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generally to 1, 2-di hydroxy- 3-am no-butanes, their

3-am no-butene precursors and chem cal nethods for
preparing the sane. The butene and butane conpounds of
the invention are useful as internediates in the
synthesis of the protease inhibitor nelfinavir

nmesyl ate and its free base, which in turn are useful
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20  has been shown ;to'b_e an effective 'fre‘a_tmént for HIV infected individuals. Nelfinavir mesylate is
disclosed in U.S. Patent No. 5,484,926, which issued January 16, 1996. This patent, in its _
entirety, is incorparated herein by reference.

Prior o the p'resent‘ invention, the stereochemistry of nelfinavir mesylate products and
interrhediates prepared by conventional processes was determined by the stereochemistry ofthe

26  starting materials. Thus, different sterecisomers of neffinavir mesylate or its free base could only
be prepared by the use of specific enantromenc staring materiais. The present invention
provides a versatile and useful synthetxc route for the preparation of nelfinavir whereby key

“stereocenters are establlshed ata relatwely Iate stage in the synthesis of the 1 2—dfhydroxy-3~
amino-butane substltuent. _ _

30 . HiV-Protease inhibitars -prepéred by use of cyclic sulfates are discussed, far example, in
U.8, Patent No. 5,705,647. Asymmetric dihydroxylation, utilized in the present invention to make
nelfinavir mesylate intermediates, is discussed generally in WO 93/07142 and in Reetz et 4.,
Asymmeiric Diltydroxylation of Chiral'y-Amino a, B-Unsaturated Esters: Tuming the Mismalched



provides a versatile and useful synthetic route for

t he preparation of nelfinavir whereby key
stereocenters are established at a relatively late
stage in the synthesis of the 1, 2-di hydroxy- 3-

-am no- but ane substituent. 30 H V-Protease inhibitors
prepared by use of cyclic sulfates are discussed, for
exanple, in U S, Patent No. 52705, 647. Asymmetric

di hydroxyl ation, utilized in the present invention to

- make nelfinavir nesylate i ntermedi ates, is discussed
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1, 2(S)-di hydroxy-3(R) - anldg utane. 20 In one of its
aspects, the present inwntion es to a conpound
having the formula: RRs N R2 wherein B is a
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25 In another of its aspects, the present inventionrelates to compounds agcording to fon'nula

1, which may be selected from the followmg group:

SO, AL

In yet another of its aspects, the present mventton relates to & compound havmg the

30 following formula:
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ni trogen protecting group, and R31S th| oal kyl or
thioaryl. 25 In another of its aspects, the present

i nvention relates to corrpound's according to fornul a

1, which may be selected fromthe followi ng group: s
/| 0 Q s/ ryN_ R2 0 and In yet another of its
aspects, the present invention relates to a conpound
having the 30 following fornuists R3 H R~ R2 RZN HO
OH or HO OH 2 wherein RL is a suitable nitrogen .
protecting group and R2 is Hor Rl together with R2
forma suitable nitrogen E{Otectlng group, and-R3 is

t hi oal kyl orthi oaryl npounds R’\el atedert o fornmula 2
may include: 5 0 RN N R2 RZnWH] OH HO OH Hd H

and ((k O O HO H I an r aspect, ) pr esent
invention relates to aconpodng V\/It[vkﬁtheopf(2||OW| ng

f or 'leteﬂem R‘F§ a|§§ta9le 411&03991 pFQec%?;| g%up'_al% is H or R together with R? form a

suitable nitragen protecting group, and R?is thioafkyl or thioaryl. Compounds related fo formula 2

may include:

H .

and




2a wherein R3 is thioal kyl or thioaryl. Conmpounds
related to formula 2a include: //////---s s H2N H2N
NOCOHHHand -4- In a further one of its aspects, the
present invention relates to a nethod for the
stereosel ective preparation of a conpound having the -
formula 4 or 50 R3 R3 fi. HZN HzN HO O+4 or HO OH 4
'5 5 conprising converting a ¢énpound of formula 1:
Rl R101 N to a conmpound of fornmula 4 or fornula
5, by treating the respective starting compounds with

an osm [ . C inatio f
20,00( i) ﬁ&%&?gcm?% sl B PR Eor A A gt fr e
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reagent to provide the 15 conpound-represented by

formula 4 or 5, r@&spectively, wheR’ein R is a suitable
nitrogen protecting group and R2 s H or Rl together
with R2 forn1 uiA abl e nltrogﬁn otecting group, and

R3 is thloalkfw or\thloaryl. Fertarably, R3 is an

t hi oaryl group or ¢ i ophenyl gropp—\Thi s present

met hod. may furthdr inoHugle stergdsel eptyi vel y

gonverting a conpound of formula Ito one of the

follow ng conpounds: R& R3 Rl Rl Rs& R~

comprising converting a-compound of formula 1

10

to a compound of formula 4 or formula 5, by tresting the résbective starting compounds with an

osmium-containing oxidizing reagent combination of H2OsO{OH)4MKaFe(CN)g, KoCOa, NaHCO,

and CH3SO.NH; itt the presence of -DHQD?_PHAL as a chiral auxiliary reagent to provide the
16 compound represented by formu'la 4 or 5, respectively, wherein R is a suitable nitrogen

protectmg group and R?is H or R tagether wrth R?form a suitable nitrogen profecting group, and

RYis thioalkyl or thioaryl. Preferably, R3 Is an thioaryl group or a thisphenyl group. This present

method.may further include stereoselectwely comremng a compound of formula 1 o one of the
| following compounds
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~In a further aspect,‘ the invention relates to a method for convertinig a compound of
formuila 2 to 2 compound of fbrmula 4, and/or convertinga compound of formula 3 to a compound
~25  offormula 5, by removing the nitrogen protection group without inducing racemization to provide -
the compounds represented by formula 4 or 5, respectively
In yet a further aspect, the mventlon relates to a method for converting a compound of
" formula 6:



20 HOHor HOOH, 2 3 In a further aspect, the
invention relates to a nethod for converting a
conpound of fornula 2 to a conpound of fornula 4,
and/ or converting a conmpound of fornmula 3 to a
conpound 25 of formula 5, by renoving the nitrogen
protection group w thout inducing racem zation to
provide the conpounds represenfed 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 -O4 to a conpound,of formula 7,- 7a or
formula 8: 6 fI O4 04.C M-s O 7 wherein R4 in
formula 7 is a_ leaving gr %, t r At Pg t he
hydr oxy-but ene 6 with net w nyl chloride in
the presence of a suitabl e~g0l " gnt t rovi de conpound
7 or with nethane 10 sul fonyl coride in the presence
of an am ne base in a polar aprotic solvent to provide
butene- nmesylate 7a; and O OSOZRE O 7a treating
but ela@-capegHnd pidormglagi- fhortfitimdpBienoxi de, wherein the
/. insitu 15 using thenol

| (2

t hi ophenoxi de i s forned
and a-non-nucl eopghilicfbase. ipsa polas apro
sol vent, to pro,hlhnyl- Py HSC:ZOInthis
reacti on, prefetiabl) I s\chl o . or -SSR,
wherein R is al Kyl ory 1 naddiryl on==eonpound 7a

nay be stereosel ectiveldy converted tosa conpound of
formul a 7 8

[

wherein R* in formula 7 is a leaving group, by treafing the hydroxy-buiene 6 with methane
sulfonyl chloride in the presence of a suitable solvent to provide compound 7 or with methane
10 sulfonyl chioride in the presence of an amine base in a polar aprotic solvent to .-pro\'lide butene-

mesylate 7a; and ( )

L 7a -
- treating butene-mesylate 7a with thiophenoxide, wherein the thiophenoxide is formed in situ
16 using thiophenol and a-non-nucleophilic base in a polar aprotic solvent, to provide thiophenyk-
butene 8 .

20 In this reaction, preferably R* is chloro, bromo or -OS0,-R’, wherein R' is alkyl'or aryl,
In addition, compound 7a may be stereoselectively converted to a compound 6’f formula
' 8, and a.compound of formula 8 may be converted to a compound of formhlae 8,10,110r12,
respectively:



8, and a compound of formula 8 may be converted to a
conpound of fornulae 9,10,11 or 12, respectively: 6
OOHNHNHOH HIH~HOHOHOr 9 10 11 12 In
addition, the inventive nethods include converting the
- conmpound of forrmula 9 or 10, or 5 a m xture thereof,
to a conpound of formula 11 or 12 or a m xture thereof
by deprotecting the ami ne. Th&-conpounds of fornul ae
9, 10, 11 or 12 may then be converted to the
‘nelfinavir free [ base conpound, fornula 17: O
CONHt-Bu. CHA71 [/ OH 17 10 In a further one of

its aspects, the present invention rela to a net @
for convertin conpound of ¥ a compoung
Lt he .am ne/ and. then

_ deprotgect |

g Aa-€onpound ¢ ofmul a_11 fo°a conpoun
Q A\ 15 14 pGti tuti AY 2\ new ani nng
: ﬁg rup, I _;rbanatqrgr , thro%

Brocedur s A ‘onpou,ﬁ of forRUl a 9.n€§
"~ then be further converted to a congound of forAdla

150 T it e ninBhehb el Lo RARGME bufdburly B Ao, o
mnth,netmyuphenyl sul Tonyl chloride and an am ne base "

5 a mixture thereof, to & compound of formula 11 or 12 or a mixture thereof by deproteciing the

amine. The compounds of formulae 9, 10, 11 or 12 may then be converted to the nelfinavir free
‘base compound, formula 17; '

"CONHBI
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10 In a further one of its aspects, the present invention relates to a method for converting a
comppu’nd of formula 9 to a compound of formula 11 by deprotecting the amine, and then .
converting a eompound of formula 11 to a compound of formula 14:

15 | 14 |
: by substifuting a new amine p’rotecting group, i.e., a carbamaie group, through cbnventional
-pracedures. ' ‘
A compound of formula 14.may then be further converted fo a compound of formula
-15: '



5 solvent followed by treatment with an aqueous base
to yield the conpound of formula 15. A conpound of
formula 15 may be further converted to a conpound of
formula 160 E o OONHt-Bu 0 OH 16 10 A conpound of
formula 16 maybe further converted to nelfinavir free
base, formula 17. In another of its aspects, the
present invention relates to a-#ethod. for converting
a conpound of fornula 8-to a conpound of fornula 19
or 20 op HzZN-/ \ 19 20 15 by a two-step process
wherein the phthaI|n1de is renoved using conventiona
procedures (i.e., by treatnent with eghayfol amne) to
gi ve 3-ami no-4-thi ophenyl -1-but ene, fo ed by
treatment with carbobenzylo Iorldr Cbz-d ) under

conventi onal condltlon |n t presence of
base) to give comnpou e ound 20 may be
converted to a conmpound™df fornula or formula-14:

-8--fi HOOHHO OH 13 14 or a mxtWre thereof by
st ereosel ecti ve di hydroxyl ati oni®f
Cbz- 3(R) -am no- 4- thlophenyl 1 but ene (( 5 20 u5|ng t he

losmb@ %J’?‘IRE %Eﬁ;’ 1zin %B%t&ﬁ%onbl nation %quﬁnil“ﬁ? base

t%he sﬁl"@ﬁ E¥eveed by tregirasng \Mfalan aquenysi baseyto yigdtye mimpburdiohiermula 15.
the i nventaA esmpbitabttSiBinlaas Mah BOGePLonGnBME L b .
conpound of fornula 13 to a %onpoﬁnon ?&¥orﬁﬁﬂQW%Qmewa1s

21 or 2la \ HNC .( HO R4 HO SCZE‘ 10 21 21a wherein
R4 is a | eaving group in fornula -and R'"" is alkyl
or aryl in formula 21la. See Schen

CONH-Bu
1

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

In another of its aspects, the present invention relates to a method for convert:ng a
compound of formula 8 o a compound of formula 19 o 20:

by a two-step process wherein the phthahmlde is removed using conventional procedures (i.e., by
‘ treatment with ethanolamine) to nge 3-amino-4-thiophehyl-1 -butene followed by treatment with

“carbobenzyloxy chioride (Chz-Cl) under conventionat conditions {e.g., inthe presence of base) to
give compound 20, ‘

15

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



herein- Further, the invention includes a nethod of
converting a conpound of fornula 21la to a conpound of
formula 22 (shown bel ow) and a nmethod of converting a
conmpound of forrmula 22 to nelfinavir free base;

“formula 17, according to Schene B herein. O CONHt-BU

AN OH 15 22 Wth regard to the respective fornul ae

. descri bed above, preferably Ri%is al kyl car bonyl ,

al koxycar bonyl , -aryl al kyl car bonyl arylalkoxycarbonyl;
aryl car bonyl, aryloxycarbonyl or arylalkyl 20 and R2
is H Mre preferably R

aryl al koxycar bony
arylal kyl and R2 is H E¥ nmor e preferably, i S
benzyl oxycarbonyl op benzy+"and R2 is H oFurthes R
and R2 toge 14?t nitrOo— to I chtHey are
bound may f a phtNd] i mi do or noi ety.
Definitions As used in, the erns si ng"

and "including" apg #ed Herein in their @n Qi S 9

non-limting. sense. The term"alkyl" refers to a

strai ght- or branched-chain al.kyl group having from1l
10 &2 mictere hemofay Sereoskibetivd dinyBodiation oFRIRIE) Aihoal thivdhenyl-1-butene

o ?ﬁ'cgtﬁsdiid“fé Hﬁﬁ%nglﬁi&i&ehi g(oyﬁm{i%ge?%nﬁﬂah%ﬁ%f gg?soziommre(cw&
7 s ofSHESyNeHORy #iP CHos Qi iyihe presspcetsliehira iy Eaggrt. Further, te

(t &:iyqnttorﬁncpmmyﬂethod Ropanitng a cdntblindedinala 13 kexeshpound of formula
| sofeyydratand the like. The term "heteroal kyl" refers

to a straight- or' branched-chain alkyl group having
from2 to 12 atong nore of which
i s’ a heteroat fed froms,. 0, - . Exenpl ary

het eroal kyd-s#i ' e al et heys, setondary and
ter al ky ' ‘1!% ides, and the Ilike.
10 Fae rei€rs to a 3traight- or

br anched- chaim“.lka.yl group havi b2 to 12

q£arbon atons In the chgin [1lustrati %ialkenyl gr oups
i ncl ude prop enyl 2-enyl, ' but-3="enyl,
2- ﬁﬂiﬂiﬁﬂ“gis@&a?" mfmiazwﬁ " Is alirgr anhie fqrinile 21aT fiee Scheme B

- 18

- 20

t erhereinaFudperythé inveaficplimivties mafadal @hilerting b chthRAI@ rRllAb1a to 2
al Kﬁéﬁi}féung&@dﬂrgul?ﬁv(éiﬂgn Beﬁ%f?d arfPsthod of converting a compound of formuia 22 to

neffinavir free base, formula 17, according to Scheme B herein,

CONH-Bu

yoors 3511

With regard to the respective formulae described above, preferably R'is alkyicar’bonyi,
alkoxycarbonyl, arylalkylcarbonyl, arylalkoxycarbonyl, arylcarbonyl, aryldxycarbonyl or arylalkyt
and R’ s H. More preferably, R* is arylalkoxycarbonyl or arylalkyl and R%is H. Even more
preferably, R'is benzylaxycarbony! or benzyl and R%is H. Further, R? and R® together with the
nitrogen to which they are bound may form a phthalimido or succinimido maiely.

Definitions

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



12 carbon atons in the chain. Illustrative al kynyl

groups i nclude prop-2-ynyl, but-2-ynyl, but-3- 15

ynyl, 2-nethyl but-2-ynyl, hex-2-ynyl, and the |iKke.

The term "hal oal kyl" refers to a straight- or

branched- chai n al kenyl group having from 2- 12 carbon
atons in the chain and where one or nore hydrogens is
substituted with a halogen. II'fastrative hal oal kyl

- groups include trifluoronethyl, 2-bronmopropyl,

- 3-chi orohexyl, 1-i odo-i sobutyl, and the Iike..20 The
ter”hoﬁh%nms@ﬁk) refers to a nnnocycllc or fused or

spiro pol % chic aromatic carbocycle (ri.ng structure

havi ng ri Bﬁy b AT (FefE tog straightt or diapesrsharnalkygepup heying fom 1 to 12
t 0 12abpmaforad Orihe chpier Erenmpry lkyl gredps dlt:hde&mam&lﬂmﬂ @.ﬁmi@ﬁ!so may be

aryl g dépmféh bsdﬁr LR ULyl %rdi&ﬂ '(bﬁ%! i"?‘(’,‘ﬁ %@Q;Jé# et butyi (Bu),

an rn1 he eroar
to agr%@r?iésg i ée pg'i’ ’fiﬁ?éés F%S”ﬁol ycyclic, 25
aromatic H@tf@md@ﬁﬂaéﬁyi(rﬁfeﬁgo %&tmrgmqubrenmmer alkyil groupditndrydrom 210
sel ea? edmt irohe eisdirh) Ofe atrﬁdsrs oPFhidkEk la ha&roaﬁlnt deRBI8A frory S, ©, and N.

?Ixx SE%%TSE%%% @{h?rg%)a VoE@aY)}eJXJIg rt're‘ep glrglkglfamg}eff (2lkyl sulfices,

grou ude the following noieties: NON N*\N N O N

A3 NON N The@em Itkenyl” B#fers to-aNraighGlor hbrshdvl-chSn 5!);66);1 Q¥ havid§drom 2to
S anth dafden htbki€in the Shdin. TRtGE Menft HobR MU ¢ roﬂ-fglﬁrf ?uttz%aﬁ,'but-ii— )
satq&‘tggeﬁ%w_ '?Vﬁhmx} tur@@qg hnDnocyc

o) aving from3 to 12
ring ato ,Zﬁge Eglp a qyb refqrq tb g siraight- priganehegpairealkyof group having from 2 to
cycl @abioyh atgnoin p@ chaxt | MBRatid @by brloﬁbéﬂuﬁﬂdé@b@ﬁ-?r@ﬁ but@-y&u but:3-
5 O,y %ethy%t—&ynyl, a2y andflele — -/ > an d
The term “haloalkyl” refers to a straight- or hranched—chain alkenyl group having from 2-
12 carbon atoms in the cham and where one or more hydrogens is substituted wnth a halogen.
Hlustrative haloalkyt groups include tnﬂuoromethyl 2-bromopropyl, 3-chtorohexyl 1-iodo-ischutyl,
and the fike.
20 The term “aryl” {Ar) refers to a monocyclic, or fused or spiro polycyclic, aromatic
carbocytle (ring structure having ring atoms that are all carbon) having from 30 12 nng atoms
- perring. lustrative examples of aryl groups include-the following mmetles

, and the like.

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

'25 aromatic heterocycle (ring structure having ring atoms Seledted from carbon atoms as well as
nitrogen, oxygen, and sulfur heteroatoms) having from 3 to 12 ring atoms per ring. Illustratwe
examples of aryl groups include the following moieties: |

'l\i\N —rﬁ”,“\“r;l | ~N O N
SN NN 7 ./_" C[N)



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 atons. 15 and N, 0, and S
heteroatons. |llustrative exanples of heterocycl oal kyl"
groups include: OO-"000p O G ~/,CS ,VNNOO O
N-11 NNNNCND ~S-NNO®-ON'S; / OO o O and
the like. The term "hal ogen" represents chlorine,
fluorine, bromine-or iodine. The term"halo" 5

repr esent chlor fl uoyro, bro or i pdo. The term

"substit CIfI rou

bears 0 .o e/ suggh é;_ E /
t th bear

"unsubst ITUt ed"” “Feans peC| dd gof

no substiyents. 4 The t |ona substm@uted N

means t gt he |f| rouﬁ BS |t te@lorl =

substltu\ // No N
"Al kyl t hi 0" |s |ntend o neaN the r&ﬂlcal Rt N
mhereln Ra is aq%alkyl group, as defined above.
"Arylthio" is imtepded . di cal -SR’,

wherein R islan | graup,.l as pefi fed above. Acyl

i s intended an a - i ,» wWAdtkg BkR i s an

al kyl , cycloalﬁyl, aryl, 15 terocycl oal kyl or

het eroaryl group. Acyloxy is intended to nean an

5= (xx;( o] hg{er t?'gt'ctgj@lhallgrtéﬁ ﬁﬁaﬂe& orjﬁrh?lly@ltljrateﬁ yrﬁanchJclrc)éT fhsed or

R PEVRYE: PEPORVER aving Topy P, A PG, APTES Per M PsiIvR exapmples of
anC!&'IORIW growng driciodd thy/lolowingyrojetidset er ocycl oal kyl or

het eroaryl ,group. "Sulfonyl"™ is |ntended to mean an
-SOZ- birgdi cal . =S Ifeny |s i nj-endeg -:|

SO bir I lsu @9 w
radi cal ¢ ?

A “heterocycioalkyl” refers to a monocychc or fused or spiro polycyclic, ring structure that
is saturated or partially saturated and has from 3 to 12 ring atoms per fing selected from C atoms.
- 15 andN, O, and S heteroatoms. Hlustrative examples of heterocyc!oalkyl groups include:

"i‘En

¥

? Qo 9 2

s @ 'NL)_L/N &N do oL’l_l\/o (f}

LA N VU A 8

N_ N O - N
0.Q.O0 Q=0 Q



20 "Hydroxy" is intended to nean the radical -OH
“Am ne" or "Am no" is intended to nean the radical
-NH2. "Al kyl am no" is intended to nean the radical
-NHRa, wherein Ra is an alkyl group. "D al kyl am no"

~is intended to nean the radical -NRORb, wherein R and

Rb are each independently an al kyl group, and is
i ntended to include heterocycl-aal kyl groups, wherein

"R and Rb, taken together, forma heterocyclic ring

"that includes the am ne nitrogen. "Al kyl enedi oxy" is
25 intended to nmean the dival ent radical -O0R30-which
i s bonded to adj aﬁt atorrs (e g., adjacent torrs on

a phenyl e| n |s a ower Q
al kyl gro Allkox caEnon en r@an
radi cal -G e . gr up

t

AIkyIsquonyI -|S|nten edto rrean erad

-SPR' wher ej roR is an alkyl group.

" Al kyl anmi nokafb ny L e radical
-C(O NHRE, wha&r ' oup.

"Di al kyl agi no ar pla € afi@h Gk,
- C( O) NRORb érei i #dlependent | y

an al kyl group. "Mercapto" is intended to nean the

radi cal. ét dﬁ%togegcggggg% chlolid, hd?,tu? gm%%r lodi nr;@gﬁerm “halo”

radlcal.- oX0" ‘1S |n
the "PRIGAEIS phidc, fluorerRiogR@Figdo- i s i ntended to mean the
‘radi cal F8 tefnCaultitowy] teadns thahthe a;daeded g)eupemmotetyeaears one or more

r adigGedtituered @hgjk‘&n "PsubeGE® ke ikt ¥ spedifed bidh rs 0's strtuents
LT e et o el I v

theOB%?fdﬁqf@Sua*ihﬁ'aﬁ@errent present in the groups

- 10CH2- Cy C AR R thtedledtEIn8arrb bE-SRF) QhereiRYik 84 MM gropSas defined -

intgpsed to nean the rad|cal aIkyIaryI wher ei n al kyl
and aryl, are. as above, IS represented by

‘the bond .”rﬁyé""“"ét 'Ptﬁ?fjﬁg Pe’ﬂ‘fa"ﬂ?eé §‘i'é‘?‘i‘f Sﬁg whergiR Rz Bn giviciRyP. as defined

" Amebyear bonyl al kyl " is intended to nean the radical
10 al kyl @efd)is Ndddedng riesn b eRORRGRIIES wdreih REis R BEY 1NScloalkyl, ary,

@r r a&%ﬁ%ﬁgﬁk %E&&g%ryl {;IE: )ﬁt hﬁcy@xyo !ﬁﬁtgngegdglozqt%an%? radical, wherein

. ad &ﬂn alleyt, Wq )qqiqpetequtg?lgl ¢ hegeroaryg gppyp. AT FiNgHcYIGs bigpred tomean

' andai-@(Sre prdisslevienth Bys dnhedkyh oyedalkg aby, hateig el alkyl O H:Sendaiy! group.

i N tduBor@’ RURended tﬁh@e@%%@ -M’ilgt!ﬁl "Sulferyl” is intended o mean an -SO-

rgddp%%gg”gg@y r&‘ﬂ%?‘tf‘l E?éﬁ (nl %ﬁﬁptg El(ijepr egeﬁzg Ly t he

. '2%0 ndi ng HVq"‘-?i‘ﬁ" deinterred f?ﬂ@@é e radival-Bid. ‘Geminghor 18nino” is intended to mean

- CHAAIRQ(CED)-KH3 . “AfkfBinaihdk J4l iiteAda® eanbannd abikey INHFG, vitiaRag §an aiky
to @ bﬁﬁylérﬁ\ﬁd theﬁdeh;fc% %ﬁtﬁ\gm@%&l -N&ﬂ& Aﬁrefemﬁgg ang o are each

Ia:]te lg%agrgterle @ ﬁglg;hgr?qgeand is intended to mclude hegerocycloaa:yl groups, wherem Raand
Ry, taken together, form a heterocyclic ring that includes the amine nitrogen. “Alkylenedioxy” is
2‘5 intended to mean the divalent radical “OR,0-whichis bonded to adjacent atoms {e.g., adjacent
atoms on a phenyl or naphthyl 1ing) , wherein R, is a lower alkyl group. *Alkoxycarbonyt” is ..
 intended to mean the radical <C(O)OR,, wherein R, is an alkyl group. "Alkylsulfonyl” is intended to
-mean the radical -SO,R,, Wherem Rais an alkyl group.
"Alkylaminocarbonyl” is intended to mean the radical -C(O)NHR,, wherein R, is an élkyl

30 group. "Dialkylaminocarbonyl" is intended to mean the radical -C{O)NRgR;, wherein R, and Ry, -

are each independently an alkyl group.
"Mercapta” is infended to mean the radical -SH.



radical -ORS, wherein RO is an aryl group
"Heteroaryl oxy"is intended to nean the radical -ORd,
wherein Rd is a heteroaryl group. "Heteroarylthio" is
intended to nean the radical -SRd, wherein Rd is a
-heteroaryl group. 20 A "suitable nitrogen-protecting
group" is a group that is stable to the reaction
conditions used in this inventd-on and that can be
"renoved under conditions that do not induce
racemzation at the 3-am no or 2-hydroxyl centers of

the di hya;égwa}sﬁgm%g @%ﬂ%&r%fcelp herein. The term
nr

"a |l eavin ers to any group
that dep cs o "o intengles) te mganethg radieg! SQI b&hipietst & Gipnded to mean the
r eaghdi@n=d)y breakage of a bond. Exanples of |eaving

groups | né:a{ri!!ﬁqn%yi" is %T% &P'io a% tﬂ?e%dléaf HI to, halides,

aryl suifonates onat es, trifla Eﬁ& The -
& kyl, cye WC'Bﬁlfyl?W' is éqtgnded F?e’f‘%ﬁ"d&%x@ﬁ'&%@lk{hc cigalieyl, wherein alkyl and

het emmﬂqllaregieﬁmp 8s aboek, tiigs sprbsnfet igthd IondinpaTtaagenienipresent in the
t he%?ougi QH-B—% cioﬁé(aﬁﬁeér' ﬁﬁgc E@Jeﬁén@abﬂ'wakyl”r@weh&d to mean the radical

.cl).ﬁtel esr l{nb %i Ia?:{/ lgl Lﬁ% {:l?afﬁwﬁc{ s dgbowa9 Q:ﬁd s reg‘gs(fn{ey %Qtthe bondmg
exp ﬁ@@@ieyent ﬁ@ﬁ@hln @& benrgharqupe P@n@eaqulé@ikﬂ” gfr*@fa'iﬁ’fé# & mean the radical

10NS WRACID) UtHg dardr is Setedehfod b9 Chdd \ooktilg  @Tangeniett piebdntlit ehe group
' S“bsé Hedléﬁﬂz V?fkbi%ﬁocﬁ%@ryﬂﬁ}gﬂﬁ}ﬁteﬁ&d% &&iﬁH@%ﬁ*\:&l 'éfkfié‘(g NHR,,

or su I oOna

as FVH?IP'E 5! 'é@akmé’umdrﬁfepf%ﬁw '?vt**t?émd'ﬂgai‘gngg'umf Bispetin “‘e group
SUbsTHCHENOINHTH:. | nt"slittadobyizminealky"aiy istaidedbloe mean the radical
SUbSRAININEDS-alky Bhd RBobprb&nteli %Qﬁg‘b&ﬁﬂg @rrar@e{lnaﬁt;@ééentsm% group

' 1gs tfH—EFﬂHQ@& UId eartgﬁg’% | n%igaﬂkglyxg r??engeﬁl en?an éhe radlca! %Igﬁ:éO)NRaRb.
asy Whesein Re ar@if«:@cﬂ#aﬁh ifgpendpRtly an GEY ISEHP-C APV .%@%@@d ffnmean the
t he mmﬁp@mﬂ&r@fmm aff RSN tHeteroaRvky" BinteNelyd th medtepé tiieal -OR,,

her ?’h%‘&l” R0 hetgféaéﬁ ﬁ_ﬁﬁﬂ "Qetbl hé?ﬁthl “id inteftied Q) nﬁe@n W@%Q§Rda\mherem

~ dof E‘E%% The use of a solid |ine
depfieE 2hERYEY E?%Isyrmetrl c carbon atons is neant to
2pndi cat eA tshiteble atrbgepomisciricaroug tica @aipdahie stableo therfeaction conditions

ga ][ ]pan.la irhiORVeRficA ahd Bt oaHs renldVEd WHAE cBditiBhsiitb o rdt B@lck Fhicéization
0 n
oo LS8 il S SRR
shown i sTIFEEMt 2{ESVIBRITPYR: (25 Yerdl, nerain fefsrsip S8Y gpep ‘é‘ﬂa"cepa“s from a
€ onpolaadisin @ fubbtidion reeainn bydmeakaye ofomind Examplexr of lebViggprapipeinclude,
28sYy HH%FerdogmﬁéHtQ PR, A sulidhatel ARQsHHERS WAL finatbdle use of

o, | SRR SR Syl 5y Ve gy st
st ep@tsining iepsarelps, 25 defingthherginpbpie, inmdiegdiagally Thiwstitted bt legst one

sol pubstitiene Th@teﬁlre*ai:tﬁhaupﬁmek&utécms QR to ERPFeSsPiRYiEaRTThdt the specified

a:;grg{lb l@ﬁr&%ht gﬁ;{.ﬁp@g H&E gfor r!;nc?g sd C}EM?&E)&I nfe. n@ar@& groups may
33t hks unsuatityied o %Jb%wdhe awyn%re Ppiiopae s'sbaweca @ﬁﬂ@ffﬁ*&d j $he term
e afstibgti@ernit' o 'soible stintierd? is indemded feemexh ady audtbide bshbrest tha may be

Pr ee8lnized or selected, such as through routine testing, by those skilled in the art.
The compounds of the present invention may have asymmetric carbon atoms. The

carbon-carbon bonds in the (;ompounds of the present invention may be dépicted herein using

35  asolidline (— ), a solid wedge ( =) br a dotted wedge ("), The use of a
solid line to depict bonds to asymmetric carbon atoms is meant to indicate that all possible

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



O her features and advantages of the invention will be
apparent fromthe description that 10 follows, which
illustrate the invention and its preferred

enbodi nents. Detailed Description of the Invention and
Preferred Enbodi ments The nmethod of this invention .
conprises treatment of an am no-butene with an osm um
cont ai ning oxidizing agent to” '&row de the _
correspondi ng di hydr oxyam no- but ane, according to the
15 follow ng general schene (Schene A) R, N-R2 R N-R2

and/ (%piGtRﬁg %saﬁ%_r{ﬁ E?ataﬁmls 'ﬁllgal% to%tcgte Nﬁ'?o%ss&%ﬁolégﬁﬂ
ni t rsHeaYis Praptiabe 1“H§de§r B t5possifedh af F&“PP‘g‘dﬁPfé‘?e iRYEntion gy FRefein

W t hndr2théromeresymsnetric alrben atini. rlo these qompduedst ihe gsegnf @ eqlifl lirerigldepict

. R3 Haﬁdstt@ésﬂ%gtbfé ca?Jon AT %rrélelant tymﬁ&té%ﬁe@ g ﬁo@sxﬁl@ﬁereossomers are "
preparat.i on cg navi r
r

P oo Gristed s ik poy s Boekt S s Byt
i nt ccadpn atbmgma gempgrrsiqf the wmorpméﬁ@ma&mfy soligpr flaftedywedge to depict
~thi Qﬁhk%‘?d’éth@é@hhﬁie(ric SarblihatontSn thé BnelcBin@ihE Yead tdhficatedhat a

pre%&}&eh (fts@,%mggrg pﬂe@&’;t.r free base conpound. In t he

sses erein involving the imd
pr ot eCt i Qﬁ)er fgahﬁes anﬁﬁquﬁgpgqqpat@amvegtgewpﬁqppﬂ'@ntgpm thedescnptnon that
¢ diféllowsywhictitustraethi binention dnd és preferraigenodigenits. gh degr ee
of stereoselection is obtained in the di hydroxyl at.i on
step. If the_phthq , ] is remved
and subst i t Ut RTR SO 1= slijs
e.g., caffsmeiitod of tbpls mnﬂmcommmetrea@rmmi ﬁgﬁmd@gtﬂ%@ wgglh an osmium-
- st ercﬁﬂﬁﬁrﬁg%&lﬁlklﬁﬁhde&td’b?&wde&(éh.b@éﬁﬂidmﬂ' Ml!z{l,@roxyahinolﬁﬁtane , according to the
nr ef ype protection on the
&' rogJé'ﬁ eEé?a;IQQ:}‘éﬁze (gh%%%\oxyl ation. This -invention
aI so provides conpounds that are useful in the nethod
descr Rhed.Aierein 5 havi Rg\tﬁé forr(r#I a 1R\2N'/Bz 4 and
5, descryg bed above

. 3
R

- \_ HO ;

1 HO

H'O/\;)\/ /\l*/
©OH
wherein:
- 20 ‘R’ is a suitable nitrogen protectlng group, and
*isHor o

R' together with R form a suutable mtrogen protectlng group. and
R s thicalky! or thicary}, .
When used in the preparation of nelfinavir, R‘" is preferably an thicary! group or a moiety

©. 26 thatcan be converted into an thioaryl group More preferably. R®is a thiophenyl group (-S-Ph), as

the thiophenyl group is présent in the nelfinavir free base compound.

in the processes described herein involving the imidoy! protection, e.g., phthaimide,
succinimide or N-diformyl protection on the nitrogen, a high degree of stereoselection is obtained
dnthe .#Iihyd_rbxylation' step. lithe phthaimamid protection group is removed and substituted with



I nt er medi at e Conpounds | nternedi ate conmpounds in
accordance with the invention include tautoneric and
. stereoisoneric forms of the compounds of Formula 1,

whi ch may be readily obtained using techniques known
‘in the art. For exanple, optically active (R and (S)
i soners maybe prepared 10 via a stereospecific
synthesis, e,g., using chiral-8nthons and chiral
reagents, or racemnc nixtures may be resol ved using
conventional techniques. S understood that while a

_ f ggp gﬁg{}g?{tﬁnﬁé{n Qg‘)’ﬂgw Iﬁ’t g"}" “'{afﬁh%@? Flgl Ep?ﬁ? i OnEs‘tFreoselechon is not

‘expregisry. ddps.dt 190F?TPnyEt§'n@ blve tirhide iﬂ!@ﬁsB‘P‘Qﬁ@" teauthe mitogen prior to
f or ’ibydrbsylatich. t her efore to be understood that a fornul a

is int en%gmseqnanges BRI cBfbul PPy il B e q%s?ng CHerel

‘depi cted conpoun rered
§pe@?‘ﬁﬂ96“%fﬁﬁ15'lﬁdn%j3ﬂﬁé‘ﬁ50‘@5‘?"@?@90‘!5’;/ the st ruct-ural
f or tntértnediate Gompalrsls under st ood that a conpound of

Formul a ﬂ—nteﬂﬁéﬁrafexéoﬁﬁo@mﬁ? ﬂ*&naccg'd?% \nntl? ihecll?\)% lng lflj;c%de (t)au%menc and

i soner,

t he PIETEBIFRMSTS QYRS oflffFEPgYYS Ph%wm%la 11vé¥chaey bp gead#n@ﬁmeea using
t 0 feelpriceseiiowiain the arbor eiampi, optivally attve (R) aid (B ieondahg beslepared -
_ 1@0nﬁ95§l@rea§bgaf c%yrﬁHéEis &9, u&%cﬁi?aléghtgﬂ t@rﬁ! ﬁ%{;’%%ﬁnt& Or r8eemic mixtures

spe C I cte

dr anaW!’e reso%npn%s’"gfcorf“ﬁ@c’?ag@ 'Pﬂqf’?fe conpounds may exist as
'single s”t is prslgistoprihat whileia compourdysayrextilbititieyphénomenonof tawddnieeism, the
St efoRMilBArBEAGS Mithifi BBEPBERSIon SXpeksay déﬁlci@rwoﬁé oﬁﬁe posslble tautomeric

eNaRfhO RS ifrdSte o 88 ur@bél%cﬁfzﬁg %ﬁﬂlﬁ% is I defl %lfjefpéegs A %ﬁr tatitorneric form

tereolrsoners, racemates
nt Yifesigpiter agmpoun Fdis noHe b%'wﬁfé“%w'v tO? PRECifi cemaeynd form depicted by
i nvibasiustwral formiane pref erred enbodi nent, the i nventive

co ”p? undgist Ehs;%t un@ér&od&%étcaa kdntpourfPor 3k hlay rst as an ‘B or ‘7
nan enrlc

oo RrsBRTe RE Romel o b G B <R Reme. oL it o iepiood tat
Ad dPrMusigintRded P&Prﬁwﬁaw cpriigirations) fherd ofttie depicted qomphie end isnotto
20 p i lievite RerelpBla\spdoifitl carspousl fbrmrnctﬂmmhéﬁfahﬁﬁ dFRNirlg® ©

the comgpp gﬁh dmh{ﬁe %gﬂg‘&&hdé ?’%IJE* sr@q?e s re%géoqgi ouRe uegsenﬁaﬂv fres

havi_ng the
hyd¥ § %‘cf*eé‘?'%?fﬁ) raeemaRs. FgRe W%P@%W@F% andfy diastereomers. Al
Ex eavpl single stereolsorners ragemates/dng mxtords diereofste ifter@iedtto Be wifif the scope of

S ﬁ land pr&dégtlﬂvsmlo@ r!ﬁf)t@pﬁﬂﬁlrﬁég g’?n Sodinfent fAE ﬁ@entl\%%gﬁbduhm &re optically
.‘.# da%ﬂt?ﬁger r&l&r)ﬁ?lﬁgc%ﬁégaster?ﬁrﬁ dcallly %]ng?/ g’x‘?l d%s E;{J&éeﬁ') are used in
hyd’PFPEW Putefofoxy| . hal o (Gi-C4)al kyl, Cl-C4 al kyl |

Cl-4 alAHmﬁoﬁaHy,CFaﬂbma(yhs infehded4o célek QX BpRIRANE, solvated as well as
Car{ﬂ?d@iéh forbls (aghe rﬁ%&h&g {J%) %n?ry{onnu"f‘a ln:q'?ctgs corg;ffﬁndgfhawng the

Cl-GHAal k I am no,
Chdndeaie [ugtutecngy d5'9 Saw I gs the non-hydratgd fermsand  R7

30i s hydr ExgmplagsulBBtued agls kawsin it arelb ot subSiueid, preferably one to three

a' lé@lﬂ%mﬁé}ﬁ@ﬂ&éﬁbnde&ﬂ‘s&ébted?@thWémxyqﬂercg%to%wlhéﬁ\e? B tNO,), amino,
(aqlbxyl halogen, hydroxyi, alkoxyl, halo (C1-Cj)alkyl, C4-C4 alkyl, C4-C, alko b -

1-(24 alkoxy, carboxyl, C-C,

alkoxycarbonyl, carbamoyl, N-(Ci-Calkylcarbamoyt, aming, Cyi-Csalkylamino, di(C,-

Ca)afkylamino or a graup of the formula -(CH,)-R” where alis 1, 2, 3 or 4; and R’ is hydroxy, G- -

35 Gy alkoxy, carboxyl, C;-C4 alkoxycarbonyl, amino carbamoyl, C1—C4 alkylamino, di{Cy-

Ca)akylaming, aryl, saturated or partially saturated heterocycles, acyl, morpholmo(C1-C4)a}koxy

carbonyl and pyndyi (C1-C4)aikoxycarbonyl



C4) al kyl am no, aryl, saturated or partially saturated
het erocycl es, acyl, norpholino(C -C4)al koxy carbonyl
and pyridyl (C-C4)al koxycarbonyl, -15- Exenplary
substituted al kyl s contain one or nore substituents
.sel'ected fromaryl, cycioal kyl, heterocycloal kyl,
heteroaryl, nitro, am no, cyano, hal o, hydroxyl,
al koxy, aryl oxy, heterocycl oakkoxy, heteroaryl oxy,

~al kyl carbonyl , al kyl oxycar bonyl, al kyl car bonyl oxy,

. aryl carbonyl, aryl carbonyl oxy, -aryl oxycar bonyl,
heteroarylcarbonyl het er oaryl car bonyl oxy, 5
het er oar JERAN: FESHYied allads eantainyank PaIMOY eulptisisnly |selected from aryl,

het eyeeygl babrioybicaiyb astylboangy nitro, amino, cyano, halo, hydroxy, alkoxy, aryloxy,
het %@wﬁogﬂigmwosﬁWﬂﬂmalgwmﬂcgr%my@édlxlcggaq%% apyarbonyl,

heteroc
" al it %%P?Yg"@ér borRYOXYERRoMA i no'&ﬁ’w&?f oy, neleraanycarbnyiony,
et eesrpriotgtkylan nodridnsydalkylcarbonyl, heterocyc!oalkylcarbonyloxy,

het %E@@E:Moalﬂﬂo%&@é@p %Mldamagd aalry’fa\ﬂar@”h&% lnhno heteroarylammo

T SRRLB byl e Bl oirseree
al k;‘lﬁtﬁ@ﬁ'&'a'ﬁt"@?&rmw’ d'aw’wnchb@fw rigrcapte eipithibiagiik grd, het@@arylthuo

nit Emtﬂ{zarj’subﬂmadaﬂchlgmhps incfid Rwdtlafkil¥rcaptaallih] alkyithioalkyl, aryithioalkyl,

| 1pal ﬁ.&hqpé‘.)ﬂﬁ& ryl%lglrcﬁéﬁl éfaa%'(c Qf‘z/ @é@%ﬁ@éw C4-Cy alkyithio(C-

| kyl t
ﬁe_t a’E‘yg *8'5?'?&'% f@i‘*‘%ﬁ‘f‘é‘l"@ﬁ";&?{& ay(and ariP)-RpRIpl groups, such as

gr odperomatiod; B-brogoetbyll 1echiomisbitgyl, 3-flucropropyl, 2,3-dibromobutyl, 3-chloroisobuty!,
2 bh@tﬂﬁﬁftﬂﬂ Wﬂuolan‘iéﬂypﬁ)@l'oﬁ%@pf |1ydr rktyLIQh Ll 2~l'rydroxy|sopropyl

| t [ #%orw h‘rféh‘wﬁmaﬂe % L@?yﬁfﬂ}?m&% @P‘E‘Q THX'yI s °’b“t5"“"°memy'
13 hprelingro p)ﬂP'"O“EWﬁ?th‘ oxwfédﬂﬁﬁmbyl 2-mndetmydraawgebawropyi 1-
nmet h‘ydatdbrllm}mmhyl 4-thiakdibutyli O NfHeRthethy} T @bdyiRingIPT 8RNhthyl-propyl,

secy.Rihdhbitsby ; ylnethyl
qU|ng#% B¥%ﬁm&ﬁh Jﬁ? , 2- furylethyl

34hi en- 9}/ | e i PB%' |c:om;10un:?:i ﬁ]aolﬁli%laﬁeﬁl?s ?Ibﬁw be prepared by any suitable
 4- t'ﬁ?tb‘%’d‘lnwfb'UWI art, iptheding | teatmint|of the irpdasy it anyihgrganic acid, such as
28- napatHyic add, BRldbromickci; &ﬂmnb H&ld fiPe Eé?@)ﬁi\osp[ﬂmmﬁinéﬁh i R4 or with
S ol o TATULYE RIS TE Bt
kndi#ey °na°tdh %V“a'ﬁ Yacid| i W@l‘%ﬂffdn glvqovve@tdwéakwh@ﬁmci Rwanasidy apigswch as
Wi tgiucanonic mcgeahcturmmadct aiphig-hydasy actsualy s dGd Herdlof tertod€actll, amino
h% ?c@hfu&@s‘és@ﬂic deid &'ghfai:hﬁd a%ldaa%n%hc Riid &h:ﬁ adfehilic ac:d or cinnamic acid,
250 Ef%s Geh sg(gn a@é?'l’eé’esé'g?"é? ac %@?”ES‘HB‘?"EPC'%?I&% "ﬁ? c
aC| d, mififRdMpRive eqRRoUT jpran paid, aclesired safhaytiecprapeied by any suitable
Py rrhittiod keadindy the%§ lricRdiRtetmet of Bl adkbiih an ﬁ@#g'a:%/ briofganic base,

aciglen &y LPRAR ﬂi‘llnaﬁc e@ﬁnd&# % t@l‘?iary)g Ly élﬂéipaetﬁ of & ‘kdllnfa £arn metal

galg& Ir oni.c ? % suc
aciydrgpde; of fhe like. CIIIngqatHe examples of sg b[g salgeugqlpdagrgggwﬁq gegived from
30a c jaghingracigy yehedsmlycineseni erginme@nidonis; pArdarg secontizly, A8 tRRY2MINGs; and
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saWFmWhy be prepared by any suitable method known to
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351 NQLeABRbferd Exntf?&r%rgs &® Qﬁaﬁtiomers and/or diastereomers. All such sterecisomers,

diastereomers and mixtures thereof are intended fo be encompassed within the scope of the
present invention. Where the stereochemistry of the chiral carbons present in the chemical



such as an amne (primary, secondary, or tertiary); an

al kali. netal or alkaline earth netal - hydroxide; or

the lI'ike. Illustrative exanples of suitable salts

i nclude organic salts derived from 30 am no aci ds such

as glycine and argi nine; amoni a; primary, secondary,
and tertiary am nes; and cyclic am nes, such as

pi peri di ne, norpholine, and pifserazi ne; as well as

inorganic salts derived from sodium calcium

pot assi um nagne3|un1 nanganese |ron copper zi nc,

al um num _and

A R R S e e Wmmpass
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the conpound i ntio ica astereone ’
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enrlche

dl aster egmsrl ca ontaln reat er

191 dederrryrescaly B EA A SO 37 SR SIS S PR D center
pr esresent in tha disdtereatien stdrefenily conkingt ipastdsérahpsigglegenmengfaach chiral

gr eadrisdn. knbra PrefeRidy Qe @uo%umhamﬁb&rn@m R MRt @ coftaif Bt least 97.5% of
C h' er: %anlg %toﬁngpangr ogteprﬂr%feraﬁy con%am atalge%s?éeep E'Pz[)s“éd;s{ ggn?e[[ ]ake:lo%pounds
p u r 'ée’F‘Eﬁ’dt’f‘Fre’"\ﬂh 8?9'?%%%?‘38%@@%38" idestrive eAmpRURds Wﬁkﬂr}%’ﬂi&sem ina
20 hefotnethat chapitsd at khdt $0%P uf esingleSsansed herein to i ndicate :
g .h gg t t pgrne% ioh FeanSh %@tn'aemoh ¥ i @m&du%a,» 624 chiicRE using
bRV PyFBHIRT IS o hnor PR g Lo amours
909pfdhe ax-@amgqgenhaspwﬁ the dinpdrewielicanay Q?cﬁ?ﬂ‘éﬂcﬁd &t the @eesence of
95 %itéihicinelic BYbudsioSDIERENd okiOARPAYAMkIhat Jbfes &R osmium re-oxidizing agent.

ub L ! d t i@hsed i
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ot Uik S eaitmolar{B g Gmamt ot ufess HiEFent I 6 rFion GRS 2 oaalic
C ordreaunt oat\e bxiiizing a@tis wfed dhesoxiviing rengantipvsed in ag ardunighetis albout 1%
car ?E&ut ot & tt{&ﬁﬁﬁa@ E:ﬁ&ltni/mf bbiafi‘e &Qéehﬁ@h]b Meaaiéﬁ ﬁnxﬁ!?é"’p ounds
in I's 0 ntain .a
| somer  ANGURRLPE P ERRV RIS ool o Pk g 5f g Semiur-

3% megrigining 9Ndizing ZsAYjR am@natwn Wit pqtasping fﬁé%mt#? oS pﬂw@rheusefui
St edsfilin® @RIBiEISy agent reAhation i€l egomztmnmﬂﬂau}ad EdMAatNaHCE; and
pr eél%%b NI}-E ., fhich may be used in the presence of DHQD,PHAL as a chiral auxiliary reagent.

Preferably, the amino-moiety of the amino-butene is protected with a protecting group
prior to treatment with the oxidizing agent. In formula 1, above, R' and/or R? represent a suitable

| '35 nitrogen protecting group. Thus, for example referring to scheme A herein, compounds 2 anid 3
are the dihydroxylated forms of compound 1. Suitable nitrogen protection groups R' andfor R?
are those that-when removed to form compounds 4 and/or 5 do not induce racemization. The



20 formthat contains at |east 90% of a single isoner.
The di hydroxyl ation reaction .in the nmethod of this

i nvention may be conducted using stolchionetric or
catal ytic anobunts of the osm um contai ni ng oxidi 2i ng

. agent If catalytic anbunts of the oxidizing. agent

are used, the dihydroxylation may be conducted in the
presence of stoichionetric amgpunts of a second

- oxidizing agent that serves as an osm um re-oxi di zi ng

agent 25 If a stoichionetric anount of the oxidizing
agent is used, the oxidizing reagent is used in an
ano Biregepdneptectng genye inayrbd @moted at dsuitabieoneint in dife reastiersequence of the
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§ eaChéndeal Siintobals @rd ElADSfokr WiMy)E SIS NYi(Topdl hidH iQinbddpbratsd herein by -
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i nduc
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& rmc nd/ o 1
CAPSRETLIAD O REITINS 6 L Chres {oBi v
group may be renoved at a suitable point in the. )i
reacti on sequence of the nethod to provide a desj
intermedi ate or target compound. Suitable-

" ni tand ¢Ré tpapihertwitt thiemigrogayr to whish JBaydart baindreith a@athiirido( Yor

found in T

protecting

nd de-protecting an amino noiety are known
to those- i

led in the art; exanples of which may be
eene and P. Wits, Protecting Goups in 5
thesis (3rd Ed.), John Wley & Sons, NY
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Chenmi cal Sy
( 199ghimidag]

201 t's ent Adimdicated hibvs, Qfé%nh?&i&&@% %woﬁsnmeﬁﬁeﬂﬁﬁarﬂ% iNeRifoh bBRrably

30
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enantiomeric integrity of the product. Optionally, the diastereomers may be separated using

- conventional procedures to obfain a diastereomerically pure product. Exemplary methods that -

may be useful for the separation of diastereomers prepared by the method of this invention

include chromatography and crystaliization/re-crystaliization. Other useful methods may be found

in “Enantiomers, Racemates, and Resolutions," J. Jacques et al., 1981, John Wiley and Sons,
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i s al kyl carbonyl, al koxycarbonyl, aryl al kyl carbonyl ,

aryl al koxycar bonyl aryl carbonyl, aryl oxycarbonyl or
arylal kyl and R2 is H Exenplary suitable nitrogen
protecting groups include those noieties wherein Rl

_is benzyl oxycarbonyl, benzyl carbonyl, t-butylearbonyl,

“t 15 butyloxycarbonyl allyl, benzyl or substituted

benzyl groups (e.qg. 4- net hoxybenzyl) and R27is H In
especial ly preferred enbodi nents, Rl is selected from
arylalkoxycarbonyl (e.g., benzyloxycarbonyl)- or

aryIaIk é benzy I&Pand R2 is H In other
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i nf] yenci ng t he eochem ca
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or aky? §P ﬁ%[‘%ﬁ&?& )axample the hydroxyl group may be converted into a halo

molety, a mesylate (-OS0,CHj), a trifiate (-OS0.CF3), a tosylate (-OSO-(p-tolyl)) or other

35 commonly recognized leaving groups that may be replaced by a nucleobhilic reagent. The

" nucleophilic reagent may be in any form, for example, a reagent containing a ruclecphilic moiety,
-particutarly, a thiophenoxide moiety (e;g., -PH-S“:K*),_o'r an organometaliic reagent.




am no- but anes. Exanpl es of chiral auxiliary reagents
that may be useful in the di hydroxylation reaction of
this invention include dihydroquinidine

1, 4- pht hal azi nedi yl di ether ((DHQD)2PHAL), 10

hydr oqui none 2, 5- Bi phenyl -4, 6-pyri m di nedi yl di et her,
(DHQ 2PYR, hydr oqui none ant hraqui none- 1,4-dly

di et her (DHQ 2AQN and the opt-iteal | y active reagents

di scl osed in WD 93107142, the disclosure of “which is

i ncor porated herein by reference. Particularly usef ul
?BIHrQ)alZ PYR! XI L cri%nﬂ_@%f%@% %@étﬂaméﬁnf cgp !S PR %in}ied by ehanversxon ofthe
di hg(mmmpahmtdmmydrmfbutem 6i & theriiRiaththglimida-4thiopHeryl-butene & as
chi pdraRH¥dibd:ary reagent in an anount that is about |
%to about 6 15 % of the nolar anmount of butene

- present in the.reaction mxture. Generally, the
dlhydroxylaflon eaction may be conduct@d in pol ar

0 es H pol ar soltagt4 an altiac

sol vents o s of or gani-G- ¢nt d d water. -
Preferably, ™ reastton may be cefdugt ed’ pol ar
protic sol vents. dJseful solvents incluae t-butanol,
acetone, t-butanolfwater and acetone/waterZa The
di hydroxyation reaction maybe conducteq at any
suitable 20 tenperature. Generally, th react_ A
be conducted at tenperatures from about, 0C t o\abg
roomtenperature. In one enbodi nent of ~ [
a-protected (R)-am no-butene is ReoSel eft |
converted into an am no- hydroxy Uk usi ng
DHQD2PHAL as the chiral auxiliary Feag§nt A  useful
itarting material for this process is the gommercially

vai |l abl e (fron1NSC Technologies ‘M. 25'Prospect
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a tosylate (- CSCQ (p-tolyl)) or other 35
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reagent_?=y be/in any form fgr exapple, a reaga t
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‘t hi ophenyl - but ene conpound 8. St g

. 10r ea E’\q %f 6sefu Pr&%a{aﬂ@ of nelt‘ina\‘.’r}lSe orne anamr mesH

-19- This enbodi nent of the nethod of this invention

is exenplified by the conversion of the

3(R) - pht hal i m do- 4- hydf oxy-1-butene 6 to the

3(R) - pht hal i m do- 4-t hi ophenyl -butene 8 as illustrated
below 0 0 OH~_0OS02CH3 NCOO 6 7a [VkI] BO
~ \\' CO0.In this nethod, the hydroxy-butene 6 is
first converted to a butene- m28yl ate 7a by treatnent
wi t h met hane sul fonyl chloride, under conventional
conditions (e.g., in the presence of an am ne base,

~e.g., triethyl amine or diisopropyl ethylamne, in a

polar aprotic solvent, e.g., NN 10 dinethyl
f or-mami déemaval Nt wemiﬂialﬂliae: emaopriestingngtohy may b genducted using any

- et hgdnyer@bnal RbthcaMAdHRE Kot Hadce réaéﬁizatﬁlkéﬂtﬂeQdarﬂldﬁ of DBydRSii centers of

th elhﬁ%lt?tcg Qil'ngzﬁ?mt{ hlz’?ager?lnvgﬂ?s %? ﬁé:maowng/pr%ecﬁ??gpo tanre: scnbét]i mgGreene
ainy anpshvipusu Foieeme, tieatognt with r@ﬁybmm@wvwmmh@demo dihydroxy-
conpahb-bltghewt h the internedi ate substrates and the
transformation conducted. The resul{ing nmesylate may

then be treated wi th thi ophenoxi dg (Rormed-in situ

usi ng thi ophenol and a non-nucl eophjs={ ¢ base, e.g. 16

di i sopropyl -ethyl am ne, potassiu arbonate, and the
like) in a polar aprotic-sol to formthe

osel ective

di hydroxyl ati on of conpound 8 ¢8n b¥ conduct ed usi ng

the osm um containi ng- oxidi zi ng reagent conbination of

KZOﬁ@é%ﬁHd ﬁ&%&suéa%a: zé\? %eﬁﬂﬁé%&ﬁ%e&ﬂ%diate

t he iary

1 2(R) - cﬁ’rieykllfed joghen(t RYlpdeognide that tkostetegfspentival is Hﬁ’@?sebdt\'ﬂh@"m’-d
9 - ayahekingdrSytattin Meho®X YhisIBhtion ABy be changed by using a different chiral auxiliary
p ht Jggdﬁhg' C%g 8&!59 R{}R%Xv{ \Rn[glalgg @c&%&aﬂ& sge%oéeqecﬁle Jd%yt;m)&lgﬁon%f 3(R)-

aminc-butenes containing different nitrogen-protecting groups andfor different butene

15  substituents, in the presence of different auxiliary reagents, may produce mixtures of

1,2(R)-dihydroxy-3(R)-amino-butanes and 1,2(S)-dihydroxy-3(R)-amino-butanes in different ratios.
That is, the stereoselectivity of the dihydroxylation reaction may vary depending on the specific.
--gubstrate and the specific chiral auxiliary reagent used in the reaction (e.g. using different quinine
or quinidine alkaleid chiral auxiliary }eagen’ts). However, based on the teachings herein and

20  throughroutine experimentation {e.g., preparing compounds having different nitrogen protecting

groups or compounds having different substituents and conducting the dihydroxylation reaction
wusing different chiral auxiliary‘re,agent's), one skilled in the art will be able to select a chiral
auxiliary reagent that stereoselectively provides the desired stereoisomer of a specific

amino-butene.

25 For example, the dihydroxylation of 3(R)—amind-butenes may be conducted to

‘stereoselectively provide ‘_l,2(8_)-dihydmxy-3(R)—amino#(phenylmio)-butane, using a chiral
auxiliary reagent other than DHQD,PHAL and optionally, using an amino-butene having a
nitrogen-protecting group different from the phfhalimide, llustrated above. The nitrogen
' 'brotecting groups may be exchanged, if desired, by converting the phthalimide-protected 3(R)-

30 . - amino-4-thiophenyl-1-butene 8, prepared as described above, to a Cbz-protected 3(R)-amino-4-

thiophenyl-1-butene prior o dihydroxylation. Specifically, Cbz-protected 3(R)-amino-4-thiophenyl-
1-butene 20 may be prepared from the phthalimide-protected 3(R)-amino-4-thiophenyl-1-butene
‘8, above, by a two-step process wherein the phthalimide is removed using conventional



OHOOH 0 HOCAt 8 9 10 -20 Renoval of the
pht hal i m de am no-protecting group may be conduct ed
.using any conventional method that does not induce:
racem zation at the 3-am no or 2-hydroxyl centers of
-t he butane conpound. General nethods for renoving ,
protecting groups are described in G eene 5 and Wit s,
supra. For exanple, treatnment -amth nethyl am ne _
converts phthalimde 9 to di hydroxy- am no-butane 11.
. H2N HOH 11 Thi s conmpound may be subsequently
derivatized and transforned into other Internediate )
10 cORfFIURYGS RY&ptiment with deolqprinepiagieaastnodthiprbEyl- hiuene, followed
or * nisy tfeiatngeni withredyleaiylxy dhickideQoBz-Skinkiregnvietichd) Bordiiéns (e.g., in the
Wil | b eR00Rbae). shfdosdidl ' g%rﬁg -athiRo-4-thiophenyk1-
st er%os_el ecti v)el % f_gr rre‘gﬂhg({{rs@%@g_ | %/ ?‘&?W%ﬁ”’b“ﬁ“e“y' 1. b"fene 20
met W& dP° CRILCethyvERg | bR eRlurbronieian qeksizing (pe9anty cambination  of
o  f &OeR(OIIKFalCNLILCD}, AlBlYCO; BeERIES O, NHDMRe srédehde@thuinticlidine as the -
t he @b aliditaly rétlgS, 6 HEAMhZ Ly bﬁ%d S5 LBEL FhbInSo)- b and
di'hygé %ﬁ%ﬁ" at [ o% o{ibgr%R%- a?nz(n)o- J‘tigng:g con?@%rﬁfﬁo utane 13 an
di f F LrERTVAPR:- YFLYas Bhedihich jutgiedt p@ azitiet  di f f er ent
but ene 15 substituents, in the presencgaf different
auxiliary reagents, may produce m xtu @o :
1, 2(R) - di hydr oxy- 3(R) - am no- but giies and
12('S) - di hydr oxy- 3(R) - anm/ndy buPaies A7°di f f er ent
ratios. That is, the stergosel &Tiyvity of the
di hydroxyl ation reaction may vary depending on the
specific. substrate and the s eci#ic chiral auxiliary
reagent used in the reaction (¢.g. using different
qui nine or quinidine al kaloidYchiral auxiliary
reagents). However, based, t he teachi ngs her e nd
20 through routine experi ation (e.g., prepa
conmpounds havi ng di Aereny™ it rogen protegli groups
.or conpoun% i #TEY ent .ssubgs
conduct i hg\Lh¢ di hydfoxyl ati on r
di fferent chiral auxi_kt' '
the art.will be able to sefect a chiral ad¥
reagent that sterldosel ectively providesighe desired
stereoi soner of a specific -am no-butene. 25 For
Rxanpl e, ARG YD X DY OWelyof 1BE Ryiorfitiveroxybufener]d sosmesges the
" be WWMUMbHSWWMOWi%eMEM! AlRordingly, this material is also
1, 2(szha @ Y Stegartior biRLmAT BefindPREGKL hi 0) - butane,
usi ng a.&h.lral . . . .
. therate of dihydroxylation of the amino-butenes described herein may be accelerated by-
. the addition of afkylamines. “For example, it has been discovered that use of DABCO (1,4
15 diazabicyclo]2.2.2Joctane) accelerates the rate of dihydroxylation. Moreover, it has been
discovered that complex alkyl amines, such as DABCO may be used as chiral awndliary reagents
~ inthe method of this invention. For example, dihydroxylation of the Chz-amino-butene 20 using
Kzosog{OH)JKsFE(CN)B, K2CO3, NaHCO; and CH3SO,NH, in the presence of DABCO, as the
| chiral auxiliary reagent, provided. a 30% vield of the1 2(S)-dihydroxy-3(R)-Cbz-4-{phenyithio)-
20  butane 13 and 1 _.2(R)—‘di_hydroxy-3(R)-Cbz-4—(phenylthio)- butane 14 in a ratio of about 2:1.
Generally, acceleration of .the dihydroxylation reaction may be achieved by using DABCO inan
amount that is about 10 % about 100 % of the malar amount of butene present in the reaction .
. mixiure. When used as a chiral auxiliary reagent, DABCO may be used in amounts that are the
- same as that of the other chiral auxiliary reagents, described above. '




auxiliary reagent other than DHQD2PHAL and optionally,
usi ng an am no-butene having a nitrogen-protecting
group different fromthe phthalimde, illustrated
above. The nitrogen protecting groups may be
exchanged, if desired, by converting-the
pht hal i m de-protected 3(R) 30
" anmi no- 4- t hi ophenyt - 1- but ene 822 prepared as descrlbed
above, to a Cbz-protected 3(R)-am no-4-
t hi ophenyl - 1-butene priorto dlhydroxylatlon
Speci fi g - '
1- but ena @éoh&{nng@%m%ugg gtgt}_rgtgt ? s@er%gel&%veﬁ cutUeﬂmg Q_thmpound of
- phfdabR & de- protected 3(R) am no- 4- t hi ophenyt -1
-butane 8, above, by a two-gjep process wherein the
phthalimde is renoved using cQnventional 21
procedures (i.e., by tref nent wi th et hanol am ne) to
gi ve 3-ami no- 4-t hi ophenyl - tene, followed by
treatment wth carbobenz goxy ¢hl oride (Cbz-Cl) under:
conventional conditions % S1nthe presence of
‘base). Stereosel ective dlhydm5XyIat®Hn of
Cbz-3(R) - am no- 4- bi ophenyl -1 -butane 20 my be
Sconduct ed using the osni um contai ni ng oxi di zi ng

T eBgRAtngtietinpakd ﬁflfbnﬁtﬁla ﬁmﬁ%ﬁbﬁﬂlﬂc&ﬂéﬁﬁ@iﬁﬂi@hﬁ Bageki2GBnation

N bR Becindtrrelibiito, Rat6, i £8886%:, Hind MU LUEboRaB AL 2

1 3 phirpl awdilianeagept t%’f‘?%)'de@??zmwp‘(% éﬁﬁgﬁsfﬂ*ﬁdd’)’ forgula Zne 13

and 1, THeRpmptiuhy/ ot famyla BH) 210z sterppiretielytchiveted tddaléonipBund of
014mnﬁthi 4:1 ratio. of pz\ o0--~s HN20 \ / \ O

-~ HN -CO O OH NH 13 14 10 Advantageously,

the 2 hydroxyl noi ety of theMgaj or di hydroxybutane 13

possesses the sane absol mte copfiguration as the

hydroxyl noiety in nelfin r/ Accordingly, this

material is also wuseful ¥or the preparation of

nel finavir or neIfinavirRﬁesyl N\ The rate of . -
- di hydroxyl ati on of the am na«put enes; descri bed-herein

may be accelerated by the addition of -al kyl am nes.

For exanple, it has been discoered that use of DABCO

15 By O S s S5 PSS B o
. di @@E%Q@JKfﬁ@tN)ec*&ﬁBt- BaHGDaRYd CHbRPARR in theprerengeof BABEOHAL s 2

Mehiird) ewdliag deagent @Iprovialk tha darhgouRd iEpreGMEa BY Browula 3.
The compound of formulza 2 may also be converted to a compound of formula 4, while the

campound of formula 3 may be converted to a compound of formula 5 by removing the nitrogen

20  protection group without inducing racemization to provide the compounds represented by formula
4 or 5, respectively.
The compound of formula 6:-

25

6



- 15

in the nethod of this invention. For exanple,

di hydroxyl ation of the. Cbz-am no-butene 20. using.
K2Gs2( OH) 41 K3Fe(CN).3, K2CO3, NaHCO3 and CH3SO2NH2 in

the presence of -DABCO, as the chiral auxiliary :
reagent, provided a 30%yield of

t hel , 2(S) - di hydr oxy-3(R) - Cbz-4- (phenyl thi o) 20 butane

13 and 1, 2(R) - di hydr oxy- 3( R) ~@bz- 4- (phenyl t hi 0) -

butane 14 in a ratio of about 2:1. GCenerally,

accel eration . of the di hydroxylation reaction may be

achi eved by using DABCO in an amount that is about

% ais cerveriegio ﬂ/&%‘rpf’t"}‘i'é’f frnUR B ivgasing 8 LorpRaHng AE fagpuia B with F‘ﬁ“‘a"e
th esmfa@pmom in i prbsenee of \Wh aifinel B2 ingspolr apitic sdivealuta priovider hutene-

re may be used in anpbunts that are the
a'g'S% etTIlé)A'{ﬁ of the other chi raI auxi liary reagents,

descrlbed above. ---- ----- . ool =22

Accordingly, a conpound ¢ Al a 7 SO.R
ound of fornul a
e C ound of fornul a

stereoselectively convert
| with an osmi um cont ai ni g oxi Qi zi ng r eagent
con‘ol nation of KZQSOZ(O—I) 4/ K3Fé{ K2CO8, NaHCO3

chi t}-%%}%{]?meslygter ea tfgthfgl} gx?de whe§ % e%'én&éle lsgormed in situ

r e pising dhigpbenokapd P mﬁmrp'aopzmc *rcr-?e m@cmbbwc %R‘VE%P REFVige hiophenyt-
maymadne® be stereosel ectively converted to a conpound

of. 10 formula 3: R3 NR2 HOCH 3 y treating a
compound of formula I with an osm um¢ i ni ng

oxi di zi ng reagent conbi nati on of 2( OH) K3Fe(CN) s,
K2CO3, NaHCO3 and CH3SO2N €sence of

DHQD2PHAL as a ‘chiral au gent to provide
t he conpound represented by

A0 . 8
in particular, the compound of formula 6:
. . - 0
\
8
is converted o a compound of formula 7a:
20 S s

wherein R’ is alkyl or aryl, preferably, methyl, trifluoromethyl or p-tolyl, and convetting the .
“compound of formula 7a, o a compound of formula 8 by treating the compound of formula 6 or 7a
with an osmium-containing oxidizing reagent c_:ombin’ation’of-Kz'O,st(OH)JKaFe(CN_)E, KaCOs,



The conpound of fornmula 2 may al so be converted to a
~conpound of fornula 4, while the conpound of fornula
3 maybe converted to a conpound of formula 5 by
renovi ng the nitrogen 20 protection group mnthout

i nduci ng racem zation to provi de the conpounds
represented by fornmula 4 or 5 4respectlvely The
~conpound of formula 6: 6 25 6 -23. is converted
to a conmpound of fornmula 8 by treatlng a. conpound of.
formula 6 with nethane sulfonyl chloride-in the

'pr Wgﬁcmsom%ﬂ%e@@ﬁ&cé&DﬂQD&ﬁ%[a@@Jh@éih@ah&ﬂe}! itopSrovide
[ OVI

d C0802R 0
7a ! ??oé“é)tolgnﬁd usfa'gﬁd %’Z‘WZ? ‘é(%ﬁs%al"ﬂyt hi ophenoxi de,
wherein the thi ophenoxide is forne situ using
t hi ophenol and a non-nucl eophilic /in a polar
aprotic solvent, to proVideOthioph'”v" butene 8 10 $
In particular, the copg of grula 6: H 0 15 6
i's converted to a co ) ornula 7a:. O \ ~SQZR
0 .

In turn, the compound of formula 8 is siereo'selectivety converted to the compound of
formula 9: '

10

or o a compound of formula 10:

15 : 10
or a mixiure thereof, by treating a compound of formula 8 with an osmtum-contalmng oxld:zmg

reagent combination of K;O0s0{OH)/KsFe{CN)s, KoCOs, NaHCO; and CHSO.NH, in the
presence of DHQD,PHAL as a chiral auxiliary reagent to provide the compoun represented by
formula 9 or 10.

20 _ Alternatively, the compbuﬁd of formula 9 Is converted to the compound of Fformuta 11:



20 7a wherein I T is alkyl or aryl, preferably,
methyl, trifluoromethyl or p-tolyl, and converting the
conpound of formula 7a, to a conmpound of fornula 8 by
treating the conpound of fornula 6 or7a wth an

osm um cont ai ni ng- oxi di zi ng reagent conbi nation of
K20S02( OH) 41 K3Fe(CN) 6, - K2CO3, 24 NaHCO3 and CH3S02NH2
in the presence of DHQDZPHAL 38 a chiral auxi liary

'_reagent to provide the conpound represented by
~fornula 7a or 8, respectively. 58 1In turn, the

tively converted
HOH 10 9 or
15 10 or a

und of formula 8

conpound of formula 8 is stereose
to the conpound of fornula 9:
to a conmpound of forrmula 10: S
m xture thereof, by treating a c
with an osn1un}conta|n|ng oxi di zf ng reagent

combi nati on of K20s02( OH) 4%-£( 6, K2CO3, NaHCO3 and
CH3S2NH2 in the prese f DHQD2PHAL as a chiral
auxiliary reagent to provi de) conpound represent ed
by fornmula 9 or 10. 20 Alhﬁgnat_ t he conpound of
formula 9 is converted to e é%gund of forrmula 11:
------------- I Y B Lo
[tk /[ \ H2N HO OH 11

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

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

Further, a compound of formula 9 is converfed to a compound of formu!a 14:

15

14

and/or a compound of formula 11 is converted to a compound of forrula 14 by treating the
respective starting materials with reagents that will open the bicyclic ring _cfthé nifrogen protecting -

20 group, e.g., the compound 9 to 14 conversion, or add a nitrogen protecting groupina single step,
'e.g., converting compound 11 to 14. In similar fashion to the formula 9 to-14 canversion, a
‘compound of formula 19 is conveérted to a compound of formula 13



5 and/or the conmpound of formula 10 is converted to
the conmpound of fornula 12: S H2N HO bH 12 10 by

~treating the respective starting conpounds with a
reagent that de-protects the nitrogen protection group
to provide the conpound represented by fornmula 11 or
12, respectively, without inducing racenization.

- Further, a conpound of formit® 9 is converted to a

:conpound of formula-14: '/ \ & S - HNH& CH 15 14
and/ or ~a conpound of fornmula 11 is converted to a
conpound of -fornmula 14 by treating the gspective
starting materials with reagents that ppen t he

bicyclic Ong of the nitrogen protecti / group,
e.g., the conpound 9 to 14 cop¥ersion,/Or add a

ni trogen protectig roup g sin step, e.g.
converting conmpoy 01 Ln/sinilar fashion to

the formula 9 to onversmr?I a\ conpound of formula -
10 i's converted to compound of f la 13 -26- O O~
HN HOH 13 5 by deprotecting th@ nitrpgen foll owed by .
benzocar bamate formati on. A conmpound of forrmula 12 is
converted to a conpound of fordéla 13 by treating t he

espective artin ound b u3| carbana
51 o PREPINg T LR PR SRR bR oI TP g ol 12
| nislcorveredihecompound df formule 4B bﬂr@ﬁm@eaewmmm@g cdmpound by using
f of@brBanidle fofnaflon step described above.
The invention also includes the methad of converting a compound of formula 14 to a
compound of formuta 15: ' '

by freating the compound of formula 1'4 with- methylphenyl sulfony! chloride ano an amine bage
15 solvent followed by treatment with an aqueous base to yield the compound of formula 15. The
compound of formula 45 is further converied to a compound of formula 16

16 '
by heating a solution compnsmg (28, 3R)-3-benzyloxycarbonylamcno-4~phenylthlo-l-

28 buteneoxide 15 and (38, 4a8, 8a8)-decahydroisoquinoline-3-carboxylic acid t-butylamide in
isopropy! alcohol; adding an aqueous solution of 2N potassium hydroxide; adding toluene and
washing with water and 1N hydrochloric acid; extracting and combining the aquecus layers;



compound of forrmula 16: 0 H~ 10, O 15 ((( by
treating the conpound of fornmula 14 with nethyl phenyl
sul fonyl chloride and an ami ne base 15 sol vent

foll owed by treatnent with an aqueous base to yield

- the conpound of formula 15. The conpound of

formula.’15 is further converted to a conpound of
formula 16 CONHtBu HZN N OH-28- by heating a sol ution

~canprising (2S, :
-3R) - 3- benzyl oxycar bonyl am no- 4- phenytthi o-1 20

~mesyl ate, conpounds f

5

10

18

but
oS dBia I B ELAER AP PIRASSES 495 JEHF 2R, -amino 2 hyckony--
t - beregiteiokutid-décahydiosopinelingt3-catboxylindcid Hadkmide #n aqueous

sol ution the%ﬁﬁha%‘? lrddmmﬁl Vil 9 ed Qonvé‘rdﬂ' th gzeIhQJvH @RGoraffnavic
acid

o Pesale s BB e el BB s 27 and
drying the extracted product togfrovide (3S, 4aS,
8aS)-2- ((2R, 3R)-3-am no- 2- hydr{ 4-
phenyl t hi obutyl ) - decahydr oi soqui-ifal i ne-3- car boxylic
acid t-butylanm de 16. The cQnpo bd of cdveearul @ 16 i S
then converted to nelfanV|r ano/or nél fi navir

respectively, COWBU

CAHHL-6u O
@D HO H. i )

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

IR

by first converting the compound of formula Bloa _corhpound of formuila 19:



N OHH10 18 according to the nethods described in
WO 97/11937 and WO 97/11938, which are incorporated
-herein by reference. The conpound of fornula 8 is
alternatively converted to a conpound of fornmula 20:
_Cs 15 20 by first converting the conpound of _
formula 8 to a conpound of fornula 19: 28 f s H2N
19 and then converting the cefpound of formula 19 to
a conpound .of formula 20 by adding .differentt 5
protection groups as described herein. The conpound of .
formula 8 i's a preferred substrate for adding .
different protection groups as i} ovi des” hi'gh
stereosel ection in the subsequen i hydr oxyl-ation
step. [ The conpound of formula 2000 NN~ 10 20 is
al so stereosel ectively congi&iff;to a conpound of
formula 13: HN HOH 15 ®8or to a conpound of
formula 14: —“} -

and then converting the compound of formua 18 to & compound of formula 20 by adding different
5  protection groups as described herein. The compound of formula 8 is a preferred substrate for
adding different protection groups as it provides high sterecselection in the subsequent
dihydroxylation step. :
The compound of fonmula 20

10

16

20

or & mixture thereof, by treating the respective '_stgr-ting compounds with an osmium-containing
oxidizing reagent‘combination o_f'KZ:OSOZ(OH)JKsFe(CN)a, KGOz, NaHCO; and CH3S0,NH; in
25  the presence of DHQD,PHAL as a chira} auxiliary reagent to provide the_-c;ompound represented

by formula 13 or 14, respectively. -



HN 20 1 HO \H 14 or a m xture thereof, by treatlng

the respective starting conmpounds with an

osm unmt contai ning oxidizing reagent conbination of

K20s2( OH) 4/ K3Fe(CN) 6, K2CO3, NaHCO3 and CH3SO2NH2 in
+ 25 the presence of DHQD2PHAL as a chiral auxiliary

reagent to provide the conpound represented by

formula 13 or 14, respectlvelﬁ 29" In simlar

-+ fashion, a conmpound of formula 13 is converted to a

conpound of formula 21: H\_\ HOR* 21 5 wherein R4

IS a | eaykingsr [ [ )
t he corrpaigtlnd %fgiq%g?%mpa gfg&ﬁggq?gc&v d&)&&’éﬁ%&h@hgﬁ?ﬂgam.
compound of fornula 13 with p-tol uedesyl fonyl chloride
(tolyl chloride) and a base, such 3 ri ethyl am ne,

i n nmethyl ene chloride, BF-4 /A is chloro, brono,
-0SQZ-R, wherein R , preferably,
methyl, trifluoroneth —~ The compound of
formula 20 is converted to a CORPOUTKE of fornula 2la:

10 HO GS02R ' 2l1a wherein s aI kyl or aryl, and
preferably, nethyl, trlfluoro or p-tolyl, and :
conbErniR & a&lprying é’@\*ﬁﬁ?l&'ﬁ@’eéﬁefﬁm lnm'avum@etcomaotmd)nfﬁmmd 21ais

of fdraedbylréactiiy theqEMidiké of i’drnQﬁl 133 RitrdtoidEres iyl FBR PG chibRe) and
r e%@g&t ét}éﬁ a?ﬁ‘n&ﬁﬁa‘nﬂ% Ig %QB ere{lg Elgr\@ eE{e%ragla ﬁbis ﬁ%{?rf) (9Hm5’f -0S0,-R’,

cont al
Kzt;‘:@%f?(‘&rf Mk efﬂ)‘eaab'vm HriftpgroamEini rRdoBH3 SO2NH2 i n

t he pr eSenompoid ofBMga Pé-lcorvartea t€ 4 bohPburdeKiohis Ma:
reagent to provide the conpound repreg ent ed by formul a

21 a or 22, respectively. The reac may take place
according to the follow ng schhenme (S

O

)]

- 10 - HO oéozRM

2a

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




SCHEMER K20s02(OH)a/ K3Fe(CN)6 /) 2 K2CB Cbz $ Cu . $

Obz S NaHCO NH\ NH rs/ \ NH NH CH3S02 + + ,cw chira

auxi liary aged _ SoheA{ HO OH HOB OH 9~DNHt - But yl

R "S02C1L Opry A4S { olvent r NHN If PM) 2la HO-

OS02R'' solvent 04 S CONHt-Butyl HO O GONM Butyl-  HN.

rwO0 g HOHN C D ..|.aqueousbase/ heat HO " 22 2AMBC 17

base / water 5 For mat i on of t-3e-conpound of formula 22

maybe achi eved by treatnment of a conpound of fornula

2la with PH Q (3S, 4aR, BaR, 3-N-t- butyl

car boxam do- decahydr oi soqui nol i ne) J1 ¢

benby resiye: tie hesRsAventiaing FampPdt Wity Ef’h‘g"m&“b‘i?la a‘f"P%Pﬁ' t2ing ’eage"
. CONMpsMbiHAtichbf KIDBOZOH) /B Fe(@MLICOg NaHCO pandiCHehlH; in the presence of

( o BMbB ‘?ﬁilAl Qé‘é ?h§r£l SuwiEy F‘e%&&% PR thé ARposi réb%&entea Byofnula 21a

Stereocenters
s oSS Sy b f@@ﬁ%ﬂnaaé"?“ae (Scheme ).
nel fi seYEMBAC nelflnaV|rnes Iate
Exanpl es The gtry

: _ KZCOCSO Cbz\
N —g NaHCO, NH
NH CHSONH, |
) — chiral axxillary agent

- solvent HO

q»mﬂmm

R™S0,Ct
S o

ot .—/ HN{\ %

21a HO-  OSO,R™ . solvent

' 4 ; NHIB 1
e O;.qu '(R)S . % W % M{t—Butyl
[::TJ LN HNHfif\\J
. L aqueousbaseﬂleat %

22 2, A.M‘.BC
base / water

Formation of the compound of formula 22 may be achieved by treatment ofa cofnpbund :
of formula 21a with PHIQ (35, 4aR, 8aR, 3-N-t-buly! carboxamido-decahydroisoquinoine).
Removal of the benzyloxycarbonyl nitrogen protecting group from compound 22, under

10 conventional c-;onditions' (provided that the seiebtéd conditions do not induce racemization of the
stereocenters), prowdes the compound of formula 16, which may be converted to netﬁnav:r and
nelﬁna\nr mesylate as described above. _

Examgles _

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

15  ‘more of the following: proton magnetic resonance spectroscopy, infrared s_pectroscopy. elemental
microanalysis and melting peint. ‘Profon magnetic resonance (11 NMR) spectra weré determined

using either a Varian UNITYplus 300 or a General Electric QE-300 spe‘ctrometer'qperaﬁng ata



15 nore of the follow ng: proton magnetic resonance
spectroscopy, infrared spectroscopy, el enental

m croanal ysis and nelting point. Proton magnetic
resonance (1 H NVR) spectra were determ ned using
~either a Varian UNITYplus 300 or a CGeneral Electric

- (E-300 spectroneter operating at a -31 field strength
of 300 megahertz (MHz). Chem cal- shifts are reported
-in parts per mllion (ppm 6) downfield froman

i nt.ernal tetranethylsilane standard. Alternatively, 1H
NVR spectra were referenced to residual erotic

sol Vighitstreriol 108 magaherizi(Widtis Chegiel shifte-arg repgrted jnrpprisppistdiion (ppm, O)
2. A9 PR m QHR@mal t&m%@thﬂ&ﬂﬁe 5rd mhtérhdﬁllélf Ml INRAR pefira were

dou b‘%fgfae"% e Bﬁf’%ﬁ%ﬂ\'e s Clzh—- Pglp m@#’o’ =2.49ppm, C
b _f 0 agHOB@S 06 e Pealimultipidities pre ees:gnéheclﬂslfqqu@ s, einglat; drﬂogblﬂ;ldé. daublet

Vel dou Qtsh'?tﬁﬂlé q, s*guglftc{( L3, %F&a@m*%z?&% ‘:ﬁ’%tﬁu};@ c ﬁ%; bR BE: given
al ne usi n | n-

Cp 6o Hetfe PO 0eHBR () Pra P”Sfﬁﬁﬁtf‘ Sy &P st B oA gpes FTIR
by Afpkamineter. Flemendd! plsrdanalyses wive erforged b;@ﬂantmmro[aphlg. Norcross, GA.

poi %émn\alt%bﬁs dek aét@mmﬁai oA MR Maip ap SRR Afcainttsre@téll] Allréattions
uncorrec

sept Lﬁrﬁ gggvcéeﬁ? lsgostknésealeg asks uniier ?Cf‘ El‘qu%r@g \Fregsure of ar?on unless
B anthpovisaimied o cqmwﬁw%wwe‘iﬁs rmew%f@m%ﬁ"éﬁsa?me suppliers
I eagantie ety dxepiona.STetan@iroiesh (THIO Meas Histiled fromspdiat-barzophenone

sup Hlemiﬁr t? Wit Blcgﬁ}ﬁhﬁtﬁér\le%ﬁ BE} v?zfé%ﬁﬁlta& 8K caicium hydride prior to use.
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A solution of methanesulfonyl chloride (1 2 mot, 1.2 equiv, 137.5 g, 93 ml_)_-in 180 ml of
ethyl acetate was added to an ice-cooled {0°C) solution of phthalimido-alechol 6 (217.2g, 1.0mol, -



EXAMPLE 1: Preparation of 3-phthaiimdo
4-t hf ophenyl butene 8 0 \ ~s 30 8 A solution of
~met hanesul fonyl chloride (1.2 nol, 1.2 equiv, 137.5 g,
93 M) in 150 m of ethyl acetate was added to an
i ce-cooled (0C) solution of phthalimdo-al cohol 6
(217.29,1.0 noi, -32- - available from NSC
- Technol ogies, M. Prospect, IL)3and triethylanmine (1.3
nol,1.3 equiv, 131 g and 181 m ) in 800 m of ethyl
acetate at a rate sufficient to maintain the
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After stirring for an additional 2 hours, the solids
were allowed to settle and the hexanes were decanted
off. The resulting slurry was diluted with fresh
hexanes (500 m) and stirred for 30 25 m nutes. The
m xture was filtered and the |ight orange solid was .
washed with 1 L of hexanes and dried under vacuumto .
yield 231.9 g (75% of 8, as _.ag.easily filterable

i ght orange solid. The. conpound of forrula 8 was
obtained in enantiornerically pure form as defined
herein. 1H NMR (300 MHZ, CDC13,) 5 7.75 (m2H), 7.69
(m 2H, 7.33 (d, J =7 Hz, 2H), 7.17 (t, J = 7,7 Hz,
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(overlapping m 2H), 3.15 (overlapping m 2H), 2.30
(br, 2H). EXAMPLE 3: Preparation of '

1, 2(S)-di hydroxy-3(R) - Cbz-4- (phenyl thio)- butane (13)
and 25 1, 2(R)-di hydroxy-3(R)-Cbz-4-(phenylthio)-
butane (14) O HOHH 13 14 30 ---- --- - - - - -----

-- e --- -34 The mxture of diols 9 and 10 (6.62
g, 19.3 mmol ), obtained in Examaple 2, was suspended
in 25 mM of 40% aqueous net hyl am ne and heated to 60 C
for 5 h. The reaction was cooled to anbient
tenperature and a stream of argon was bubbl ed through
the solution for 5 2 hours, decreasing the vol une

. signif Lcﬁi&%ﬁ&ureragiom KEAH €0 WD &)118.8 el dBtEingt MaDeiple 2, "was
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st afteNdi’g. 15 EXAMPLE 4: Preparation of
18- benzyl oxycar bonyl am no- 4-t hi ophenyl butene 19 O
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_ZSOﬁﬁéof 40@££§queous th ylaéine, tﬁin ﬁ@ated t.o 60

(oil bath) for five hours. The resul sol ution was

cool ed to roomtenperature. o

O

Compound 8 (50 g, 0.16M) was suspended in 250ml of 40% aqueous methylamine, theri
heated to 60° (oif bath) for five hours. The resulting solution was cooled to room temperature.
Remaining methylamine was removed under vacuum using a rotary evaporator. The resulting
aqueous solution was extracted with ethyl acetate (2 x 100 mi). The ethyi acetate layers were
25 combined and washed with 100 ml saturated NaCl, dﬂed over. sodium sulfate, fillered and

" goncentrated under vacuum using & rotary evaporator to provide 29.11 g of the aminc-butene'as

* ayellowoil (slightly greater than theoretical yield), HPLC showed the .phr”ity to be 92%. "HNMR
(300 MHZ, CDCly) 5 7.35 (d, J = 8 Hz, 2H), 7.27 {t, =7, 8 Hz, 2H), 7.17 (. J = 7, 7 Hz, 1H), 5.83

© {ddd, J =8, 10, 17 Hz, 1H), 5.18 (d, J = 17 Hz, 1H),’5.00 (d, J = 11 Hz, 1H}, 3.47 (m, 1H), 3.11

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

- further purification. - :

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

room tem peréturé, toa stirred mixture containing a solution of amino-butene (26.5 g,.0. 142 mol, 1
equiv) in 120 mil of ethyl acetate and sodium bicarbonate (25.06 g, 0.298 mol, 2 equiv) in 120 mi

35  of waler. After 10 minutes, HPLC showed no starting material. After two hours of stiming, the

20



Rermai ni ng net hyl am ne was renoved under vacuum using a

~rotary evaporator. The resulting aqueous solution was

extracted with ethyl acetate (2 x 100 m). The et hyl
acetate |ayers were 25 conbi ned and washed with 100 m
saturated NaCl, dried over. sodiumsulfate, filter ed

"~ and concentrat ed under vacuumusing a rotary

evaporatorto provide 29.11 g of5-t he: am no-buteneas a
yellow oil (slightly greater than theoretical _yi eld).

. HPLC showed the purity to be 92% H NWR
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acetd), &04frds, doilHdb(mitbhBGMakE). ( 25. 05 g, 0298 not, 2
equiv) in 120 m 35 of water. After 10 m nutes, HPLC
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" org#ic layer was washed with 50 nl of 0.5Mcitric

acid, 50 M saturated sodi um bi carbonate, and 50 nl

saturated sodi um chl ori de ri ed ‘over magnesi um
sulfate, filtered and co @ rated under vacuug

a rotary evaporatglr{()to provide 31.84 g. of@¢ 19
] S (D

tan solid 78 e solid x (St
fromhot K (a a hot filt 5H¥TE ough
filter pap& to renov \or own i nSof ubl e oil ) gi ve

white, needle-like cHystaPd (24.78 g, 56%'9<Pel ,Hin'

1‘g(wo crops). HPLC shomepathe purity to be 99%

1300 MHz, CDCI3) 6 7.4™= 7.2 (overl appi ngm é=|) 5 84
(ddd, J =7, 11, 17 Hz, 1H), 5.21 (overlapping m 2H),

5 10 ( broaapouritp (1950604 n(obu .0 8quiv] dds)addedi.ad Dsdidin ohe pdHion, to a 3-neck
3 bénﬂdﬂ}ﬁo?rﬂﬂ]alk i’x&nfﬁé@'\?&?ﬁmﬁ?&%ﬁ&ftﬁ% grﬁ ﬂen’ﬂ:&an ide (.99, 0,009mal, 3

ca r M NO-
andedukp SH“WF‘ ©{85g; 3000915 '?%Hﬁ%ﬁﬁ?a’ )a%gdipng 9"’”??“6‘8@ -76g,0.009
20| moll3 euivd wotaksivwasarimdate (i-24g, BO0Soid, @ eqiiv). ethanpaiioriagive (0.28g,
t 0 @oddnivk 4 kqud BRbRGLOM (i)lo%gko 60004 AbiNY. A @qv) W35 Aof tbutanoliwater

| _' S0 [#t l1 9/]3 9{' afggl}'fﬁlﬁ]% Jrg\&a Erﬁacc%%gﬁ Qrs Bt(oz% 8"8%%1% atgoon'ggwéa%ure for

© e oen B, T B9 APBA MRS S wase it Ebplgnalipor (3 1 vh) and
equdriéd to gre 0BE B ARite 801ib (BBTLYRIN. ITh2HPLC Bho@B®a #iib of 431 of diols 13 and

o 28 qu‘i 4\.-/}hi,s %Qﬁﬂﬁﬁllé %9@3’@&3&‘ fpdn?%a'ceta'telhexahe B3:1vWtogive 0.1Bgof

" 43 as awhite crystalline solid. HPLC showed 97% pure 3. 'H NMR (300 MHZ, CDCl5) 5 7.4 -
7.2 {overlapping m, 10H), 5.2 (d, 1H), 5.1 (s, 1H), 3.9 {brm, 1H), 3.7 (m, 2H), 3.5 {m, 1H), 3.3 (m,
2H), 3.1 (m, 1H) 2.6 (d, 1H).



0.003 nmol, | equiv) and (DHQ 2PYR (0.026g, 0.00003
mol, 0.01 equiv) in 15 m of t-butanollwater (1 : 1
viv). The resulting m xture was stirred for 12 hrs at
0C-5C, then at roomtenperature for eighteen hours.
The solid product was then filtered, washed with
t-butanol/water (1: 1 v/v) and dried to give 0.9g of
a white solid (86%yield). ThessdPLC showed a ratio of
4: 1 of diols 13 and 25 14; This product m xture was
recrystallized fromethyl acetate/hexane (3: 1 v/v) to
give 0.18 g of 13 as a white crystalline solid. HPLC
showed 97% pure 13. 111 NMR (300 MHZ, CDCI3) 6 7.4 -

7. 2 i Eap prdagramn Jf@'—'ﬂ)mzyﬁx?ca(ﬁinyﬁrhﬁw-é&hér(yﬁhm&!éb).lten&):@de 15

(br m 1H), 3.7 (m 211), 3.5 (m 1H) 3 (m 211),
3.1 (m 1 11)2.6 (d, 1H). -36 EXAMP § Preparat'ion
‘of 3-benzyl oxycar bonyl am no- 4- phenyl t -1 - but eneoxi de

15 0 s~ 5 15 p-Nitroben oyl_r.gllor (20.8 g, 0.112
mol ) was added of 3- 1 0 5C solution _ of
(2R, 3R) - 3-ben

zyl oxycar bonyl am no- 4- phenyl t hi o- 1,%- but anedi oi 14
(39.0g9) and triethylamne (39.1 m, 0.280 nol).in
tset r ahydr of uran (300 m) The regsul ting m xture was
stirred for one hour ce- coo . . . ,
Met hanes HT"NES'HWOV&?W"B?EI @%BQ j?d‘?z!"‘mwas eddf'é% SHRiGto GRS to 5°C solution
ad d w(zﬂmp%my[@@ca&oﬂyﬁaﬁllnmeﬁylm i2-httamegiolia $390g) anddsigthylamine
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" i 16 181013ko, 2!2%?5 :!}?72“%9 16pslobs !, (ALY Hj-ﬁ- %104 BHOL)E Elemental Analysis
sy, Gl fidash s royly BRedfa Ao A,
35) . 3. 05Ap aquegiE.sqlytion of 2Dpofagripm hydrerdegoigiop (287 ml, §7.4 yimplwas added
( KBrg a sffdé./rodnd Zmpbefids Sdhifidn of (2R, 3R)-3-benzyloxycarbonylamino-4-phenylthio-2-
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magnesium sulfate and concentrated under vacuum to give (28, 3R)-3 -_benzyloxyt:arbbnylamino-

- .4~bhenylthio-1—buter_1ebxide 15, 8.43g, (98% yield) as a colorless oil. This matetial was used
without further purification. 'H NMR (CDC1s, 300 MHz) 8 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), 2.8-2.:6 (m,2H) IR (KBr) : 3302, 1694, 1538, 1323,



25 An aqueous sol ution of 2N potassi um hydroxi de

solution (28.7 m, 57.4 mol) was added to a stirred,
room tenperature solution of

(2R 3R) - 3-benzyl oxycar bonyl ani no- 4- phenyl t hi o- 2-
.met hanesul f onyl - oxy- 1- (4- ni-t robenzoyl oyl oxy) but ane

(15.0 g, -26.1 nol) in 1,4-dioxane (120 m). = The

resulting mxture was stirred-8br one hour at room
‘tenperature. Toluene (200 m) was added and the

resulting m xture was washed successively with mater
(20 a saturated aqueous 30 solui ?n of sad
hydr b?gr‘@rn P HE 000288 & Kied “s30-rfalcd 4 rtiGhe ) Eietﬁ‘@"ta’ Analysis
M ) , (C1iNOEE) D Qasculatatag 6563, B M s M.4.26t Eouad €, ﬁﬁéﬂ;cfem& el
under- vacuum to give (2S,
3R) - 3- benzyl oxycar bonyl am n
- pHEHINRLE 210 BIAPEREON | HoFs, %8, 288r2{@RoPRhLrmpoRLvdom-+
col opliagmumukyj)wd‘éhatgdmtanma!iheMbwwac:dm-ltdmmdé 16t her :
purification. '"H NWR (CDCl 3, 300 MHz) 5 7.5-7.1 (m
10H), 5.2-5.0.(m 3H), 3.7 1H), 3.22
(d,J=5.6Hz;,2H), 2.99 (mIH 19-2.6 (m2H) IR (KBr)
3302, 1694, 1538, 1323, -37-]1256, 1100, 1028, 1006,
882 cnf't [a]p25 : -26.2 6 ( 0.1lco@rkl 3 ); Elenenta
Anal ysis (CteHLING3S): Calculateé' 0, 65. 63; H, 5.81,;
. N, 4. 25, . Found: C, 65. 36; Hb > - EXAVPLE 7:
Preparatlon of (3S, 4aS, 8aS 2-
3R) - 3- ani no- 2- hydroxy-4 5 oH
phenylthiobutyl)-decahydroisqu|na
acid t-butylamde 16 f OONHt -
solution of (2S, 3R)-3-benzyl oxycarbonyl am no
4- phenyl t hi o-1 - but eneoxi de 15 (8.43g) and (35, 4aS,

&S) - dec A whtieN o‘s@g LHRB@JDérﬁﬁcx?ca%ﬁm*m&ﬁﬁyltﬁo-l—buteneoxtde 15 (8.430)

t( 7gumé)(%n a@.’:lcge %Si—d ec(?g”a fms?ta’nn?g%%fc)g?bmgﬂ%amd% %&“ﬂﬁ Xe 4%5% %‘9 lnmol) in

sol u@?piﬂﬁy'cﬁ'com (79,8b #8% heptadtey dP-6XFder § Boursy £y aq”f% aSl“t'O” of 2N
NMo | gotaseiem aylickaide $ad rdneaﬁ;s mrgolvas adden bindHeatihg abs colinUEN G 70-75°C for

for 45lRulOnfiet cooldi6 Fooﬁ Féglret 9) u@ﬁ@(‘ﬁd rﬁlf%raﬁﬁé&raﬁd the mixture was

oluen

s o 4120 e °vm'fél,é GUR 1o o ghe agueous
(80 enracts viere apgibinpd and Washed With toleane (198 mix Ak TherHsof {ie peueous extracts
c onbiszediugiedto PR $h@thg Wallrodsabiiiin of ANliMhsSikm Nydrbkide, THae extakted with

of t§ t
aquelbr B TR ARG b8 el 130 S bl Sl R ot v
ext rAEEITFUIHS andspRreRiE ee yadlsr ‘ﬁ‘F‘j"m a6 B8%124REAR)-&-amino-
oy a-wdm@pmﬂhmuwecwmmmﬁd&bmm:p adh tiheiglaroidets, 9.39g, yield
Magngs] Wi sitlnbalE SN RBeR Nob ﬂﬁ-@% HEAS (i ¥ACHBEDHRQ, 1H), 3.68 (m, -
give I-‘) 3% 374$§J 1%%%)&-%,1H@602 2 (m 2%1"5’83 (dd, J=13.0,9.8Hz,1H), 2.64
{dd,J=13.2,5.1Hz,1H), 260 (ddJ=8.0.3.7HzIH), 2.30° (ddJ=13.2,6.6Hz1H}, 227
: {dd,J=11.8,3.3Hz,1H), 1.32 (s. 9Hl) 2.0-1.0 (m,12H)
25 EXAMPLE 8: Preparation of (38, 4aS, 8aS)-2f(2R, 3R)-2- hydroxy-S-(3-hydroxy—2-
methy!benzoyiammo)-4-phenylth|obutyl]decahydro|soqumo!|ne-3-carboxyl:c acid ¢
“butylamide 17

3-carboxylic



20
2- hydr oxy- 4- phenyl t hi obut yl ) - decahydr oi soqui nal i ne- 3-c¢
arboxylic acid t-butylam de 16, 9.39g, yield 85% as
a colorless oil. tHNW (CDA 3, 300 MHz) b 7.5-7.1
(m5H), 6.05 (brd s,1H), 3.68 (m "1H), 3.37
(dd, J=13.0, 2. 8Hz, 1H), 3.02-2.88 (m2H), 2.83 (dd,
J=13:0,9.8Hz, 1H), 2.64 (dd,J=3s83.2,5. 1Hz, I H), 2.60
(dd, J=8.0.3. 7Hz, I H), 2.30 (dd,J=13.2,6.6Hz,1H), 2.27
(dd, J=11.8,3.3Hz,1H), 1.32 (s.9H1),2.0-1.0 (m 12H) 25
EXAMPLE 8: Preparation of (38, 4aS, BaS)-2-[(2R
- 3R) - 2- hydr oxy- 3- ( 3- hydr oxy- 2-
nmet hyl benzoyl am no) - 4- phenyl t hi @ yl ] decahydr oi soqui n
ol ine-3-carboxylic acid t- butylgmde 17 -38 s CONHFau
HOH vy. I. / OH 17 5 Asol uti of conm-au

e dded to a
(2R

in ethyl acetate (40
stirred suspension (3S
3R) - 3- am no- 2- hydr oxy- 4- L
phenyl t hi obut yl ) - decahydr oi soqui nol i n car boxylic¢
acid t-butylamide 16 (9.1 g, 2z mmol) and sodium -
hydr ogencar bonate (4.55 g, 54.2 nnDI) |n a nixture of
water (40 nl) and ethyl acetate

m),
Pce- cool PrgutioTRiS-aspippreetiyhenzeyl ¢ q"é%l(“f%ﬁ 2% maea inethy ﬁ%ﬂfate (40
houlmipias bropwiee sioel tb agimedsbpensioh 235, 443, 8aB)-2-((2Rs 3R)-Aechehing-2cmdioxy-4-

the Rén?ﬂ-.(ﬁ}i &alteou gdr £ uiﬁﬁﬂ@-ﬁ@% gt%ylﬁggid %ﬁhe% M & 21 mmol) and

sat ura

Py P R O IHBIbRte i 5P R P S 20 gl cstte 0
- conowntithe¢eemboling.nTremixtare wasnstitrasi fofiau eddit@®Y hotipi@ih ice-cooling. Water (20

1838}n'! (ABed and the orgaruc Iayer was separated and washed with a saturated aqueous

4 p ﬁ% H@P f%lr@o ?t}él' hn&(&qaeﬁmgx)onée %rléad'gvé}%')aﬂlzzeslgﬁll sul%an:-md foncentmted
aci dnder et taatv (2% 838} 1(2R;:3B)- %1<396%ma@efh&9mﬂ6qﬂa@§e)-2-hvdroxv-
and safaiyjtiimusl-déckhybibBoiGDIcE-3-carBO@icldbid }-bbyiamide- (12.2 g, yield 96%) as
(M BBriess anlamlrpﬂodsmH ik c&mééoo%%@f 673 (A By, 74- 7463(m 1H) 5.51
A Wk bl o b G g o g gtz
( dd 2.9 ¢ani2= gt 020Kz HH)2. 563dcﬂ4—1@;$}9;|j|l=[; THR2.8D(ny g—l)@pq;z {s 3H) 2.27.(s,3H),
2. Zﬁ(l_zb&l @hDH), 1.98.(842), Lalm@@hiiy, 1079@|9Hm 1H), 1.
Ctied | o duchiselrivonlos AN, AERRD 1S '&éﬁi R“""§1 Sy'%ﬁm R
( 3- &@F@W-@etﬁﬂ—pwpﬂag@}? yTZd]Wrﬂmti—phe yithiob l]—decahyd oisoquingline-3-
26 2- hayrbeglicycid t-iplydamidet 19 7ahinimelibnad €96 alh)y The casliing mibat.od wasetin@d for 1.5
hours at room temperature. The reéulting precipitate was collected by filtration and washed with a
mixed solution of methano! (75 miywater (256 ml). The residue was dried at 500C under vacuum
fo give (38, 4aS, B8aS)-2 (2R, '3R)-2~hydroxy-3-(3-hydroxy—2-methylEenzoylamino)-4- '
phenyithiobufyildecahydrolsequincline-3-carboxylic acid t-butylamide 17, 8.0¢ g, as colorless
25 crystals {54% yield from (2R, 3R-benzyloxycarbonylamino-4-phenylthio-2-methanesulfonyioxy-1-
' {4-nitrobenzoyloxy) butane). 'H NMR {CDsOD, 300 MHz) §7.48 {m,2H), 7.27 (m.2H), 7.17
(m,H), 7.01 (m, 1H), 6.90 {m,1H), 679 (m,1H), 443 (M,1H), 4.06 (m, 1H), 3.54
(dd,J=10.1,3.5Hz,1H), 3.37 (m, 1H), 3.04 (dd,J=8.7,1.7Hz,1H), 2.60 (m,2H), 2.24 (s,3H), 2.17
{m,2H), 2.01-(M,1H), 1.9-1.1(m, 11H), 1.17 (s,9H). '



20 carboxylic acid t-butylamde (12.7 g) in nethano

(96 M). The resulting m xture was stirred for 1.5
hours at roomtenperature. The resulting precipitate
was collected by filtration and washed with a m xed
solution of methanol (75 nl)/water (25 m). The _
residue was dried at 5000 under vacuum  to give (38
4aS, BaS)-2-[(2R -39

3R) - 2- hydr oxy- 3- (.3- hydr oxy- 2- nethylbenzoylan1no) 4-
phenyl t hi obut yi ] decahydr oi soqui nol i ne- 3-car boxylic

acid t-butylam de 17, 8.00 g, as colorless 25 crystals -
(54% yi efrak dxarcurhs(aﬁd})reparations provided above further illustrate and exemplify the

3R- RERThEY REsRQRYAvERHOR Srictndditas Hiptdpbiig Buciebrhpuandsu litfistn be

onx -1- I trobenzoyl o ta

300 “%ﬁ%‘“% Q]ée RRESTIé prps eé‘iﬁx‘%ef’r@lﬁ)“%ﬁzi“ti%“a%f Q’Hﬁ e tipe of the |
(m fdledying @(afgléies@'?ﬁm%afaﬁenﬂ9 (m1lH), 4.43 (M 1H),  4.06
gm 1H), 3.54 (de 10.1, 3. 5Hz, 1H), -3.37 (m 1H),

3.04 (dd,J:8.7' .7THz, 1H), 2.60 (m 2H), 2.24 (s, 3H),

2.17 (m2H, 2. 01 (Nllkb 1111), 1.17 (s,9H). 39 The

exanples and preparations provi ded above further

il lustrate and exenplify the conpounds of the present

i nvention and net hods of preparing *such conpounds. It
is to be understood that the scope of the present,
invention is not limted in any way by the scope of

the follow ng exanples and preparations. 5 6 -40- W

claim 1. A conmpound having the formula: R R3 Rl R3
N~-r N R2R2 HO OH or HO OH wherein RL is a suitable
nitrogen protecting group and R2 is H or Rl together

with R2 forma suitable nitrogen protecting group

and R3 is thioalkyl or thioaryl. 2. The conpound

according to claim1 having the formula: RL 3 Rl 8 N.
N : ,



to
HO
R3

R2 R2 ~ HO OH or HO OH 3. The conpound accordi ng
claim1l having the formula: O N | / Ns/ 4 O
OHor O HOOH 4. A corrpound'zWaw ng the formula: R3
H2N H2N HO OH or HO OH wherein R3 is alkylthio
ﬁé{% hio. 41- 5. The conpound according to claim4
the formula: S HpN~ HgN HO OH or HO OH 6. The
compound accor di ng toclaim4 or 5 wherein R is

or

gl kyI W f<|5 gnyl , aryl al kyl car bonyl,
_arylal 0X cargony ary car onyl, aryl oxycarbonyl,

benzyl oxycar anyl be or aryI aI kyl and R2 is H 7.
The conpound QCM to claim 4Ror 5 drein R and
R2 t oget her WiN the nitrogen to 1 they are bound
forma pht hakz m déﬁ succi ni m do oRr;; di f

rmyl  noiety.
HO .~ OH o HO' OH

wherein R is a suitable nitrogen protecting group and R? is H or R’ together with
R? form a suitable nitrogen protecting group, and R® is thioalky! or thioaryl.

2. . The compound according to claim 1 having the formula:
" bl
/N /N
R? R? $
HO OH or HG' OH
3. The compound according to claim 1 having the formula:

,g\

O,u,,

4. A compound having the formula:
RS
H,N
Hd OH or

wherein R is alkylthio or arylthio.



-41-

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

OH or HO OH
6. The compound according to claim 4 or 5, wherein R' is alkylcarbonyl,
alkoxycarbonyi, arylalkylcarbonyl, arylalkoxycarbonyl arylcarbonyl,

aryloxycarbonyl, benzyloxycarbonyl, benzyl or arylalkyl and R?is H.

7. The compound according to claim 4 or 5, wherein R' and R? together with
the nitrogen to which they are bound form a phthalimido, succinimido or diformyt

moiety.



