 1% 5C f or

I h Af t n S
thi ophenol (2. o YR ooy el i WS (YRS A S i AN Aoy ETRAUAL UT €

(5GP el {20 eyl i os B s AR 2Ly BT T
was heat ed 160 &63C (¢verkipgingal 2H)cinddmaltil v €3 (ddHPE 10, e .60 d.imdi b 9B at < 1
% starting ”E%Vib A ISR iRk @s%@ied%nﬂﬁﬁdﬁ&mﬁeﬁ‘dfhr%am % Stasd for2d haad ed
13y mesyl ate) UL Bl ERN A IO ved SRS 1 b orPH)

o ‘ : N HCI (2x), aq. saturated NaHCOa. {ix) and brine ([x): The resulting organic phase was dried with

N&,80;, and filtered. The fi firate was distitled at atmospheric pressure to remove the MTBE until
20 fthé bot temperature reached 95°C. Distillation was stopped and the mixture was cooled to
amblent temperature The resulting sofution was diluted with hexanes (1 L) then stirred. Seed
crystals were added to the stimed mixture. After 10 rhinutes, a light orange precipitate formed.
After stlmng for an additional 2 hours, the solids were allowed fo settle and the hexanes were .
_ | "decanted off. The resultmg slurry was diluted with fresh hexanes (500 mi) and stired for 30
25 minutes. The: mixiure was filtered and the fi rght orange solid was washed with 1 L ofhexanes and
ldned under vacuum to yleld 231. 9 g (75%) of 8, as an easily filterable Icght orange solid. The-
fcompound of formula Bwas ebtamed in enantlomencaﬂy pure form, as deﬁned herein. 'H NMR
(300 MHZ, COCl,) © 7.75 {m 2H), 7.69(m, 2H, 7.33 (d, J = 7 Hz, 2H), 7.17 (£, d = 7,7 Hz, 2H),
708 (m,H), 6.20, (ddd, 4 =7, 10, 17 Hz, H), 5.25 (d, = 17 Hz, IH), 5.22 (d, J = 10 Hz, 1H), 4.90
30 {m, IH), 377 (dd, J = 10, 14 Hz; IH), 3.28 (dd, J =5, 14 Hz, IH). -



15 5.40 (overlapping m 2H), 5.10 (m 11-1), 4.88 (dd, S= 10, 10 Hz), 4.50
(dd,.J = 5,10 Hz), 2.98(s, 3H). The reaction m xture was cool ed to anbi ent
tenperature and allowed to stand for 26 hours. The m xture was poured into
2 L of MIBE and washed successively with | L portions of I N HC (2x), aq.
saturated NaHCO3, (Ix) and brine (Ix): The resulting organic phase was
dried with 13a25M4,and filtered. The filtrate was distilled at atnospheric
pressure to renove the MIBE until .20 t pot tenperature reached 95C.
Distillation was stopped and the m xt uré®as cool ed to anmbi ent t'enper at ure.
The resulting solution was diluted with hexanes (1 L) then stirred. Seed
crystals were added to the stirred mxture. After 10 minutes, a light-
orange precipitate formed. After stirring for -an additional 2 hours, the

solids were allowed to sett.le and the hex

resul ting: sl uFF§MEER ) Wmﬁgﬂl%1lzw)ﬂmgwx¥lg‘§§)i\g‘\§? Tﬁﬁ'ﬁgﬁé@ﬂ gbng"F r%—d for 30
25 mnutes. Thed M(Sl-mhssirmé(ﬁ)-phmamdo-amewl@wﬂ-lbgh‘!‘e HPange solid was washed
with 1 L of hexanes and dried under vacuumto yield 231.9 g (75% of 8;. as
an easily filterable Iight orang o\ i d. The conpoun formul a 8was

obt ai ned in enantionerically puré m as defined h ¢ "H NMR (300

WMHzZ, CDC 3,) b 7.75 (m2H) 2 7. 69 =z, 2H), 7.17 (t, J
=17, 7 Hz, 2H), 7:09 .'317Hz IH), 5.25 (d, J
=17 Hz, IH), 5 22 (d, 3.77 (dd, J =10, 14
Hz; IH), 3.28 (dd, J ST \ 2 Preparation of

1, 2(R) -di hydroxy 3(R) pht had m,do phenylth| 0) -Budane ¥:9) and

1, 2(S) - di hydr oxy-3(R) - pht hal i mdo4 (phenylthio)- butane (10) 0 0 0 Q s g

"OHROHHOH 9 10 Intoa 2 L E| enrreyer fl ask vvas_ﬂ)l aced potassium

07002 mot - 0. 005, deeA Seutbt etk B eRe i RCARBLHEL S5 Mond P00 8.
no A7 equi v

- pot assi unﬂ&:armhmeiaissiﬂ' gmgfe (6B 0. g1 mel O@O%%ﬂylvb)?w'“fﬁq@%?ﬁ%%%15f’6ﬁa9ﬁ[ﬁeq(22 8

9, 0.24 not, mdi, o &@i), Motassiird cdadable @aAly, §.40 b, 3 eqliv)(0@hanedulfona®ide 228gqui v) .

This mxture @’%@m&b'@%ﬁbuy}%gd ng?%%;\'ﬂ {1%% gtoééﬁt.ﬁéloébf'\@ehﬁf _frks midurdvh9 and

"-cooled to 0C

ded
solid.in one HEPFPUA: O&I"Pféﬂfﬂ‘t,@‘f‘i!ﬁ”%te §! ‘é"{)laF‘i’%"B’egf"d’o‘?’&?sl U'I"\f%"f'%?maaq Fees s

10.20 mol, 1.0 equiv) was added as a solid in one portion. The mixture was stirred vugorousiy for

15 | 18 hours and quenched with 30 9 of sodium bts_ulﬁte Water (600 mi) was added and the mixture

was extracted with ethyl acetate (600 ml x 2 and 300 mix 2). The combined ethyl acetate

extracts were washed successively with 1N NaQH {TLx 1), 1IN HCI{500 mi x 1)-and brine (1L x

1), dried with sodium sulfate and concentrated under yacuum to,prbvide 61.7gofa mixture of

"diols 9 and 10 'as a gold oil, which slowly sohdlféd on standing. The yleld was appmximately

20° :90%. "HNMR analysis indicated that the product wasa 13 1.mixture of diol steremsomers $and

10, which was used-without furiher purification. H NMR of Compound 9: (300 MHZ, CDC|3)

© §7.4-7.1{overiapping m, 10H), 5.30 (brs, 1H), 5.09.(br s, 2H), 4.00 {m, 1H), 3.85 (m 1H) 352
(ovetlapping m, 2H), 3.15 (overapping m, 2H), 2. 30.{br, 2H).

. 'EXAMPLE 3: Preparation of 1 2(8)-d|hydroxy-3{R)-Cbz-tl-(phenyithlo}- butane (13) and

25 1 2(R)»dmydroxy~3(R)-Cbz«p(phenylth.o)- butane (14)

30



15 18 hours and quenched with 30 g of sodium bisul fde. Water (600 m) was
added and the mixture was extracted with ethyl acetate (600 mM x 2 and 300
m x 2). The conbined ethyl acetate extracts were washed successively wth
1 NNaOH (1 L x 1); 1 NHC:(500 mM x 1) and brine (1 L x 1), dried with
sodi um sul fate and concentrated under vacuumto provide 61.7 g of a m xture
of diets 9 and 10 as a gold oil, which slowy solidified on standing. The
yi el d was approxi mately 20 :90% 11-1 NMR analysis indicated that the
product was.a 1,3:1.mixture of diol steréoisomers 9 and 10, which was used
Wi thout further purification. "H NVMR of Conpound 9: (300 MHZ, CDCI3) 6
7A-7.1 (overlapping m 10H), 5.30 (br s,114), 5.09 (br s, 2H),4.00 (m1 H),
3.85(m . 1H), 3.52 (overlappi ng in, 2H), 3.15 (overlapping m 2H), 2.30
(br, 2H): EXAMPLE .0

1, 2(S)-d, hydr oxy- 3%?8 ‘% gr%?i’t‘ﬂ 652 9,193 o). ohteined in Exgmple 2, was

1, 2(R) - di hydr @ugpe@:(empmofm% pm@msmqmyiewmewthaﬁ@i tp YT fpgRh- Theresgiopas 13 14
30 -34- The niggday 18 anbiettitehserdurangl 4 Sreb.db Argon waShubblathtmugtote adlwlied far n
oo 1S, 2 RSP R e SR Brincl? 2MERAbR RIS Woa uaeeraawdach@at ed to

60 C for E@era{g aciga stream
" of ‘argon vvas @WW&P’@EF(%F%W@W@WE %f'ﬂfﬁ”&?ﬁe?’%fema@'"ﬁnﬁ P é’ 9eZPRG the -
vol une si gni f beantdgyeoud hautioh.x (Tortes mwoplmasedﬁeém!wsavemwafa'hﬁdﬂ'hﬁg‘ﬁ%r e (ca.

'éB mm Hg) for bi:arlbaié{e . @agr ma) @ﬁ)émgz@&@dt@osmo rmehwom@mwesumngomfwm%? cl (egr
“brown aqueous _sol u IS S an , er
m), sogl um  bf 8§ ﬁ%’ﬁa’fegzy??‘%@ E%OH Xm?éggr?'ﬁog 33%8%’%?2 8¥nd$§ Aft er
cooling tHe rwdhmg Rgtuei wes $lireedtfer thoure T(“P@@'t?&?‘?f? iy aves §RPaFRRd AP ERRE
(3.75.9, 3.2 RiceRelfWi 40 nipsriasde ey pyisatarard sodunebicaonas ardtbiingy Tie xt ur e
was stirred f O@%clﬁ%\'\?ﬁsdﬁ@ﬁmﬁ%@éﬂm %ﬁ‘f?té ﬁﬁe&éaﬁﬁ'&%pd?ﬁéﬁt@!@ﬂ@ﬁ@@&&*amrms hed

e bomas e a1+ 0 5 e o 4 OB AT HoBORZD ¢ ot e,

filtered and- emaqyer ated to | eave 6.899 of a ixture of Conmpounds 13 and 14
" (as a 1:13gm xture) as a Ilght brown oil (103%, that slowy SO|IdIerd on

~standing. . EXAMPLE 4: Preparation of 3-benzyloxvcarbony'am'"°*4'ﬂ“°l’he"y'b“te“" 18

P
A

Compound 8 {5_0 g,0.16M) was suspended in 250ml of 40% aqueous methylamine, then

_heated fo 60° (cil bath) for five fours. The resulting selution was cooled to room temperature.

- "'Remaining methylamine was removed under vacuum using a rotary evaporator. The resuiting
aqueous solution was extracted with ethyl acetate (2 X 100 mi). The ethyl acetate layers were
25 -combmed and washed wath 100 ml satiirated NaCl, dned over. sodtum sulfate ﬁ!tered and

‘ cencentrated under vacuum using a rotary evaporator{o provide 29.11 gof the ammo—butene as
© ayeliownit {slightly greater than theeretical yield). HPLC showed the purity tobe 92% THNMR
{300MHZ, CDCly) 6 7.35 {d, =8 Hz, 2H), 7.97 {t, 4 =7, 8 Hz, 2H), 71T (1, § =7,7Hz, 1H),5.83
~ {ddd, J=8, 10; 17 Hz, $H), 5.18 {d, J = 17 Hz, 1H), 5.09 (d, J = 11 Hz, 1H), 347 (m, 1H), 3.11
B0 - (dd,J=5,14 Hz, H), 2 82 (dd J=8,13 Hz 1H) 1.69(brs, 2H) This material was used Without
- further putification. L
_ Benzyl chloroformate (21 Aml, 255 a 0. 15 mol, "1 05 equw) was- added dropwase, at
ro0it temperature toa stlrred mixture: contammg a solution of amina-butene (25.6.9,.0.142 mol, 1
.-equw) in 120 it of ethyl acetate and sodium bicarbonate (25. 05 g, 0,208 mol 2 equw) in 120 ml-
' 35  of water. After 10, mrnutes,, HPLEC. showed no startlng material. After two héurs of stirring, the

20



15 EXAMPLE 4: Preparation of 3-benzyl oxycarbonyl am no-4 thi ophenyl butene 19
o0 Q H19 20 Conpound 8 (50 g, 0.16M was suspended in 250nl of 40%
aqueous nethylam ne, then heated to 60 (oil bath) for five hours. The
resul ting solution was cooled to roomtenperature. Remaining nmethylamne
was renoved under vacuumusing a rotary evaporator. The resulting aqueous
solution was extracted with ethyl acetate (2 x 100 m). The ethyl acetate
|l ayers were 25 conbined and washed with_J00 ml saturated Nad, dried over
sodiumsulfate, filtered and concentrat ed under vacuum using -a rotary
evaporator to provide 29.11 g of the am no-butene'as a yellow oil
(slightly greater t han theoretical yield). HPLC showed the purity to be
92% ' H NVR . (13212 Wéré/sepbiieli 3)d the ofgddi [yek, wad wastd kith 50H)of 0.9\ 2iffic tid, 50 nt 7, 8

Hz, 7. 17 b over m nesmm :
He. 1H) 5 18 ( d. %&?ﬁgzso {Z bgca :Eg gnd ﬁeﬁnﬁgﬁsa(eg%gd} ciif fée d;ll(gi w.l.lj g - 5, 14
. HZ, 1 H), 2 gzsu(% fi ltEjedangche e unpﬁrvao_tlu:ggsmqﬁrotgryemratoqtﬂprgw @ﬁgaﬂ was

~used without 1Bustikersoli(72% viddt TresolidBes rpelystalidedfrad kot hextre (4202 hot filirkiion 25. 5 g,
0:15 mol, L. O%, Seinkdr s 1oASHRE 2 SopPlBle obfto .ceqm DEIRSEALR 0l £ &

stirred mxture contalnln tion of .a

equi v) in 120 ket O%é)cgﬁ%fl[%m ‘?‘f'ghespgﬂt?'glﬁeg? P@Hﬁéé@@sg%gaj’ 298
mol , 2 equiv) TL&(O@Z!@WQ "850@1‘5 8fddadrd=7Af .47 H&O”)-ﬁ?h@v@wplm@ﬂs%m@tﬁno
startl ng mat er I5g4@5rtsem)tm(;howﬂ$1ef(mmrrl ng, the -35- |ayers were
separated and the organic 1ayer was washed with 50 M of. 0.5Mcitric acid,
50 m saturated_sodlunlbjcarbonate% and 50 m saturated sodi um chlori de,
~'dri ed over®nad¥aAMPLES: Bigparation of 3-herzpxigarhnayianane-¢ionkenyibutang diolsi3@pdm usi ng
a rotary evapqgator to provide 31.84 g. of 19 as a tan solid (72% yield).
The solid was recrystallized fromhot hexane (after a hot f||trat|on 5
through filter paper to renove a br/n

_ insoluble oil) to.gj whi t e,
‘needl e-li ke crystals (24.78 g, 56% Id, in two crops). .showed t he
B : 7.2 (overt p i

S purity to be 99% 'HNI\/R(BOODI\/HZ ping m.10H),

5.84 (ddd, J =7, 11.:? #, 5.10 (brs,

s m - 14

: Campound 191 g,“-U'.ODQ mot, 1.0 equiv) was added asa solid, in one portion, fo a 3-neck

youndbotiom flask containing a G°G-6°C solution of potassium ferricyanide (2.96g, 0.009mol, 3

©equiv), potagsium -.osméte {0.005g, 0.000015 mol, 0.005 equiv), sodium bicarbonate (0.76g, 0.009

20 . ‘mol, 3 equiv), potassium carbonate (1 .24§, 0.009 mol, 3 equiv}, methanesulfonamide (0.28g,

- 0.003 mol, 1 equiv) and(DHQ),PYR (0.026g, 0.00003 mo!, 0.01 equiv}in 15mi of tbutanoliwater

{1 :1vh). "‘fheresultiﬁg-mixfure was stirred for 12 hrs at 0°C-5°C, then at room temperature for

_fel;éjhteén hours. The solid product was then filtered, washed with t-butanoliwater (1 : 1 viv) and

_ . fdned to give 0. 99 ofa white selid {86% yield). The HPLC showed a ratio of 4 : 1 of diols 13 :and

o 95 44 ’i‘his preduct mixtare was recrystallized from emylacetate!hexane (3: 1 viv) to give 0.18 g of
43 as @ white nrys‘tallme salid, HPLC showed 97% pure 13. 'H NMR (300 MHZ, CDCIg) 5 7.4 - . |

72 (everfappmgm 19!-!) 5, 2(d 1H), 6.1 (s 1H), 3.9{brm, 1H), 3.7 (m, 2H) 3.5 [m, 1H) 3. 3(m,

2H), 8.1 (m 1H)26(d 1H) -



2H), 5.04 (hr s, 1 H), 4.45 (m 1H) 3.15 (m 2H), 10 EXAMPLES:
Preparation of 3-benzyl oxycarbonyl anm no- 4-t hi ophenyl butane diols 13 and 14
02o0/-\ Ho bHH6 OH 15 13 14 Conpound 19(19, 0.003 not, 1.0 equiv) was
added as a solid, in one portion, to a 3-neck roundbot t om f1 ask cont ai ni ng
a 0C-5C solution of potassiumferricyanide (2.96g, 0.009nm01, 01,3 equiv),
pot assi um osmat e (0.005g, 0.000015 not, 0.005 equiv), sodium bi carbonate
(0.76g, 0.009 20 not, 3 equiv), potassiu car bonate (1.24g, 0.009 not, 3°
equi v), nethanesul fnnam de (0.28g, 0.00 | equiv) and (DHQ) 2PYR
(0.026g, 0.00003 not, 0.01 equiv) in 15 n|I oft-but anol /water (1 1 v/v).
The resulting m xture was stirred for 12 hrs at.0C5C, then at room
tenperature for ei ght een hours. The solid product was then filtered,

hed with t-b nd dri wh
Lo e U Wb b kS RS Srlofe 2 1,

This product m xture was recrystallized from et acet at el hexane (3: 1 viv)
to give 0.18 g of 13 as a white crystalline so " HPLC showed 97% pure
13. 1H NWR (300 MHzZ, CDCI3) 6- 7.4 - T2 (erla|ng m 10H), 5.2 (d, | H),
5.1(s, 1H), 3.9 (br m 1H), 3.7 2HTN h 1H), 3.3 (m 2H), 3.1 (m -
1 H 2.6 (d, 1.H). -36- EXAMPL =i pd on of :
3- benzyl oxycar bonyl am no- 4- pheny i 0-1-bute xide 15. 0 \ o0-~sss 5 15 .
p- Ni t robenzoyl chloride (20.8 g, 0.112 noo waS added at 3-10C to a 0Cto 5C
solution qf (2R 3R)-3-benzyl oxycarbonyl amfo-4-phenyithi 0- 1, 2- but anedi ol
14 (39.0g) and triethylamine (39.1 n, 0,780 noo in tetrahydrofuran (300
m). The resulti ng pmaﬁdbafqumdé(tznag@mﬁmbl)meddwws-mﬁ:mnmtnsﬁ}somﬁml ng.

-Met hanesul ony %léﬁggarb%{lﬁmm&—ééﬁwﬂmi -bY}@r?edﬁm $b; @5 Qrm’ﬂ'l IaﬁﬁneZ 12C

and.t he mxtur for one hour zlgl ubl e

matterwas fil t(%‘% b'ﬂ 8280 mahdn tetrhudrefran (3R mBy H&‘Flresé{@'@t"é[’f"é’e“"i'ﬁﬁ'“e‘i’ of 't’rfe ¥ and
ot he washi ng: werite iceondiing edbtanesuinyichindde g toeinlLMtss mol) was added dropwise at 2-12°C

and the mixture was stirred with ice-cooling for-one hour. Any insoluble matter was filtered offand
washed with ethyl acetate. The filtrate _andl the washing were ¢ombined and eancentrated under
vacuum. The resulting residue waé‘dissolved in ethyl acetate {300 mi) and washed successively
with water ‘(50‘.mi), a 0.5 M aqueous cifric acid solution {50 m1), a saturated aqueous _soluﬁorj. of
15 . sedium hydfogencérbdnate‘(so mi) and s‘ahjrdtéd brine (50 ), :dried'fJVer'magnesium'-suifate
_ andconcentrated under vacuum. The resulting residue was recrystallized from toluene (400 mi)/
" diisopropyl ether (300 ml) to give (2R,3R)-3-bénzyioxycarbonylamino-4-phenyithio-2- -
-:meﬂianesdIfonyloxy-ff—(d-nitro‘benz;ridxy)_ :l.‘;’:_utane— (386 g, 51% yield from (2R.3R)-3-
' benzyloxycarbonylamino-4-phenylthie-1,2-butanediol 14) as coloriess crystals. *H NMR (CDCl,,
20 300 MHz) 5 8.5-8:0 (m, 4H), 7.5-7:2 (m, 10H), 5.4 (ddd, =6.9,5.1,2.3 Hz,1H), 5.11 (5,2H), 5.09 i
. {brdd, 1H), 4.57 (dd, 312.0, 6.9 Hz,1H), 4.50 (dd, J= 12,0, 5. 1Hz, 1H), 4.21 {m 1H), 3.25 (dd, - '
J=14.0,6.2 Hz, 1H) 3 05 (s 3Hj), 3.05 (dd J—140 8.2 Hz, 1H) IR {KBr) 3347, 1?25 1699 1631,
' 1514, 1349, 1283, 1172, 1109, 1028, 926 om™, falo™ : -14.6° (cL01, CHCl); Elemental Analysis
| {CutligN:0S;): Calculated: C,54.35; H,4.56; N,4.88; Found: C,54.49; H,4.19; N.4.75.
.26  An aqueous-sblu‘ﬁéngf2N*pﬁté's’Sidm hydroxide solution (28.7 ml, 57.4 mmol) was added
' toa sﬁﬁed room temperature SGiuﬁmn of (2R 3R)#3-benz§IdS<yCarhonyIamino-xi-phényithio-'z-
g =methanesulfonyl—oxy—‘—l -(4-n1trobenzoyloyioxy)butane (15.0 g, 26.1 mol)in 1 M:oxane (a20mi.
: The resutting mixture’ was stirred for one hour at room temperature To1uene (200:mt) was added -

a‘

. . “and the resuihng mrxture was washed successwely w:th water {200 ml), a sa’turated aqueous
30 sofut:on of sodium hydrcgencarbdnate {206 ‘mi) and saturated brine (100 ml;. dried over.
“magnésium sulfate and concentrated under vacuum to give (23 3R)-3 —benzyloxycarbonylammo
o &phenylthlo-i—butenedmde 15, 8.43g, {98% yield) asa coloriess oil. This matenai was used
without further purifi ication. ‘H_NMR {CDG1;, 300 MHZ) & 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,



vacuum The resulting residue was dissol ved inethyl acetate (300 nl) and
washed successively wth water (50 m), a 0.5 M aqueous citric acid
solution (50 m), a saturated aqueous solution of 15. sodium ,

hydr ogencar bonate (50 ml) and saturated brine (50 m), dried over nagnesium
sulfate - and concentrated undervacuum The resulting residue was
recrystalliizedfromtol uene (400n0/ diisopropyl ether (300 m) to .give
(2R, 3R) - 3- benzyl oxycar bonyl am no- 4- phenylghi o- 2-

met hanesul fonyl oxy-1-(4-nitrobenzyl oxy) butane (38.6 g, 51%yield from

(2R, 3R) - 3- benzyl oxycar bonyl am no- 4- phenyl t hi o-1, 2 but anedi ol 14) -as
colorless-crystals. rH NVMR (CDC13, 20 300 MHz) 68.5-8.0 (m 4H), 7.5-72

(m 10H), 5.44 (idsi),11d0-608, 5006, 882 3miielF H)26.256 1d1.00 sCHIK);, Eilem@fal Apdlysd d,

1H), 4.57 (dd, 45 4. i , H, 4.21 (m1
H): 325 (dd, ‘ﬁg%&s)s%&lﬂéd ¢ 63%'58@'?3%5‘&3"&2%&03565??@ NJ413f4o 8.2 Hz, 1
H IR (KBr): 3347 1725, 1699, 1531, 1514,.1349,1283,1172,1109, 1028, 925 cm,
[a]te: -14.0 (CEXAE]E;.E CHCl Frepacdtienrent abs, Anaﬁ ySase '2—((28,02!&H2-6Nﬁ‘@£28@)lr0xy-4-

Cal cul at ed: C %ﬁe%@h%ﬁ&tﬂﬁde@@hyd%mdﬁ ﬁﬁallnglggcg xﬁugédégu !i}n%ew N, 4.75. 25 An

aqueous sol ut| 2N pot assi um tion 1 nm, 57.4 mml) was
added to a stirred, roomtenperature ution of
(2R, 3R) - 3-benzyl oxycar bonyl am n o0-4-p | t hi 02

met hanesul f onyl - oxy- 1- (4- ni t r obenzoyl oyfoxy) butane (15:0 g, 26.1 nol) in |
, 4-di oxane (120 m), The resulting mxfure yagestirred for one hour at

roomtenperature. Toluene (200m ) wasf{added zand the resulting mxture was
washed successively with water (200 .pk '
“sodi um hydrogencarbonate (200 m) &Nd s
over magnesium sulfate and concentrate@ u
3R) - 3- benzyl oxycar bonyl am no- 4-phenyl thi o- 1-
yield) as a colorless oil. This material was
purifi.cation. '"H NWR (CDC13, 300 MHz) 5 @85-7,1(m 10H), 5,2-5.0 (m 3H),
~3.70 (m-1H), 3.22 (d,J=5.6Hz;2H), 2:99 (m1H), 2.9-2.6 (m2H) IR (KBr)

3307 5 eiohr i e R el o Bl el
-C, 65. 63; ‘11, 5. 814 (3§ 425, BaS)-deeaiwdioisaguigatinasgeaibogylig geid tyulptamisle (4.98, KB Mmaf in
Prepar ati on of isofGpyl diedbiol @ 8)-virs (eABY at3MB)75%> BTG Mour2- Ay cigeoys goidion of 2N
phenyl thi obut yl)e d@raNEEdRIM! 25 ) RaRRRN hdatngdEh Chnbnubid yd ARt de 16 p.

.~ . 15 hours. After cooling to' room tempefamre,'tblueneﬁ?o ml) was added and the mibxture was
15 washed wilft water (120 mf) and TN hydrochloric acid (80 mf x 1, 40 mi x ). The aqueous
exiracts were comibined and washed with toluene (100 mif x 3). The pH of the aqueous extracts
was adjusted to pH 12 using a aqueous solil’tion of 5N potassium hydrokide. then extracted with
toluene (120 mi). The combined orgénic layers were washed with saturated brine, dried over
magnesium sulfate and concentrated under vacuum to give (38, 428, 8a8)-2-((2R, 3R)-3-amino-
20 2-hydroxy-4-phienylthiobuty))-decahydroisoguinaline-3-carboxylic acid +butylamide 16, 9.39g, yield
85%, as a colorléss oil. 'H NMR {CDCl;, 300 MHz2) & 7.6-7.1 {m,5H), 6.05 {brd 5,1H), 3.68 (m, -
1H), 3.37 (ddJ=13.0,2.8Hz,1H), 3.02-2.88 (m,2H), 2:83 (dd, -J=13.0,9.8Hz1H), 264
{dd,J=132,5.1Hz, TH), 260 (ddJ=8.0:3.7HziH), 230 (dd,J=1-3_;,2,6;=6Hz,4H), 2.27
. {ddJ=11.8,3.3Hz,1H), 1.32 6. SHI),2. 0-1.0(ma2H)
25 ‘EXAMPLE B Prepamtlon of (38, 4aS, 8aS)~2-[(2R 3R)-2-hydroxy—3 (3-hydroxy-2-
methylbenzoyiamlno)-4-phenytthnohutyl]decahydrmsoqumohne—3-carboxyllc acid  t-
-‘butylamlde 17 -

brlne(loo' m), dried
cuumto give (2S,
gneoxi de 15, 8.439, (98%



(dd, J=132, 5. 1Hz, 1H), 2:60 (dd, J=8.0.3: 7Hz, | H),

CONHt -Bu OH 16 10 A solution of (28

3R) - 3- benzyl oxycar bonyl am no- 4- phenyi t hi o-1 - but eneoxi de: 15 (8.43g) and
(3S, 4aS, 8aS)-decahydroi soqui noline-33-carboxylic acid t-butylan de -
(4.98g, 20.9 mmol) in isopropyl alcohol. (70 M) was heated at 70-75C for
5 hours. An aqueous solution of 2N potassium hydroxide (52.3 m, 1.04.5
mmol ) was added and heating was continued at 70-75C for 15 hours. After
cooling to roomtenperature, toluene (12 8p1).was added and the m xture was
15 washed with water (120 m) and IN hydifochloriic acid (80 m x 1, 40 mx
1). . The aqueous extracts were conbined and washed with toluene (100 m x.
3). ThepH of the aqueous extracts was adjusted to pH 12 using a agueous
sol ution of 5N potassi um hydroxi de, then exgJyacted with toluene (120 m)
The. conbi ned organic |ayers were washed saturated brine, dried over
magnesi um sul fate and concentrated under umto give (3S, 4aS,
8aS)-2-((2R, 3R)-3-am no 20

2- hydr oxyl | - phenyl t hi obut yl ) - decahydr @i so U|nalrne 5. carboxylic

aci dt - butyl ami de” 16, 9.39g, yiwhd L85% ‘qrless oil. tH NVR (CDd 3,

300- MHz) 57.5.7.1 (m5H), 6.05 ( H) , 13. 6 111), 3.37

(dd, J=13.0, 2. 8Hz, 1H), 3.02-2.88" 2.8% (d =13:0,9. 8Hz, 1H), 2.64 -
7 @ (dd, J=132, 6. 6Hz, 1H), -

2.27 (dd,J=11.8,3.3Hz, 1H), 1.32 {s:9H),2.0-1.0 (m 12H 25 EXAWPLE &

Preparation of (38, 4aS, 8aS)-2-[(2R SR}—Z hydr oxy- 3- ( 3- hydr oxy- 2-

et hyl benzoyl am no) - 4- phenyl t hi obut yl | decahydr oi soqui nol i ne- 3- car-boxylic
aci d t- butsyl am de Ak@lutionof Facetoxy=2-methyibenzoyl chlord8(4BDbI BB unmd) itdBy(Bcktatd (305 A

~solution of 3, nﬁfv&ts,g?%wge JUBLAVY b RSN kpch RS, MBS Ay Barg o amzagrﬁmtawdw@ ethyl

acetate (40 m’ was

'8 asS) - 2- ( ( 2R @Rﬁn_y@i@ﬁqylm)ecghyﬁvﬁpwwlng?rcarboxyhc acad t-butyla SrrPtﬁe 16 (9 1 g, 21 mmol) anﬂ

sodium hydregencarbonate (4.55 g, 54.2 mmol) in 2 mixture of water (40 ml) and ethyl acetate 40.
, mi), with ice-coo!tng. ‘The mixture was stirred for an additional hour with ice-cooling. Water {20
40 mi) was added and fhe- organic tayer was separated and washed with a saturated aqueous:
o solution (20 :mi)' of sodium 'hydmgencarbonate, dried over magnesium sulfate and eoncentrated
unider vacuum to give (3S, 4a8, 8aS):24(2R, 3R)-3-(3-acetoxy-2-methylbenzoylamino)-2-hydroxy-
4 phenylth:obutyl]-decahydrdnsoqumaﬁne-:i»carboxyhc acid t-butylamide (12.7 g, yield 96%) as-
colorless and amorphous "HNMR (CDGls, 300 MHz) 8 7.6-7.1 (m,8H) , 7.1-7.0 (m, 1H), 5.51
15 {brd s,1H), 4:48 (m,1H), 4.07 (m, 1H), 3.81 {dd J=13.7,9. 2Hz,1H), 3.41 (dd,J=13.7.4 7Hz.1H) .
2.91-(dd,J=11.7,2.0Hz,1H), 2.56 {dd, J——12 8,9.1Hz,1H), 2.44 (m,1H), 2.32 (s 3H) 2.27. (s, 3H)
| 2.3:2.1.(m,2H), 199(m1H),19—11{m11H),107(sQH) :
_ Aqueous ammoma (28% 24 ml) was added toa soluhon of (38, 4aS, 8aS)-2-{(2R, 3R)—3-
. (3-acetoxy-2-methyl-benzaylammo) -2-hydroxy—4»phenylth:obutyl]—decahydronsoqumolme-a-
-20 . carboxylic acid t-bulylamlde (12.7 g) in methanol (96 mi). Theresulting mixture was stired for 1.5
~ hours atroom temperature. The resuitmg, precipitate was collected by ﬁltra;lon and washedyvma :
‘mied solution of methanol (75 miiwater {25 ml). The residue was dried at 5000C under vacuum
fo give (38, 4aS, BaS}2{(2R, 3R)-2-hydroxy-3-(3-hydroxy-2-methylbenzoylamino)-4-
- phEnylﬁiibbutyﬂdecahydfbisequihdline-fi—carboxyiic acid f—butylamide 17, 8.00 g, as colorless
28 crystals {54% yield from (2R, 3R- benzylaxycarbony!am|no—4~phenyith:o—2—memanesulfenyioxy-‘!- -
' {4-nitrobenzoyloxy) butane). "H NMR {CD40D, 300 MHz) 5 7.49 (m, 2H) 7.27 (m2H), 747
{m,1H), 7.01 (m, 1H), 690 (m,1H), 679 (m1H), 4.43 (M,1H), 406 (m, 1H), 3.54
{ddJ=10.4,3.5Hz,1H), 3.37 (m, 1H), 3.04 (dd,J=8.7,1.7Hz,1H), 2.60 (m, 2H), 2.24 (s, 3H) 2 17' ,
{m2H), 2.01 (M, 1H), 1.8-1.1(m, 11H), 117 (5,9H).



phenyl t hi obut y9- decahydr oi soqui nol i ne-3-car boxylic acid t-butylam de 16
(9.1 g, 21 mmol) and sodi um hydrogencarbonate (4.55 g. 54.2 mmol) in a
mxture of water (40 m) and ethyl acetate (40 nl); with ice-cooling. The
m xture was stirred for an additional hour with ice-cooling. Water (20 10
m) was. added and the organic | ayer was separated and washed with a.
saturated aqueous solution (20 m) of sodiunlhydrogencarbonate dried over
magnesi um sul fate and concentrated unde{ vacuumto give (3S, - 4aS, :
8aS)- 2- 1(2R, 3R)- 3- ( 3- acet oxy- 2- et hyl GERZoyl ani no) - 2- hydr oxy-
4- phenyl t hi obut yl-] - decahydroi soqui nai i ne- 3- carboxyllc acid t-butyl am de
12.7 gb yield 98@@ as col orl'ess and anorphous. 'H NVR (CDC6 300 MHz) 5

(
z 5-7.1 (m8H) 7 .Qpe(srﬁhd EDa rauéns%lovfhéd ébbmuraaeﬁlﬁ)suatéa&&xémlwa 4.07 (m
( eh

H, 3.81 (dd,J hjmﬂdl,@g@qf ﬁff %ir%?éu%.'éﬁ% "ﬁe i .&08&

dd. J=11. 7, 2. @EP"E 3°?'§3%’858(“d |
(s, 3|—|) 2. 27 (ugqemgod thathesscopetof @p(p@pgnt m@nt‘lpg 'S(W?f I@ut in agy way ﬁfqpiﬁf) .07 (s:
9H) Aqueous angiBRhPexeRfé 24 plbaratvms added to a sol ution of (38, 4aS,
8aS)-2-[ (2R, 3R)- 3 (3 acet oxy- 2- net hyl -benzoyl am no)

- 241 ydr oxy- 4- phenyl t hi obutyl } decahydr-oi soqui nol i ne-3- 20 carboxylic aci d
t-butylamde (12.7 g) in nethanol (96 in!). The resulting m xture was
stirred for 1.5 hours at room-tenperature. The -resulting precipitate was

~collected by filtration and washed with a . . . mxed-solution of
-met hanol (75 m)dwater (25 m ). The residue'mas dried at 5000 undervacuurn.

to give (3S, 4a$, 8aS)-2-j(2R

© 3R) - 2- hydr oxy- 3- ( 3- hydr oxy- 2- et hyl benzoyl ami no) - 4-

phenyl t hi obut yl ] decahydr oi soqui nol i ne- 3- car boxyl i-c acid t- butylanlde 17,
8.00 g, as colorless 25 crystals (54%yield from (2R,
3R—benzy|oxycarbonylanino-4-phenylthio-2-nethanesulfony|oxy-|-
(4-nitrobenzoyloxy) butane). 'H NMR (CD3CD, 300 MHz) 5 7.49 (m2H), 7.27

(m21-1), 7.17 (m1H), 7.01 (m 1H), 6.90 (m1H); 6.79 (m1H), 4.43
'.(I\/l'lH) 4.06 (m 1H), 3.54 (dd,J=10.1,3.5Hz, 1H), 3.37 (in, 1H), 3.04
(dd, J=8.7,1. 7THz, 1H), 2.60 (m2H), 2.24 (s,3H), 2.17 (m2H), 2:01 (M 1H),

11H), -1.17(s,9Hy. -39- The exanpl es and preparatlons ‘provi ded above
further illustrate and exenpllfy t he conpounds of the present invention and
net hods of preparing' such conpounds. It is to be under st ood that the scope
of the present, invention is not limted in any may by the scope of the

.-follomnng exanples and preparations. 5



-40- W claim 1. A method for the stereosel ective preparation of a
conpound represented by formula 4 or ? RR { H2ZN H2ZN HO OH or HO OH 4
5 conprising treating a conpound of fo %ula 1: RB RLI N RZI 1 with an
osm um cont ai ni ng oxi di zi ng reagent conbi nati on of K20sQ2(COH)4/ K3Fe(CN) 6,
K2C03, NaHGER and. CH3S2NH2 in the presence of DHQD2PHAL as a chiral
auxiliary reagent to provide the conpound represented by fornmula 4 or 5,
wherein RL is a suitable nitrogen protecting-group and R2 is Hor R
together with R2 forma suitable nitrogen protecting group, and R3'is
alkylthio or arylthio. 2. A method for stereoselectively converting a
conpound of 1f or mylrgetBed fay the sereosglective graperaiion i aeomerpund @P@Séiﬁfegor mul a
10: by formula 4 or 5:

‘R
HaoN
HO OH
4 5
comprising treating a compound of formula 1:
R3
R1
\
N
/
R? —=
1

with an osmium-containing oxidizing reagent combination of
K20s0,(0OH)/K3Fe{CN)s, K,CQ3, NaHCO; and CH3;SO,NH, in the presence of
DHQD;PHAL as a chiral auxiliary reagent to provide the compound represented by
formula 4 or 5, wherein

R'is a suitable nitrogen protecting group and

R?is Hor

R’ together with R form a suitable nitrogen protecting group, and

R? is alkylthio or arylthio. |

2. A method for stereoselectively converting a compound of formula 8:

ol

O

oo

o a compound of formula 9 or formula 10:



c, 405 \\ 03\ OHOOHOHOOH9 10 conprising treating said
conpound of fornula 8 with an osm um contai ning oxidizing reagent

conbi nati on of K20sQ2( OH) 4/ K3Fe(CN) 6, #2003, NaHCO3 and CH3SC2NH2 in the
presence of DHQD2PHAL as a chiral auxiliary reagent to provide the

conpound represented by formnul or formula 10. 3. A nethod for
st ereosel ectively converting npound of formula 8: @ s NGC to a
conpound of forrmula 11 og N~ &H HO OH 11 12

for 12: s s HZN Hp
conprising the steps~QfA a) tfeating a thiophe {

osm um cont ai ni ng .@/- z'Nerr\eagent conbi ng

K2CO3, NaHCO3 and CH3SGRNHZ 1™\n the presence™0f DHQYPZPHAL as a chiral
auxiliary reagent to gprovile 19%2(S)-di hydroxy- 3(R) b‘hi@&l‘i m do- 4-
(phenylthio)- butane 9 and 0 O HO OH 9 -42- b) treatnent of

1, 2(S) - di hychraprisir@y Reptidh ahidricdapdur(dp lbé fghtdia of -vitht aneodnium-comtaiviegt he

PhL el | BRGSO PP L REBTINGIRGS, B e

CH3;SO.NH, in the presence of DHQD,PHAL as a chiral auxiliary reagent to

ene 8 with an
K20s2( OH) 4/ K3Fe(CN) 6,

provide the compound represented by formula 9 or formula 10.

3. A method for stereoselectively converting a compound of formula 8:

Sy

8

to a compound of formula 11 or formula 12:

comprising the steps of:

a) treating a thiophenyl-butene 8 with an osmium-containing oxidizing
reagent combination of K,0sOx{OH),/KsFe(CN)s, Ko2CO3, NaHCO;
and CH;SO,NH; in the presence of DHQD,PHAL as a chiral

~auxiliary reagent to provide 1,2(S)-dihydroxy-3(R)phthalimido-4-
(phenylthio)- butane 9; and



centers of the butane conpound, to provide a di hydroxy-am no- butane
conpound represented by forrmula 11 or .41122 {

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



