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THE SYNTHESIS OF HI V- PROTEASE | NHI Bl TORS AND METHODS
FOR PREPARING THE SAME Field of the Invention 5 This
invention relates generally to

1, 2- di hydr oxy- 3- am no- but anes, their 3-anrno-butene
preCursors and chem cal nethods for preparing the-
same. The butene and but ane conpounds of the

i nvention are useful as internediates in the synthesis
of the protease inhibitor nelfrnavrr mesyl ate and its
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gy FedprerARY: fhewrrwere ygern pusi iy ree%mdelptﬁwra gffesis on hyyean health. The-
st ehilg poitezne iskivilpr wdfinarinfesyiay, having@isyfbliadiag formagiict s and

~internedi ates prepared byconventional processes was
determ ned by the stereochem'strygofthe 25 starting
materials. Thus, drff@penq)stea T'soner gopbehel finavir
mesyl ate or its free'l ' onIy be prepared by
t he use of spec "éhapt g @ erlals The
present lnvention |

T S0s0.8H,

20 asbeen shown to be an effective treatrment for HIV infected individuals. Nelfinavic mesylate is
disclosed in U.S. Patent No. 5 484, 926, which issued January 16, 1996. This patent inits
o entrrety, rs mcorporated here(n by reference
‘ “Prior to the present :nvenhen the s;ereochemrstry of nelfinavir mesylate producks and
o mtermed!ates prepared byconventrenal processes was determined by the stereadremrsiryofme
25 starting matenals Thus drfferent sterecrsomers of nélfinavir: mesylate ofits free base could only
- “he prepared by the use of specifi ic enantremenc starting materials. The present inventron
' provides a versatile and useful synthetrc route fer the preparatron of nelﬁnavrr whereby key
-stereocenters are estab!rshed ata re!atrvely Iate stage in the synthesis' of the 1 2—drhydroxy—3-
' .amrn&butane substituent. '
30 - Hiv:Protease inhibitors prepéred by u'seefcycric stilfates arediscrjssed for exempre in
1.8, Patent No. 5,705,647, Asymmetnc dihydroxytation, utfized in the present invention to make
nelfinavir | mesylate intermediates, is dis¢ussed generally in WO 93/07142 and in Reetz ¢t al.,
Asymmetric Drhydmxylatrora of Chiraly- Armnaa, B-Unsaturated Esters; Turning the Mtsm_atched



provides a versatile and useful synthetic route for
the preparation of. nelfinavir whereby key
stereocenters are established at a relatively late
stage in the synthesis of the 1, 2-di hydroxy- 3-
.am no- but ane substituent 30 HI 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 mesylate internediates, is discussed
“generally in WD 93107142 and in Reetz et a
Asy rinte thei Malghee) Gesewipl Fasteative @ourChining) Tetratmidro Lauers Vol. 37-9293-9296
a- Uqa@@prated Esters, Turning the Msmatched -2- into

the Matc e via Protec Tuni n

Tetr ahedlr‘?‘)o(r%r E?f( "2ind Bagpsses; é%%’ g‘éd‘?ﬁ”ﬂ@% inddig e} Patent No.
bac K86 Pirersesda@nducis amisd derativirusefhpeineinpriatas inthe synthesis of
fsoundifinatvir bheSilatPakatiind Wowo 875837 4R1woRI7PE 8RS efhelOfeferences are

pr04%£¢aeman&gﬁ?ﬂ£%kmgt'veS useful as internediates in

t he synthesis nefl fi navir nesylate are found in
WO 97/ 11937 and WO 97/ 1%¢ ' erences are
i'ncor por &tiedhvensiore |ra1até;ytoraehemem¢c& tthlprmamt;onoér dnhdptically active 3-

| NV @Rinb BRenE NS stér@éé%@&ﬁ;%mfe%’ioﬁ%% obﬁbalﬁv abid M%J ﬂﬁenE {3&n optically

- re i.call act uten

R T A T R A R L —
. 3- aﬁaW&%H?unéeddﬁ?f@ptl cal ly 10, active

1, 24hydr oxy- 3- am no- but ane, and the optically active

3, ami no- but ene and 1, 2-di hydroxy 3-ami no-but ane

produced thereﬁ%ﬂnln one enbodi nent, this invention.

provi des "PSPREHManh thisifyention prpvidss amelhed ferdhe sle@pslegiive erpparation -
185 ofRForS.Ramif-Rdax afendis iy dibydyoxgibtioa nithexolgsponding protected R-amino

| g : Eyldé’nes(y*a@uﬁ&my &is :h&ﬁhdﬁ%vﬁ?ﬁ@?@it)?gﬁ%%ﬁéE gg(é}dw&r&@-a(m
R?rﬂﬁc? buta%? ‘g&l i; r#%)atl:hgé{rixy—z‘%%ammowy c%r the preparation of the 3(R)-

' am WB'"%HF%’FI & "’&ihfd B[ By S@F@WW@WWW qf thelpotested Raamino
met bubehe fodermittivect J0R)eiigdrentyt 3g%)-anf netﬂnanc&(rRﬁ{S}ﬁWd?dky—b@-@rﬁﬁwbutane
~2@nd a naj bR i spdcRens bRl RORRhRR FAME gL by ogﬁ%agiﬁé tﬂ@formula

of the protected R-am no_, butene to. Jormt

1, 2(R) - di hydr oxy- 3(R) - arff qo- but/&ne for

.1, 2(S)-di hydroxy-3(R) - awezm | ane.
t

aspects, the present in i on. ek

20 In one of its
es t0-a conpound

- having the formula: RRR wherein-RL.ist a suitable -
© i :Wﬂéﬂzﬁmfﬁﬂﬁuﬁfénﬁﬂ ﬁaﬁi!&tang%?oub%ﬂkzll-l &R F%eth&%ﬁ Rbim a suitable
W' Jltm% p%té“hgg group, an RQJS thioalkyl or: ihloal)ﬂ

25 . Inanother of its aspects, the present mvenhon relates to compounds accordmg to formu!a
' 1, which may be selected from the following: gmup

- In yet-another of its aspects the present mven’tton relates to a compound havmg the |
-30 rfollowmg formula:



ni trogen protecting group, and R3is thioal kyl or
thioaryl. 25 In another of its aspects, the present

i nvention relates to conpounds according to formnula

1,  which nay be selected fromthe follow ng group: a .
S$joC / ~HNnl, - O, and In yet another of its
aspects, the present invention relates to a conpound
having the 30 following formia: -3- Rl -R3 H ER2R
HO OH or HO OH 2 fu wherein R is' a suitable nitrogen
protecting group and R2 is Hor R together with R2
forma . suitable nltrogen protecting group, and R3 is
t hi oal kyl ort hi oar y&. Bunds el ated,to fornmula 2

may include: - - o ' Rz Rz OH Hd H and
I n anot her aspect, gthe. ent ipgvention relates to a
conmpound with the follo#in forrrulag HO O't or

t
NOCS OH 2a, wherein R3'is thi oaquyl H8rth|%?yl
ConpéereisR s stiedle niyogenmmidclingzioup mod B H or Gtagether MERIR? form a

Hd  asmbblN@itdhen protecting group, and R® is thloaikyi ar thioaryl. Compounds related to formula 2

may include:
5

and

7 in anoih&f aspect, the present invention relates to a compourid with the foliowmg;formuia:

. ! R'3 3 -

Hl Holww
VA £
HO O or HO ~OH

10
; . 23
wherem R3 is th;oalkyi oF, thtoary! Compeunds related o formula 2a mclude o

o B
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In a further one of its aspects, the present

invention relates to a nethod for the stereosel ective
preparation of. a conmpound having the fornula 4 or 5:
R3 R3 - H2ZN H2N HO-CH or HOOH 54 5 conprising
convecting a.conmpound -of formula 1: R N RZ 10 to a,
conmpound of formula 4 or fornmula by treating the
-respective starting conpounds-yith an
" osm um cont ai ni ng oxi di zi ng reagent conbi nation of
K2Gs2( OH) 4/t 3Fe(CN), K2CO8, NaHCO3 and CH3SO2NH2 in
the presence of DHQD2PHAL as a chiral auxiliary
‘reagent '@ Piiyiode of Heasbseis drepmesett ineplicogelneeth bynethed for the
f Or ggtbcbelctRE pRparitRh BRLompSnY hatB e @rduiRd of $ @ suitable
nitrogen protecting group and is Hor R1
togetherwith R2 fiarm a suitable %trogen protecting

group, and R3:is\
R3 is an thioaryl
present net hol
converting a conpoy
fol |l owi ng conpo

hi oal kyl or thhoaryl. Preferably,
group or a thtophenyt group. This
y further iHp e stereosel ectively
of formula one of the

§s R3 R, R\N¢ 20\HO OH or HO OH,
In a further g@%ect OIE’FR—E mverﬁq on r¥fates to a

met hod for converti ng g conpound of _fornmula 2 to a
conpound of fornula 4,” and/ or conver'stl ng a conpound of

fOrcmttb@lnacbl@eiﬁn@@mﬁidﬁ}ﬂoffgﬁqu&ﬁ formula 5, by renovi ng '
the nitrogen protection group wit hout i nduci ng ,

racem zation to pr ovi de

10
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- following compounds

to a compound of forraula 4 of farmuia 5, by treating the reépectiVe starting compounds with an

' osmium-containing oxudlzmg reagent. eombmatzon Of K208 O5{CH)/KaFe(CN)s, KzCOa, NaHCOa

and CH3802NH2 inthe presence of DHQDZPHAL as a chiral auxiliary teagent to provide the:
oompound represented: by formula 4 or 5, respectively, wherein R’ is a suitable mtrogen
protecting groip and 'R%isHorR! tagethermth R?fotin a suitable nitrégen protecting group, and
Rlis thioaikyl or thioaryl Preferably, R¥isan thloaryl group or a thlophenyi group. - This present
method may fuﬂher include stereaselectwely canvertmg acompound of formula 1 to one of the

. H(§ OH or -

!n a further aspect, the mVentlon relates foa method for convertmg a campound of

'formula 2to a campound of formu!a 4, and/or converting a compound of fonnula itoa compound
,ef formula §, by fémoving the mtrogen protection group without inducing racemization fo provide -
the ¢ompounds represented by formula4 or’5, respectweiy

in yet afurther aspect the mvent:on refates to a method for converbng a compound of

" formula 6



t he 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--- 0 6 to a conpound of
formula 7, 7a or - formula 8 O NI / 500 7 8
wherein Rin fornula 7 is a |eaving group, by treating
t he hydroxy-butene 6 with nmethage sulfonyl chloride
in the presence of a suitable solvent to provide
conpound 7 or with nmethane 10 sul fonyt chloride in the
presence of an am ne base in a polar aprotic solvent
to provide butene- nesylate 7a; fand SOpR 040 7a
treating butene-nesyl ate Za h thiepbenoxide;

wherei n the thi ophenoxi de “in situ 1,5 using
t hi ophenol and anon- nucl espbi ¢ elin a polar
aprotic solvent, to provide thlzphenyt- but ene 8 20
In, this reactlon preferably RY¥ is chloro, prono.or
-CSCQ R ,wherein R is alkyl or @ryl. In addition,
Comﬁ&&&nﬂ@n@f&‘)forhelastﬂcﬁﬂﬁrﬁdﬂmtlVel y converted to a
conpound of formula 8, and a conpound of fpryula 8
may be converted to a fonpound, of fornulae-
or 12, respect : /

wherein R“ informula 7 is a leaving droup, by treatmg the hydroxy-butene 6 with methane
sulfonyl chloride in the presence of a suitable solvent to provide compound 7 or with methane

19 sulfonyl chieride in the preserice of an amine base i m apolar aprot[c salvent o provnde buterie-
mesylate 7a; and ‘

. ‘treafing butene-mesylate 7awith thiophenoxide, wherein the thiophenoxid is formed in situ
48 wsing thiophenot and a-non- -nucleophilic base in a polar: aprotlc solverit, to provide thlophenyk
‘hutene 8 '

20 : In thlS reactlon preferably R4 is chioro, bromo or ~OSOZ~R' wherein R' i is alkyl or aryi
In addition, compound 7a may be stereoselectively convertedto a compound of formula

‘8,and a compound of. formula 8 may be convertedtoa compound of formulae 9,140,141 or 12 _
respectweiy '



Ho> HHo HOH or HOH 9 10 11 12 |In addition, -the

i nventive nethods include converting the conpound of
formula 9 or 1.0, or 5 a mxture thereof, to a
conpound of forrmula 11 or. 12 or a m xture thereof by
deprotecting the am ne. The conpounds of formnul ae

©9,10,11 or 12 may then be converted to the nelfinavir

free base compound, formula g7: CCHHW o 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 conpound of formula 11 by deprotecting

the am ne, and then convertlng a conpo of formu
11 to a conpo of formula / \ o1 by
substltutlng w am ne prtlng ar /[ ,e., a
car bamatfe gr Qdp, gh copventi.onaj—<procedures.

co for mulga § then ke—{urther c
to C64PO of P D= 7- o 95 by
treatlnc.e®np wind of f b anld mnmh Hyi gheny: H

“sul fonyl @hl ori de andi@n am ne - baSH 5 sol vent 12

fol | owed g*@treatnent “with an aqueous base to yi el d
t he conipgadiendie ivertve methosincluie senypidnatier compdund afforrata@r 10, or

5.1T8 md@uré thelebeth aGoMpRRd aelonhma # 6raERPAMBtuR thdrdt Bideproikbiing the

10
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¢ o%\fn ne S’"he%ompounds of formulae 9 10 .11 or 12 may then be coniverted o the nelﬁnawr free
‘base compound, formula 17:

- Inafurtherone'of its aspects, the present invention relates to a method for converting a
 compotind of formuta 9 fo a compound of formula 11 by deprotecting the amine, and then .
converting  compound of formula 11 to a compound of formula 14:

, 14 .
by substlmtmg a new amme protechng group, fe,a carbamate group. ?through convent:onal

pmcedures ‘ ‘
_ A compound of fdﬁhu!a 1 ?1..méy =i_then. bie further converted to a compotind of foﬁhu]a
15 o ‘ ' :



] N OH 16 10 A conmpound of fornula 16 maybe further
converted to nelfinavir free base, formula 17. In
another of its aspects, the present invention relates
to a method for converting a conpound of fornula 8 to
a compound of forrmula 19 or 20: O FF1IH/ .. OS 19 20
15 by a two-step process wherein the phthalimde is
renmoved using conventional procgdures (i.e., by
treatnment with ethanolamne) to give

3- am no- 4-t hi ophenyl -4- but ene, followed by treatment

W th- car.bobenzyl oxy chloride (Cbz-Cl) under

conventional conditions (e..g., in the sence of
base) to give conpound 20. 20 Conpoung - may be
converted to a conpound of formupa 13 ormul a 14:
-8 OO HNHN HO OH 8—%5 or, m xt ure thereof
by stereosel ective di ati

Cbz- 3(R) - am no- 4- thlop I-l but en 5 20 using the
osm.um cont ai ni ng OXIdIZIng r eagent nblnatlon of
K20sQ2(OH) 4/ r ¥W8Fe(CN) 6, K2CO3, 4MaHOCB.. and CH3SOZNH2

in-the presence of a chiral auxiTiary reagent Furt her,
the invention includes a nmethod for converting a
co np!aiffﬁé‘t"iﬂfcﬂﬁ"é?m lobforn@iat 8 with qustiplphang) solfonfi @hlorite &nd 477 amine base

2 Oafoivaﬂtabllbib&dh@ﬂ%n&@m ahQqubusbhse to yield the compound of formuta 15.
A compound of fonnula 15 may be further converied to-a compound of formula 16 .

n A compnund of farmu!a 16 maybe futther converted fo neir navir free base, formuta 17,

ln anothar of its. aSpects the present mventson relates to a méthod for convertxng a
compound of fon'nula 8 to a compeund of formula 19 er 20:

15
by a: twe-step pmcess wherem the phthallmlde is removed vsing onnventlonal procedures (i.e., by

_ .streatment wnh ethanolamme) to g:ve 3-ammo-4—thxophenyl—1 ~butene followed by treatment with

‘:carbobenzyloxy ch!onde (Cbz-Cl) underconvenhenal cond1t|ons {e.g.,in the presence of base) to
qgive compaund 20. '

20 ) Compoun_d 20 may be ;;On\ie'rtéﬂ to.a compotind of Tdrfri_ﬂla 13 br‘fonnma 14:



wherein R4 is a leaving group in fornula 21 and RV' is
al kyl or aryl in formula 2l1a. See Schene B herein.

Further, the invention includes a nethod of converting
a conmpound of fornula 2la to a conpound of fornula 22°

. (shown bel ow) and a nmethod of converting a conpound of

formula 22 to nelfinavir free base, fornula 17,
according to Scheme B herein.-gGONH48u = OH 15 22

" Wth regard to the respective fornul ae descri bed

above, preferably R is alkyl carbonyl,
al koxycar bonyl , arylalkylcarbonyl aryl al koxycar bonyl ,
aryl car bonyl,, aryloxycar; | or aryIaIkyI 20
is H Mre preferabl g arylalkox Cc rbon
aryl al kyl €n nore oref R

benzyl oxycgq enzyI and t her,
nrtro.:a to mhlc ey are

bound may forne phthablnuﬁp or succi ni m dagnoi _
Defrnrtrons As u%xd herein, the terns cqurrsrng" and
“includi ng" are used herein in their open, :

non, Li The fers to a

20 rermlhd AeorB S Sosa e it vt %Jf%n"ﬁsﬁa\n“"‘g”"rﬂhsrﬂ ybuiere
%o ?PZ““’!S&F‘DW"&'!WF“E\ Otﬂﬁ@ngzwmmt cambinatioh 2of Ye@ECPH)/KsFe(CN)a,
gr aupRes,iNaECOodandnm L EONHL Wine phbafdd o?la%ﬁim;lrg? reagent. Further the

st r:}rlfehﬁﬁ'f'r ﬂ"c!u%es gﬁ[%*h% t%p \%érhf\é ; lagrgo%nlgly l‘ frarg'nuia)‘l?fo ab%{n%md of forimula

ISO ISO

)2 or'5"penty| .|sopentyl tert- pentyl hexyl,

|sohexyl and the "; The tern hete “\kyl" refers
to-a straight- or ched-chaln al ky

oup havi ng
ato I'n the chal nore of which

i s A e sélectr . 0/7&nd N, Exenpl ary
© het§ *W ngl ude al TS, \secondary and

.tertlary aIkyI nr es

‘I

14 Y and the like.:
refers to a stralfdht- or :

%r anched- chai n alkenyﬁ1group having fi2én 2 to 12 . :
c ambemin®! s aeavimn gﬁd'mﬁm@d’mmﬂm dnbl Rt fstalkﬁbir ér‘ﬁm@dnlﬁﬁé‘ Y. gééééﬁé}ne B

10 The ternr"a "

o7 PR R BRSe @ ol i ot colging s SRRy o e rato
t eFPH'P"&FfE?f fynua %Zér'@wsbeéom @dgmeﬁrogpfmnnvemﬁcammerofmwzto

.18

. 20

al hg‘lﬂryaknr Tretee, amig, écb@ﬂihg?to SSheme B herein.

With regard to the respeciive formiilae desciibed ébéve. preferably R'is éiicyiearbonﬁ,
-alkoxycarbonyl, arylalky!carbonyl arylalkoxycarbony! arylcarbonyl, ary!oxycarbonyi ar arylalkyi
and R?is H. More preferab!y, R'j as arylalkoxycarbonyl or arylaliyl and R%is H. Even more
preferably, R'is benzyldxycarhonyl or benzyl and R%ig H. F urther, R'.and R? {ogether with the

- hitrogen fo which they-are bound may form a phthalimido or succinimido moiety,
Definitions

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



l’25_ aromatlc heterocydle’ (nng strugture having ring atoms selected from carban atoms as well as '
 nitrogen, oxygen, and sulfur heleroatems) having from 3 to 12 nng atoms per ring. I!lustratwe :

12 carbon atons in the chain. Illustrative al kynyl
groups include 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-chain al kenyl group having from2- 12 carbon

~atons in the chain and where one or nore hydrogens is

substituted with a hal ogen. [Illaustrative hal oal ky

groups include trifluoronethyl, 2-bronopropyl,
3-chiorohexy| 1l4odo4sobutyl, and the Iike. 20 The
term"aryl! (Aw) refers to a nonocyclic, or fused or
splrdﬂpﬂmw&VEm$b aromatic carbocycle (ring structure

havi ng ri nye Rinprmkyit iR (@4 Straiphl- omé&aﬁaa)ch&myrwo.fprhgmg%mm 11012

to 1

a?y %agbgﬂ Qtoﬁgﬂﬁﬁe t(:yg:ﬁr Erlearﬁg?ry 8"\”‘ H%L[;s%c! g meéla 3@%@.:8 ﬁlﬁo may be 7
li ke.® bf‘ﬁ*é‘al{yé?ﬂ*ﬁ*ed RET 2 FBY A5, wpf@%tserere% w @ffb@wlsset:-@utyl. tert-butyl (tBu),
arfonpeyty) isapentdrterfpesigicheayl, ispexypanaateigy.cl i c, 25

aromatic hﬁét@ﬁrpﬁél’&&&ylé Fekdhlo § gtfaﬂ;ﬁ{ i)f’b?anaﬁ}f LA afkg ﬁl%upq}agﬁmm 2to

sel eq& goms omec rbon” at ons

oxygeh, and’ stlTur “Hefe P‘8f§t°2ﬁ<§“fh ﬁaﬁﬁ'%ﬁ“\‘%?ﬁ'&\?{eﬁ'cﬁ’o‘i’f O, and N.
ring anm biqroafiyin goludel diyletherst $ependarg st ptiansaliof angineg) alkyl sulfides,
groupsdthé]mdeude the follow ng noieties: NINNNNO I\I\ '

ho' fle térm/“aldeR# ’{%‘%/s ﬁ ﬁgrmgilx}' nﬁm@?\cﬂlg)dc%ﬂ% I’En?nylmura Riavmg from 2 fo )

and ?%@%‘ﬁ"ﬁ@ms@m%@"t@ﬁﬁ?@? llconlopayps incéfdep@pewl but-2-enyl, but-3-

satu#mm@ﬂ“ﬂwm@a&mwahey&aamamﬂmﬂﬂe nonocyclic or fused
Or - SPi I OrHR@n EGhyl” %fe@ﬁragﬁﬁﬁlo?brgﬁﬁém if Eiwao{lgha%hzig from 2 to
ring, ?{a&!};ﬁ aRk mrﬂ%encﬂelg{% llbzasﬁ%% i 5@;«1 FORR VRN but-2-ynyl, but-3-
cg/cl I ar olips | 2 o] f%‘@ﬁ it latdt g
ynyl, 2 methy but-2-ymyi; hex-2-ynyl, and the like.
The term “haloalky!” refers to a stralght~ or branched-chaln alkenyl group ha\nng from 2-
42 carbon atoms in the: cham and where one or more hydrogens is subsfituted w:th a halogen.
: 4flustrat|ve haioalkyl groups include tﬂﬂuoromethy! 2—bromoprepy1 3~chlomhexyl 1-odo-isobutyl,
and the fike. .
20 - The term “aryl” (Ar) refers to a monocyclic, -or fused or spiro polycychc. aromatic
carbocycle (ring: stmcture having ring atoms that are all carbon) havmg from 310 12 nng aloms
g per ring. lustrative examples of aryl groups lnciudethe following mmeties

, and the hkc

The term "heteroaryl” (heteroAr) refers fo a monocycllc or fused ar spiro polycycl:c :

T

examples of aiyl groups include the following moiefies:

NN NN N
. k/l o i '
NN N K A




O~ 1 \; 10 O 0 and the like. A heterocycloal kyr
refers to a nonocyclic, or fused or spiro polycycllc
ring structure that is saturated or partially
saturated and has from3.to 12 ring atons per ring
selected fromC atons 15 and N, O, and S heteroatons.
Illustrative exanples of heterocycloal kyl; groups
include: Oorip ON SASV@H.VaNOO QNN", O
ONCO~CSC"  J° (N No NNNtit NS/110, 0 -~O
CO, a0O ; and the It7ce. The term' hal ogen"
represents chlorlne fluorine, bronine or iodine The

tern1"ha N" 8 rese s ehl gbg, fl
| odo. erm" tu;ed"whgim hay th sg m
. group or )i et , : tit

tern1unsubst|tuted NS that the spﬁflflengroup

bear s n /ﬁ bst.i
optlona bstii ed nea st%:tt esfhec ﬂé;gg ggtél
bstltute subs ot:e ; ﬁ subs uen

10 "Alkylthi.o" is Intended to nean t he radi cal - SR',
wherein Ra is ] k _-aS fined above.
"Arylthio" is-Ratd} ' ¥he YHdical - SR

wherein R i fi edand@ieMike. "Acyl"

is 1 ntended , Wherein Ris an.
al kyl, cycloal kyl, aryl, 15 heterocydoalkyl or
.heteroaryt group. "Acyl oxy" is intended to nmean an

—(IZ( 0 e fegy cg%qalkyiv\ﬁf_gpsé? # saturated or partially saturated, monocyclic or fused.or

spiro polycyclic, carbocycle having from 3 fo 12 ring atoms per ring. iltustrative examples of -
cycioalkyl groups include the following mmehes

10

' . . ’andthel%ke-_’ |

A*heterocycloalkyl” refers to.a monocychc or fused-or spiro polycycllc rmg structure that.
is saturated arpartially saturated and has frormn 340 12 ring atoms per ting selected from Gatoms.
'1’5: andN, O,and S heteroatoms. Illustrahve examples of heterecycloaikyl groups mclude




R is an al kyl, cycloal kyl, aryl, heterocycl oal kyl or
heteroaryl group. "Thioacyr is intended to nean a
-C(S)-R radical, wherein Ris an al kyl; cycl oal kyl,
aryl, heterocycl oal kyl or heteroaryl group.
"Sul fonyl" is intended to nmean an biradical.
“Sul fenyl” is intended to mean an -SO biradical.
"Sul fo" is intended to nmean an,; SO2H radi cal 20
. "Hydroxy" is intended to mean the radi cal - OH.
"Am ne'or "Am no" is intended to nmean the radical
-NH2. "Alkylam no" is intended to nean the radical
-NHR,, wherein R, is an al kyl group. 'D al ky(bam no"

is |nten%f\JJ th he 5 di cal NR RbN vvhe | n Ra@nd
Rb- are edch %p an{ al r
i nt ended nel lyc oaI { %b
RA and RoN'takenN toget er, fddm ah rotyc

t hat incl udes he am ne ni trogen " Al kyl ened| oxy" is
25 i nt ende to rrean the di val engy radi cal O whi ch

~i's bonde (eNg. , ad) axe atorrB on
" a phenyl {or n‘ pht_hyl ing ,wl e like.
2l kyl gr otp A Al k Nyl BANEC SRR H%

r adi cal C(O)(PS wherein R is an al kyl group. _ )
Al kylsulfon is intended to nean the radi cal

--SO2Ra, eégn Walpgen] eprepents| q@pnegﬂtgw bromine or fodine. The ferm *hale”
BAl kgﬁraemsmmmﬁmmyb oiogigtidat ended to nean the radical

: O NH
T ML bt s o

YRstUIRY Mg 17t e sneaief W&%‘é‘ﬁ@é‘ﬁﬁv‘vﬁmﬂfﬁ
: -an ahk'yrm gpf@aiﬂvsubmlt@bmﬁws thatfhe spedified erduptisympubaiftutedresubstituted by,
1 adiof@br mofdbubstikidnts.” Car boxy! " |s i ntended to nean the .
adi cal = . S i ded t.0 nean _
1?he. r adi A%@oq_"in;eiaﬁ@attgrgf%{ thsI' &« zl;oa}]—tsg A Hrh%g ? R4S g‘\ alkylsﬁoup. as deﬁned :
radPBHP- =S. "Carbanoyl" is intended to nean the -
radi cal “AGEyTNHAtendsd tQyedndizl ridjdabiSRS Whergig R in e agllabub,eas defined.
-meagpdvbe radi cal al kyl -cycl oal kyl, wherein al kyl and - '
cyeloal kil fuflidd BEkeRS. e@gﬁemd.ca,gﬂ'%ém KRRl Gloak, an,
15 cHpetgresyg H%Wﬁeewww Chyownie intendsd tam%anamoc(qnﬁ radical, wherein
i nt Bichedikyl eysmki, ame.eneadycmkyl orabtkipbriightuip. “Wheic EinBhded o mean

v an da aslRr @é’dﬁald@ﬁérmg rﬁ%t ¥ﬁbal§5p %rﬂa%etérg%ﬁéﬁﬁ] qugteméryl group.
s pB: et BRSPS el Sl el poge an -0-
o 10331@1”'@4 '@'@ isfigtgnderhig negn an=fPdbredicabd by t he bondi ng
R _2ar r angen’ﬁ?deﬁﬁﬁﬁ tdméah&e@icﬁulpOHGﬂm(‘@lW% mtended to mean
* '. . : .‘ '. ' . a dl C%PEQ“‘R@%& ksylhtende§ to tgea%%elgdéa?m whereln Ra is an atkyl

- group. Dmlk}r/lam ino™’is :ntended ta mean the radical ~NR Ry, wherein R, and Ry, are edch

- Ry, taken together, form a. heterecyclic ring that includes the amine nitrogen. “Alkylenedtoxy” is
25 - mtended to mean the divalent radical -OR,0- which is bonded to adjacent atoms {e.9.; ad]acent
| . ‘atoms on-a phenyi or naphthyl nng) whereln R, is a lower alkyl group “Alkoxycarbonyl is 7,
| mtended o méan the raducal hC(O}ORa, wherem Rais an-alkyt group. "Alkylsulfonyl”is mtended to
 mean the radical -SO;R,, wherein R, is an alkyl group.
| “Aficjlaminacarbonyl*is intended to mean the radical -C(O)NHR,, wherein R, is an alkyl
30 .group. “Dlalkylammocarbonyl" is intended-to mean the rad:cai -C(O)NR.,R;,, wherein Ry and. Rb :
- arg ‘each independently-an ‘alkyl group. :
"Mercapto is mtendeo" fo mean the radical -SH.

- mdependenﬂy an alkyl group, and is interided to include heterocycloalkyl groups, wherein Ryand



' -W]ot a]

wherein Ra is an alkyl group and is represented by the
bondi ng arrangenent present in the group
CH2CH2C( O) NHCH3. " Al kyl car bonyl am noal kyl " is intended
to nean the radical al kylNHC(O) -al kyl and is
represented by the bonding arrangenent present in the
" group 15 CH2NHC( O CH3. "Di al kyl am nocar bonyl al kyl " i s
i ntended to nean the radi cal abkyl C(O NRaRb, wherein
- R, and. Rb are each independently an al kyl group.
"Aryloxy" is intended to mean the radical -ORS,
wherein R is an aryl group. "Heteroaryl oxy"is
i nt ended"Gadorgtdrintérided to adtarcthe radiGReG(C)Obherein Rd is a
het er oar meto%r%!@” is intbhifeh & A& Yelritici =d. STHioREETIEiREndeA to mean the
mean t he rad| cal SRd, wherein Rd is a heteroaryl
groW’calZ@ A-"suitable nitrogen-protecting group" is a
.group t higariamogtiiptended © mehethe eadselir-@MNENdi ti ons  used _
EN this *@M@ﬂ&jﬁl@}ﬂ‘ iknidiath nfan teeraticman@dycloalde rwherein alkyl and .

d t 0 the
3 nicirgRa e o 3R ey M e B e Rha &%@Ew@%ﬁseﬂ“ "
conp@uvﬁd-@prveb g %&W“’“ﬁ?@et eyl 1y | ‘a\‘ﬂ% &P%MB" radicak
as ulam\/z heffeasimalkyb érelr Byl tace defigedgasoabpyet Bart is deguesented By Hinbgnding

Smédr r@seﬁHp§ bk i) “RERREEHRRYRYT BRHISDS nebn fe radical
b ° n g@f ag]d Ql'f] J%;?%é@&g g?r Op Bgnd}ng Calrrlélil(%ig%fnentzgres%% {hg group

sul fGheHLENHK )/“NSYHW@R%’P%‘E“‘!& riglintepgiefl i raan theradiced QW'C(O)NHRE:-
cyc hﬁ@élﬂfRJ i$ an&ﬂwgmgﬁﬁﬂ RirgRaseMaRy ielboring al@igeriabprydent in the gmup
g r o subs aini;p, e u
ey T Ll s o
by a!lw "1"'559’( alighand & d%?%e?tﬁ‘é f they 'P‘Pé‘d'f‘% PRRDIGRTYT SiFsFyR e group
" 15 UbHNTOICH:] ‘Didiperainabedionyalkgiipinteadidjo mewd Illvaad@altaﬂfaiﬁ(o)NRaRm

t h ewﬁé?&ﬁ ki bRk, a&réé?lﬂgtfe‘éeda&%ﬁl Qﬁ%lkﬁ ol “RyioRyt RSitkridud Rdnean the
e .0 [ e |l Ta (S ue

ragﬁal (SRc{I\ngngﬁagﬁ#istaﬂ ?’é’ a; 3‘ élte ern?ry{])&s is d\\t/?flédqyﬁegﬁﬁémﬁcal -ORg,

0 pt wamm Rajs 3 iasednt greuse Heéﬁgoa%? ‘dsintanyied tpean B fpglical Ysra wherein

" Sulgi & hetendryl gloug. S U tabI esubstituent” is intended to
: 26re an . anyA @Hiabl@ F?ilr@geﬁ‘ B8R beink Hﬁ@é Jstal'b%up iBYis R&hle th %‘P&Bﬁoﬁ @6hditions

or sel ecte t hr ou t hose
ki e iimiepn ap et e e s oIy Bt s A zaon
-1 nveiiie Saninreny 2hydpeyl senjersreltive dinydreonisted corprptrgs prlen@red herein.- -
- car bon- cakhe “BRadsg droupt BE uGaMRRMNERSAS aivh@optRa @ajiarts from a
In V%QIE&U%G(F?%J‘)QEJAI&?B%Q%&P@ b%&a%'e 'afdé’ﬁ:dn@ %xarr?’p?es%f Ry Qrdupdciide,
é bt eseinp) "W"edT*ﬁé'g'lﬁ'%se 3%5“‘5{’"5*6? ﬁl&y'ﬂfﬂ@‘eﬁ GBS bonds
t o asynmiemlky, cyéloaikpinarplt letesacydoaliy and heteposiryh gioerstaad thia atbstituents
ally mh kaSe grstp§ =8 QhaR e Tk ehnaBbvel rh@}be%ﬁtfohﬂlﬁ)g@kﬁﬁfé@ﬁy@at least one

, : el :
I n ¢ t@a@re& ];B%ﬁ% Oqﬁgﬂag%vﬁﬁglﬁdla‘ i egg%i t%éxg{egs Iﬂtp ca&\ﬁhaggl? gpec:fed,
t o rovet] ieensebstitited oreisfiutethey ane arreqst iphle subgivguilh Yasoyrasgyps may

30 0 beulsistiudedr subdtituked (ROShdybire oftioRdlly E@EMAe) @S indkated) €The term
' ' nv%ﬂééﬁﬂ&t”@%mfa% Eéﬂsmuem" is mtended fo mean any suitable subsiituent that may be
‘recognized or selected, such as th:rqugh,routt_ne testmg, by thase skilled in the art.
7 The éompbunds' of the present invention may have asymmetric carbon atomns. The
‘ carbdh—car‘bon'bonds in the compounds of the present invention may be depicted herein using
35 a solid line { ~), a solid-wetge ("""- ), bra dotted wedge (") The use of a
L solid ling to deplct bands to asymmetric carbon atoms | is meant {o indicate thait all possiblie

- stereoisomers at that carbon atom are: mc!_uded The use of either a solid or dott_ed wedde to



nore than one asymetric carbon atom In those _
conpounds, the use of a solid line to depict bonds to
asymmetric carbon atons is neant to indicate that al
possi bl e stereoi soners are 5 neant to be included. The
use of a solid line to depict bonds to one or nore
asymmetric carbon atons in a conpound of the '

i nvention and. the use of a s@kid or dotted wedge to
depict bonds to other asymetric carbon atons in the
same conpound is neant to indicate that a m xture of
di astereoners is present Qther features and advant ages -
of tidpiet hondsambsymmelic barbdreitanpisamennt to indiggle hptenly e steragisonag

th aghowgrg et ltd%@nciu\ﬁ@ﬁ Afs hdskible tafdoMpdunes df M @RErtiemmadntain

its preferre

| nv E‘ﬁie%l?ﬂ O'éerf‘éywn;g? e‘iaﬂ;ga éﬁ‘b P?mse c‘?‘?‘”@#‘é QIErfi\elg og& ? o ik Hﬁk‘pfd
i nv eords orasywIvisic carbey aterasie meaft todfdicats thahal WBS%%%&@*W?rﬁ are
an Qe ke inclodkAaTid dtg obxédlid tihie Ddepicitbnids taone LDMDIE @swrintric
igr ]E:%ﬁq%%[em e cq}nE Fgﬁxﬁm&ﬁ’o QH{;]@@ fise. o@& SRk 6 d?:ﬁeci\&bdbeh@ depict

andpeds %\Vc\aﬁmgr apmmeliie carbopygtores inthe same ?_BE%F%I@'%"CETE that a
© OH. mBurd\ii@iadérdmerids p@seR8 OH 4 OH 5 (A) wherein: 20 Rl
is a sui étﬁé?lfe%ml%gﬁm&ege@&mumaﬁommwmﬂmmeﬂecddhon that

By ol A s Yelonsh] € Gl iRl | D021

Wien used in the preparatlon of nelflnaV|r R3) s
preferably aétatdaiveadilichropp o Pede dcivagntsban -

b a n i P OSIUN-
Rg an;e{h%ﬁgmh@$fﬂllﬁnveEMn% é/rls QiR toVQf é?n REIGARE M dhosmium

I ophe e
e S e
ib6n ﬁh@wmmewe$s$5ﬂﬂékbmwb®d hérei n invol vi.ng the
I m doyt protection, e. 9. phthaln1de

R R
S0
« g
,\\_ ‘ HO
L

R R2 ' - RL sz
\N/ 7 -a'nd]or ‘ N

W

- Qtinive
Ty

_ , wherein; : .
20 S j"R’ isa suitabie mtrogen protectmg group, and
' : 2isHor o : ‘

' R‘ together with R2 form a su:table nrtrogen protectmg group, and

R%is thioalkyt or thicaryl. . AP : ' |
, i When usedin the preparanon of nelf nawr. R )!s preferably an: thloaryt greup or a moiety. .
- 25 ‘hatcanbe converted into an thioaryl group More preferably. RPisa thlophenyl group {(-5-Ph), as
the thiophenyl group is present in the nelfinavir frée base compeund 7

in the processes described herein :nvoiwng the imidoyl ‘protection, e.g., phthalmtde

suocmlmlde or N~d|fo:myl protection on the mtrogen a high degree of stereoseledtion is obtained
inthe dlhydroxyiation step. I the phthalmamid protect:on groupis removed and substituted with



succinimde or N-difornyl protection on the nitrogen,
a high degree of stereoselection is obtained. in the
~di hydroxyl ation step. If the phthal mam d protection
group is renoved and substituted with -14- other
_protection groups, e.g., carbamate, al kyl or am de,

t he hi gh degree of stereoselection is not achieved.
Thus,. it is preferred to haveyi.m de-type protection
~on the nitrogen prior to dihydroxylation. This

i nvention al so provides conpounds that are useful in
t he nmethod described herein 5 having the formula 1,-
2, 8therprofertorgrouds s.gr, caksuhatehaiybor arhink, the higitdegtee ofStungoeskstits is not

|'Nt GEHBREN. alTRLL; MR PiGHERed B RLE HhiGRARSE prdledidn thhe nitr]ggen prior to

i nv?ﬁtdlm aﬁogcl ude tautoneric and “stereol soneric

rrpounds of Formula 1, which may be readily
obt ai nedTHisinYFtion else pravidRs semionmsisthat are skl inthe mefied described herein

BX an@ing inedfinuiaa) 4, ¥, emitisVsdid BHR. (S) | soners .maybe
pr er?Jn‘?ngda}tQ c\élnz ,ﬁhdgt ereospecific synthesis, e, g.,

using chir ons and chiral reagents or racenic
m xt ur esintefRgfialsecompausps indaqgertiange with e rinvention linclude tautomeric and
t echterecistemeric fotms of thaneh@ipsine 6f fdnaAdia Wiitich ndy 66 P@%@M"Bﬂtafﬁﬁd’usmg

ex hﬂeg-lnfquEJ]&oﬂ'I}ﬁ 7 %Peﬁhp% %gﬁc?ﬁ;%&vg’ aﬁagg isomgrs Hay f}e prepared -

raw n ron e
ni ‘g}a%%%’ewe%ﬁévnﬁ’s% £ IéS"%QéG'falﬁaf%‘PQ"EaﬂdFUPH%age'rf% orracem-c mixtures
then@fhﬂreeowgdmgmmmabwrﬁqh@t a fornmula is intended

-to repr Gﬁ@tﬂfde@tﬁbﬁ tﬁﬁﬂﬁa@%&hﬁouﬁ&ﬁé}‘eﬁﬁmt‘ﬁfe pfn;h@mgl%ﬂ ensm the

TR P et e S e
i s famso tlﬁﬁ&@‘%‘f‘@ rldPFﬁ‘PO 8 fopaigielinigfdeiorapteisent any faatpmeric form

- 1®Xi @the depidenl chiGband dndis nottabé iitEchrhérelyia b speSiftBBinpouRd foh depicted by

mﬁg@gﬂ@mg,fa,fgn@ﬁd z |somsrs It is therefore to be
underst?ﬁod ormula is intended to-represent

~any con sSt‘i"g‘?’isé?“’dftB?trﬁ B ReYY fdiomeutaed My Bl RfdRmIR) o "7
is qqeftgumatlpﬂa@@frbe ot 4 mixueechf Fendd igorbans, dt is therefofel te bewdmstorithat a
f- orfeRmela @ istérRied I Yeptlant ﬁr@rcHMigﬁaﬁéﬁﬁWnﬁ &Qhe SPGB BhnpbiA8 and s notto

: n X S St er eOl SOITETS
2d( \ﬁgr}%ﬁééqne(}&%%%w EL‘%oS cff Plcte:{ lg%%eg?@gﬁg
r acemat §8me gfffiginyentive WP@@S @fw eéﬁ‘éﬁﬁ'i’&iﬁsﬁ’éﬁ%omw @ressent:any free
di afotaerseresisgmerd)| thcensites andlongikitres bfen&toBON B diastercomers. All
r a(‘sﬁéﬁ.ﬁn@@ sRRbisdherd, %&ﬁat&nﬁﬁ fRbureR E‘@rebﬁl‘e%gﬁgd t{: B \eﬁtﬁin the scope of

W t,hi n esent | nventi on.

0 skl R0 e ol B i, g gesu e e ey
250 pEFiva (e enanborarsieally er qiastereomericalit ¢ngehed. asalesojibegirherein) are used-in

di apticellypoeddrincal | y enriched, as descri bed here1 n) are

used ' nAd(ﬂﬂLéll? q-lol‘ré{uiap '3‘ is mte%ercpto COVEr, where applicable, solvated as well as

unsol’vated forms of the compounds Thus, each formula includes compounds having the
mdlcated structure mcludmg the hydrated as welf as the non-hydrated forms.

30 Exemplaly substsmted aryls contam with one ormore substltuents preferably one tothree
substxtuents mdependenﬂy selected from halo, hydroxy, mercapto thtoether nitro (Noz) amino,
aryloxyi haiogen hydroxy{ alkoxyl, halo {C4-Cy)aliyt, ©4-C, alkyl, C,-C., alkaxy, carboxyl, C-Cy
'alk_oxycarbonyl ‘carbamayl, N-{CyCyalkylcarbamoyi, amina, C1~C4alkyiamrno, di(Gy-
C)aliylamino or a group of the formula ~(CH,),-R’ where ais 1,2, 8 or 4; and R’ Is 'hydroxy,‘Cf .

35 C4 alkoxy, carboxyl, -Cr-C, alkoxycarbonyl, amino, carbamoyl, Cy-Cq alkylamino, di(Cy-
C4)alkylamino, ary! saturatedor partially saturated heterocycles acyl, morphol:no(c1~c4)alkoxy
carbonyl and pyndyl (C,—CAaIkoxycarbonyl



Additionally, Fornula | is intended to cover, where
applicable, solvated as well as wunsolvated fornms of
t he conpounds. Thus, each fornula includes conpounds
havi ng the indicated structure, including the
hydrated as well as the non-hydrated forns. 30
"Exenpl ary substituted aryls contain with one ornore
substituents, preferably one to three substituents,
|ndependently sel ected from halt, hydr oxy, nercapto,
thi oether, nitro (NO2), am no, aryloxyl, halogen,

* hydroxyl, al koxyl, halo (Cil- C4)alkyt Cl-&A4 al kyl,

((:32 r gg ngl :Eﬁéh)bl &fb@@%&ﬂl ilkxlgccgaﬁ;éln Ak %P%%Féa&@ﬁﬂbéhts selected from aryl,
E( I hel\trgcgg]oa%'t} %t %ﬂ) %{ W‘?ﬂh ?‘Yancb Ij1a|g(, IHPI’B% chny aryloxy,

ot he hﬁ*@@ﬁxﬂoalkw GriBYoaLYIREY. aliyisaibony, dliyiogycarRonyigaligicarbongiont, aRarbonyl,
IS lbeonyiont 3Sarfkyatteayy cwidm)gadamo@il C4 heteroary!carbony:oxy.

| k
gl (gét¥r%%&§%¥r!:?ngl am n%ete?o%ycpo%ﬂg%rﬂorﬁ d or eter %ya[oTI}fyPcérbonyloxy,
sat OPI§PEECR éﬁ@’&%‘f @&v'ar%ewawlwwp h%wrpwel(’wawamtmlamm

car Hehyldmiand plantnocarba@il; CAngdniieariomyib o rterocyclBikylaminoearbonyl,
 Exe ﬁ&b@éMaﬁH@ﬁbeﬁW Hﬁﬂykﬁilﬂm&mﬁloﬂér@épfb QIEWhES’ Ayl Snd heteroaryithio.

DT e G G R ——

o) Broak/RHRAR, SmieigRlsk oyl BAIGKE P, HodsoR Ok i ReakyitioCr

_ het epaia, etersgryl(GRCHyIk, aétbwioalkyﬁbkmbéﬂéﬁbéﬁ@érhmhamya groups, stch as
al kbﬂl&&ﬁmwb ﬁr‘!ycht&%f b % %ﬂua%ﬁ%}:ﬁ %%%POXIQBM 3-chloroisobutyl,
ary] ca et er oar f
het BRGHDI H'ﬁ?%%?ﬁ?l & PGP BIBIApY, 2 hydronyisapropyl,
het €hysleoyaiutyla| kv}thﬂ&mblehw , ettiyiti@metiyly C bropyithiyrapgi; bmyohwm;omethy!

' 1ﬂetm91maﬁaﬁal I@Mﬁmmmémnyhmah&w anaz.ﬂa-zeu@r yl ! eﬁﬁ yipropyl, -
LGB SR B S Ao,

SR AN e U s |
" het er oarlfdrdnientive &pibmityd is actiaed, layieami rﬁﬁlcmﬁ;bwwépared by any suitable

_ mer faRdaQnod ik Hetah,u?gudﬁﬁ?ﬂﬁétﬁbﬁ offid g&\?l?]agié Q@L ri iﬁt\gl\}%é?ﬂc acid, such as
2 ’@r‘%'%gﬁ%b Sfebrenicss @%“Fﬁ SR G i BheppreTe 5, apg e g gt
| nl tqncpgakly |ac1d BHEMRSRCREA acidamgieio agid, alideiplc, acidioyandelio acid, fumaric acid,
‘hal mﬂ(ﬁ'g}f:)gmhwl acid|yselfcoel( Gcoficdderil %ar ikyiic Seld; Fﬂanosndyl aoid, such as
het ercgcg?clcoa? r?ﬁ% *%43’ Pﬁéﬁd%%ydy Jgf‘ %?5 ﬁlg alo'i{?/rfa"c Acid, amino
gr Eﬁ@ﬂ: g[ﬂ:aw .yqromahc aci such as benzole acld ar cinnamic acid,
282- t;rﬂim@@%ywchpswmlmngsuﬁwanpw gtheiedulforty ojr @iy like.
t2r I3 di breAmveiyé compoGia 1@5{%&93‘&%&@ salﬂ aTe e T erHIeM by any suitable
3. I;é/ gHQ Woﬁgﬁ% art, #Iﬁdm X%en%eg%oéps ﬁﬁ? Zcu{wnth)éﬂ gyaeégm 8{99n|c base,
HSP 2o s (primang »??Wndﬁfn'o?réﬁfhw}, aip plisgliyhetdl oo plkalipy learth metal
se fhydmlid;ei dritfiedive t Hgtrative damplgs sfalisbRBEIRYclude organic salts derived from
30qu'aﬂﬁ40'aa&'§ sﬁ@@é%)(ﬂycme]anli Ql‘aﬂ]n¥ éfﬁmf{ l’pnrga i Qéo\é}ucrél;yhéﬁd tertiary amines; and

;

4 tcyﬁilcé%ﬁ;' srﬁ'@f igﬁp lppy o p@eﬁﬁ@ﬁﬁ gf.liﬁay pnorgamc salts detived

3- ﬁglpﬁpthiyl[l ,cgjf.lwp)qotassnum magnesnum manganese, iron, copper, zing, aiumlnum and
hthsum .

All compoun.ds of this s_nvent:on contam atleast one chiral center and .may?exist as gingle

35,  stereoisomers, and/or mixtures of enantioniers andfor diastereomers. Al stich stereoisomers,
dnastereomers and mrxtures thereof are lntended to be encompassed within the scope ofthe
.present mvention Where the stereochemnstry of the chiral carbons present in the chem:cal



1- napht hyl i sopropyl, 4-phenyl butyl and the like. If an
inventive conpound is a base, a desired salt may be
prepared by any suitable nethod known in the art,
including treatment of the free base with an inorganic
acid, such as 20 hydrochloric acid, hydrobrom c acid,
sulfuric acid, nitric acid, phosphoric acid, and the
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in the diastereoner, and preferably contain greater
than 75% of a single stereoisomer of each chiral
carbon present in the diastereoner. Preferably,
however, the conmpounds are present in 10 optically
pure form \Wen used describe a particul ar conpound,

"the term"optically pure" Is used herein to indicate
that- the compound is substantially enantionerically

. or diastereonerically pure. "éBhpounds that are.
substantially enationerically pure contain atleast 90%
of a single isomer and preferably contain at |east
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are those thatwhen renoved to form conpounds 4 and/or
5 do not Induce racem zation. The -17-
nitrogen-protecting group nay be renoved at a suitable
point in the reaction sequence of the nethod to
provide a desired. internmedi ate or target conpound.

- Suitable nitrogen-protecting -groups and the nethods
for protecting and de- protectlﬂg an amno noiety are
known to those skilled in the art; exanples of which
may be found in T. G eene and P. vuts, Protecting. .
Goups in 5 Chemcal Synthesis (3rd Ed.), John Wley &
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~ (CORdi@) Ak converted into a i’mophenyl substituent that will be useful for the preparation of
. helfinavir. This cbnvers;on process may be accompfshed by ﬁrsttransformmg the hydroxyl group
irite-a feaving group, then replacmg the leaving group with a th:ophenyl gmup Substitution

30 processe_s of this type are weil_ studied and may be aécomplished using any of a vatiety of

A transformations. Leaving groups refertoany group that departs from a moleculeina subsﬁtutxon '
. reaction by breakage of a bond, and mclude but dre not llm;ted to, halides, aryl- sulfonates a
_' --allgylsuifonates and triflates.” For exampie the hydroxyl group may be converted into a halo
" inoiely, a mesylate (-OSO,CH3), a triflate (-OSOZCF;;) a fosylate: (—OSO;~(p~tolyi}) or other.

: .35‘ ' commonly recognized ]eawng groups that may be replaced by a nucleophilic reagen_t The

~_nucleophilic reagent may be in any form, for example, a reagent containing a nucleophilic moiety,
sparticularly, a thiophenoxide moiety (eg., PH-SK"), or an organonietallic reagent.



25 at |east 95% of a single enantioner). Accordingly,
t he resul ti ng-am no-butane di ot product is obtained
as am xture of diastereoners, wherein the
di astereoneri c _excess is consistent with the
enanti omericpuraty of the product. Preferably, the
di astereoneric ratio should reflect the  ensntioneric
integrity of the product. Optignally, the
di astereoners may be separated using conventiona
procedures to obtain a diastereonerically pure
product. Exenplary nethods that 30 may be useful for
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room tenperature. In one enbodi nent of this invention,
a protected (R)-am no-butene is' stereosel eetively
converted into an am no- hydroxy butanol using
DHQD2PHAL as the chiral auxiliary reagent. A useful
starting material-for this process is the commercially
avai |l abl e (from NSC Technol ogies, M. 25 Prospect,
‘I'l'l'inois) phthalimde of -20- :

3(R) -am no- 4- hydroxy-I|-butene. This material contains
a 4- hydroxyl group that is a useful precursor in the
preparation of nelfinavir, wherein the 4-hydroxyl -
noi ety may be converted into a thiophenyl substituent
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) -'_s'teredsel'ec’tively provide 1,2(5)-6ihydmkyf-3(R)«amino-fi;-(phenyimia)ébutane, using a chiral
‘ ‘aux‘liiary feagent ather than DHQDPHAL and _nptionéll_y-, using an amino-butene having. a
nitrogen-protecting group different from the phthalimide, Hustrated abové. The nitrogen
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10 10 dinmethyl formam de, N, N-di net hyl acet am de,

nmet hyl -t-butyl ether, or tetrahydrofuran). One
skilled in the art will recognize that the chem ca
transformations in the nmethods of this invention my
be perfornmed using any pharnaceutically acceptable
solvent that is conpatible with the internediate
substrates and the transformatign conducted. The
resulting nesylate may then be ?ltreated with

t hi'ophenoxi de (formed in situ using th'iophenol and a

" non- nucl eophi hc base, e.g. 15 diisopropyl ethylan ne,
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conduct ed usi ng any cony
i nduce racem zation at
centers of the butane e
Fenovi.ng protecting groups are desmrlbed |n Greene 5
and Wits, supra. For exanple, tireatnment with
_nethylanfne converts phthalimde 9 to di hydroxy-
amno- butane 11. 55 HyN H~-‘ 11 Thi s conmpound ma)
subsequent |y derivatized 4 transformed into o/
|ntefned|ate 10 eon ound, ef ul for the
: i r mesyl gte. -0, _ vllled
‘ gt ze that' tR ¥-e¥ e oHige] is
ely forngd— by the ®=Hydroxyl afy
met hod of thi's invent#®n raybe changed byusidiga b
different chiral gyxiliary { reagent. Qe skilled in
the art will also recogni ze that st ereoselective

1di hy dr OXyihﬁhﬂagkﬁuﬁyf ﬂ@@@}dmxy! moiety of the major dihydroxybutane 13 possesses the

-same absolute mnﬁgurahon as the hydroxyl mo:ety in neffinavir. Accord:ngly, this material is also
usefut farthe preparataon of neffinavir or nelfinavir mesylate. '
' _ Therate of dlhydrexy!ahon of the amino-butenes descubed herein may be accelerated by
_ the addltmn of alkylammes For example it has been discovered that use of DABCO (1,4
15 - diazablcyclo[z 2 2}octane) accelerates the rate of dlhydroxylatlon Moreover it has been
distovered: that complex alkyl amines, such as DABCO may be used-as ch:ral aurdliary reagents
in the mettiod of this invention. For example dihydroxylation of the Cbz-amme-butene 20'using.
K“L’OSO:?(QH)JKSFB(CN)E, 2003, NaHGO, and: CH3S0:NH, in the presence of DABGO, as the
: chlral aux;llary reagent prowded a 30% y|eld of the1,2(S)- dlhydroxy—S(R)—Cbz-4 <(phenyithio)-

20 bulane 13 and 4; Z(R)-dthydroxy-S(R)~Cbz~4~(phenylﬂm)~ butane 14 in a ratio ‘of about 2:1.

' Generaﬂy. accelerahan of the dihydroxyfat:on reaction may be achieved by using DABCO in an
amount that Is about 10 % about 100 % of the molar amount of butene present in the reactaon .
- midure. Whéii used asa chlral auxiliary reagent, DABCO may be used in amounts that are the
: 'same as that of the other chiral auxmary reagents described above.



am no- butenes containing different nitrogen-protecting
groups and/or different butene 15 substituents, in
the presence of different auxiliary reagents may
produce m xtures of - :

1, 2(R) - di hydroxy-3(R)-am no- but anes and
1,2(8)-dihydroxyS(R)-anino-butanes in different

"ratios. That is, the stereosgl-ectivity of the

di hydroxyl ation reaction may vary dependi ng on the
specific. substrate and the specific. chiral

auxiliary reagent used in the reaction (e.g. using

di f f er eAecoglinghtiarempaynd efdiirmilall isestesdokaigctiieli corlvbriedito a compound of

. au¥iyhingby. Teagents). However, based on the teachings

herein and 20 through routine experinentation (eg.,
prepari ng conpounds having di 3 er ent nitrogen
protecting groups or corpound$ having

di fferent.substituents and, copducti ng the

di hydr oxyl ati on reaction }33| different chiral

--n the art will be

auxiliary reagents), oneR%klll'

~able to select a chiral, i ar k. reagent that

stereosel ectively prOV|des t e de5|9%d st er eoi sonmer of

5a speC|f|c am no- butene 25 Fer exanple, the

1.0_

W ﬁ)ng& actgrlngogl[wg |ffé’ uéa? ev&lﬁp aggﬁ EUt Eod%‘?n&g oxu¥:zmg reagent combination

-1 FHEYS QUM ARTAGN LD, afﬁhi%and @lmﬁ@wyizmme@ges@gqqﬁgmnzpm as

US4 EHaihusiliting rédgentdd Prbvide G{e)bohﬁtﬁﬂ@ r&)reearkba Iby fahila PHQD2 PHAL

ec eren

and opt( %%éoﬁn%&?ohﬂga m?}ra%o s e}‘slatoelﬂégtr! lﬁ]c?nﬁ egto._a.corr,lpﬂund of

nltro en-pro I ng drou

me¥a$i de, illustrated above. The nitrogen

: protectlng groups may be exclg@nged, if desired, by

‘_ Specifically, Cbz-protected, 34

15

120

'tre

.converting the phthalln1ge protected 3(R) 30
am no- 4-t hi ophenyl - 1- but ege 8/ prepared as descri bed

above, to a Cbz-protected ¥R -am no- 4-

t hi ophenyl -1 - but ene prloR{o di } -'oxylatlon

Yii no- 4Rhi ophenyl -

1- but ene -20. may. be prepared 't1 [ he

phthal i m de-protected 3(R)-an 3o-4- thlophenyt-l-butene
8, ~above, by a two-step process wherein thephthalinde

,|§wﬂ@ﬁugé§mwgwwgﬁ@6whéth@nammnaammpmgwmmmmegmmﬂmmmmﬂmn&'

p r@@@@ﬂ@%@b{c&)m Ko, MAHE0, BRI GH,BhH NN, iﬁtnb PRGN Er BRADIPAAL as &
%1 Qm&%?&tgﬁu Iog QBEE.QXJ:Tp]ouP&'Jeﬁ F:seéhte% 8}4{3.@)""%% byun der -

enz

conventPefppoy ﬁHP'F!”Bﬁé“a( el&gbe copygrigdiea mﬂi’@%‘é?f@"@ﬂ while the
b agRpounbEGR0E @ kg bd ssAvettdiy 8 bonipBuad df in@d 5 by removing the nitragen

ol AR b QRAG vl PURERE Bl TR eoEented by o

using t m-cont al ni n
r S5 8TesPeEVEY-nat i on of 5 K2C1302(C]—|)4/ K3Fe(CN) 6, K2C03,
NaHCOB TasebniphidBobindiaen the presence of qui-nuclidine

as the chiral auxiliary reagent, to provide the

95

- 1,2(S)-di hydr oxy- 3(R)7Cbz 4}7phenylth|o) but ane 13

Enylthlo) but ane




O HN-C 20 13 14 10 Advantageously, the 2-hydroxyl
nmoi ety of the mmjor dihydroxybutane 13. possesses the
sane absol ute configuration as the hydroxyl mpoiety in
nel finavir. Accordingly, this material is also ‘useful
.for the.preparation of nelfinavir or
" neltinavirmesylate. The rate of dihydroxylation of the
am no- butenes descri bed hereip;may be accel erated by-
the addition of alkylam nes. For exanple, it has been
di scovered that use of DABCO (1,4- 1 5
di-azabi cycl o[ 2. 2, 21oct ane) accel erates the rate of
“di higdbriv¥nedad & Sdinpoldarct Gvitila 8,bly trbAifg & epound of formula 6 with methane
di s¢ ve I .
oy SRS och e AR e Rl o 0% ot i R B pte
of Wﬁﬂ?mﬂﬁV@ﬁtlon For exanpl e, dlhydroxylatlon of the
Cbz- am no-butene 20 using. X20g502( QH) 1/ K3Fe(CN) 6, :
K2C03, NaHCO3 and CH3SO2NHZ in fhe p oge of DABCO,

as the chiral auxiliary @@ Vi ded a 30%yield
3

of thel, 2(S)- dlhydroxy 3 A- (phenyl thio) 20
nyl thio)- butane 14 in

but ane 13 and .
1, 2(R) - di hydr oxy- 3(R) - Chz- 4- (pha
@ ratio of about 2:1. Gbnerally‘ﬁwcceleratlon of the
di hwmbyieeameﬁmlaﬁeéawh {Hiaphengridgavhgeinitha fiiepheRoxids jsfggmed in situ
DABmg itHiopFkdhol aAEB Hét-nutiBsphile Basa Maipbladdprotic slhent! to plidéthinphenyl
e?ggl gr amount of butene present in the reaction
m xture. Wien used asa chiral auxiliary reagent, DABCO
may be used in anobunts that are the gamg as that of
the other chiral auxiliary reaggnts,. ri bed above.
-22 Accordingly, a conpound.of /or i's
stereosel ectively convert ¢ npound of formula

| n he corrpound of

R3 R R2 HOB' C]—|t|2b'

«

4@ onbi nation of KZOSOZ(G—I)"Fe(g K2CO3, NaHCO3 and
CHGSCQNHQ in the presence of DHQDQPHAL as _

“In parhcular the compound of fermula 6

Rt

. Wherem R is alkyi or aryl preferably, methyl tnﬂuoromethyl or p-talyl and convemng the .
..compcund of formula 72, to'a compound of formula 8 by_n'eatmg the compound of formula 6 or 7a

with an ﬂé.mim_n%ontéiriing oxidizing reagent_c_‘ombin,atien'gf Kz050,(OH)fHaFe{CN)e, KzCOs,



a chiral auxiliary reagent to provide the conpound
represented by fornula 2. The conpound of fornula I
may al so be stereosel ectively converted to a conpound
of, 1.0 formula 3: R3 Rl N - R2 HOOH 3 15 by
treating a conpound of fornula | with an

osnm um cont ai ni ng oxi di zi ng reagent conbi nation of ’
K20s O2( OH) 4/ K3Fe(CN) 6, K2COB:-24aHCOB and CH3SOR2NH2 in
the presence of DHQD2PHAL as a chiral auxiliary _
reagent to provide the conpound represented by formula

e RRSR AT R AT A P DBl AT e ppvice

10

T

20 -

nayhdm"@mm%wtwy@mmmemdiﬂ@r mula 5 by
renoving the nitrogen 20 protecti *roup wi t hout
i nduci ng racem zation to provide t¢
represented by formula 4 op 5, re gtively. The
conpound of formula 6: . H 26 6 - 23 is converted to a

eating a. conpound of
Fonw chl oride in.the,
a porar aprotic sol vent

presence of an am ne bdse N
to provide butene nesylatef7a; and O E~N 5 7a
treati ng butene-nmesylate 7a.w th thi ophenoxi de,

wher-ei n the 't hi ophenoxide is f@rned In situ using

t hi ophepQdm ARteamhpBag ofﬁﬁuﬁ%ﬁ@ﬁér&&seﬁaﬁ@fy Edhv@icA ] RE compound of
ap;otlcgsolvent to provide thlophenyl but ene a

or to-a compound of formala 10;

S 100 ‘ ‘
ora mtxture thereof by b’eatmg & compound of fonnuia B w:th an osm:um«contamtng mudlzung

reagent combmaﬂon of - Kzosoz(OH)ngFe(CN)G, KCO03, NaHCOa and GHQSO,-;NHZ in the
presence of DHQD;PHAL as a chlral aux:llary reagentio provade the compmsnd represented by
formula 9 or 10.

Altematwely, the compound of fam:u!a 9 is converted to the: compound nf formuia '11 =



1t) In particular, the conpound of formula 6: OH O
15 6 1is converted to a conpound of fornula 3a: a '
SQft' 2U 7a wherein R is alkyl or aryl, preferably,
met hyl, trifluoromethyl or p-tolyl, and converting the
conmpound offornula 7a, to a conpound of fornmula 8 by
treating the conpound of fornula 6 or 7a wth an
osm um cont ai ni ng oxi di zi ng r-eagent conbi nati on of .
KZOs2( OH) 4K3Fe(CN) 6,  K2C0s,  -24- NaHCO3 and CH3SO2NH2
in the presence of DHQDZPHAL as a chiral auxiliary:
reagent to provide the conpound represented by
fornula 7a or 8, respectively. O, n turn, the
compound of formula 8 i's stereog i vely, converted
to the conmpound of formula 9: Y 10 or to a
conmpound of formula 10: o 2 15 YO or a m xture
thereof, by treating a conpo Sof fornmula 8 with an
osnlun}contalnlng oxi diz { reagent conbi nation of
K2GsO2( OH) 41 K3Fe( CN) 6, K2CCB NaHCO3 and CH3S02NH2 in
the presence of DHQDZPHAL a§ axhiral auxiliary
reagent to provide the conﬁ@und present ed by
~formula 9 or 10.

"

§  andlor the compound of formula 10 is converted to the compouind of formala 12:

10 by treating me-respecﬁiie- starting compounds with a reagent that de-protects the nitrogen
protection group to provide the compound represented byfermu!a 1for12 respectwely, without
o inducmg racemization. . o
Further, a corapound of formula 9is converted to a compound of formu!a 14

- °—H< |

b7 S

A& b
" - oA

andlor a _Gﬂmpbuhd'jdf formula s ‘converted to-a compound of formula 14 by tfeating the
respective starting materials with reagents 'that will open thé bicyclic fing Gﬂhé nitrﬁg'en'pro'técﬂng .

‘20: group, e.g., the compound @ to 14 conversion, or add a mtrogen protedting gmup inasingle step,
eg. convertmg compound 11.40 14; In simtilar fashion to the formula 9{o 14 conversmn, a
r,compound of formula 10 is. converted to a conipound of formula '13



20 Alternatively, the conmpound of fornula 9 : is
converted to the conpound of forrmula 11: -25- 3 HzN
HOH 11 5 and/or the conmpound of forrmula 10 is
converted to the conpound of fornmula 12: gg HzZt HO OH
12 10 by treating the respective starting conpounds
with a reagent that de-protects the nitrogen
protection group to provi de tdwe conpound represented
by fornmula 11 or 12, respectively, w thout inducing
racem zati on. Further a conpound of formula -9 is. .
converted to a conpound of formula 14: N H 1d OH

15 14 and/or a conpound of formul a 1
a conpound of fornula 14 by treating
starting materials with reagengs that ydd open the
bi cyclic ring of the nltrooe protecténg 20: group,
ir1HN rogl e step, e.g.,-

e.g., the conpou
ni trogen protect( '
converting conpouwe=41. to 14. | ar fashion to
the formula ,9 to 14 conversi on, ¢ ound of
formula 10 Is converted to a coﬁ%bund formula 13
-26 HN HH 13 5 by deprotectzng the nitrogen
foll owed by benzocarbamate formation. A conpound of
5 obydepaietihg the nitrogen followed by benzocarbamate formation. A compound of formula 12

is converted foa compbund of formutla 13 by treating the respective starting compound by using
the carbamate formation step. described above.

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

0 d.

by treatinig the compound of formula 14 with methylphenyi suifony! chloride and an aming base
18 solvent followed by treatment with an aquecus base ta.yield the compound of formula 15 The
compound of formula 15 is further conveﬂed toa compound of formula 16

CONER-Hu

H

by heating a solution compnsmg (2S 3R)~3—benz;lgxycarbonyiammo—z!_phenyﬁhiw
20  butenzoxide 15 and (_38, 4aS, SaS}—decahydroqsoqumph,ne—S«carboxyhc acid t—*butyiam:_"de in‘
i isopropy! alcohol; adding an-aqqequs solution-of 2N potassium hydroxide; adding tbluene and
* washing with water arid 1N hydrochloric acid; extracting and combining the aqueous layers;



I's, converted to a conpound of fornmula 13 by treating

the respective starting conpound by using the

carbarnate formation step described above. The

invention also includes the nmethod of converting a
~conpound of fornula 14 to a conpound of fornmula 15: o
HN- 10. .a 15 by treating the conpound of fornula 14

wi th nethyi phenyl sul fonyl chhpride and an am ne base

- 15 solvent followed by treatnent with an agueous base

to yield the conpound of fornula 15. The conpound of
formula 15 is further converted to a conpound of

f oram biging Ge xtGARIHGBIuct tbiRdlide (36, 4Rk, @B)&-((zmyarl{)aaetnnmgz-l@droxy»4~
sol '
RSB AU e o amguigont g 5, |
but eneoxi dB*€1%MEHHd (o§ nngfégs is then coriverted to nelﬁnawr and/or nelfinavir
8a yesgiate xoygdeuodsavod thetormmeaz G- aaaﬂbmsyéctmelyam d

t-butylam de in -isopropyl alcohal; adding an aqueous
sol uti on of 2N potassi um hydr ox addi ng tol uene and
washing with water and I N hydrockric -aci d;
extracti'ng and conmbining the aqugous rs, ------
-27 and drying the extrate g EO prow de (3S,
4aS, 8aS)-2-((2R, 3Ry 3-4m pg-2 v
“phenyl t hi obut yl) - decahyj ! :
acid t-butyiamde 16. T% corrpour?ﬁ of: .rrul a6 is
then converted to nelfinavir and/or né avi r

5mesyl ate, conpounds havi ng the,{; or rrul a I7 and 18,
respect I veI Y. CowBU Qf .

0S0LHs

gccording to the methods descrrbed n'WQ 97!1 1937 and WO 97/11938, which are incorporated
_herein by reference,

The compound of formula 8is altematlvely converted to a compound of formula 20;

2 \

by first converting the compound of formula B o a Jc;orrjpound of formula 19:



HH HOH 5 17 o0sa2CH3 / . o mN\Htau H i HO 10 18
according to the nethods described in WO 97/11937 and
WO 97/ 11938, which are incorporated herein by
reference. The compound of fornula 8 is alternatively .
converted to a conpound of forrmula 20 o 75 . s 20
by first converting the conpound of fornula 8 to a
compound of formula 19; -28- /-§ 19 and then
converting the conpound of forfmia 19 to a conpound of
formula 20 by adding different 5 protection groups as
descri bed herein.- The conpound of fornmula 8 is a
preferred substrate for adding dU' \( ent prot.ection
groups as it provides high stere 8ction in the

subsequent di hydroxyl atfon step.
‘ S
19
and théh-bpnverﬁhg the cornpound of formula 19 to a compound of formufa 20 by adding different
5  protection groups as described herein. The compound of formula 8 is a preferred substrate for
adding different protection groups as it provides high stereoselection in the subsequent

dihydroxylation step.
The compeund of formula 20

formula 20 -- ~s HN 10

10
15, o
13.
or to acompond of formila 14:
op : _1-16s oA

. 14
ora msxture thereof by h’eatmg the Tespective starting compounds with an OSmium—contammg

oxld:zmg reagent combmatuon of chsez(OH)szFe(CN)a. KzCO3, NaHCO, and CHsSONHin
25 the presence of DHQBZPHAL asa chiral auxifiary reagent 1o provide the compound represented
. by Tofmula 13 or 14, respectwely ‘ -



20 s also stereoselectively converted to a conpound
of formuta 13: O HN 14 15 13. or to a conpound of"
formula 14: Os 20 HOH 14 or a mxture thereof,: by
treating the respective starting conpounds with an

. osm um cont ai ni ng oxidizing reagent conbination of

40

K20s02(OH) I / K3Fe(CN) 6, K2CO3, NaHCO3 and CH3SO2NH2 in
25 the presence of DHQDZPHAL ag9a chiral auxiliary
reagent to provide t he conpound represented by
formul a 13 or respectively. -29- In simlar

fashi on, GO Qund of formula 13 is converted to a
conpoun dngy 8’ i g’?’?ﬁﬂ' 3,cogpound gf fgrmufa 1§ isoprivested b arcompoughefifasmpya 21:
R4 is a |leaving group as defined he: In

particul ar, the compound of formul a Is fornmed by
reacting the conpound of for A a 13/wWith

p-t ol uenesul fonyl chlg éhlor|de) and. a -

base, such as tdet hyl s Bt hyl ene chl ori de.
Preferably Ris chioro, bromo, #SQ%: R, wherein R

i s alkyl or aryl, preferably; nethyl trifluoronethyl
or p- tonI The conpound of fordtul a 20 is converted to

fa eoERDERIS adbavigomony & definad herSin.: In pABeulO 1208 und of formula 714 is |

formed by reacilng the compound of formula 13 with p-toluenesuifonyl chloride (tosyl chlonde) and
4 base, such.as triethylamine, in methylene chloride, Preferably R*is chioro, bremo, -OS04-R’,
‘wherein R' is alkyt or aryl, prefembly, methyl, mﬂuoromethyl or p-foiyl.

‘ The compound of formuta 20 is converted to a compouﬁd of formula 21a:

 whetein R"™ is alkyl or aryl and preferably, methyl tnﬁuercmethy! or p—tolyl and converting the

' compaund of formula 21ato a compound of formula 22;

18




2la wherein R" is alkyl or aryl, and preferably,

met hyl, trifluoronmethyl or p-tolyl, and converting the
conpound of formula 2la to a conpound of fornmula 22: S
CONHt-Bu J IN 15 22 30- by treating the respective
starting conpounds wth an osm um contai ni ng oxi di zi ng
reagent conbi nation of K20sQ2(OH) 4/ K3Fe(CN)s, K2QC03,
NaHCO8 and CH3SG2NH2 in-the prgsence of DHQD2PHAL as
a chiral auxiliary reagent to provide the compound =~
represented by fornmula 21 a or 22, respectively. The
rreacti on may take place according to the foll ow ng .
S c h By Re:AiSs the iEspBlive StéstiigMopbuntis with24ts & {udndodtaiiiBl efidiijgreagent

c %aﬁ(ﬁib& K%SS 4@%{&2 Nﬂ%@ %\Ia?—iCb Nd‘% %_Ellﬁﬁ /fM'he pwélance of

’ t 'so
OO\IP!#PDEU“V"}* ps mzmha@r@em 1o pesige the egmpaung fepgec&?'i}?éw fopjyfla 21a
PBl @ 2224gpettisly. GHERE o @8) ti@ptace d3dordid th the Blidwjig stieme{Scime B).
I-\ HaeemerQ $. yc33Nxt-Butyl | aqueou ,e ase/ | teat . HC

K,0s0,(0H), / K3Fe(CN)s

2o

: i K2CO5 Chz
'Cbz\ 8 NaHCG, N\
_ NH-< CH5S0,NH, N N
. N\ N chiral auxillary agent .

- solvent

' o S ' qmﬁﬁﬁmﬂ |
1&@0&3 : {::]ll'
s%ﬁ%cent .——/ HN"Q\
S Ua _

OSOsz o soIvent

Formatmn of the compound of formu}a 22 maybe achteved by treatment of a compound :
of formula 21a with PHIQ (38, 4aR, BaR 3-N-t-butyl carboxamldo-decahydrolsoqumoime) :
Removal of the henzyloxycarbunyi nifrogen protechng gmup ‘-from compaund 22, under

. ﬁ)_ ‘ conuenhonal conditlons (provided ihat the selected condltlons do natinduce racem:zahan ofthe

-stereacenters) prowdes the <compolnd of formula 16 Which may be converled to neiﬁnamr and

‘ _nelﬁnawr mesy!ate as: descnbed abave. o . ' '
' Examgles . . .

The structures of the compounds of the' followmg examples were conﬁrmed by one of

15  moreof the following: proton magnetic. resonance Spectmscopy, infrared spectmscepy, ‘elemental

~ microanalysis and mielting point. Proton magnefic resonance (14, NMR) spectra wefe determined

using either-a Varian UNITYplus 300 ¢ ora General Electnc QE~300 spectmmeter operating at a



22 2. AMBC - base/water 17 5 Formation of the conpound
of formula 22 maybe achi eved by treatnent of a
conmpound of fornula 21la with PHQ (3S, 4aR, BaR, 3-N
-t-butyl (;arboxam do-decahydroi soqui notine). Renoval
of 'the benzyl oxycarbonyl nitrogen protecting group
“from conpound 22, under 10 conventional conditions
(provi ded that the sel ected cggﬂjtions do noti nduce
.raceni zation of the stereocenters), provides the -
compound of formula 16, which may be converted to

nel finavirand nelfinavir nesylate, as described

abovgy sirratipt B megdhausmk;c Chbine&) éhfﬁs big eepsrwamawb%r sfiion {(ppm, 5)
the foll ow ng re confir one ,or

15
o oS T ) -nts&ﬁﬁaramﬁmfﬂa?ﬁ ARt AL AW spectra were
S pe atiersed fpyesidusiprois whters igneisas S8@pyY(HES Thapal DMSO =249 ppm, C

M Crpaakug| Fﬁm gk fﬁa&pi.&.aaga@ Qéé%atetﬂs%ﬂgﬂs Q@ﬂ&lﬁtd oublet: dd, doublet

resonance U%HFFFE‘GC ra were determ ned

& t Wéﬁouab%rtrpé%q HB?GQW%FW@MF5ME"@§P?WSQE given
300 ispatt nbared sbsorgioe (1BY spexira aereabtaiﬁadushg ePelkisEirentfohseanibs FTIR
3g?t-sgagm ted Enemm mcregw&%re ﬁt?gtﬁ]ﬂﬁabﬁﬁabﬁﬂ rllcﬁ’cross GA.

: |
Pt iads o bk At 2 @e'-‘/dﬁ"lpeapﬁaﬁ*ﬁ'%@fi 2 Bl Al bactons
s pecﬂterfacwév@d ip gerureprgled flasks updgr gipht mom\fﬁ Preseiite ehargon unless:
B gnilctviasotal Alowsmeriitdagents weredBed@itcehbdHonrthel rekPeciRBuppliers -

gs e'foﬂg\mﬂglsex%ﬁan P?&%Wélﬁ?’lﬂﬁ \n%is sl dé"hr @P%gﬁlgﬂﬂ%&quemne .
d ou 6‘?‘8&@"’ orts “Set Pi“?!?fg'f'e“’%ﬁ‘e “El*uﬁk)t"@ﬁ dislied ‘B?"b%t"&?“&"‘éyﬁfﬂaﬁ@é‘“ use.
- mul t ApreMiatior€eryithipnain mbdmt‘c"awt(s!eiwl etivey), DEIR (N, M-dimeibyiformamide),

I nf MR g HARSHdRY Wh&te@ﬂ%@héﬂﬁyl%ér? cﬂmm{rﬂmﬁndaset@l {efhanol),
1P er {E(t)é‘a.?]c%l tﬁggecegamggM%S e%e ﬁg ﬁmeﬁ.&f t?%her??‘c %{I)CMe me@.‘ﬁf E’ phenyl)
| nc .V (Rgfepipdiah. Mmsvlw PP%] Q’%Iﬂm‘?@'b%') Bog dledprippiggbonyl), TFA
ona(womim appacidit us amtEAar e uGRdisembBtbthyiddine), TMEDA
rea ﬁWﬂ’-teWeﬁwl@tﬁﬁQxH&i&tﬁﬂe | Recsi £ Rlobligt2R nesb Hca&kaahydnae; NMM
undZ% é & 03|t|ve ‘essure of argon unleaé
ot h&HRFTE™ C AL cdiffferci al  (AEAGERRECIRAINIRed as PP
“Pecd Fdichlgre-6 frdicyanp-i %@ypmn@@wwwammdmd}\e DABCOU is
- fol Iammgclmg&ndneps DBt a@mﬁa@éwya&z;éﬁ DBU . (1,8-

hr)-5- M5
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herein i ﬁnﬂc@d@xatﬁtiqsoraf( gariptid yehmpdundy Yiccofdig to the invention may be

26N, Doty tkw br@ sm:d §&t out H\/ﬁ@m B%@ulﬁ&él éisaapues and the

?/IgtBE n&gﬁ%ﬁﬁ:}s canttlair}éd thereln a¥e noFmea%{ t?a limitthe scope a?ge presentlr?vent:on lrg_rlly way.

. EXAMPLE 1: Preparation of 3-pnthalimido 4:thiophenylbutene &

30 .

A solution of methanesulfenyl chloride (1 2 mol 1.2 equiv, 137.59, 93 ml) in 180 mi of
ethyl acetate was added to an ice-cooled (0°C) solution of phthahmldo-alcohol 6 (217 2g,1.0mol, -



15 Et OAc (ethyl acetate), DVE (ethylene glycol

di net hyl ether) Ac (acetyl), Me (nethyl), Ph (phenyl),

Tr (triphenylnmethyl), Ts (tosylate), Cbz

(benzyl oxycarbonyl), Roe (tert-butoxycarbonyl), TFA
(trifluoroacetic acid), D EA '

(N, N-di i sopropyl et hyl am ne), TMEDA

(N, NN , N -tetranet hyl et hyl enedjpanm ne), AcOH (acetic

aci d), Ac20 (acetic anhydride), Nw '

(4- et hyl nor phol i ne), DCC (dicycl ohexyl carbodii m de),

DDQ 20 (2, 3-di chloro-5, 6-di cyano-1, 4- benzoqui none), -
DVAPavadattt frost MSG Eachinobopios. Ml Presdect, Dr@dGiethylamine (1.3 niol, 1.3 equiv, 131g
di azghy fedGhiph 20@ mPdrehiiaiesite o BMte sufficient to maintain the temperature of the
ey b 196! 0 g b b s vos vt
( NN- ainbigit ippipaistsrean efispd foNBUE ptIRHG anBliris shenpr o stagiing material. Water
Pl Q508 &) whodddeBmBihe eshidgnibtirgy Was stimed for 15 minutes, after which the aqueous
car boRATLAURERRY i URRA pROLL U repesRE il Lo SYFHIREES olowed by

of varrous co ounds acco |ng to the_ |nvent|%: A Ee e
25 SRR S A 1 Hipss pHhF BH e, eV B5RE1q s reraove by, itleion uoer
bel ovaculnetS6° Gatihipetsenmpeciisd it 50°Gor7B LMW 3 & beur Bérind cOMF (1 L) was
ther §&dt@d McRisBRtior BRAB binfi Bockatd Wk bbHanuE O @éuuﬁxlae:rsvct: for 4 hour, After
esgntinvent.i,on . in way. - oo
04 SR e 8 v st el mbpnghl GBI i, 221 o
30 AUt endsfisoproryiethyiamias 2i0menh 0 eaiv.758-8 8 358 mD wets added and the
1. 2 eeuiing mixhBdwds hgatedtd 65T intzmal ldn(eriturap (HPLE biwgysts idiested that < 1%
nas 6%%?\3@ Flaggﬁ% %Piﬁ%u& @E}v@n'a\igé_ié%ic?@q bk H{é%kéte}, 'H NMR
 Ava PRSP £ ORI DD P BRI TS (gD aidon 4 7% . 1
151 ef.hYfovanipping if, 2HB 54D (m. IH), 4B8dddiil 7 10,30 B2) 40 (Hd 1515, 119 biz), 2.98 (s,
in 8_.?%,- LS fﬁécti&ixmﬂx_re &?@Jn&t&@g& Blnbiént teffpSraité fahd MbvRiato Stid for 26 hours.
mal ntal n . L. e rat ur.e | . [ ) L QN .
ot ur e P S ETRE Rl oL ol adthid LB E portons o
i xt WHE R cravrsirmes NabCOa M iratiting Gl Esviing otgatie Rbpseppedyied with

f or 183,80 sl fitdie]. Chafiedty\sassistiid statinasphetit mesturaty remove the MTBE until

Bt 6k Bbt e flire Reab®R 5. ) piSioA VS SofRe ahd Be MBRM fis @oled to

n xture was.stirred for. 15 m nut f.1erwh the . .
acqucttent agenass B et e ShsdPih Pty (ohE somea. soea
was ¢risirisavasgiaddeg edhepdirgdgnigos. ffter iRiMisptes. p BhE oRRag pPregipitate formed.

- ext gk bipmgVibrtah aBdinari hbiirk, Nk sofiRaveiHitivea o detile and thy hexanes were .

- acet QlmdAd rﬁ@‘?ééﬁﬂn;c}%‘x’un? Wk biuled W ﬂééﬂ'?a%ﬁes(ﬁﬂl)- mi) and stired for 30

25  minules. -j"fl-”he wixtire was filtered and the fight orange solid was washed with 1 L of hexanes and

dried under vacuum to yleld 231.9 g (75%) of 8, as an easily fiterable light orange solid. The-

cotnpounid of formula 8-was obtained in enantiomerically pure form, as defined herein. 'HNMR

(300 MHZ, CDCly,) 6 7.75(m 2H), 7.69(m, 2H, 7.33 (d, d = 7 Hz, 2H), 7.17 (£, J = 7, 7 ¥z, 2H),
. 709 (m,1H), 6.20, (ddd, =7, 10; 17 Hz, IH), 5.25 (d, J = 17 Hz, IH), 522 (d, J =10 Hz, 1H),4.90

© B0 (m,H), 877 (dd, J = 10, 14 Hz; 1H), 3.28 (dd, J =5, 14 Hz, IH). -



vacuum at 36C - 45C (pot tenperature at 50C - 70C)
over a 2 hour period. DVF (1 L) was added and
-distillation of the ethyl acetate was continued under
vacuum-at 75C for | hour. After 10 the resulting

m xture was cool ed to anbi ent tenperature, thiophenct
(2.0 nol, 2.0 equiv, 221 g, 206 m) and dil sopropyl’
ethylamne. (2.0 nol, 2.0 equi§ 258.5 g, 350 m) were
added and the resulting m xt P2 was heated to 65C
(internal tenperature). HPLC anal ysis indicated that
<1% starting nesylate remained after 22 hours (rH NVR
analysis i ndi cated 1-3% nesylate), rH NVR. of nesylate

5 Preospiarp gy ARy bie i dhagne ©
2H) andbt, A S)-dipdrdxidp(R)-phiBBinfidel-(phenylthio)- botapez(t0)4. 50 (dd, .
J =5.10 Hz), 2.98 (s, 3H). The reaction m xture was
cool ed to anbi ent tenpe re and all owed t and for
26 hours. The mixture¢ sspour ed into 2 L BE. and
washed succeSS|vp i L port|0n~ of 1 (2x),

agq. saturate X) and
resulting _ jase was dri
‘filtered. The”Td Y-e-was di st

Pressure to rerm _ )
tenperature reached 95C -Distillation was stopped and
the mixture was cool e to anbi ent tenperal@re. The

resul t xane ’ N, o
Lot v o Meh 2 Bt Ton s Pecsd et ST v (19754 0907 a0
1077 xeqyivle potasiu@osmge (ﬁiﬁﬁ: .c5001 gnol. pgofi cagvlasngumbicaprste (949, 0.60
~ f orfi@ 3.0 eqéil)| RkasSilirh EditioRge {8219 gamsoadﬂi BDiequag Imetaheulfcdamitide2.8g,

- solg &smlére‘i ? fﬂtﬂu&}%ﬂ@%ﬂbg P?ﬁﬁ.t S:? g“&ootz'h‘?or'"tgﬁl uﬁ‘ﬁ) Vifis“mixture was

decant ted w

f r edgroiphins o efsﬁetarmfyatada *s‘("r) POl O5cH 5 CIRELAt 545,
Then.2i ma,Urdeequiisvaé addedasasolidiol ondpertipn. giht mixtugswps stirsidivigorously for

| 15’*651 a\&ﬁlli@% %rtchbdkmt#a &Y of Q&aﬁmlﬁ@nﬁlateﬂ(smﬁﬁh wtlﬁtéeded\éulik&h%mure
| e |

0 i b il ooy 95 Y T LA ot i

o btwqwaémﬁvwmﬂvm NQHEL X Br Y HE 500 Y x Hggr brine (1 Lx

herg, aried with shiitn suif318 QndvdAcen(ERE] thdr vaculm 26provideZi)7,g of 3 Gbdure of

| (2rl_n|)dic’ﬂ)s|_§ an?! 18 isgiaold tll! Z!&%Bwl éﬁﬂ 1ed7on ]stht{lﬁg T1]ue Teiz wag aﬂﬂ'z_aéxlmately
2055 f)g% d—l NMR lﬁ_&adacatqq)that the E@d;{cgwas § 11 G)mﬁglre qf ?—\j’i stezfo§efn r5 9and
- 30 1@nwhudhh|fas u&d‘:ﬁfthtﬁtﬂiﬂlﬂhqr pariiBatiod. 4 HHIMIR biijompBund®: (300 MHE, E‘-DC|3)
5 5]?44 '7'4 HZW%E@) 5106 ©PE5AL & YOy, 3.85 (m, 1H), 3.52
( 9)( ve Eﬁaamg de&%) i5 (Sve h}ng %l ZISS] 2.30. (%49Ft6enyw](}]| e)- butane
1, FXBMPHE By direpayatiag B 1 mmvdmmkquﬁﬁgmmmwane {13) and
‘250 Ut@?«% dnﬁb@)oxﬁa(s@ ébﬂ@ﬂuh’éﬁ}lﬁ%&%uﬂﬂe I 4)

30



59 10 Into a 2 L Eel enneyer flask was pl aced
potassiumferricyanide (197.5 g, 0.60 nol, 3.0 - - 10
equi v), potassiumosnmate (0.368 g, 0.001 nol, 0.005
equi v), sodium bi carbonate (50.4 g, 0.60 nol, 3.0

equi v), potassium carbonate (82.9 g, 0:60 nol, 3.0
equi v), nethanesul fonamde (22.8 g, 0.24 nol, 1.2
equi v) and DHQD2PHAL (1.55 g, Q 002 nol,; O. 01 eqU|v)
This mixture was dissolved iR 900 m of t

but anol /water(1 : 1 v!v) and cooled to 0C5C. Conpound
8 (61.84 g, 0,20 nol, 1.0 equiv) was added as a solid
in one portion. The mi xture was stirred vigorously for

15 18 h rs nd

" bisul fi | rtérogglgg(; d)WV\@Ez d@%% ?t{ﬁaﬁ“@d in anméale 2, 'was
Wassuepenteidn 25dnl e 408 agudeys mamrme@m('@e'@d 19160 3C for & dheypestion was
m ebo@& to éﬁilﬁenf:@ni‘péraaﬁ il Bshresar&rtanior wae Kiibbiaé tsougke fhe solution for

%Va O%h ldgqieaéﬁ%g%byolﬂe %?n.fﬁa!}l@'a%b (‘r%crtdre )6var1)placeld Llhlldtllcé vacuum

led wt

SRR SPA Iy LR O BRI
g Cfrovin afjurdus rseiutidh. - Th 1his SsoBtioa ks H0dedls surcegeivaly, wiater (Suib.ciedium:

S| Qdadbonfd dz%é b@ﬂnﬁ atﬁﬁe@ﬂ@c&&e 35{&9 Xﬁ@k&gﬂ@ﬁe resulting mixture to 5

appro al ysi s i.ndic

PR b b Copbmod T LI 3 p BE e o v
1tandesulliog mishrecwespied e tihay. t Fheurthvk aspiatedavervas) sepasate] B washed

1H %Bs@fely@ﬂmmr&rtﬁns df 3 MHOVHEG, safGEE 3pdiunt Gidargbrate i brine. The

( oV %a 2R di e HierSd ar a2 10 Ranfeldlo 8 of a mixture of
154 ;’“FE&W% e i ond e
2 |_|)Comgoq_rgs Hngp &ﬁ@ 1‘153 rw:fturg)l_q;fhg\t Q@wrc BII.( 83\2(?%41% %qu_%hed on

3: skndipgr ati on of )
45k, 2(S) - dlhydroxy 3(R) - Cbz- 4- (phenylthlo) but ane (13)

and_. 25 r.QXx R) - Cbz-4- 1
burai s PRt of el e S e 15

34- The mxture of diols 9 and 10 (6 g, 19.3 nmol),

obtai ned in Exanple. 2, -was suspendew 25'm of 40%

aqueous. net hyl am ne and heate Oto 60/ or 5 h. The -°
~reaction was cool edstq t rature and a .

stream of argon was{!!;‘ : h the solution for

5 2 hours, decreasi ng=the volune ificantly. The

m xture was placed under a vag un1atnnsphere (ca. 18

Fg) for 1 hour to renove. a remai ni ng met hyl am ne

t O proVicg@pdunds @@b 0.1 6M) was suspénded in 250mi of 40% aqueous methylamine, theri

. heated to 60° (ofl bath) for five hours. The resuiting solutiors was cooled te room temperature

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

aqueous sclution was extracted with ethyl acetate @x 100 mi). The ethyl acetate layers were

26. combmed and washed wvth 100 ! satirated NaCi, dried over. SOdIle sulfate filtered and

' conoenttated under vacuum using arotary evaporator { to prowde 20.11 g of the amino-butene'as

* avyellowni (slightly greater than theoretlcal yield). HPLC showed the purity to-be 92% THNMR

(3@0MHZ CD013)§?35(d = BHz 2H) 7.27 {357, 8Hz, 2H},7 17 (t, J=7,7Hz, 1H),6.83

'(ddd J =8, 10; 1? Hz iH), 5. 18(d J= 17 Hz, ), 5.09(d, d=11Hz, 1H), 347{m iH), 3.1

30 ' (dd J=514 Hz 1H), 2 82 (dd J=8,13 Hz 1H), 1.69{brs, 2H) This matenal was used w:thout
- further punﬁcatlon .

‘ Benzyl ch!orofom':ate (21 A 25.6 g, 0.15 mol, 1. 05 equnv) was added dropw:se at

rooft temperature to- & sttrred m:xiure contafmng a solution ofammo—butene (25.5 g.0. 142 mol 1

equiy) in 120 m! of ethyl acetatg and sodium bicarbonate (25.05 9, 0.208 mol, 2 equiv) in 120 mb

'35 of water. After 10.miriutes, HPLG. showed no starting material. After two hdurs of stiring, the




brown aqueous solution. To this solution was added,
successively, water (5 m), sodium bicarbonate
.(2.48g; 60. nmol) and ethyl acetate (30 ml). After
cooling the resulting mxture to 5 C (ice bath),
benzyl chloroformate (3.75.9, 3.2 m, 22 mol) was
-added dropwi se and the 10 resulting m xture was
stirred for 1 hour. The et hyl etate |l ayer was -
separated and washed 'successively with 40 n
portions of 1 N HCQ, aq. saturated sodi um bi carbonate
- and brine. The organic layer was dried with sodium

sul Iu@ee weffré {dpaed arﬂi(fjlﬁé SyARMyatRA washel GRYVS AL 08@?@ 0k add, 50'mi
m X ure.o
tett);i sw;%@.ﬁg%%gg}a% q %tura? % \Mor? urg 8'?3' rlae, eec:}J ov%) mggc‘nestum :

st arﬂgnfqﬁeg filtered angpaupnimated unpergﬁ;ypcapgw rgtpry evaporator to prowde 31.84 g.0f
3- be|r97.ay b @aaysolar (PE¥yidi N THeGolidi-wiak icopitaligd foam KfRexdis: (affdr a Bot filration

%%%P@%Eﬁ&pg r&nc{vé 9 b&ﬁn {Rs&tﬁ)wosﬂ%ﬁve%ﬁﬁ ﬁ&%%ﬂlké &ysé%so(m 78gq, .

o agueous
(08 B%igI. In o FapeH WEWEW"P%?@F??"’ﬂd”é‘&iﬂd%qﬂwzmﬁ'éc'ﬂ574"
(fe]0) I7aiowedapm‘0 m, e ddddre= 7, 1 RaTHE, r1H) 6.2 h@vdnigppingin, @HWa$0 (br s,

rewqwfgOu@dgr“ya@mﬁgnwemqg“aznptary evaporator. The

resul ting aqueous sol Ution was extracted w th. ethyl
acetate (2 x 100 m). The ethyl acetate |ayers were

195, -EX8MBLR s0uPmpatatignohtieraylotycabonyidmisa-thicpheny itk diols 13 and
* drieg over. sodiumsulfate, filtered and concentrated
“under vacuumusing a rotary evaporator to provide
29.11 g of the anino-bute/:ie a yellow oil (sligh
greater than theoretical HPLC showed t h¢
‘purlty to be 92@6 1d NWR
- J 8 Hz, 2ZHk,. [

7, 7 Hz, 1
J =17 Hz, P= . . ,
H, 3.11 30 (dd J-—H 14‘HE IN)
vkh, 1H),1.69 (bra, 211) Thi s naterlal was used

A% t hout further pur|f+%at|on Benzyl ‘chl or of d¥mat e
(21 4 n, 25.5 g, 015 mol, -1.05 equiv) was added

. dropw s eCorﬁéounJ ‘QQ‘IH (S ‘ﬂ) Htatﬁr ng %%Ecﬁtgg\ ok 3 Ei go a3-neck
contal.nin

o1 rosndboflg o5 Splgnng g WS&%%‘E‘W"P%&%%‘P‘M%“ oo hgosmal 3
- bi ceaubdpaeesiuRBEmaE (1050 0. 9®0iﬁj‘thi 0D0epuiv)/Sodium bitdBonate (3784, 0.009
2@f “Waf quuw‘?;Ho%suh@carﬂ&cﬁHk , 6.008Ln%et, SRQUIB CmétRans silbidmit: (0.28,
Bt G b, 1%(1&\%:1& (BB &.024 .3560'65 o001 e}&uw) in 16 mi of t-butanoliwater
(1 1vh). The- resultlng mixture was stirred for 12 hrs at 0°C-5°C, theh at room temperature for-

y elghteen hours. The solid product was then ﬁitered washed with t-butanol/water (1 : 1 viv) and
--idned to gwe 0. Qg ofa white solid (86% yield). The HPLG showed a ratio of 4 : 1 of diols 13 and

o ‘ 725--' ' . _14 Thls product mixture was recrystalhzed from ethylacetatelhexane (3 1 viv) to give 0.18 g of
" 43 as awhite crystallme solid. HPLC showed 97% pure 13. "H NMR (300 MHZ, CDCl) 8 7.4~

72 (overlappmgm 10H) 52(d 1H), 5. 1(s 1H),39{brm 1H), 3.7(m, 2H) 3:5{m, 1H) 33(m,
2H), 31(m 1H)26{d 1H)



-35- layers were separated and the organic |ayer was
washed with 50 ml of 0.5Mcitric acid, 50 n
saturated sodi um bi carbonate, and 50 nl saturated
sodi um chl ori de, dried over magnesium sulfate,
filtered and concentrated under vacuumusing a rotary
evaporator to provide 31.84 g. of 19 as a tan solid
(72% yield). The solid was recgystallized from hot
hexane (after a hot filtration 5 through filter paper
to renove a. brown insoluble oil) to. give white,

needl e-1i ke crystals (24.78 g, 56%yield, in two
crops). -HPLC showed t he purity to be 99% rH NWVR (300

( dd&xgﬁg' éé‘ 'g’fiaféﬁ' Eé‘bg'rz.‘l calglgﬂg?ug%% @F%Ithlg =1 %?lnwneomde 18

5.10 (br s, 20, 5.04 (br s.
-3 15 (m 2H). 10 - EXAMPLE St Prepara
3- benzyloxycarbonylan1no 4-th phen
13 I3 14 Conpound 19

and 14 02 o0 s s 0 H
(lg, 0.003 not, 11. 0 s
one portion, to a 3-nec roundbott*

'a ded as a solid, in
flask containing
a 0C5C solution of potassiumferricyanide (2.96g,
@. 009nol ; 3 (( equiv), pota33|qg1osnate (0, 005¢,
0. 000015 nol, 0.005 equiv), sodium bicarbonate (0.76g, .
0. 009 Zﬁ}Nitrdtepzc@l oblqmde@oagmﬂ'a'sm!)maﬂaectgbmav@ tf 40°C4af°C solution |

0. Ogﬁzﬁ‘é‘&ysﬁen% eMeb PNARAEd Q4 %899) dad Q@?ﬂylamme

on)
- e q u 3\?)1 s ﬁll 2% mﬁl? in q(h't'a PYR zﬂ')g %’ggl’(eiumni n@fi\,ﬁ) was-FHréedQcar one hour
18 eswitht iFWOWEXMGﬂ‘@eMQn}%Wqﬂd%GO 4 o 0136 mellsvag pd@GdBpwise at 2-12°C

.the Bncﬂﬁe rﬁd&@ﬁw‘éﬂtﬁwvﬁb ibeRodlif for cRE BIUE GRFInJORIE Mattel WS filkered off and

SO' a ?Iléﬁ\?l @Q{iﬁtﬂgﬁlﬁi{evgmﬁﬂe ht%?epeeﬁpo chand o%ncgntrated under
ot avw"e v.&ThE G (i sckias e Nrkvippiies (O o vgshed Spgoosively

of ith viatey{50ahiod 8.5 M:qeends Stic ek solitnnd50omip d sattrateil Aguenes solution of

w\lassddﬁ-ﬁ{ rySrbgtnkioRste {500R) ﬁhf%é{dna&@ btk @éof}ﬂr&m ovet! maan%kdﬁ) sulfate

bt DA R By ne

. 7gis?pﬁqpélr |e§‘ﬁb' {ﬁ b 1991 g)ve @R@R{ abengylﬂxycag)om(@nmmhenylthm—z- -
3. Imétharrsuliblosy- BidhitfolenzRbly) - Hlifand ng3s.a Hy, 53%3 yiel fro@HY2R,3R)-3-
3. IpdiRoxddabooriahireS-prryitrhd-1, 2BRainediol 14) a5 colorless crystals. *HNMR (CDC,
20 300 MHz) 5'8.5-8.0.(mi, 4H), 7.5-7.2 (m, 1{)14) 5.44 (ddd, J=6.9,5.1, 2.3 Hz, tH), 5.11 (s, 2H), 5.09

‘ (brd d, 1H), 4.57 (dd J=12.0, 6.9 Hz, 1H), 4.60 (dd; J=12 .0, 5. 1Hz, 1H), 4.21 (m,1H), 3.25 (dd, -

J=14.0,6 2 Hz, 1H), 3.05 (s, 3H), 3 05 {dd J—140 8.2Hz, 1H) IR (KBr): 3347, 1725, 1699, 1531, E

' 1514, 1349, 1283, 11?2 1109, 1028 925 cm™ {a]o :-14.0° (¢l.01, CHCly); Elemental Analysis "
:(CgaH-zsNzOgSz) Calculated: C, 54. 35 H4. 56 4. 88 Found: C,54.49; HA4:19; N,A.75. |

. 25 An aqueous: so!utmn of 2N potassnum hydroxnde somtxon {28:7 m, 57.4 mmol) was added
foa sttrred raom temperature sotuhdn of (R3R)- 3—benzyioxycalbonylammo-4~phenylthm—2—

-methanesulfonyl—oxy—!i -(4-mtrobenzoyioyloxy)butane (15:0 g, 26.1 mol) in 1 4—d|oxane @20mp). -

" The resultlng mixture was stirred for one houratroom temperature Tdluene (200 mi) was added

. andthe resuitmg mxxture was washed successwely with water {200 mi), a saturated aqueous :
36 solutlon of - soduum hydmgencarbonate {200 ‘mf} and saturated brine (100 m!), dried- over
‘ magnesrum sulfate and concentrated undar vacuim to give (25, 3R)-3 —benzﬁoxycarbonylammo— '

- 4—phenylth10— —buteneomde 15, 8.43g, {98% yield) as a coloriess ofl. This. maierlal was used
without further purification, *HNMR (CDC13, 300 MHz) 8 7.5-7.14 {m, 10H), 5.2-5.0 (m, 3H), 3.70

{m, 1H), 3.22 (q, J-5 6Hz,2H), 2,99 (m 1H), 2 9-2.6 {m 2H) IR (KBr) : 3302, 1694, 1538, 1323



EXAMPLE 6: Preparation of

3- benzyl oxycar bonyl am no- 4- phenyi t hi o- 1- but eneoxi de 15

N2 &5 15 p-Ntrobenzoyl chloride (20.6 g, 0.112 npo

was -added at 3-10C to a.0C to 5C solution of. (2R 3R

- 3-ben zyl oxycar bonyl am no- 4- phenyl t hi o- 1, 2- but anedi ol

14 (39.0g) and triethylamne (39.1 m, 0.280 nol) in

tetrahydrofuran (300 m ). The_gesulting m xture was

-stirred for one hour 10 with ice-cooling.

Met hanesul fonyl chloride (10.4 m, 0.135 noo. was

" added dropwi se at 2-120C and the m xture was stirred

Wi t h1356,e4190019289 1306y s&2nenhpi”, : RE.2 o DUDTHCITH Hemenals Analysis

f i | t@ ﬁ%n@ﬁé) BReliateeE BEsk: Wislah N4 38y FouR LeB1E; H,5.85; N.4.33.
Tirate and the washi ng were comnbi ned and

concentrat ed under vacuum. The resulting residue was

di sSEXAMRLE 1T: et Rydpaabien adfe (353 08Sn1 SpSpirli2Rua SREedtamino-2-hydroxy-4-

SgiC C&%%Wﬁé%tyl)ﬂe&%y%ﬁs‘égm&aﬁﬁe A arbékyfl RidLRAMHARALS 16

citric acid solution , a saturated aqueous
sol ution of 15. sodi um hydr'
saturated brine (50.m), dr-over magnesi um sul fate
and concentrated under vacuufyi The resulting residue
was recrystallized fromtol ugne (4;@.@,@[,0/ d isopropyl
ether (300 m) to give
~ (2R, 3R) - 3- benzyl oxycar bonytaaping ,-phenylthl 0--2-
nmet hanesul fonyl oxy-1 (4-HRltr ben'yl oxy) butane (38.6
g, 51%, yield from (2R 3R)-3
beni yl oxycar bonyl am no- 4- phenyl t hi
as colorless crystals. 'H NVMR (CDClI'3y" 20 300 MHz)
&B.5-8.0 (m 4H), 7.5-7.2 (m 1@11) 5.44 (ddd,

carbonate (50 m) and
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=
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- J=6:9,5.1, 23HZlH) -5.11 is. 5:09 (brd d,
| ‘é“’mz“ 1y sl g ooty %Er“m@*ép% bilesdlfgéalbngs o
3. 05a Sg-dgfgihy(dwoqu\ywhrg%@a@mghwld t—ﬂﬂy‘larplﬁ@ (4. 989, 20.9 mmol)in.

( KBri)qprdbﬁéhkolio? 28, i1 985 h&BA, at TE-BELE, for 5 hors. - An aqueous solution of 2N
%gﬁ%eiagéiﬁn ﬂﬂzl?o%déé@% whQess. mr%i)gnas Bdded ar[dé}leﬁn waschfinfkdat 70-75°C for
J I L T
46 1 weshey' vty wetey 6120 puj) onp 1H dydsestiloriosasid (B9 6Wx & 4R X 1) The aqueous
pot mm&w@mmem“ﬁm withloled8 (160 l?d! x3)5 ThedpHOTD pquUsBS extracts
- addgghs aliGtéh 15 bil i3 Gfhg o ke s&%ﬁ E; sscn% to%e Hen extracted with

(2R3 ﬁg?@giﬁ? 8%)’-‘- m?ned aﬂ’f’ V ‘8?{“2 %ﬁﬁéw ?dabﬁ'ge dried over

L ( 15 neggesipesulfatesng cwce@aieddmdgmmem(tqmﬁ (A%, y:aS, 83R)E-{(2R, 3R)-3-amino-
B nes lﬂ-ﬁyﬂrﬁ@-ﬂh&ﬁﬂﬁ:&:u@@-&e&éféﬂnﬁr&@ﬁnéﬂﬁé—&% xROabiALLIPAHNe 16, 9.39g, yield

ature, .Jol
r es B} g’ﬁ?ﬁ@ﬁ%ﬁ@%ﬁéf E\%ﬂ% GRS, 368 Gm,
( 200Hp 387 &6, t'r"r”ét“é’eﬁ“ﬁdﬂbo%%? 288 {olkdy i v d#d sHipQ§sHz1H), 264
hy driagengashenate @200 @, )—aamin—&m)u r ztded {ag,Ua8.2,6.6Hz, 1H), 2.27

(10Q a&‘i-ﬂ%gﬁ%i VFéz(sBﬁigi‘@%km jl fate and

: concent rate nder. vaculm.to 9 }
e FIBLY c&ir bbRyIatam gt (35, 4ad, 8aS) H2R, 3R -2-hydroxy-3-(3-hydroxy—2—

.methylbenzoylammo)~4-phenylth|obutyl]decahydronsoquanolme-3-carboxyhc acid t-
hutylamide 17



4- phenyl t hi o- 1- but eneo) Cde. 15, 8.43g, (98%yield) as a
colorless oil. This material was used w thout further
purification. 'H NWMR (CDC13, 300 MHz) 67.5-7A (m

10k), 5.2-5.0 (m .3H), 3.70 (m. 1H), 3.22
(d,J=5.6Hz,2H), 2.99 (mIH, 2.9-2.6 (m2H IR (KBr)
3302, 1694, 1538, 1323, ------- R ---- =37
1256, 1100, 1028, 1006, -882 'c_ 5. [alpp : -26.2 6
(cl.0.1, CHC6 ); Elenental -Anal’ysis (CL3HLI9NG38):"

Cal cul ated C 65.63; H,5.81; N, 4.25, Found: C, 65. 36;

H 5.85; N,4.33. EXAMPLE 7: Preparation of (38 4aS,
8aS) - 2- ((2R, 3R)-3am no- 2- hydr oxy4 5
~ phenyl t hi obut yl ) - decahydr oi soqu I ne- 3-car boxylic
acid t-butylamde 16 CONHt-Bu ™96 10 A sol ution of
(28, ' -

3R) - 3- benzyl oxycar bonyl apmi n@- 4-phenyi %%'lmgu-t- but eneoxi d
e 15 (8.43g) and (3®._4a PN :
8aS) - decahydr oi soqui nol -S-mar oxyll i cj aci d

t-butyl arni de (4.98g, i nnol §7 i n; s0pr opy|

‘al cohol (70 m) was heat ed at 70-75C f ' :
aqueous sol ution of 2N potassj,um hydroXide (52.3 ni,

904.5 nmol) was added and heat*rng was continued at

- 70-75C for 15 hours. ‘After cooling to room

- senper at Wseiutichof Lsexyadhytitizopettorideid vlg, 204 mintoR in ethyl acetate (40
X s%ﬁw&éadﬂ%ﬁ?&&hrrﬁsh&eﬁ%g{s iakzé%sjﬁ a(ZRa§MIno~2—hydroxy—4-

hydrochl oric aci

AR IIARCN CIE Ao S e AL e P T
X 3)podidfn mdpablertaérbom (&8l stRymmcltin aviktsre oinmter @olnaietiy beptate (40.
- PH 3, Wit i88ccRiind I HRGHRurS Rhid HikiTor@h adloRPhABBithMB-cooling, Water-(20
L 1Eydr %XI de :Péeh ?ﬂ% ﬁxé'é%%tia%gr \\:(r\géstse ar%]teJ d%%%%ﬁl(e%%[lﬂz r':.-[11s%':tugtelaeaquet:aus
) bri ﬁ@‘”ﬁ‘-"d 30D b gstum tydrparaerionate grigdoves maaresius sulEirapd eipgentrated
u n d endeacicum b givess,dag, 8552428 38]@:8)3—a2et¢(x(r-2—ﬁxetha&)1z®iaam-hydmxy—
ylth:obutyl -decarllytdrolso winaline-3-carboxylic acid t-butylamide {12 79, yleld 96%}-as
B R e

18 c (ﬂfd)ﬁfﬂ'é)sé A% [, 1H), WNW%)@I {4d.538.8.°RHe. ) H)5¥4 Bldd =137 mTHzJH) :

5 H) 2.96 (Ri={ 107 2lo8z, 1) 2.563dH B=109)9. 11, th), 3443(31 1+ &3&14@1) 2.27 (s, 3H) '

= §§§Z19(M'9'_|2 &9%%?532311'“ 'ﬁéhﬁ) ?%78(% 9@ 1Hz 1 2. 60

K ( dd. =8, Dugoimaznions (26%; i adied = SOEoRGES, a5, BaSYBIER, RS-
- dd{%mﬂm& Bte@!‘l’rbemwlémmw) 3ZWQ'OQHFQhewlﬂ@obntymdf(cﬁipm@lsmuz@lme-&
2 &acsE’f ﬁra@a”nﬁdé (m i n{e&%no:(é@%l) T Psoifb bl IR was siired for 1.5
R o e seibagrrsteim g ne
- no| mq@d solidign Qf@}gy'qapcg 5@9 g‘.ﬁai@ WafﬁSlﬂﬁeW dned at 501:10 undervacuum. |
n to give (38, 4aS, aaS)-Z-I(ZR 3R)-2-hydroxy—3~(3-hydroxy—2-meﬂ1y|benzoylamma)—4- '
phenyiﬁnobutyl}decahydrmsequlnelln&3¢arhoxyllc_acld t—butyla_mlde 17, 8.00 g, as colorless
25 ciystals {54% yield from (2R, 3Rehéhzquxyaarﬁdnylar’n’ino'-d»pheﬁylmi‘tb-z‘-metl‘tariesulfony{oxy.-i-
' }.‘(4-ﬁitrobgnzoyioxy} butangy. 'H NMR {CD30D, 300 MHz) 57.49 (m,2H), 7.27 (m.2H), 7.47
(m,iH), 7.01 {m, AH), 6.90 AmH), 679 (m;1H), 4.43 (M1H), 4.06 (m, 1H), 3.54
{ddid=10.1,3.5Hz,1H), 3.37 (in, 1H), 3.04 (dd, J=B.7,1.7Hz,1H), 2.60° (m,2H), 2.24 (s, 3H), 247
{m, 2H) 2.01 (M, 1H), 1 8-1.1{m, 11H),1.17 {5,9H).




-38 OCON H-Bu OH 17 5 A solution of 3-acetoxy

2- nmet hyl benzoyl chloride (4.37 g, 20.6 mmol) in ethyl
acetate (40 m) was dropwi se added to a stirred
suspensi on (3S, 4aS, 8aS)-2-((2R

3R) 3- ami no- 2- hydr oxy-4- .

phenyi t hi obut yg- decahydr0|squ|noI|ne3 car boxylic acid
t-butylanmde 16 (9.1, g, 21 qgg[) and sodi um
hydrogencarbonate-(4.55 g, 642 mmol) in a mxture of
water (40 m) and ethyl acetate (40 m); with

i ce-cooling.” The m xture was stirred for an additiona

hour Wi t e&ﬁmﬁéa@ha PAEharaiiHs Fovifi b fitnkr taRateshd @genatifl the

;2? O'%‘{C"’g'a‘ls g&he% Tt ,,g,%,}hé eE,-.% E}Egs &rﬁ%p%& gﬁg cM[Ionnc@ Itis to be
hy derrigesteed theidieacene ofthe @eseaV@ienti?a frietimiied '8 a"Yf“é‘fW by e, ampe of the
CONeRGigixatplesbndrepastiansim t 0 gi ve (38, 4aS,

6S)-2-[ (2R, °

R) - 3- ( 3- acet oxy- 2- nethylbenzoylan1no) 24, ydr oxy-
4- phenyl t hi obut yl ] - decahydr oi soqui nal i ne- 3 carboxylic
acid t- butylan1de (12.7 g, yield 96% as colorless
and anorphous "H NMR (CDC13, 300 MHz) 6 7.5-7.1

(m8H), 7.1-7.0 (m 1H), 5.51 15 (brd s,IH), 4.48
(n11kb 4 07 (m H), 3.81 (dd,J=13.7,9.2Hz, 1H), 3.41
(dd, J=13. 7, 41Hz, 1H), - 2.91 (dd,J=11.7,2. OHz, | H), 2.56
(dd, J-12.9,9.1FE,1kD, 2.44 (mIH), 2.32 (s, BFD
227(s,3H), 2.3.2.1 (m2H), 1.99 (mIH), 1.9-1.1(m
IH),.1.07 (s, 9H) Aqueous amoni a (28% .24 n1) was
added to a sol ution of (3S, 4aS, 8aS)-2-[(2R_ 3R -3-

( 3- acet oxy- 2- met hyl - benzoyl ani no)
- 2- hydr oxy- 4- phenyl t hi obutyl ] - decahydrOIsqu|n0||ne 3-
20 carboxylic acid t-butylamde (12.7 g) in nethano

. (96 m). The resulting mxture wasstirred for 1.5

hours at roomtenperature. The resulting precipitate
was collected by filtration and washed with a mnixed
sol ution of nethanol (75 m)/water (25 m). The
resi due was dried at 500C under vacuum to give (SS,,
4aS, BaS)-2-1(2R,
3R) - 2- hydr oxy- 3- ( 3- hydroxy 2- nethylbenzoylan1no) 4-
_phenylthlobutyljdecahydr0|squ|nollne 3- car boxyti c. aci
d t-butylam de 17, 800 g, as colorless 26 crystals
(6m%y|ehjfrom(2R
3R- benzyl o) year-bonyl am no-4- phenylthlo 2- nethanesulfon
yi oxy-1--.(4-nitrobenzoyl oxy) butane). -1H NVR ( CD30D,
300 MHz) 6 7..49 (m2H), 7.27 (m2H), - 7.17 (m1Hy,
7.01 (m- 1H), 6.90 (mIH, 6,79 (m1H, 4.43 (MIH),
4.06. (m ‘1H), 3.54 (dd,J=10.1, 3.5Hz, 1H), 3.37 (ni, .
‘1H), 3.04 (dd,J=8.7,1.7Hz,IH), 2.60- (n12kb 1 2.24
(s,3H), 2:17 (m2H, 2.01 (M1 H, 1.9-1.1 (n] 11 FD
1.17 (s, 9H). R S



-39- The exanpl es and preparations provi ded above
~further illustrate and exenplfy the conpounds of the
present i nvention and net hods of preparing such
. conmpounds. It is to be wunderstood that the scope of
tWe cilgsent invention is not limted in any way by the
scope of the follow ng exanples and preparations. 5°
- -40- W claim 1. A nethod for preparing a conpound
r'epr esaentembdm prepanitlgda démpapRitepeseided by rdLBPMS, 8bmpsing -
‘ 3 -Eu 7 x'l OH16 a) heating a solution :
B&SEPSPRg (2S, 3R) - 3- benzyl oxycar bonyl ani no-
‘4- phenyl t hi o-1 - but eneoxi de 15
decahydr oi soqui nol i ne- 3-car box _
in.isopropyl - alcohol; o Q 15 addi ng an aqueous
‘solution of 2N potassi um hydroxi ge; c),agdi ng toluene
and washing with water and N ydrochlorlc acid; d)
extracting and conbia{ng L e ers; and e)
dryi ng the extractée uct o ro |de (3S, 4aS,
8aS)-2-((2R, 3R)- aF
i no- 2- hydr oxy- 4- phenyl t hi obut yl ) - deca oi soqui nal i ne
-3- carboxylic acid t-butyl am de 16. ‘

16

aci d t-butyl am de

a) heating a solution comprising (2S, 3R)-3-benzyloxycarbonylamino-
4-phenylthio-l-buteneoxide 15 and (35S, 4aS, 8aS)-
decahydroisoquinoline-3-carboxylic acid t-butylamide in isopropyl
alcohol; -

15
b) adding an aqueous solution of 2N potassium hydroxide;
¢) adding toluene and washing with water and 1N hydrochioric acid;
d) extracting and combining the aqueous layers; and
e) drying the extracted product to provide (38, 4aS, 8aS)-2~((2R, 3R)-
3-amino-2-hydroxy-4-phenylthiobutyl)-decahydroisoquinaline-3-
carboxylic acid t-butylamide 16.



