| NTERVEDI ATES USEFUL | N THE SYNTHESI S OF HI V- PROTEASE | NHI BI TORS AND
METHODS FOR PREPARI NG THE SAME Field of the Invention 5 This invention _
rel ates generally to 1, 2-di hydroxy-3-am no-butanes, their 3-am no-butene }
precursors and -chem cal methods for preparing the sanme. The butene and

but ane conpounds of the invention are useful as intermediates in the
synthesis of the protease inhibitor nelfrnavir nesylate and its free base,
which in turn are useful for the treatnent of H V-infected individuals. 10
Background of the Invention Treatnment of H V infected individuals is one of
t he nost pressing bionedi cal problens of recent times. A prom sing new

t herapy has ener ed ortant . met ar event| ng or __inhibiting
the rapid prollf9 ﬁmﬁgﬁﬁﬁgmw ' i W@%e

i nhi bitors block a key enzymatrc pat |mﬁy FIrtie vrrus~result|ng in
substantially decreased viral |oads, |ch sl ows the.15 steady decay of 'the
| mmune systemand its resulting del YeBPBect s on human health. The

HI V prot ease i nhi bitthieinvemédrfrelntayganenaiysa/ adrw;irohaafanﬁga—bdMeé Glelr amingbdiere nul a:

Ph CHa. O CONRtBors bd chiedcd Weﬁ\'or‘s forlprephrin éaﬁlla Trelbutbhe agéﬂr?a%m ptholi@s been
shown.to be a effe@trve tr nE ‘§F¥ Q§60t |nd|vrq] s Nel fi navir
‘mesylate is dPSBBLRET ey 35 Apedtes byt @’" %S gipe Pofrrse LY S nyar v
16, 1996. Thi segdatesdits free hase whehrrrhrrewyusef%foftmﬁ@ﬁwﬂm Hiy-infeqtsgiingivigyals.
reference. Prior to the present invention, the stereochemstry of

nel finavi rygmesyl ate product S and Bae repared by conventi onal
‘processes was determ ned th the 25 starting

materials. Thus, drr'ieﬁté‘F%tﬁf’é'Vé‘\f%’f?fjg’HWﬁ’%s'WeW&%W’?Ss'ﬁ%%e&@%?'em%‘§ free
base coul d onlecerdiémps. daaomigindnevt tharapyhes afierged esarf inportzntandthiod ifae piegensidgar t | Ng

mat erial's. ThemBhiRPRE apili POREEEIRRE the virus in human tissue. HIV protease inhibitors block a key
‘ enzymadtic pathway in the virus resulting in substantially decreased viral loads, which slows the

15 steady decay of the immune system and its resuiting deleterious effects on human heaith. The-
Ny '-Hl\['-Protease‘i_rahib'iter nelfinavir mesﬂate; having the following formuila:

. CONHtBu

20 hasbeen sShowit1o be an effective treatment for HIV infected individuals. Nefinavir mesylate is
~ ‘disclosed in U.S. Paient No. 5,484, 926 which issued January 16, 1996. This patent, in its
. entirety, is rncorperated hereln by reference '
Prior'fo the present :nvenhon the s’tereechemlstry of nelfinavir mesylate preducts and
mtermedlates prepared by mn\rentlenal processes was determined by the stereochemrstryef the
26 startmg matenals Thus drfferent stereersemers of nelfinavir mesylate or its free base could only
- he prepared by the USe of specrf‘ (3 enantremenc starling materials. The present lnventron
provrdes a versatile and useful synthehc reute for the preparation of nelf navir whereby key
-stereocenters are estabhshed at a relatrveiy Iate stage in the synthesis of the 1 2—d:hydroxy—3—
' ;amlno-butane substltuent o -

36 - HiV-Protease znhrbrters prepared by use ofcyclrc sulfates are drscussed for example, in
U:8. PatentNo. 5,705,647. Asymmetric dihydroxylation, utilized in the présent invention to make
neffinavir mesylate intermediates, is discussed genérally in WO 93/07142 and in Reetz et al.,
Aéymmetﬁc Diyydroxytation of C:hirafy—Aminb;a, B-Unsaturated Esters: Turningthe Mismaiched



provides a versatile and useful synthetic route for- the preparation of

nel finavir whereby key stereocenters are established at a relatively late
stage in the synthesis of the 1,2-dihydroxy-3- am no-butane substituent 30
HI V- Pr ot ease inhibitors prepared by use of cyclic sulfates are discussed,
for exanple, in US. Patent No. 5,705,647. Asymetric di hydroxyl ati on,
utilized in the present invention to nmake . nelfinavir nesyl ate

intermedi ates, is discussed generally inoA 93/07142 and in Reetz et al.,
Asymmetri c Di-hydroxylation of Chiraiy-Amno, a, a-Unsaturated Esters:

Tam ng the Msmatched -2- into the Matched Case via Protective G oup

Tuni ng, Tetrahedron.Letters Vol. 37 9293-9296 (1996). O her background
processes r el aiedie idateligd Gasp/dnPiotepive Geoup duming, TeirabsdBin URtire ol 3702293-829887, 481.
- Processes for @gg@;ium ng am de derivatives useful as internediates in the

synthesis of 5 nel ne ate ar 7. 7 .and WO

97/ 11938. These ref%ﬂbeg?i’&ému"@oceﬁseﬁ)rr%age 3’8’ 'H‘?P‘&"ﬁ’%g’"?‘%‘f‘éf feE™ Rymary
of the | nvent %% T SrohzAeRior mprupiag amicegieqvatives ypelulas interrondiates i thespisisafi on of

an optical |y aedfhae nksylataianofolng 8 V0 or/MB3BE bed WaS 84/ P1084d. V ehee® RY@EmbPR Of. the

optical ly actiN&r3aliReenul RRE an optically 10. active
1, 2- di hydr oxy- '3anre|3no bu?ang aer?gg

the optically active 3-am no- butene and
-1, 2-di hy dnxy- 3-ami no- but ane procﬁ%‘@@é‘ﬁ%‘@@%@ﬂl n one enbodi ment, this
i nvention_ provi des Thsrieehtd tlates the Mﬁwﬂefasmhempameonpofe@an;arcansamcuvéfs-of R S

or RRamrio damruazue , Blels@RBLechit ca#,é?mroﬂxydpaéam%&veﬁah{a%&&{e%%ﬁ@@@g
protecte a cifi S |nven Lon _provi

B Ry 2 notChu ea 2 an GRS s e and . Fainys-°

, 2(S) - di hydr 0X3yATHIOPERR PHREHORA fhelFRy. a met hod f or the preparation of the 3(R)-
ami no-butene and a method for the stereosel ective di hydr oxyl ati on of the

prot ected Rramno butene to formthe 1, 2( R) - di hydr oxy- 3(R) - am no- but ane or

1,2(S)-dihy.roxy- 3(|R2) m. nQ- ne. 20 In one of its aspects, the present
i nventl on relates t 8°% 6’8’??% ‘?1'5‘(?!‘5‘? PRYidesf giethpd 1ar the sercosalpoiive prepaegiion
1 _5 of R,S or R,R amino-hydroxy alkariols by dnhydroxylahon of the corresponding protected R-amino

alkenes. Specifically, this invention provides  a 3(R)-amino-butene, a 1 2(R)—dxhydmxy—3(R)—
ammo—butane oraf, 2(S)-d|hydroxy—3(R)—am:no-butane 2 method fmr the preparation of the HR)- "
' amino-butene and a method for the stereoselective dihydroxylation of the protected R-amino
butene to form the 1 2(R)-d:hydroxy-3(R)~ammo~butane bri, 2{8)—dlhydroxy-E(R)—ammo-butane
20 Inone of lts aspects, the present mvent:on relates to.a compound having the formuia
RY —R? -

- whereinR'is a suitable nitrogen protecting group, R2 is H orR! together with R?form a suitable -
| ~ nitrogen protecting group, and R®is thioalkyl or thioaryl. _
325‘ . In-another of its aspects, the presentinvention refates to compounds accordmg fo formula
. 1, whichmay be selected from the following group;

,and

| in yet-another of its aspec’ts ‘the present mvenhon relates to a compound havrng the .
30 following formula: :



1 wherein Rl is a suitable nitrogen protecting group, R2 is 1-t or Rr
together with R2 forma suitable nitrogen protecting group, and R3is
thi oal kyl orthioaryl. 25 In another of its aspects, the present invention
rel ates to compounds according to formula 1, which may be selected from
the followng group: SfI  RnS (*C o, and In yet another of its aspects,
t he present invention relates-to a conpound having the 30 follow ng
formula: -3- R\ NH3 RZ NR? or HO OHs2, wherein RL is a suitable
nitrogen protecting group and R2 is Hor R together with R2 forma
suitable nitrogen protecting group, and R3 is thioal kyl or thioaryl.
Conpounds related to formula 2 may include. 50 R R Sfd RZ-C HO OH
HOF OH Ho H and I n anot her asp&ct, & presgnt invgntion relates to a
conpound with the foll ow ng fon H2N O HO OH

' R? 4

HO  OH or o bH 2,

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 thicalkyl or thioaryi. Compounds related to formula 2
may include: . : : ’ ’

; . ;R1 . Ri . . p :
\ NS
~
R2 RZ =

§

HO . OH

and

HoNwm-

0 - T HE WMo o on
whereinR%is thisalkyl‘or[t_hiqatyl.- Coinpounids refated to formula 2a include:




2a wherein ft3 is thioal kyl or thioaryl. Conpounds related to fornula 2a
include: s 2 :1 N H2N HO off and 140 H-4 In a further one of its
aspects, the present invention relates to a nmethod for the stereosel ective
preparation of a conpound having the formula 4 or 5: R3 R3 H2N H2N HOB
OH-or HOOH d 5 4 5 conprising converting a conpound of fornula 1: 10 1
to a conmpound of fornmula 4 or formula S. by treating the respective
starting conpounds with an osm um contai.ging oxi di zi ng reagent conbi nation
of K2Gs2(OH) 4QFe(CN) 3; K2CO3, NaHCO3 and CH3SO2NH2 in the presence of .
DHQD2PHAL as a chiral auxiliary reagent to . provide the 15 conmpound
represented by fornula 4 or 5, respectively, wherein RL is a suitable

ni trogen protectin§ giughg aandf RS asrectsl the piRent Dym@tidueriatas td) a RitHod fan tee

sui tabl e mtroea@o@re@metépagm%pmmpamhang%,eférmewaé kyl or thioaryl.
Preferably, R3 is an thioaryl group or a thiophenyl group. This present

nmet hod may further include s&aereosel ectivel ysconverting a conpound of
formula 1 to one of  the foII W ng conmpounds\ RO R3 R R N Rz 20 HOB'
OH or HO OH2

HyN HoN

HO OH

E-N
ftn

10

to & compound of fomula 4 or formuld 5, by iredting the respective starting compounds with an
 osmium-containing oxidizing reagent eotmbination of KOSO(OH) JKFe(CN)g, K,COs, NaHCO,
and CH580,NH, in ‘the presence. of DHszPHAL asa c‘hirel‘ auxiliary - 'reagenf to provide the
- 15 eompound represented: by fermula 4 or 5 respecttveiy, wherem R’ is a suitable mtmgen
protecting group and 'R%isHorR! together with R forma Suitable nitragen protecting group, and
'R isthioalkyl or thioaryl. Preferably, R3 is an thioaryl group ora thlophenyl group. - This present
method may further include stereoselechvely converhng a sompound of formula 1 to one of the

- following compounds: ' '

R
R! ‘
N
N
7
R* Pann
20 ' . HG oHer

In a further aspect, the mvenhon relates foa method for converting a compound of
o formuia 2toa campound of fomwia 4, andfor converiing a compound of fofmula 3 to a compound
25 ,of formula 5, by reémoving the mtragen protection group without inducing racemization to provide -
the Compounds represented by formula 4 or's, respectlve!y
in yet afurther aspect, the mventlon relates to a method for converting a compound of
~ formula 6:



t hi ophenoxi de, wherein the thiophen

2 3 1In a further aspect, the invention relates to a nmetthod for converting a
conpound of formula 2 to a conpound of formula 4, and/or converting a
conmpound of formula 3 to a conpound 25 of fornmula 5, by renoving the
nitrogen protection group W thout inducing racem zation to provide the
conpounds represented by formula 4 or 5, respectively. In yet a further
aspect, the invention relates to a nethod for converting a conpound of
formula 6: 5- s 1 \ 6 to a conpound of _gormula 7, 7a or formula 8: N1- C
078 wherein R4 in formula 7 is a | eaving group, by treating the

‘hydr oxy-butene 6 with methane sulfonyl chlioride in the presence of a

sui tabl e solvent to provide conpound 7 or with nethane | 1D sul fonyl
chloride in the presence of an am ne base n a polar aprotic solvent to
|

provi de butene- nesylatée 7a; and O 7z gdatin ut ene--nesylate 7a with
[ (s rmed In situ 15 using
t hi ophenol and anon- nucl eophilic base pol aprotic solvent, to

provi de thi ophenyl- butene 8\ ~s 8 20 . this reaction, preferably R4
is chloro, bronmo or -0S02-R, wherein iy ?s al kyl or aryl. In addition,
conpound 7a may be stereoselectlvely convegted to a conpound of formula 8,

and a conpound if cohPbindlopfo@maEry. 70 6r iemaMer t ed to a corrpound of formul ae 9,
10, 11 or 12, respectively. o

wherein R* in formula 7 is a leaving group, by treating the hydroxy—butene 6 with methane
sulfonyl chloride in the presence of a suitable solvent to prowde compound 7 or with methane
10 sulfonyl chioride i in the presence of an amine base inapolar aprohc solvent to prowde butene-

mesylate 7a; and ‘

treafing butérie-mesylate 7a with thiophenoxide, wherein the thiophendxide is formed in situ
18  using thiophenol and a: non-nucleophilic base in a polar- aprohc solvent, to provide thlophenyl-'
‘hutene 8 -

20 : ln this react:on preferably RYis chioro bromo or -0SOzR’, whereinR' i is alkyl o aryi
In addition, compound 7a may be stereoselectively converted to a compound of formula

8 and a compound of formula 8 may be converted fo a compound of formulae 9, 10,41 0or 12
respechvely



-6- 0 HZNd HzHH fi - <HCfH Ho HOHor HOH 9 10 11 12 In addition, the

i nventive methods include converting the conpound of formula 9 or 10, or 5
a mxture thereof, to a conmpound of forrmula 11 or 12 or a m xture thereof
by deprotecting the am ne. The. conpounds of fornulae 9,10" 11 or 12 may
then be converted to the nelfinevir free base .conpound, fornula 17: CONVWBU
17 10 in a further one of its aspects, the present invention relates to a
nmet hod for converting a conpound of forgiula 9 to a conpound of formula 11
by deprotecting the am ne, and then converting a conpound of forrmula 11 to.
a compound of fornula 14: 0 s 15 14 by substituting a new am ne protecting
group, . l.e., a carbamate group, through conventional procedures. A
conmpound of formula 14 nay then be furtherconvert to a conpo of
formula 15: -7 Q SO by treatin onpound ormula 1 h

met hyl phenyi sul fonyl cKl ofide and an ne base ol vent fol d by

treatnent with an queo pase t ylel he.co (und of for 15. A

conpound of f neybe er, onven; to a conm of formula 16:
1

" In addition, the inventive methods include convertlng the compound of formuta 9 or 10, or

5 =a m:xture thereof, to a compound of formula 11 or 12 of a mixture thereof by deprotecting the

amine. The compeunds of farmulae 9, 10 11or12 may then be converted fo the nelﬁnav:r free
base compcund formula 17;

10  Inafurtherone of its a‘Spect's the present invention relates to a methiod for cenverling a
compound of formula 9 toa compeund of formula 11 by deprotectmg the amine, and then
converhng a compound-of formula '!1 wa compound of formula 14

s . o u
' by syibstituting & new amine pratechng grOUp, je.,a carbamate group, .threugh cenventlenal
procedures , _ :
A compaind of fdrjhr;‘u’la 14.may ihen"be‘furﬂier converted to a.compaund Q‘ffbrfhtjla

15: o , _ - o



cour-su o 16 10 A conpound of fornula 16 maybe further converted to
netfinavir free base, formula 17. In another of its aspects, the present
invention relates to a method for converting a conpound of formula 8 to a
conmpound of forrmula 19 or 20: op S 19 20 15 bye two-step process wherein .
the phthalimde is renoved using conventional procedures (i.e., by

treatnent with ethanolam ne) to give 3-am no-4-thiophenyl -1-butene,

foll owed by treatnent with carbobenzyloxychlorlde (Chz-Q)

under conventional conditions (a g , in the presence of base) to give
conmpound 20. 20 conpound 20 may be converted to a conpound of formula 13 or
formula 14: o 0 HO.OH Hd ON 13 14 or a mxture thereof by stereoselective
di hydr oxyl ati-on of Cbz-S(R)-anino4-thiopheny|-1-/ ne 5 20 usi-ng th e -
osm um cont ai ni ng oxi di zi ng reagent conbi nation ¢ OCsO2( OH) 4/ k3Fe( CN) 31
K2CO3, NaHCO3 and CH3S02NH2 in the presence of a)eh¥ral auxiliary reagent

Further, the invention includes et h or cofiverting a conpound of
formula 13 to a conmpound of forr‘i].? .
wherein R4 is a | eaving group in\te nula 21 aRd

2la HO B4 SOzR " 10 21 21la
R'' is alkyl or aryl in
formula 21a. See Schene B herein. Further, the/invention i ncl-udes "a net hod
~of converting a conpound of formula 2la tqza conmpound of formula 22 (shown
bel ow) and a-met hod of converting a conpodiid of fornmula 22 to nelfinavir
free base, formula 17, according to Schene B heréin. O CONHL- BU.
o by treating compound of farmula 14 with methylphenyi sulfoﬁyl chloride and an amine base

5 solvent followed by treatment with an aqueous base fo yield the compound of formula 15.
-A compound of formula 15-may be futther converted t0'a compound of formula 16: .

' 1-0 A compound ‘of fotmula 16 may be further canverted fo neit‘ navir free base, formula 1 Z.

in another of its aspects the present mventron relates. toa méthod . for conw—:rtmg a
' ccmpound offormula8to a compound of formula 19 er 20:

' ' bya t\nle—step process wherem the phthallm:de is removed usmg canvenhonal precedures (i.e. by

. h‘eahnent W|th ethano!amme) to: gwe 3—amino-4-thmphenyl—1 -butene fo[lowed by treatment with

- carbobenzyloxy chlonde {Cbz-C{) under conventional condations {e. g inthe. presence of base) to
give compound 20, ‘ : -

20 Compeund 20 may fie conveﬂed to-a compound of formula 13 0r formula 14



Il pl' 9. ON 22 Wth regard to the respective fornul ae descri bed above,
preferably Rt is al kyl carbonyl, al koxycarbonyl, arylal kyl carbonyl,

aryl al koxycarbonyl, aryl carbonyl, aryloxycarbonyl or arylal kyl 20 and R2 is
H More preferably, Rt is arylal koxycarbonyl or arylalkyl and R2 i$ H Even
nore preferably, Rl is benzyl oxycarbonyl or benzyl and R2-is H Further,
R1 and R2 together with the nitrogen to which they are bound fray form a
pht hal i m do or succinimdo noiety. Definigtions As used herein, theterns:
"conprjsing” and "including" are used herein in theiropen, -09-

non-limting sense. The term"alkyl" refers to a straight- or
branched-chai n al kyl group having from1 to 12 carbon atons'in the chain.
Exenpl ary al kyl groups i ncl ude neth Me, which also mayBe structurally

depicted by /"), ethyl (Et) pro / |sopropyl utyly_igobutyl,
sec-butyl, tert- butyI yl opentyl,, stert-pentyl, hexyl,

i sohexyl, and the lik "heteroal ‘_r/tf s/to a straight- or
branched- chai n al kyl p haV|n ron12 t o 2 atonB t he chain, one or

nore of which is a heteroatoms d from8, 0, angsN. OHExerrplary
het er oal kyl s i ncl ude al kyl eLhers secondary and tegdiary al kyl am nes,
al-kyl sulfides, and the like. { 10 The term "al kenyl refers to a straight-

‘or br.anched- chalnalk rom carbon atonms in the .
chain. 111ustrafiV reor 5%&%8%?5')51"&%%&4‘ '%P‘%‘%Zﬁa%ﬁ‘)‘ﬂnmﬁtﬂph?‘ylémm but - 3-
enyl, 2-metbhy|39r&Hg Zflee‘i'?m'um*??éfﬂm'ﬁg exigjiding raamdntt dembihdtior of AiQeOH@MMiGFa{ON:Ny |

r ef gr S- ;;) a StK,e0gMaHCOS and romgszﬂﬂlédz iR B@lpPes@Aclé)éﬂX Eh:ﬁf%ﬁhrﬁé!éeﬁgdﬁuﬁﬁﬁ?‘@e '[20 1|2
carbon atons i; yustrat.i ve al s i ncl ude yny
but 2-ynyl, &e@tﬂﬁi‘éﬂ%& QPEA@J RSPRSTLTcoTP ?/%\% hrﬁ‘gﬁq °§ﬁ?f?p°”'éqﬂﬁp li ke.
The tern1"habéﬂﬁVF”2F%fers 10 a stralght- or branched-chain al kenyl group
having from2- 12 atons in th ain and where Egz}fr more hydrogens Is

- substituted with a hal ogen. 3 strative hal oal groups incl ude
_trlfluoronethyl 2- bronnaropyl -chlorohexﬁ , 14 -sobutyl,

L0

10 21 | 21a | o
’ wherein R*is a leaving group in fortula 24 and R™ is alkyl or aryl in formula 21a. See Schenie B
herein. Further, the invention includes a method of converting a gompound of forrula 2Mato a
' _compound of formula 22 {shown below) and a method of cenverting a compound offormula 2210
_ nelfinavir free base; formula 17, according fo Schieme B herein. | |

CONHt-Bu

Nsanfitsf]

- 18

With regard to the respebﬁ\'re f'orrhulaé described ébdve preferably R'is éﬁk&ica‘:bony]
7 “alkoxycarbonyl, ary!atkyicarbonyl arylalkoxycarbonyl arytcarbonyl aryloxycarbonyl ar arylalkyi
©20 and R?is H. More preferably, R' i is arylalkoxycarbonyl or arylalkyl-and R2is H. Even more
preferably, R'is benzyloxycarbonyl or benzyl and R2is H. Further, R' and RZ together with the
nitrogen to which they-are bound may form a phthalimido or succinimido molety.
Pefinitions

As used herein, the terms “comprising” and “including” are used 'h_erefn intheiropen,



and the like. 20 The term"aryl" (Ar) refers to a nonocyclic, or fused or
spiro polycyclic, aromatic carbocycle (ring structure having ring atons
that are all carbon) having from3 to 12 ring atons per ring. lllustrative
exanpl es of aryl groups includethe follow ng noieties: and the |ike. The
ternl"heteroaryl" (heteroAr) refers to a nonocyclic, or fused or spiro
polycyclic, :25 aromatic heterocycle (ring structure having ring, atons
sel ected from carbon atoms as wel | -as * nitg.ogen, oxygen, and sul fur
het eroatons) having from3 to 12 ring atonms per ring. Illustrative :
exanpl es of aryl groups include the following noieties: N \N NN O N LN NvN .
| / , 1/ - N , 10 NSO,ONS, NN NONO~~1II-\'1 / ~CNDNVN S
S N and the | i kaen-limitingsenses The tern "cycloalkyl" refers to a saturated or.

partial |y saturated,Tharnmoeya bdrsds a Ethbﬁgﬁdoﬂfmncw&u 9l @l&hﬁ%\lurg fro&%":?l’éiyc' e

having from 3 t us

cycl oal kyl grouc%rsb%%n{:hgg'eﬂ% ﬁgﬁ’f m a%glk‘flrﬁméqs "Iiclu%é Eft%ylgﬁ S’R"cﬁf'ﬁo mey B -
and the 1ike. Arususlrensed Pya) RW lEt)r EPiEpys ispresopa' %h'e@ywl seq-butyh tertfbulgldtBu)or

spi ro pol yeyc| ipeptylrisapgntg tertrebtyr leexyl Hevhexyl, anddiatiie.at ed or parti al | y sat ur at ed

and has fromS to l%hétbrﬂghe?ér%r RRFs tEéElQllgﬁte«!:r%faEﬁngg%l{aglC@k@ Pn%ttgq{%& ero?l Ound N

0, and S heterqgtg H chSt rafive exanples o ps
i ncl ude: atormsin ain, che or more of which is a heteroatom selected from S, O, and N.

Exemplary heteroalkyls include alky! ethers, secondary and tertiary alkyl amines, alkyl suliides,
and the like.
10 . ' The term “alkenyl” refers fo a straight- or branched-cham alkenyl group having from 2to
T2 carbon atoms in the chain. Hlustrative atkenyl groups include prop-2-enyl, but-2-enyl, but-3- )
enyl, 2,-methylprop-2-enyl, hex-2-enyl, and the like.
The term “alkynyt” refers to a straight- or branched-chain alkynyl group having from 2 to
-12 carbon atoms in the chain. Mlustrative alkynyl groups inelude prop-2-ynyl, but-z-ynyl but—3-
15 ynyl, 2-methylbut-2-ynyl, hex-2-ynyl, and the like.
- The term *haloalkyl” referstoa sualght~ or hranched-chéiﬁ alkenyl group havlng from 2-
‘12 carbon atoms in the cham and where one or more hydrogens is subsfituted \mth a halogen.
”lllustratlve haloalkyl groups include tnﬂuoromethyl 2—hromopropyl 3~chlorohexyl, —|odo-|sobutyl.
and the like.
20 _ - The te‘rm “aryl" (Ar} refers to a monoacyglic, or fused or spire polycycllc aromatic
. carbocycle {ring- stmcture having ring atoms that are all carbon) having from 3 fo 12 nng atoms
e per ring. lllustratwe examples of aryl groups mcludethe following mo:etles

, and the like,

o The term "heteroaryl“ {heteroAr) refers toa monacyclsc -or fused or spiro polycycl:c

__ 25 ammatlc heteracycle (rmg structure having fing stoms selected from carbon atoms as well as

' niitrogen, oxygen, and sulfur heteroatoms) having from 3 to 12’ nng atoms per nng Hustrative
examples of aryl groups include the following moieties:

“\/ T I : .




O000O002,01 V-N16J6 k__j j/l r 8 ---- --- --------- -11 o NO NO
ON, CNDCNDn N (DNO and the like. fi The term "hal ogen" represents
chlorine, fluorine, bromne or iodine. The term"halo" 5 represents
chloro, fluoro, brono or lodo. The term "substituted" neans that the

speci fied group or npiety bears one or nore substituents. The

term "unsubstituted" nmeans that the specified group bears no substituents.
The term "optionally substituted" nmeans phat the specified group is
unsubstituted or substituted by one or nore substituents. 10 'Al kylthio"
is irntended to nean the radical-SRa, wherein Ra is an al kyl group, as

defi ned - above. "Arylthio" is intended to nean the radical -SR, wherein R
is an aryl group,. a4 defi d a " D, i" |3Q|nten d to neﬁn a-CO-R
radical, wherein R{ span , yc)?oaln{yl 7 15 et roWal kyl or
bet eroaryl group. ' | 'ox s ded r cal,
wherein  Ris an alkyl, cycloalk I aryl hetero ycIoaIkyI or Bh%eroaryl

group. "Thi oacyl ™" sN nte Ris an

al kyl , cycl oal kyl, ‘g ? oc cIo o e EF Sul fonyl "
is intended. to nea Ife No ,mean” an
-SO- biradieal. "Sulfo" is |ntended to ne n an - CQH radlcal 20 " Hydroxy"

is intended to nean the r l.-OH ! Ami_ne" "Am no" is intended to nean

the radical -NH2. "Al ky i s Nntepdedyto iean the radlcal NHRO,

wherein-R is an al kyl

5 The term “cycloaliyl” refers to a saturated or partially saturated, monocyclic or fused.or
spiro polycychc carbocycle having from 3 te 12 ring atoms per ring. lttustrative examples of -
cycloalkyl groups inciude the following moiehes

,.1'0

A "heterocycloalkyl” refers toa mcnocycllc or fused-orspiro polyeycfic ring structure ihat
Is saturated orpartially saturated and has frori 310 12 ring atoms per ring selected from € atoms.
15 andN,OQ,and S heterqatoms- lllustratwe examples_ of .heteroqycloalkyl- gr;aupe- mciude.




group. "Dial kylam no" is intended to nean the radical -NRORb, wherein Ra-
and Ro are each independently an alkyl group, and is intended to include
het er ocycl oal kyl groups, wherein R, and Rb, taken together, form
aheterocyclic ring that includes the am ne nitrogen. "Al kyl enedi oxy" is 25
i ntended to nean the dival ent radical -ORaO which is bonded to adjacent
atons(e.qg., adjacent atons on a phenyl or naphthyl ring) ., wherein Rais
a lower alkyl group. "Al ko ycarbonyl” is. intended to nean the radical
-C(O)OR8,. wherein Ra is an al kyl group. ™"Arkyl sul fonyl" is intended to
mean the radical -S02Ra, Werein R is an alkyl group. '

"Al kyl am.nocarbonyl "is intended to nean the radical -C(O NHRa, wherein Ra

is an al kyl 30 group. "D al kyl am nocarbonyl™ is inten d to nean the

radi cal - C(O) NRbRb, ereingR a ang Rb are each |ndep/u\clientr an al kyl
group. "Mercapto"i syl ntended to _ n "ar boxyl " is
“intended to nean thgtﬁi “g @ te to nean

t he radi cal =0. "Thi dket o" |Ns |nte "t , car banoyr'

is intended to nmean the radical C(ONH2. 5 "Q/cloal kyI al kyI " ie intended to
mean the radical alk G90| oaI kyI V\,herel al kyl and. cycl oal kyl are

defi ned as above, a : i bopdirng Q angenent present in
the groups -CHz-cy Ioh Xang : {I'ongxe “Aryf al kér :%%I ntended to
mean the radical ark N akbkyk/and ‘e.: Fdhedise as above;

and is represented by t he bond| ng arrangenent present in.a benzyl group.
- "Am nocar bonyl al kyl " is intended to nean the radical -10 al kyl GO NH2 and
is represented by‘ tiihe tepo rrelopen” aepresergectierite, fiogss htoming ot loding I Thefterm “halo”

CCH2CH2C( O) NH2. rep r@gemicﬁgﬂ,mg&@rmd,ﬁ,hgyr is intended to nean the radical-

- al kyl C{O) NHRa, V\:h rou dis [ epr es ent ed- by the
bondi'ng arrangement %iegge%’{’st'ﬁ"}?%t Wgarﬁﬁ'l%% Qﬁ%f?fﬂ@ bea"s ore or tore

" Al kyl car bony| shstivers- ke terinsunsyipsttigdanaaps Fretdhe qph@fepl st bars no substituents.
al kyl NHC( O) - aIWEenamdnaryemme&mee@treymémc.ﬁva@eumuxeﬁﬂs&ae@aelﬁbtsm@é@?ent in

t he group 15 - gD al kyl am nocar bonyl al kyl " is int ended to nean
“the radi cal okyI dé) wherein Ra and Rb are each |ndependently an
~al kyl gr ou ATyl hlrf é&lqtendgq]tagﬁalf e ﬁ@%%évherem R%is an alkyl graup. as defined

' B above. ‘
“Arylthio" is intended to mean the radical -SR", wherein R® is an aryi group,.as deﬁned .

above. :
_ ' "Acyl” is interided o mean a -C(O)-R fadical, wherein R is an alkyl, cycloalkyl, anyl,
45 ' heterocycloatkylor heteroaryl group. "Acyloxy” is intended to mean an<0C(0)-R radical, wherein
. 'Ras an- alky! eycloalkyl, ary! ‘heterocycloalkyl or heteroaryl group. “Thioacyl"i is intended to mean
a ~-C(8)-R radical, wherem R is an alkyl, cycloalkyl, aryl, heterocycloalkyl or heteroaryl group.
“Sulfenyl" is intended 16-mean an -Sdz- biradicel "Sulfenyl" is intended to mean an -80-
, ‘biradical. “Suifo” is intended to mean an -SO,H radical. . L
_ :-2()' . o “Hydroxy" is mtended {6 mean the radical -OH. “Amme or*Amino” is intended to mean o
the radicat. -NH,. “Alkylamlno is intended to mean the radical -NHR,, wherein R, is an alkyl
- group. “Dialkﬁammo Is intended to mean the radical -NR,R;, wherein . Ra and R, are each
rmdependently an alkyl group, andis intendedto include heterocycloalkyl groups, wherein R, and
| Ry, taken fogéther, form a heterocyclic ring that includes the amine nitrogen.. “Alkylenedioxy”is
' :25 : intehd'ed"to mean the divalént radical -OR,0-which s bonded to adjacent atoms (e.g.; adjacent
' ;. ‘aloms on & phenyl or naphthy! nng) wherein R, is a lower alkyl group. “Alkoxycarbonyl |s.-
: _ mtended to méan the radical - C(O)ORQ, wherein R, is an-alkyl graup. “Alkylsulfenyl"ismtended to
* mean the radical -SO,R,, Wherein R, i is an atkyl group. -
“Alkylaminocarbonyl™ is intended to mean the radicai -C(ONHR;, wherein R, ls an alkyi
80 group. “D:alkylamznocarbonyl" is intended to mean the radlcal -C{O)NR Ry, wherein Ry and Ry, -
- are each indeépendently an alkyl group. | 7 ‘ |
"Mercapto" is infended fo mean the radical -SH.



|

|

radical -ORB, wherein R is an aryl group. "Heteroaryloxy"is intended to
mean the radical -ORd, wherein Rd is a heteroaryi 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 wused in this invention and that can be renoved under
conditions that do not induce racem zation at the 3-am no or 2-hydroxyl
centers of the dihydroxyl ated conpounds prepar ed herein. The term"a

| eavi ng group” as used herein refers to any group that departs froma

nol ecule in a substitution reaction by breakage of a bond. Exanpl es of

| eaving groups include, 25 but are not limted to, halides, aryl

ﬁul f onat els, "| Et lkyl s sfteRtisistendadid nleadk Ihataral -Gbgpral kyl , eydoal kyl, aryl,

et erocycl oal kyl an el eroa ar.oups e subs) - iyod Ng

t hese groups, as de%e%e%f‘%’éﬁéﬂﬁg%g\?%'?ea%q%%gﬁg [ gﬂ%ﬁefn;@gﬁgﬁdiq?ﬂ%%dﬂw by at

| east one subgadceli®nt. The term "optional ly substituted"is intended to
expressly indicate tdugtiambyids isteed foingein the rapiiepl -CEO)NHsubst i t ut ed or )
substitutedgby one QfqbmlGugrul ihhb&: t%%k'tﬁé%&&é;alk}(%?d!déﬂlﬁ, WHeRDAKBY 30 be
unsubstituted or substi t%ltg‘?d ﬁ(}?l .e., t heé a%g otgt | ona ln% séul:éstt |etsg{§t%qge as

i ndi cat ed. The oYciopliy! e Jged 73 and sy rerreePied Bf 18 IR 3 PIETE gt i hded t o
mean any suit aplospssbisticlbreane o HGit-ayeishelrme. AdAigHi'y Bigndsd te srearthedadicglch - as
t hrough routi nguhisat wikgsin B bROSR ofd idnh@ad fbold) @nd . refrbnieo bp thertdadigf  t he

resent invention na : tric cak 1B ic ; B-.Carhon
Bonds' in the CS'E%’ ?J'P]élép%%/eﬁ'ﬁ%%gé’n@ %ﬁ’@@%@ﬂ%@%@ﬁ(ﬁgﬁggmeﬁﬁgﬁn

using 35 49 soRiIACH) Mt (anfl Is Jersespited R dife bRRdinS cRPYRTele BT YL G EOH a
solid line to dppcrCBHLSAkgenispahetyliky is brcbdnd tamerrsthé dipat alyiCEONHRadI cat e

that all possi 'Pll-negein §}:i§£nea%l§%£rﬁ s préARbd MMM R R et brasdntifdgrodfhe Use

of either a so I we 0 -13- pi.ct, bonds, to_asy trjc, carbon
atoms is meant “qkbcﬁﬁ&@@%&t ha{gﬂg’ﬁ[}l’wy{aﬂ@"@?"gr &i' tS?fJeg s AW _imél_enraedécraﬁ to be
included. |t ieliqdsdOhlie! enthis rersersoian g thef bartieg iaponsAmens Pesest R iRt 4PYP nore

‘than one agyMBiHMECORHRODIAyBRhodabokyRKGEls HRNPaudfissn tidredicsbayEXOMRFR) i d
dne to depi cty; BoRHSadis, 3RABPhdhEndel WA LRIE. 1PN thich®ad Wbl t hat
Loner's are. meant -t o I NG

al | possible stereol I

uded. The use of solid
line to depi ctTgadRL e 50 “BSWM"EV"is‘“‘%‘g?‘ﬁ%ﬂ“ﬁ‘l*ﬁﬁ‘ﬁ'gf’%@ '

conpound of t hehdreivByit & bateraandigrodpe “Hideomfithia” isiotenddd brmagio the eaflioleSiyewharind epi ct
bonds to ot her pagy WEbsdiGrog@r bon atons in the same conpound its nmeant to
‘i nd i. C-_at -e_ t %‘ ta. A “suiﬂa‘ble ;nifrogefi—prbteéﬁﬁg'-gfoup" is a group that is stable to the reaction conditions:
B ' ' wused in this invention and that can be :removed-undér conditions that do not induce racemization
: :af the 3-afmine of‘_2-h.ydfoxyi centers of the dihydroxylated compounds prepared herein..
" The 1erﬁi “a leaving group” as used herein [éfers 1o any group that departs from a
molecule ina stibstitution reaction by breakage ofa bond, Examples of feaving groups inclide,
25  butare not limited to, halides, aryl silfonates, alkylsutfonates, and triflates. '
‘ " The alky) gycioaikyl, aryl, -hetérdc}eloalkyl and heteroaryl groups and the substituents
contalring these groups, as defined hereinabove, may be optionally substituted by at least one
substituent. The tertn "optionally stibstituted™ s intended to expressly indicate that the specified.
. w-grc"aup-is 'unsubsﬁt_u'ted or substituted by one or -mOre:-SUitab!e substituents. Various groups may
30 ‘be unsubstituted of subsfituted {i.e., they are o_p_'tiénatly substitated) as indicated. The term
”éUbﬁﬁtuent? or f;ﬂita'b'ie"subsmuenf" is- intended fo mean any suitable substituent that may be
‘recognized or selected, éqdi-as 'th:rgi;gh,m{_x't_i.né testing, by those skifled in the art. |
Thé i:p'rnpo_llnds' of the present iﬂvé't‘itiaﬁ" may have asymmetric carbon atoms. The
.carbdn-carboﬂ‘bonds in fhie compounds of‘fh_e present invention.may be d'e'[)icfed' herein using
35 a solid line (——~—), a solid-wedge ( et ot @ dotted wedge (il The use of a
o sofid line to depiét'-bdnds,to asymmeitric ,c:arbén atoms is meant to indicate that all possible
- gtereoisomers at that carbon atom fare_-i_nc!udéd.' The ﬁ_se of either a solid or dotted wedge fo




m xture of diastereonera is present Other features and advantages of the

I nvention will be apparent fromthe description that 10 follows, which
illustrate the invention and its preferred enbodi nents. Detail ed
Description of the Invention and Preferred Enbodi nents The net hod of th| S
i nvention conprises treatnent of an am no-butene with an osm um containi ng
oxi di zi ng agent to provide the correspondi ng di hydroxyam no- but ane,
according to the 16 follow ng general sgheme {Schene A) A R2 -R1~ N~R2
and/or. RI1’' NR2 ~N HO- VHOHO ? OH 1i NH2 NH2 Ra R3 HO_ 110" OH
4 OHg (A wherein: 20 R1 is a suitable nitrogen protecting group; and

R2i sH or R together with R2 forma suitable nitrogen protecting group; and
R3 i s thi.oal kyepi@hoids toeaynyhetitfrarbot sedks ismeaiido indicipairaberivdhe eéregisinet navi r

R3)s preferably an &iggnpt@w,nclgéegu isHo %iﬂét%ﬂpw%ofttﬁ@ﬁveﬁ@ﬂ 2@ ey ert ed

into anthloary? preter IS a,t S-Ph),

as the thi opm'%m%aﬁsvm%é%?naw %H@S%‘@F‘P?ﬂgﬁl ¥ ?ertgagﬁ’ggréqug%und

t he processes mdadsds aspedstieradion afoms i ngantjo inHicats het@brassiple sereeisqmsrs arR g.
:phthal ni dg,  SUGQb B iRdAEd. OfhBhel éfersanelrn@mambmemem érherevisimagan, a hi gh

d f I If th
oht hal 3 rsbarei 8 Pat AL PSS B IR LR hahlpRe g s | e

bonds to other asymmetnc carbon atoms in the same compound is meant to indicate thata

mixture of diastereomers is present.
Other features and advantages of the mvenhon will be apparent from the descnpttan that

10  follows, which illustrate the invention and its preferred embod:ments

‘Detaited Descrigﬁoh_ of the Invention and Preferred Embadiments
The method of this invention comprises treatment of an amino-butene with an osmiuni-
containing oxidizing agent to provide the corresponding dihydroxyamino-butane, according fo the
16 following general scheme {Scheme A) '

R _R?

Sy ,
OH 4 oH 5 ®
_ , ,wherem S o ‘
2 ?R' is a sultable: mtrogen protectmg gmUp. and
‘ RlisHor. o

* R'together with R? form a suatable mtregen pmtectlng gmup, and
Ris mioalky! or thicaryl. . :
, . . 'When used in the preparatton of neif nav:r. = ,ts preferably an ﬂ'uoaryi gmup ora mo:ety o
25 ,that can be converted mto an thioaryl grotp. More preferably, R is ath:ophenyi group {-S-Ph), as
the thiophényl group is present in the nelfinavir free base- compaund
_ n the processes described herein lnvo!vmg the :m:doyl pmtectlon e.g., phthalmtde
succmlmlde ar N~d|formyl protection on the nitrogien, a high degree of stereoselection is obtained
inthe dlhydroxylation step Ifthe phthaimamid protectmn group is removed and substituted with



ot her protection groups, e.g., carbamate, alkyl or am de, the high degree
of stereoselection is not achieved. Thus,. it is preferred to have
-imde-type protection on the nitrogen prior to dihydroxylation. This

i nvention al so provides conpounds that are useful in the nmethod descri bed
herein fi 5 having the fornmula 1, 2, 3, 4 and 5, described above.

| nt er medi at e Conpounds | nt er medi ate corrpounds I n accordance wth the

i nvention include tautomeric and stereqQigoneric forns of the conpounds of
Formul a 1,- which may be readily obtained using techniques known in the art
For exanple, optically active (R and (S) .isoners maybe prepared 10 via a
stereosperific synthesis, e, g., using chiral synthons and chiral reagents,
or racenic; mneotiieopresctionByubee.g. esmbmaaelauﬁbﬁa@:demnﬂéwstére&a%&uﬁm It is
under st ood th%—fcmmld' eT@sC@@BﬁéﬁﬂeWhﬁé%F&Mwé E%tegﬂgn& gén I%pttomal‘l sm
the fornula hin this specificatio express qy one
of the possi bld@y{#gﬂ&’ﬁ?f’edc forms.. It is therefore to be understood that a
formul a i s i nt endedhisinveniiprassemyvidesnptipuindgthat are osefubin the bisthodl déshibedliegpdic t ed
conpound angd ir@wﬁg)ﬁ-,efoﬂmh}ﬂ b3k beck, BRGSY oo @ speci fic conmpound form .

depi cted by I‘K? str ur al (;orrrul a. I't is also understood that a conpound
of Formula 1 dBg™sd2 e[ CPARS B or 2 configurational isoner, or a

m xture of E and Z'itewediate commouds in leevortiune avith dhebisventimicinaiide daltdningit aad

formul a i s i NtcRRBROMER BRRHLEGS @ém;ﬁdﬁﬁdscd? p&mﬂrdmawa.r}aéy B‘e%éaupa‘;btéﬂé@ uSligpi cted

‘conpound and ; e.limt ner el eci f-i'c_conmpound form:
depi cted by t ﬁer;ﬁ? %%E OR'"E r%fg(:"vf'hpL nFs %Eopgrfam[ e‘%\?@%@? %%“Wc?ﬁnggarﬁ’ay exi st
as single te,’w@a,sge[ﬁqmeglf ‘{sﬂnﬁéﬁ‘s's Sl 481G %@lﬁmﬁm@edchm"e@ﬂen@m@mmr s),

- racenat es, andiapbemsoi\tedmﬁsgcmﬁveeﬁmﬁmeoam and/ ordi astereonmers. Ali - such
single stereoi SONL R undeRfRIMbERIA dﬁ&h&&&&p&nﬁ{fﬁg&oﬁp& drBLERGER oo D°.

within the SCQCE% of the{;gl‘?hent n|on
the inventi ve “BHRETEHIL ¥i5Y %1?”8"‘%?‘1“(%‘?’?%?” degict only ?’\?é’f {6 pessible tautomeric
“enant i omer i cafdnys. déis threfere &rbegnderdapd el fampik Sinkudeddgeplesanntatbrivde fain) ar e

used in - apti e%édepwcﬂMp@ﬁrﬂhnﬁdﬁbtwb@n&{ehmereﬁwa@b\écﬁcéon!p&mhﬂﬁrﬁ‘&\é}i@@dw cover,
wher e appl I call.ey ucﬁp;[yfq.,tﬂ-géj as well as wunsolvated f or s of -t he conpounds.
e

. Thus each for mJ a L nc S cOo ounds havi ng t he '
it is alse understood at a .compound o Formula 1 may exist as an "E” or "Z°

configurational isomer, or a mixture of E and Z isomers. It js therefore to'be understood thata
_ .formuia is intendled to represent any configurational form of the 'de,plct_ed compound and is notfo
20 be limited merely to a specific compound form depicted by the fo‘nnuié drawings.

Some of the inventive compounds may axistas smgle stereorsomers( e. essenhallyfree
of other stereonsamers}, racemates andlor mixtures of enant:omers andlor dlastereomers Al
such single steremsomers racernates and mixiures thereof are intended 4o bewithin the scope of
the present invention. In one preferred embodiment, the inventive compounds that are opt:cally

K 25  active (e, enantiomerically or dmstereomencaﬂy ennched as descnbed herem} are used in
: aptically pure form. ' '

' Addltlonally, Formula 1 is mtended to cover where apphcable solvated as well as
unsolvated fonns of the compounds. Thus, each fommula includes e umpounds having the
mdicated structure mcludmg the hydrated as well as the non—hydrated forms.

30 Exemplary subshtuted aryls contam with one srmore substltuents preferabty onetothres
subshtuents Independently selected from halo, hydroxy, mercapto thioether pitro (NOz) aring,

‘ aryloxyi halogen, hydroxyl, alkoxyl, halo (01—04)a|ky1, Cy-Cy alkyl CCy alkoxy, carboxyl, C-C4
'alkoxycarbonyr ‘carbamoyl, . N<(C-Cgalkylcarbatnayl, ammq, i 1-C4a.lkyiammo. di{Cy-
Ca)alkylamino ér a group of the formula -(CHp)-R” where als1,2,30r4;andR’ is 'hydroxy.‘ Csy -

35 4 alkoxy, . carboxyl, G+C; alkoxycarbonyl, amino carbameoy, -Cg—C.; a’ikylémino di{C-
C.,)a!kylammo aryl, saturated or partially saturated heterocycles, acyl, morpholmo(CrC.,)a!koxy
carbonyl and pyndyl (C,-C4)alkoxycarbonyl



I ndi cated structure, including the hydrated as well as the non-hydrated
forms. 30 Exenplary substituted aryls contain with one ornore substituents,
preferably one to three substituents, independently selected from hal o,
hydroxy, nercapto, thioether,nitro(NOQ2), am no, aryloxyl, hal ogen,
hydroxyl, al koxyl, halo (G -C4)al kyl, Cl-C4 al kyl, Cl1-C4 al koxy, carboxyl,
Cl-C4 al koxycar bonyl, carbanoyl, N (Cl-C4)alkylcarbanoyl, am no,

Cg- C4a|ky|an1no dl(Cl Cn)alkylantno or a group of the forml a - -(CH2) a- R7
where-a is 1, 2,3 or4; and R7 is hydroxy;'¢ '35 C4 al koxy, carboxyl, Cl-C4
alkoxycarbonyl am no, carbanoyl, Cl1-C4 al kylam no, di(Q - C4)a|ky|anino,
aryl, saturated or partially saturated het'erocycl es, aryl,

nor ph0| i no(Cl1, C4) al [J_-S@Pﬁbf!ary (‘s%gﬂfa@flalkﬁg gor@frﬁgale or(r%ref\ %sﬁthé\?g(ye?e%{eg ?rgr)élaryl )

_________ - 1 -

‘substituents s%’F‘%%lngg’etﬂDB‘fﬁ"ﬁ'WI heterqagrh [niyay WT“" CY?@Pe'F’tB’ch"W( Risaxy. adedr oar yl |,
nitro, am no, eyaenyclodkaiyohetdngeasiiony, plkylcastioky® xikyioxasaydooyk, vikylcah@tyii) aryiedinayi k oxy,
het ter OaLW OXy’arﬂéalﬁBUnﬁﬁﬁlbOWEryloﬁJcé'rb’& ’Xycag’%@y m’@ﬁgillefgé?% ac%?‘o\é?]ylo

aryt carbony] , nox,r

he%/eroaryl)égar bhc‘??rle Qg&yclg% rr(‘}'ke\t e)r/ :ﬁz %aj?'lﬁﬂﬁ‘if% het ¥ °8§Y"i?3’1 ’)a(ﬂ’%onyl
het er ocycl oal WF%‘&V% Xgeghonyl, aingcyaniad. ptsroprivelsdanyito, haletosrylaminmo,

aryl am no, hetdeilgempitooalskybanbsameny) et axginydadeny)0, hetdb@blkéﬂl Brlhiﬂbdaﬂmnyi,

~al kyl
et o oar T am ﬁ%‘%‘*?bc?ﬁ{ e ol B Bl .
aryl thl o and %FQ}/’F'{“}‘{? %&@ﬁ‘ﬂ?‘%%@iﬁﬂ@ﬁ%@fﬁf‘ygﬂwmﬂw '°’f‘"|%| ude
| ower al kylone mﬁkﬁatnkwikyl, a'alokﬂdlwltﬁcﬂaialh@h—m)akyyh}ﬂhmal-@dlkyl, 4@, aigitviaal-kyl ,

_gm ggamlyl o iarwt Wl(Cr@YﬁWyh heger?tgp&éa t.k,yt.nd a&r@.@iswgr@ps%én%tky'
het er ocycl oal k?/‘ gé;:;% Iﬁ&é Y ﬂ@‘t"’é?'i?f’t" 3r%ﬁr I2 ?'[Eft‘fﬂ%b"t"'s"t]‘g‘f?“’ﬁgb"m

chl or onet hyl , ioglofsp Pry‘l“etht!l‘ (‘E'Vﬁf‘mf@?tb!bBmwethQ%N@WUMWmW!WPWVI

2, 3-di br onobumyiyqroﬁbmr onctiiyRitdmettyl, , ethyiaidRethyl,D raplithioplopyl,! So¢-BURRkiSHYthy,

Iy oxyreay p f%‘#‘e?%’ﬂ{y.p ool L HRRID A '”%dr LAY R i

. sec- butyi thi ol’t@?aﬁy s yg%?ﬁ%'r"w ‘hyi PhegymaBY nirp 31’13P’}‘|’B’b‘|”9ﬂl’bt hyl ,
2-furyl et hyl, 1*3‘Hltﬂﬂwhﬁqpf2wjrl4whmmy! a&dmeﬁqedazol yl i sopr opyI " 44hi azol yl butyl ,

- phenyt et hyl, 2- pheay ineédivd compoiamhk Base: PERRN salt nﬂay'aastabm& bySRP LRk

4- phenyl but yl m@fﬂg%krnﬁn b tﬁ@art :%cfudrhg{]téanénp&%{etﬁee ase Wil 2h E]n%rglar%e g‘ci sucﬁ us a

de5| red sal t I;rad}/ e pr pare
hluncaci hydmbromlcacid sulfunc acid, nitric acid, phosphoric acid, and the file, orwith

an organrc acid, such as dcetic’ acid, maleic acid, -succinic acid; mandefrc acid, fumaric acid,

mafonrc acid, pyruvrc acid, ‘oxalic acid, glycoiic acid, sahcylrc acid, pyranosidyl acrd such as

glucuronic acid or galacturonic acid, aipha-hydroxy acid, such as citric acid ortartanc acid, amino

* adid, such as asparttc acidor glutamic goid, aromatic acid, such as benzoic acid or cinnamic acid,
25 sulfonlc acid, such as ptaluenesu!fomc acid or ethanesuifonic acid, or the like.
 {f an inventive campound is an atid, 4 desired salt may be prepared by any stitable

method known fo the art, mc!udmg treatment of the free acrd with-an inerganic or erganic base,

such as an amine (primary, secﬂndary, or tetfiary); an alkali metal or aikalrne earth metal

hydroxide; or the like. {lhistrative examples of suitable salts include organic salts denved frem
30 amino acrds such as glyctne and anginme ammonia; primary, secondary, and tertiary amines; and

cyclic amines, such as’ prpendme morpholme and prperazme as'well as inorganie salts derived

from sodium, ca!clum pc:tasswm magnesrum manganese. iron, copper, zing, aluminum, and

lnthlum o ‘

All compounds of this iriirentioh contain at least one chiral center and may 'exist as single

35, sterevisomers, and/or mixtures of e@antiorﬁers and/or diastereomers. All such slerecisomers,

diastereomers and mixt_ﬁrés thereof are intended to be encompassed within the scdpe ofthe

present invention. Where the stereachemistry of the chiral carbons present in the chemical



chiral carbon. qu‘f?dﬁg@&’eggﬁﬁwaﬂ%e“&“%ﬁ?a ’WW&?"%@&?‘M‘ of g $pgtedsgmpg and -

met hod known in the art, including treatnent of the free base. with an

i norgani c acid, such as 20 hydrochloric acid, hydrobromc acid, sulfuric
acid, nitric acid, phosphoric acid, and the like, or with an organic acid,
such as acetic acid, malefic acid,succinic acid, mandelic acid, tumaric
acid, malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic
acid, pyranosidylacid, such as glucuronic acid or galacturonic acid,

al pha- hydroxy acid, such as citric acid Q%tartaric acid, amno acid, such
as aspartic acid or glutanmc acid, aromatfc acid, such as benzoic acid
orcinnam c acid, 25 sulfonic aC|d such as p-tol uenesul fonicacid or

et henesul foni c acid or the I|ike. If an inventive conpound is an acid, a

desired salt Wctpt@s RORBRE RdeiPi n@t%ecﬁﬁéhttﬁé)&ﬁmicﬁ%ﬁm i pRAWRdtPerchfpas |
i ncl udi ng treatnen ani c or organic base,

;
such. as an ani T8¢ ??Fé'}’a'"'"ggg'grsﬁe&%?ﬁ?me e?cgf?lfaaclﬂb? an alkali netal or
al kal i ne earth rret awhenwrdew!ey@pa@pumrwmuk@the Hm'i%@'b[?ﬁ’t\‘i%" isgiRerhhsredndo of
sui tabl e sai | sindiga€d bl Gie @6rGIRMNGs hatthmettalyloy @sbtdhdomatiodl) earithalD Caapaladsthath as

gl yei ne_andar o} 040G RAER/kne AR e ARG AR o 3@@%@5&4;.%%%51 es; and

CyC|IC am nes, Ssuc erl I ne azl ne; as

i nor gani ¢ sal te9ntEBEAEY E;‘a'l‘ ﬁfm"%ﬂﬁ‘%?tef&%ﬁo@]eﬁ n?"'?ﬂ?’t‘r% &ah"ﬁ? e
manganese, i r caichedpqutingraatentban &atkofi singly staedbombn of ércluchiral Adcboncenyrowmetd  of

this invention, ﬁa@@fa@tb@orﬁér Aneaéferaeneerﬁém GredterGRRYBY oea% E&lére%?ébrﬁér oP&acki Ngl e
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enconpassety w@hﬂaﬁvﬂulﬁm@bope of the present invention. Were the -
st ereocheni stry of viHes usddideslibecapahions: cBiERAd) the tér "dpicaiciianisuedd heffirto

structures il ':&&%{e%&dmg%ﬁb&n& ¥ @S’Jstaﬁﬁé‘ﬁgP 'eﬁ.énﬁ&in%u&ﬂ? of *&EEEE@&LeﬁEéuE{:)iﬁP dre is

I ntended to enco cont al stere0|soner each

"optical |y actorefstbhi conpinedt hest 5% ¢for shgleliimer Compoutdsethatoarp Gulbstantially
enant i omer{sc aldla¥teRbmeicafylpBfQaRRR bOiBdst Y098 Bf 4 ShRisonted BRANEHTallcBAbn céntelll €

~gnant Lomer | cal| Lol HISE SO0 Bl o0 Sl HR SY YRl SUGbfcen i

ﬂstere0|soner

st er eoi soner . “'E‘BbeM?FﬁEEf?'ﬂ%)t thg pruicafy e epeiids in & invgrtiopsaplaiepbiepstd wiedf n
great er than B0Sgtfisanes ambyinest pteterablyi o rat Bhst ®AB F e lsihgialisoman Kampowwds er

present in thRnflasdar o aste@asbnwrﬁr@&aaﬁ% dERMRbApRIh@RaBre bagditif®% Of a

;single st e0| SO I ar bon present in t he dlastereoner
‘Preferabl ;ﬁb %Em%wg% éﬁ&o&a Slgslgi%'s "P%rsent in

e “conpodn ,
The dlhydroxyiat:on reachon in the method of this mventlon may be conducted using

stoichiometric or catalytic amounts of the osmtum-contalmng GdelZlng agent. fcatalylic amounis
of the oxidizing. agent are used, the d:hydroxylatuon may be conducted in the presence of
stoichiometric amounts of a second exidizing agent thét-_éewes as an -dsmiqm_re—pxidiz';ng agent.
25 If a stoichiometric amount of the oxidizing agent is used, the oxidizing reagent is used in an
amount that is equi-molar ta the amount of butene present 'in the reaction mixture. If a catalytic
amount of the oxidizing agent is used, the oxidizing réagent isusedin an amount thatis about 1%
fo about 16% of the molar amount of butene present in thé reaction mixture,
Preferably the dlhydroxylatlon is conducted using cataiytlc amounts of the osmlum-
30 contalnmg oxidizing agent in combination with potassium ferricyanide. A particylarly useful
osmium  oxidizing agent combination ‘s Kzosoz(OH)J&Fe(CN)E, KZCO:,, NaHCO; and
CH3SOZNHZ ., which may be used i in the: presence of DHQDzPHAL as a chiral auxiliary reagent.
Preferably, the. amino-moiety of the ammo—butene is protected with a protecting group
prior io-treatmén_twitﬁ the bxidizing...,agent. In formua 1, above, R? andlor-Rz'—represent a-shitable
B 35 nitrogen protecting group. Thu_s,-f()r;example-refen‘ing to scheme A herein, compounds 2and 3
| are the dihydroxylated forms of compotind 1. Suitable nitrogen protection groups R* and/or R?
are those that when rémoved to form (_:'prﬁpbunds 4 andfor § do not i‘n‘duce' racemization. The



10 optically pure form \When used describe a particular conpound, the term
"optically pure" is used herein to indicate that the conpound is
substantially enantionerically or diastereonerically pure. Conpounds that
are substantially enatiornerically pure contain at |east 90% of a single

I somer and preferably contain at |east 95% of a single isoner. Conpounds
that are substantially 15 diastereonerically pure contain at |east 90% of a
single isoner of each chiral carbon center present in the diastereoner,
and preferably contain at |east 95% of d7single isonerof each chira

carbon. Mdre preferably, the optically pure conpounds in this invention
contain at |east 97.5%of a single isomer and nost preferably contain at

| east 99% of %ur%%éﬂ%"r?o?ecﬁr%%%é gg e(r)n%\rr]e% t a sunt%? fn%% rQacEl Ei\': sr}agt?‘e[snces (I)fri'l%I €

st er-eoi soners
form that contmétRe f°a!if°\1'déé’s*iesw%f%m6éats |°h§19@ q°§‘8?¥é‘i‘ St{ftatr'ﬁ eltragqﬁgpmt@m at | on
reaction in tlg@upssdnd te rethoddvbisproteniingdnd da plo@ting en mmuiu@étgedeﬂcmmnn@those :

25 gln chi omet r gféknfg%fiénq{%taﬁtﬁﬁmﬁes%wtnﬁ Béfo§@§,rf§£édégh£ﬂ%&' ﬁ%t&g s % N9
di hydr oxyl gﬁ gﬁ'@eﬂﬁﬁﬂﬂ%ﬁe'&’h? Hiley feSq55 @8(4?1%3% Which '§t“8‘?"6‘ﬁ?t6‘h’%ﬁ"f“? ¥ amount s

of a second ofﬁf*ﬂ?@i% ifgts ey, inrame dskoes, attrgen-petedtionunoe WRY bk grecifipalygent . 25
If a stoichi Oﬁﬁdddfobamw%uz@ErtﬁJ\@aﬁKddéhrKﬂoﬁlﬂlsétgﬁﬁ:l&métﬁodb'&ﬁﬁsm\fe%nQdeQ" zi ng

e 1 o - 1odad GroffhiarllO R L clniudid P ' sched BBieBIB L Yo 31T 1

present in the reaction m f/ anpuh
“agent |s . usedSubstyrat atispither H@eﬂﬂéaa@merm@"aﬁmpquw 'aﬁ'sdmfﬁ']?'ﬁﬂt%ﬁta Jesiceihout 1%
--t'0 about 16% ahing-bubstiehtir a aretiotpaidbut ene present in the.reaction m xture.

‘Preferably the di *wléfem@ﬂr&oawrae GRS Ry Sl tBh HeHldd- AR 2 of - the

osm um 30 contai,nin zin en conbi nat | pot assi um

feni cyani de. A aé“ﬁ'*ﬁ%&ﬂm?k" gﬁ"@? FEAVSHPEN o PRl W?&@ﬁ’l‘ i on i s

- K2GsC2( OH) 4/ I@'ﬂ@@@‘i}“&ﬂ onepiahy anBHEER BxeroblanGrEBERMpiRen profvlingtoravayinteieused i n
~the presence bseDrilBERHMbersis - R G GEi bembyloRpbdibbriyR I HenfyRIBER, - -l a%ﬁ}}D' ‘L the
am no-nmoi ed y . Ggqt}gm 2

‘prior to ﬁ eq ﬂlfty' é'mrf{]@h@%?&gugsml’& Qetn%ﬂﬁ&ﬁ }Mgt u maﬁtr%&‘%%&gﬁ)%% ) and/ or

*R2 represent. 5 Wﬁ'%ﬁﬁl%ﬁe@g ﬁ'i"f’?ddi@%'ﬁ of‘-‘eé?’?#‘?@ &%uwamﬂ%ﬂ’boﬂﬂr(e@xanpl e

- referring to tohimsaborikesinilkydegp beradisng Réint. B dtreeprleaedieribpdirenty, /it ed

".forns of conpound 1. Suitable nitrogen protection groups Rl an_ or R2 are
"t hose that when renoved to form corrpounds 4 and/or- 5 do not, LG '
‘-racem zation. The -17- : , :

_a_nd- R? together with the nitrogen to which'they'are ‘botind form a phthalimido(

[+]

- suecinimido{ . )moiety.
20 ' s As indicated above, the dlhydroxylanon reaction in the method of this inventlon preferably
‘ uccurs stereoselectuve!y, wherein one of the possible. diastereomeric products is formed in
preference to the other. Thus, the dihydroxybutane product obtained in the-méthod of this
: lnvenhon is a mixture of both R and S isomers, wherein the two isomers are present In unequal
concentratmns ‘The amino-butene used herein’is substantially enantiomerically pure (oontalmng. '
25 at Jeast 95% of a ‘single enant:omer) Accordingly, the resulting. ammo-butane diok pmduct is
R obtamed asa mzxture of dlastereomers wherein the diastereomeric excess is conststent wﬂh the
enantlomenc ‘purity of the produczt Preferably, the diastereomenc ratro should reﬂect the
.‘enantlomenc integrity of the product. Optionally, the diastereomers may be- separated using
: -convent:onal  procedures to obtain a diastereomerically pure product. Exemplary methods that -
.30 _ may be useful for the separatron of dcastereomers prepared by the method of this invention
' ‘inc[ude chromiatography and crystaIhzat:onfre-crystalhzatlon Other usefusl methods may ba found
in Enantlomers Racemates, and Resolutlons " J. Jacques et al., 1981, John Wl[eyand Sons

)



nitrogen-protecting group may be renoved at a suitable point .in the
reacti on sequence of the nmethod to provide a desired internediate or target
conmpound. Suitable nitrogen-protecting groups and the methods for
protecting and de-protecting an amno noiety are known to those skilled in
the art; exanples of which may be found in T. G eene and P. Wits,
Protecting Groups in 5 Chemcal Synthesis (3rd Ed.), John Wley & Sons, NY
(1999), which is incorporated herein by reference in.its entirety. In
sone instances, a nitrogen-protecting graup may be specifically selected

'to be reactive under the reaction conditions used in the nethods of this

i nvention. Under these circunstances, the reaction conditions convert the,
sel ected pr ot egduivigk, qum.acvameﬁwnémpﬁadrﬁommeaemy refe?en@é tTh@&ereb%aédﬁlnwas an

i nternmedi ate c I-S,. 1 nve

o o~ subet | t L IE Ao Moo 26 Btvertby Rhadsfha e SsRlicn e rsme at ailect g
groups may be aliaEtieagent AsHpadtiereindhedenime @'W?él‘"@ﬂrreﬂﬂpﬂt" fefersde andpticativioivg| |

al koxycar bony | compsupb &iatdy btalad 1 @a\iihydrédyhion rdetoy eandiiayibedieynGad D epiible of

ar yl OXycar b"!onleﬂUQ{C]nartag ﬁérg&“n paqjmﬁ%n‘esof He dﬁﬁ%gﬁﬁﬁeaﬁw L g\maﬁta EOEIS 91%”

protecting gro rPS I ncl 0Se nol etl es oxycarbonyl ,
benzyl car bony 4{rog %'E%WP“‘F‘“%"’HH‘E% Wieire ruBidipe a“‘aéﬂ‘qa‘g‘?]’h""a‘lé‘@ﬁﬂ’l or
substi t ut ed baemuphtiafeou perepwiegtively, 4 2(Ryuivpkydré (Raaniino-taiadeseP1,2(8)-dilydroty3(R) :
especial l'y pr %hmurbaénmﬁhﬁ@r&&.m;&mula%r&%laﬁ%adna@bemeﬁﬁ Mmldiﬁwfa&ﬂa&ohonyl

(e.g., benzyl oxycar I nz

ot her ‘preferr erg CXO% Df sr}IYVE%mcn '@dé/%ﬁg'ﬁé‘”ﬁé‘ t%@é‘?ﬁ%‘ %Iéyﬁ‘u gﬁg?l#’éfd'g%)

whi ch t hey'%r @vmwan%ww&%ﬁ@wmimwdmm (BHQEP¥R Aydreagivore aptveiuepge- - 20 As
i ndi cat-ed abovgdiyl Hietheli (Ditd),acy hed 1he BpticiRf GEtive Reabdhts dirlosatinad 3207142 e

i nventi on prefRballYor ngﬁ, &&9@&5&{?%”&&%«9 ‘ﬁ@:ﬁ&ﬁdr Usé?tﬁ%hl%LaMR?% . _

possi bl e dlastere nerlc ro ucts 1s

Thus, the di hyeER/BEHENE Hﬁ’P@?BUﬁ‘t (B]B@dwﬁeﬂ’d(W?Wmeﬁﬁﬂy’d'f‘*dfhm’%"y'aq%vent ion
is a mxture offac%ﬁswoﬁdlﬁhdlusﬁmglﬂmw ayilisneagsntin arivendupithat is elet 5% traboysB es ent

In unequalts cmmwmmmofmn@mmm@a@oummereu N is substantially

enanti oner) - Actor gt %_g%tdﬁ%@ﬁﬁﬂ"%m%‘ﬁ L T T

obt ai ned as a pﬂ?’stU?'Es ofgegis Peiveals ﬁé@%mrea/ﬁ%‘?f%ﬁ“ﬁ splvpBtscng watar: é’{ﬁf@ﬂw@ théx cess

i's -consi st-ent rascioh ntah ke copduntediiopolar profisoivénys. dfsefuiselvatashiiae thukhelf #e@bd,y, the

di ast er eomneri t‘-btftﬂiolh&téiEmao&oﬁ%tacfhehﬂﬁimféﬂ%c@&mﬁab Be doPduREA Atby s&fabi& he

_ pr Od uet. Qet ' %%lerla@ﬁre tdgﬁerg‘y.aﬁ‘lse reac%on may%e wn&uc?ed a?tgrgpera resq'ram ahougﬂ"c to about.

room temperaiure
o ln one embodsment of this mventlon a pmtected (R}-ammo—butene is stereoseleetwely
’ converted into an amino-hydroxy butanal using DHQDzPHAL as the-chiral auxiliary reagent. A
o useful startmg matenal for this process is the commercially ava;lable {from NSC Technolog:es. Mt -
o 25 Prosped;. Minois) phhalimide of 3(R)—ammo—4~hydroxy— _butene.. This material contains a 4-
hydroxyl group thatis a useful. precursor in the preparation of nelfinavir, wherein the 4-hydroxyl -
moiety may ‘be converted.into a tmophenyl substituent that will be useful for the preparation of
S ~ nelfinavir. This conver_s:on process may be accomplished by firsttransforming the hydroxyl grotip
_into aleaving group, then replacing the leaving ?g_rotjﬁ--with' a thiophenyl group. Subsfitution
30" processes of this type are well studied and may be accomplished using any of a. variety of
S 1ransformaﬁons ‘Leaving groups refertoany gfdup'that departs from a moleéule in a substituion
. feaction by breakage of a bond, and mclude “but dre not Ilmlted 1o, halides, aryl- suifonates |
o aikylsulfonates and tiflates. For example tie hydroxyl groiip may be éenverted into a halo
" moigly, 4 mesy!ate (“OSOgCHa) a triflate (—OSOZCFg) ‘a tosylate (-OSOz-(p-taIyI}) or other.
R ‘ commonly Tecagnized Jeaving groups that may be repiaced by a nucleophilic reagent The
o ,nucleophlhc reagent may be in any form for example, a reagent containing a nucleaphific moiety,
i..part:c_ulaﬂy, a thiophenoxide mmgty (‘e‘g PH-SK"), or an organomietaliic reagent.



conventional procedures to obtain a diastereonerically pure product.

Exenpl ary net hods that- 30 may be useful for the separation of diastereoners
prepared by the nmethod of this .invention include chromatography and
crystallization/re=crystallization. Other useful mnethods maybe found in

"Enantioners, Racemates, and Resolutions," J. Jacques et al., 1981, John
Wl ey and Sons, 18 - hbm/Ybrk, NY, the disclosure of which is incorporated
herein by reference. The stereosel ectivi of the di hydroxyl ation reaction

i s achieved by conducting the reaction i Hthe presence of a chiral
auxiliary reagent. As used herein the term"chiral auxiliary reagent"refers
to an optically active conpound that is stable to the di hydroxyl ation

reaction condi ti ONSyis eB&inA! RinB maM6k d hisGABRBA B etfmpliicl afmmw@ ot he

st ereochem cal_ou e di dro Iatl cti ly, the
-dlhydroxylatlgﬂ*%@ %“LNH@§'5%' 8ﬁﬁ @563@ﬂfﬁgqgm'Qﬁmmnewggkﬁﬁﬁﬁgg

al kal oi d as chiustaiteddigleivt i ary reagentto form '
stereosel ectively, 1, 2(R)-di hydroxy- 3(R) ani no- but anes or

1, 2(S)-di hydroxy- 3(R) ani ng- but anes. Exanpl es of chiral auxiliary reagents
that may be useful in the d hydrqﬁylatlon i pn of i nvention

i ncl ude di hydr oqui ni dg T 4- thala2|ned yi NGL y?PHAL) 40

hydr oqui none 2. 5di phehlyi_: hey, 2PYR, hydroqui none
ant hr aqui none- "1, 4-di yl '.‘her [}KQZAcnlano the\optical |y active reagents
di sclosed in WO 93/07142 tﬂe6 di scl osure of whicl |s7ancorporated herein
by reference. Partlcularly useful chiral aUX|I|arI reagent s incl ude:

(DHQD) 2PHAL, - ( DHQ) 2PYR, and (DHQ 2AQN. Ceneral l'y, {t he di ydy oxyl:ation -

reaction'Is conducted using the chiral auxiliary.Feagent -an anmount t-hat
“is about | %to about 6 15 %of the nolar anount oof but pre present in the -

reaction m xture.” General ly, the dihydroxyl a4 i gh nmaybe conduct éd
~in polar solvents or mxtures of polar sol am-_organlc sol vents or

m xtures of organic solvents and water. .- Phreie he reaction may be

~condueted in polar protic solvents, - Useful s |nclude t - but ano
“acetone, 5 butanol/water and acetone/water. The tihﬁﬁroxyation reaction

- may be conducted at any suitable 20 tenperature. Generally, the reaction
may be conducted: a{thtsemmamelhmxﬁmﬂéﬁewmwtst Ofavérizd abo btenerroeiateahapyr at ur e.

In one enbodi %Fﬁn Rtlwith Qx@tﬁade&%ﬁ% LiftiAde, BndaF Ghé Ld?'ngl cgr@hoﬁﬂé & Qi iR b8 Bice §f

st er eosel.ective converte

S| n
e TR e T al Saahine Fekeye ¢ el iR o scBropt SRR g PREE IR
pr OCESS i 510'[ helingthyhiorrednidel, W, m*mmm@* Mmmmﬁﬁwﬂi@ﬁlrﬂm One

skilled in the art will recognize that the chemlcal transformatlons inthe methods ofthis lnvenhon

may be- performed using any pharmaceuhcaily accepwble solvent that is compatlble with the
mtenneduate substrates and the transfermataon gonducted. The résulfing: mesylate may thenbe-

treated with thlophenoxxde (formed in sn‘u usmg thlaphenol and a non-nucleopliilic base, e.g.

15 dllSOpmpyl ethylamine, potassnum carbanate, and the like) in a polar aprotic solvent, to. form the

- tinophenyl—butene cormpound 8. Stereoselective dlhydroxylatmn of oampuund 8 ¢anbe conddcted

- using the osmsum—contaimng oxldlzgng,reagent cambingtion of KgOstg(QH)JKaFe(CN)a. #,C04,
' ‘NéHCOs ‘and CHaSOMNH; in the préseﬁce of DHQDgPHAL as the chiral auxiliary reagent, o
rprovide the 1 2(R)-dihydroxy S(R)phmahm:do-ti-{phenylmio)— butane: 9 and 1 2(8)—1" hydroxy-3{R)-

.20 phthalnm:do—4-(phenylthm) butane 10 in 2 13:1 raho : :

8 9 10



25 Prospect, Illinois) phthalimde of 3(R)-am no-4-hydroxy-1-butene. This
mat eri.al contains a 4- hydroxyl group that is a useful precursor in the
preparation of neifinavir, wherein the 4-hydroxyl - noiety may be converted
i nto at hi ophenyl substituent that will be useful for the preparation of
nel finavir. This conversion process maybe acconplished by first
transform ng the hydroxyl group into a.leaving group, then replacing the
| eaving group with a thiophenyl group. Sﬂpstltutlon 30 processes of this
type are well studied and may be acconplished using any of a variety of
transformations. Leaving groups refer to any group that departs froma
nol ecul e in a substitution- reaction by breakage of a bond, and include,
but are not limted to, halides, aryl sulfonates, alkylsulfonates, and

triflates. For exa alo
" noiety, a nesylat e%h%&@&?m&%f?ﬂ (? c@y&@gﬁ&w toggfegp{gﬂg %mh
(- OSCR- ( p-t ol yeyergalgietad thaftoesdiphindiey rapesizatinniabhgs- P‘E‘&‘i’/?rﬁd‘yﬂP’Hlfﬁﬁte'[sﬁht may
be repl aced bythebute bapodnidl Generaeraqm for Ehevingpukttipggbips bre desedtgeinGraway be i n
any form feor %E%EJ raaFJr@%%@ttreQ%Bﬁ\}ﬂRh%ﬂ@nuﬂ%‘é&dv@&@ﬂ&glhﬁd&w filyfroxy-
partlcularly, enoxi noi et e:g., , or anorganonetalllc
reagent -19- ?ﬁW?'éWﬁ%Hﬁnent of the nethod of this invention is exenplified
by the conversion of the 3(R)-phthalim do-4-hydroxy-1-butene 6 to the
3(R)-phtha|inido-4-thiopheny|-butene 8 as illusirated below. OH ~r |
OS02CH3. N C0*06 - -.07a O 5 01In this pgethod, the hydroxy-butene 6
is first converted to a butene-nesylate, L@<Ei§ treatment wth nethane

sul fonyl chloride, under conventional cond ons (e.g;, in the presence of
an anine base, e. g., methyl amine ordil sopfopyk ethylamne, in a

pol araprotic solvent, e.g., N N 10 di netjiyl formam de,

N, N- di net hyl acet am de, i nethyl-t-butyl er, or tetrahydrof uran) One
skilied in th@hiacempgund me@@gntrszweﬂwaﬁew%d@né#ﬁr@&rqurlafﬁsﬁfvr F'f‘éﬁ"ﬁ@ﬂ'%e in-the

et hods 0f10t hlcﬁnn:d’tlm&nk;deﬁnlmr the preparation of nelfinavir or nelfinavir mesylate. .
_ One skilled in the art will recognize that the sterecisomer that is stereoselectively formed
-~ by the ditiydroxylation method of this invention may be changed by using a different chiral auxifiary
‘reagent. One skiled in the art-will also recognize that stereoselective diliydroxylation of 3(R)-
amino-butenes containing different nitragen-protecting groupé 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(8)’-dihydfoxyfs(R);amino-ebutanes.in different ratios.
That is, the stereoselectivity of the dihydroxyiaiion'réaction may v‘ary"depending' on the specif C.
- -substrate and the- specific. chlrai auxihary reagent used inthe reaction {e.g. using different quinine
or quinidine alkaleid chiral aux:hary reagents) However based en the teaichings herein and
20  throughroutine experitentation (e.g., preparing compounds having different nitrogen protecting
groups of compounds having different substituents and conducting the dihydroxylation reaction
using different chiral auxiliary. reagents), one skilled in the art will be able to select a chiral-
auxiliary reagent that stereoselectively provides the desired stereoisomer of a specific
amino-butene. ' . '
26 For example, the dihydroxylation of S(R)-ammo-butenes may be conducted to
5stereosetecuvely provide 12(8)—d|hydmxy-3(R) amino-4-{phenyithio)-butane, using a chiral
| auwdliary reagent other than BHQD,PHAL and :aptlonally, using an ammo-but_ene having a
pitrogen-protet;ﬁng group different from the phthalimide, ilfustrated abave. The nitrogen
protecting groups may be exchanged, if desired, by conveiting 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 pnarto dnhydroxylatxon Specifically, Cbz—protected 3{R)-amino-4-thiophenyl-
“1-butene 20 may be prepared from the phthalimide-protected 3(R)—am|no-4-th10pheny1 -i-butene
8, above,.by a two-step process wherein the phthalimide is removed using cohventional



may be perforned using any pharnmaceutically acceptable solvent that is
conpatible with the internediate substrates and the transformation
conducted. The resulting nesylate may then. be treated wth thiophenoxide
(formed in situ using thiophenol and a non-nucl eophilic base, e.g. 15

di i sopropyl ethylam ne, potassium carbonate, and the like) in a polar
aprotic solvent, to formthe thiophenyl-butene compound 8. Stereoselective
di hydroxyl ati on of conpound 8 can be conducted wusing the osm um contai ning
oxi di zi ng reagent conbi nati on of K20s02( @4t K3l =e(CN) 6, K208, NaHCO8 and
CH3SO2NH2 in ‘the presence of. DHQD2PHAL as the chiral auxiliary reagent,-to
provide the | ,2(R)-dihydroxy 3(R)phthalim do-4-(phehylthio)- butane 9 and

1,2(S)-dihyd a2 | 131
5209 v oo 20 AR ARG OGN LB 0508 i 15T
ami no- prot ect Hb"@“ﬁﬁ‘b%‘?’bﬁ@%ﬁ%"éﬂ(cﬂép%g‘d&h%?“@mw@ﬁ?ﬁd@ﬁ'&l(eQre't‘HWGd t hat |
does not i nduc eresencesibass).i Sivemtiedtinadigdoyitivn obChzA ) uaknoXiopha@ptidignadd -t he

descr 1 bed 1 O Shner Ry B vl FEfgr BRLRS, |2 ARl o

ot iyl am nePcolTRL M BB s d GOt FusOR Ve B prspsastapEaEEE e i
NO Cki 11 Thekrataysiirmirazbentalp pheidsihb b2 diytiloy- R Chedt(preaythignihtahe awtior ned
. into other |nt¢QF?qhﬁﬁﬁyaégggggﬁgg@gﬁ*%ag&y“_ﬁgg4qnﬁopreparat|on of

nel fi navir or navir One skilled in_the art will recognize
that the stereoisonmer that is stereoselectlvely_/ y the

chiral aUX|I|ary reagent One ski
st ereosel’ecti ve di hydroxyl ation of
n|trogen protectlng groups and/ or

HO

10 o Advantageausiy, the zmydroxyi fhoiety of the major dihydroxybutane 13 possesses the
' same absolute conﬁguratton as the hydroxyl mosety in nelffinavir, Accordmgly, this material is also
useful forthe preparahon of nelfinavir or nelfinavir mesylate.

_ © Therate of dnhydroxylauon of the amino-butenes described herein may be accelerated by-

o the add:ﬁan of alkylammes -For examp!e it has been discovered that use of DABCO (1.4
15 dlazabicyclo[z 2 2]octane) accelerates the rate of dihydroxylauOn Moreover, it has been -

discovered that complex alkyl amines, such as DABCO may be usedas chlral auxiliary reagents

inthe method of this invention. For example dlhydroxylatzon of the sz-ammo—butene 20ising.

_ K20302{0H)4!K3FE(CN}5, choa, NaHCOa and: ‘GH38QaNH; in the presence of DABCO, as the

o chlral auxlhary reagent pro\nded a 30% vyield of thei 2(S)-dlhydroxy-a(R)-Cbz~4~(phenylthio)-
20 butane 13 and 1, 2(R)—d|hydroxy-3(R) ~Chz-4-(phenylthio}- butane 14 in a ratio of about 2:1.

' Generaﬂy, accelerahon of the dihydmxyiahon reaction may be achleved by using DABCO in an
amount that is about 30 % about: {00 % of the mlar amount of butene present in the reaction .
mixture. When used asa ch:ral auxiliary reagent, DABCO may be-used in amounts thatare the

: same as that of the other chiral auxmary reagents, described above.



~converting the phthaiin de-. protected ) 30\

15 substituents, In the presence of different auxiliary reagents, may
produce mxtures of 1, 2(R)-dihydroxy-3(R)-am no-butanes and

1, 2(S)-di hydroxy3(R)-am no-butanes in different - ratios. That Is,. the
stereosel ectivity of the dihydroxylation reaction may vary depending on the.
specific, -substrate and the specific chiral auxiliary reagent used in the
reaction (e.g. using different quinine -or quinidine alkaloid chiral
auxiliary reagents). However, based on .she teachings herein and 20 through
routi neexperinmentation (eg., preparing conpounds having different nitrogen
protecting. groups or conpounds having different substituents and
conducting ‘the di hydroxylation reaction wusing different chiral auxiliary
reagents), one ski#dcedingyn atchrenogndof iihuia bie statsbeictliyel edngaried t aghinpadnd of
auxiliary. reagﬁ.m,aﬁ hat stereosetectively provides the desired stereol soner

-of a specific "amno-butene. 25 For exanple, the dihydroxylation of

3(R) --am no- but enes nay be conducted to ™gtereosel ectively provide

1, 2(S) - di hydr oxy- 3(R) - am no- 4( phenygt hi o)y butane; using a chiral auxiliary
reagent - ot her than DHQD2PHAL and opt\ona)ly, using an anino-butene having a
ni trogen-protecting group different fromthe phthalimde, illustrated
above. The nitrogen protecting gr ks exchanged, if desired, by

LM no- 4t hi ophenyl - 1- but ene 8,
prepared as descri bed above, to a Chz-protect ad' 3(R) - ani no- 4-

t hi ophenyls 1- but ene pri orto di hydroxyl atign. Specifi cal I y, Cbz- protected

ot hat i e 0 BRRS T ok BT S B R g e oo srgpisston,,
t wo-step pr oofé&ﬁ%@ﬁbmem Pﬁﬁ%ﬁ*HQﬁaé@G%%ﬁHﬂv@dpwnmeMMal s a
-21 procedur Q&hfr&am;:agb%g&ﬁtwm@me%m@uﬁre BRhREb Eaula@. 9 Ve

3-am-no- 4-t hi oPhe but en I th car bobenzyl oxy
“chloride (Chz-d q-he mpm(’:’bd(ra?{/@ ulfaglnaalymﬁgndft?ﬁe%sﬁ%d?’%yﬁ"vene#"taﬁ% pob'P %bfence of
‘base) . St¥redysys é"El ve di hydroxyl ation of .
..Cbz-3(R) - am no- 4-t hi ophenyl - 1- but ene 20g3 may be conducted using the

-osm um cont ai ni ng oxi di zi ng reagent_¢
"K2C03, NaHCO3 and CH3SO2NH2 in the l:ﬁ(ese ice of quinuclidine as the . chiral
“auxiliary reagent, to provide the 1, & di ' i

onmbNnation of 5 K2OsO2( OH) 4RK3Fe(CN) s,

but ane- 13 and _ 'R'z :

18 by freating a compound of formula 1 with an osmium-containing oxidizing T'reagént?colﬁbin;tion of
Ks0sQx(OH)/KaFe{CN)g, KoCO5, NaHGOz and CHg,SOgNHé inthe presence of DHODPHAL as a

. chiral auxifiary reagent to prowde the cornpound represented by formuia 3.
The compound of formuta 2 may also be cohvertedtoa -compound offormula4, whlle the

) - compound of formula 3 may be converted to a compound of formula 5 by reme\nng the nifrogen
20 protechon group without mduclng racemlzahon {o provide the compounds represented by forraula
4 or 5, respectlveiy
The com paund of formula 6

95

6



as..that of .the other chiral auxiliary reage
- Accordi ngl $> a conpound of formula 1 is stei@oselectlvely converted to a
conpound of  freafingbueng-mesyixte Rwith ﬂﬁqphq;agxudqmrei@p thiophenoxide is formed in situ

1, 2(R) di hydr oxy- 3(R) - Cbz-4(phenyl thio)- butane 14, in a 4:1 ratio. 20 o O
SHO HHOH 13 14 10 Advantageously, the 2-hydroxyl noiety of the major
di hydr oxybut ane 13 possesses the sane absol ute configuration as the
hydroxyl mnoiety in netfinavic Accordingly, this material is also wuseful
for thepreparation of nelfinavir or neifinavir nesylate. The rate of

di hydroxyl ati on of the am no-butenes described herein may be accelerated by -

the addition of alkylam nes. For exanple, it has been discovered that use
of DABCO (1, 4- 16 di azabicycloj 2. 2. 2joctane) accelerates the rate of
di hydroxyl ation. Mreover, it has been discovered that conplex alkyl

am nes, .such- as DABCOmaybe used as chiral auxiliary reagents |In the nethod.

of this invenid QRverddn auBFoRhEsf fehnby Bl Ry tuehilgiactmadund bidorfibz-Ganth hetiaud ene 20

18 O L e 0 W, R e

t hel, 2( S) - di hyngesagla3in) - Chz- 4- (phenylthlo) 20 but ane 13 and

1, 2(R) - di hydroxy- 3(R) - Cbz-4- (phenyl thio)- fGutane 14 in a ratio of about
2:1. Generally, acceleration of the -|hyn'oxyl rfeacti on maybe
achi eved by using DABCO in an ano
nmol ar anmount of butene present in t
chiral auxiliary reagent, DABCO may

¥l o\, m xture. Wien used as a
0 usﬂd in anounts that are the same
nts, described above. -22

using thiopheno! and a non-nucleophilic base in a polar aprotic solvent, to provide. thiophenyl-
butene 8

)
in particular, the cdmpound of formula 6
15 :
' is converted fo a compound of formula 72

" wherein R' is alkyl or aryl, préfefé’biy, methyl, trifueromethy! or p-toly), and convetting the .
compound of formula 7a, 1o'a compound of formula 8 by:i’reating the compound of formula 6 or 7a
with an esmium-containing oxidizing reagent combination of KgOgOg(OH)JKaFe(CN)s, #,C03,

s /about 10 % about 100 % of the'



5 2 by treating the conpound of formula g with an osm um cont ai ni ng

oxi di zi ng reagent conbination of K20sO2(OH) JJK3Fe(CN) 6, K2CO3, NaHCO3 and
CH3S2NH2 in the presence of DHQD2PHAL as a chiral auxiliary .reagent to
provi de the conpound represented by formula 2. The conpound of fornula I
may al so be stereosel eetively converted to a conpound of- 10. fornula 3: R3
R N [ RR HOOH - 3 15 by treating a conmpound of formula | with an _
osm um cont ai ni ng "oxi di zi ng reagent conbimati on of K20s2( OH) ggk3Fe(CN) 6,
K2CO3, NaHCO3 and CH3SO2NH2 in the presence of DHQD2PHAL as a chiral -
auxiliary reagent to provide the conmpound represented by fornula 3. The _
compound of fornmula so be -converted to a conpound of fornula 4,

whi Lo The " CoMBRRE R s emsAe 50! CHARKEHAIRS Sl SR BRoRR OGT o mil o 5
by renovi ng thecmpouorg@presa’b&dpymhmza@nsgésoeqﬂvemthout i nduci ng -

racem zationto provide the conpounds representedsby formula 4 or 5
respectively.. - ' The conpound of formula 6: o 0 25 6 -23-

converted to a conpound of fornula 8, phy trea g a. conpound of forrrul a6
wi th nmethane suifonyl chloride in the prese e of an anine base in a pol ar
aprotic solvent to provide buteg resy| at/e ‘?a and O ()2R 7a

5 o 8
in turn, the compound of formula 8 is stereoselechvefy converted to the c.ompound of
formula 9

10

or fo a compound of formula 10:

- ora m:xture thereof by treahng a comoound of fo:r?ula 8 \Mth ao osmrum-—comammg OXIdIZIng

7 -reagent combmatson of- KzOSOQ(OHMKaFE{CN)s, KaCO,, NEHCO, and GHasozNHz in. the

- -presence of: BHQszHAL asa chlral auyiliary feagent to provide the compound represented by
‘.formula 9or10. '

'329 : . Altematwely. the- compound of formula 9is converted to the compound of formula 11 ‘



treating butene-nmesylate 7a with thiophenoxide, wherein the thiophenoxide
is formed in situ wusing thiophenol and a non-nucl eophilic base in a
aprotic solvent, to provide thiophenyl- butene 8 10 In particular, t
conpound of formula 6: O O75. 6 Is converted to a conpound of fo
7a: O SCsR - 20 7a wherein R is alkyl or aryl, preferably, nethyl,

trifluoromethyl or p-tolyl, and converting the. conpound of fornula
a conmpound of formula 8 by treating the.moenpound of formila 6 or7a

osm.um cont ai ni.-ng oxidi zi ng reagent conbi nati on of K2CsQ2( OH) -/ K3Fe(CN) 3,

K2CG8,

24 NaHCO8 and CH3S2NH2 in the presence of DHQD2PHAL as a ¢

auxiliary reagent to provide the conpound represented by fornula 7a
respectively. F o Q s 58 1In turn, the)i]Hsound of fornmula 8 is

stereosel edlively converted to the conpoung
conmpound of formula 10: o 15 10

formula 9: 10 - 9

Hof e

5 andfor the compound of formuta 10 is converted to the compound of formtla 12:

HoNi

10 by treating the respective staring compounds with a i‘eagéni 'thét"'dé-prdtecis the nitrogen
protection group to provide the compound represented by farmula 11or12, reSpectwely. without
mducmg racemization. I '

Further, a campound of formula 9'is eonverled foa compcund of fermula 14;

15

"

pol ar
he
rmul a

7a, to
with an.

hi r al
or 8,

or to a

and/or.a eompound of formula 11 is convérted to-a ‘cdrhpo;jnd of :fonﬁu'lé 14 by treaﬁng the

i'especti\fe starting materials with reagents that will open the bicyclic ring of the nitroger‘l- protecting -

20 group, €.¢., the-compound 9 to14 canversion, oradd a nitrogen proteetlng group in a‘single step,
e.4g., converhng compound 11 to 14. In similar fashjen to the formula 9 to 14 oonversxon. a
rcompound of formula 10 is converted to a compound of formula 1 3



or a mxture thereof, by treating a conpound of fornmula 8 with an

osm um cont ai ni ng oxi di zi ng- -reagent conbi nati on of K20sQ2( OH) 4K3Fe( CN) 6,
K2C03, : NAHCO3 and CH3SO2NH2 in the - presence of DHQD2PHAL as a chiral
auxiliary reagent to provide the conmpound represented by formula 9 or 10.
20 Alternatively, the conpound of formula 9 is converted to the conpound of
formula 11 -25- HZN HO of f 19 ' 5 and/or the conpound of forrmula 10 is
converted to the conpound of forrmula 123.S HO OH 12 10 by treating the
respective starting -conpounds with a reagent that de-protects the nitrogen
protection group to provide the conmpound represented byfornmula 11. or 12,
respectively, w thout inducing racemcation. Further, a conpound of
formula 9 is converted to a conpound of fornula A pis HNHSOH 15 74
and/ or a conpound of fornmula 11 is converted t0'ound of formula 14 by
treating the respective starting nateri Is w t h\teagents that will open
the picyclc ring of the nltrogen proteciing 20 g¥oup, e.g" the conpound 9
to 14 conversion, or add a Y Tﬁz%cti.g group in a' single step,

e.g., converting conmpound ¢{ 4 1n B ar fashion to the formula 9 to
14 conversion, a conpound brnula 10 is sonverted to a conpound of
formula 13 -26 )

5  bydeprotecting the nifrogen followed by benzocarbamate formation. A compound of formula 12
is converted fo a compound of formula 13 by treating the respective starting compound by using
the carbamate formation step described above. b
The invention also includes the methad of converting a compound of formula 14 to a
compeund of formuta 18:

10

by treating the compound of formula 14 with methylphenyl sulfonyl chloride and an amine base
~ 15 solvent followed by treatment with an aqueaus base to yield the compound of formula 15 The
compound of formula 15 is further converted foa oampaund of formula 16

CONHBu

§

16 )
uby heating a solution compnsmg (28, 3R)~3—benzyloxycarbonylammo—4~phenylthto-l-

. 20 buteneoxide 15 and’ (38, 4a8, BaS)-decahydroisoqu:no}me-:i—carboxyhc acid t-butylamide in
. Isopropyl alcohof; adding an aqueous solution of 2N potassium hydroxide; adding toluene and
* washing with water and 1N hydrochloric acld extracting and comblnmg the aqueous layers;



- 00 /~\ " WANHOH 13 5 by deprotecting the nitrogen followed by
benzocar bamate formation. . A conpound of fornmula 12 is converted to a
conmpound of formula 13 by treating the respective starting conmpound by’
using the carbamate formation step descri bed above. The invention al so
i ncl udes the nmethod of converting a conpound of fornula 14 to a conpound
of fornmula 150 o HN~ 10 o 15 by treating the compound of formula 14-with
met hyl phenyl sul fonyl chloride and an. anbge base 15 sol vent follomed by
treatment .with an aqueous base to yield t he compound of formula 15. The
conpound of formula 15 is further converted to a conpound of formul a 16
CONH6au . HZN-OH 16 by heating a solution conprising (2S,

3R) - 3- beni yl owr{gmmdxwaeagmeuwb@wm Bs4ab, @@).i:(amagmmmiﬁ;mmﬂe;-( 38, 4as,

8aS)decahydr0| fne: 3--carboxy| aci.d de in isopropyl
al cohol ; addifl gﬁ a ugﬁgo 'T%% 0 KWG&%Q?Q& drOX|de addi ng

t ol uene and vvashl ng W PImMPRNded’ faruial16Ns Hﬁﬁdrfﬁ%ﬁ@r‘i"d‘e pavil - andlert nelili™ng and
combi ni ng t hemagpsatmnpbidyrisving thé forME 12570118 Gedpbiveakt r act ed product to
pravi de (3S, 4aS, 8aS)-2-((2R 3R)-3-am no-Z2-hydroxy-4

phenyl t hi obut yl ) - gecahydt oi soqui nal i ne- 3- -oxyllc acid t- butylanlde 16.

10 . "' ' ' 18

accordmg to the methods descnbed in\WQo 97!1 1937 and WO 9711 938 which are mcorporated
_herein by reference.

The compound of formuia 8is a1tematr\fe1y canverted to a compound of formula 20:

by first converting the c_dmpo_un_a of fo_rfnuia Bioa ‘coﬁapound of formula 19:



The compound. of fornmula 16 is then converted to nel finavir and/or.

nel finavir nesylate, conpounds having the forrmula 17 and 18, respectively,
Q CONK-au H 17 coNHEEU on 10 18 according to the nmethods described in WO
97/ 11937 and WD 97/11938, which are incorporated herein by reference. The
conmpound of formula 8 is alternatively converted to a conpound of fornula
20: o0 15 20 by first converting the conmpound of fornula 8 to a conpound

“of fornula 19: -28 E 2 r<19 and then cggvertlngthe conpound of fornula 19

to a conpound of formula 20 byaddi ng di fférent 5 protection groups as
descri bed herein. The conpound of formula 8 is a preferred substrate for
adding different protection groups as it provides high stereoselection in
t he subsequent. - di hydroxyl atfon step. The/ swnound of formula 20 10 20
is al so stereoselectively converted to a c,nd of formula 13: HO N 15:

13
’ 5
e

19

andthen converting the compound of formula 19 to a compound of formula 20 by adding different
5 protection groups as described herein. The compound of formula8isa pref‘e'r'red substrate for
adding different protection groups as it provides hlgh stereoselection in the subsequent‘

dihydroxylation step.
The compound.of formula 20

10

15,

or to-a compound of formula 14:

20

ora mtxture thereof by treahng the Tespective stamng compounds with an osmmm—contammg
'oxldrzing reagent combmation of KZOSOZ(OH)JKsFe(CN)G, KzGOs, NaHCOa and CHasozNHz i

25  the presence of: DHQB;{PHAL asa chrral auxiliary reagent to prowde the compound represented
by formula 13 or 14, respecttvely ‘



or to a conmpound of formula 14: 20 .14 or a mxture thereof, by treating
the respective starting conpounds wth an osm umcontaining oxidizing
reagent conbi nation of K20s02( OH) 4/ K3Fe(CN) 6, KzZG03, NaHC03 and CH3SO2NH2
in 25 the presence of DHQDZPHAL as a chiral auxiliary reagent ‘to provide the
conpound represented by forrmula 13 or 14, respectively. -29- In simlar
fashion, a conpound of fornula 13 i-s converted to a conpound of formula 21:
HS Ho 21 5 wherein R" is a leaving graup as defined herein: In
particular, the conpound of fornula 2la is. formed by reacting the conpound
of formula 13 with p-toluenesul fonyl chloride (tosyl chlori de) and a base,
such as triethylamne, in. methylene chloride. Preferably R4 is chloro,
brono, - OSC2R , V\/Fi'él"‘é’?'”rfaﬁ'!m“ iagorBoNyd of Ermuiz 14 is copyasiedip albéryrounsief fohuja 21:
trifl uororret-hyl or p- to_syl " The conpound of fo la 20 is converted to a
compound of formula 21la: 02 10 HO OSOZR! 21a@rei n R is alkyl or
aryl, and preferably, nethyl, trlfluoro 't hyl p-tolyl, and converting
the conmpound of fornula.2la too Fothd formula 22: cord-Du 15 01,
22 -30- by treating the respecti startTh corrpounds with an
osm um cont ai ni ng oxi di zi ng reagent comnbi n of K205CJZ(O—|)4/ K3Pe(CN) 6,
K2CCB NaHCCB and CH3SO2NH2 i-n the presence of

21

5  wherein R'isa  leaving group as defined. hergin. In particular, the compound of formuta 21a is
formed by reactlng the compound of formula 13 with p-toltienesulfony! chloride (tosyl chloride) and
a base, suchas tnethylamlne in.methylene chionde Preferably R*is chloro, bromo, 0S0,-R',
wherein R'is alkyt or aryl preferably, methyl, tnﬂuoromethyl or p-tolyl.
' The compound of formula 20 is converted to 2 compound of formula 21za:

10 : - R ud’ bSOR™
B ' , 21a '

where:n R'“ is alky¥ or aryl and preferably, methyl tnﬂuoromethyl or p-telyl and converting the
' ‘compound offormula 24ato a compound of formula 22;

. '.--;].5



DHOD2PHAL as a chiral auxiliary reagent to provide the conpound represented
by formula 21 a or 22, respectively. The reaction may take place according
to the follow ng schene (Schene B). SCHEME B K20s02(O0H) 4,/ K3Pe(CN)6 K2CO3
cbz S cbz Cbz S NaHCO3 \ NH CH3sOi NH2 + NH NH chiral awullary agent ~
solvent HO OH HemH NHt-nutyt rso2C /0 S NCO solvent HN-" 2l1a HO
OSO2R"' solvent 0 S CoNH-Butyl OHO OHN O S ONHt-Butyl 6 I HO HN-~

1 aqueousbaasse/ heat HOB 22 1 AMBC 17 bgse 1 water Fornmation of the
conpound of formula 22 maybe achi eved by treatment of a conpound of
formula 21a with PHLQ (3S, 4aR; BaR, S-N t-butyl

car boxam do-decahydroi soqui not i ne). Renoval of the benzyl oxycar bonyl

ni ta o?en pr <()t R ik d OldEbebtive BlaRRITRRNAGh &8 Zuith ‘éﬁ@%lurﬂt@om&ﬂﬁizﬁ@éﬁagent :

condi tions (provj. n

raceni zation 8?'“'?‘??2‘0" @éﬁéﬁ@@fﬁ%@ﬁc’mgﬁz‘g@ﬁ g@"i&? g@ﬁp@b Erll wef% g?cr?u a 16,
whi ch may be WMMS@MH&H"?ITWQB&MWW@I“MCﬁfamuﬁd REesprtad W formyia fda cr i bed
above: Exanpl %?22 F&hﬁecﬁkfyuﬂ{e%aeﬁnﬁfayiak@pléiﬁﬁmwmgﬁatlw‘fol!b\hﬁg sfcmin{ethege e)xarrpl es

wer e confirnmed é’c&'ﬂ% ’ _

R™50,C1

Hlvent

NHt—Butyl

1 aqueousbaselheat
/ ———i

2. AMBC
' baselwater

Formation of the compound of formuia 22 maybe achteved by treatment ofa compound.
of formula ‘21a with PH!Q {395, 4aR, BaR 3-N-t-butyl carboxam|do—dacahydmlsoqumolme) -

‘ ‘Removal of the benzyloxycarbanyl nltrogen protecting -group from compound 22, under

- 10 o conventtonai conditions {provided that the selected condltmns do notinduce racemazatlen of the
-stereacenters) provides the eonipolind of formuia 16, whlch may be converted to nelﬁnamrand
' ‘nelﬁna\nr mesy!ate, as descnbed aboeve, o o '

' Examgles B : .

, The structures of the compounds of the’ fol!owmg examples were canfrmed by one or

15  ‘moreof the following: proton magnehc fésonance spectroscepy, infrared spectruscopy. elemental
L _ microanaiys:s and meltmg point, ‘Proton magnetic resonance (H NMR} spectra were determined

using eithera Vanan UNIWplus 3000ra Ganerai Elegtric QE~300 spectmmeter Operatlng ata



15 nore of the follow ng: proton nmagnetic resonance spectroscopy, infrared
spectroscopy, elenmental mcroanalysis and nelting. point. Proton magnetic
resonance (1H NMR) spectra were deternmined using either a Varian UN TYpl us
300 or a General Electric QE-300 spectroneter operating at a 31 field
strength of 300 negahertz (MHz). Chemical shifts are reported in parts per
mllion (ppm 6) downfield froman internal tetranethylsilane standard.
Alternatively, 1H NWVR spectra were referenced to residual protic. solvent
signals as follows: CHCI3 = 7.26 ppm DVEO = 2. 49 ppm C 6HD5 = 7.15 ppm
Peak nultiplicities are designated as follows: s, singlet; d, doublet; dd,
doublet 5 of doublets; t, triplet; q, quartet; br, broad resonance; ‘in,

mul tipl et muphélg&eﬁ@m&t3M§gaﬁJ£(Weéhemlca sﬂri%rarrezrepdne&;haérﬁ e@h&ﬂr(@m n (IR

spectra were obtalned using a. Perkin-El nmer 1600 series | R spectroneter.
El enent al ni ¢r dewdiely ey W@%éﬁ?ﬁ@ﬁhﬂﬁﬂa@;ﬁtﬂ@ﬁf‘hnﬁeﬁ‘amew81' BMR|specta WRiSr cr oss,
GA.  Mel ting peiftbieedVe FRidGeprotcibiRetsigals 8s filvs: TRIOR =a12p g DMS 0209 ppne C

o oo e | o SR T oAl Bk B AN ELE ol REREULARR Y Sl AP il 2

slight positi v8 press unl ess erw se conmer ci al
reagents wefe wbddbielst, W@éﬁ\ﬂe@ﬂeﬁ b hfescHesopance gpmelinieleCaigling ponsteais argpvad ¢ he
fol I owi ng exce iR Snfraf@liabedhpion @) upetia ¢akbbitained Bsinl srterin-Bieler 160 series FTIR

sodi um benzoph g&%f}&netéfeﬁé%en&f dhﬂfoaﬁa%séﬁ%re p@f&ﬂé%ﬁﬁﬁfhm%@( i%&@c&s BAS

distilled fromtcalcium reviations’ us%ﬁ[g rein
incl ude: Et20 {Meliag pRAS wwé%*sfmmﬁw % Mehniewp ARPEFRMS £BY P HTGGRGCted fons
(di net hyl sul f osectedendbEBID ¢dplntseblad Wiasksretdey b sighh eesjtive m ¢freegohaniess) , Et OH
\ (A gt ?ggglt ) ; )1015055;9@511&@4 mona&%&@ﬁee%ems% uee%tabbékhamlfr&wﬁmesp&m& Mllerse][ gte; g
S
Chz (ben)z/yl oxy?f’&'g%ef?[)%r?gefﬁegﬁog%)h%%hyzwﬁfﬁ ‘F’%“ﬁsﬁ o IE%JMIFIZOP 1 E'groacet ic
acid), |3lEA (pgptw.pmngﬁp O%W%Qmﬁmaﬁﬁ{%‘}"g) ww\ﬂ!;}igd ﬁfgm caiclum hydride prior to use.
(N, N, N, N-t et ranet hygeadviaydne aed hash nethds: :ﬁt‘g@tﬁtdﬁ@m&dr)cDmN\)-dlmﬁEﬁ@nétaIdﬁi ic -

“anhydri de), MV Qé%mgfﬁﬁéagdﬂaw RPEE et CYGIORN X krioh HAP ik J€)
A EIRERR v o o ol ou o

(1,.5-di azabi cyé‘t‘ d{pﬁewlnw}m'&)risawer@), ChBlerztip:gearbonyl), Boc (teft-butoxycafbonyi) TFA
di azabi g)l;cl of 5 fnlosnaec- 7- aag) . DVBEA( N, N- ginmbydppesjiannge) . PNRDA
B Poxan Sgégﬁgﬁvaﬁﬁﬁzﬂgﬁ%ﬁﬁ i 8 ool HoY opons i,
accordi ng to tKenetdeaRhols) ray be PCS advan@&&%%l‘?’ﬁ?ﬁ'w ed as ¥ out in
‘the Exarrpl @9 bed, Puichicihe6 dicyananpbeso@indnd) AP (4-dimethylaminopytidine), DABCO(14-
diazabicyclo[2.2.2joctane), DBN (1 5-d|azab|cyclof430]non-s-ene), -BBY - (1‘.8;
' ;d:az__ablcycIOIS.4.0]undec-?-ene)', DMAGC {N.Nﬁimethylacet_amlde), PNB (p-niitrobenzoyl), and
' PHIQ (38, 4aR, 8aR, 3-N-tbutyi carboxamidodecahydroisoguinoline). o
Specific “examples - r._:"f varlous compounds according 'to the invention may be
25 -advantageously prepared as set out in-the Examples below. These éxampleé_ and the
compounds contained therein are not meant tolimitthe SCope of the preséntinvenﬁoh inany wéy.'

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

30 -

A solution of methanesulfonyl chioride (1.2 rhol, 1.2 equiv, 137.5 g, 93 ml)},in 150 mil of
ethyl acetate was added to an ice-cooled {0°C) solution of phthalimido-alcohol 6 (217.29, 1.0mol, -



conmpounds contained therein are. not nmeant to timtthe scope of the present
I nvention in anyway. EXAMPLE 1: Preparation of 3-phthalimdo

4-t hi ophenyl butene 8 o 0 30 A solution of nethanesul fonyl chloride (1.2
mol, 1.2 equiv, 137.5 g, 93 m) in 150 m of 'ethyl acetate was added.to
an ice-cooled (09C) solution of phthalimdo-alcohol 6 (217.2g,1.0 noll,
-32- avail abl e from NSC Technol ogi es, M. Prospect, IL) and triethylanm ne
(1.3 mol, 1.3 equiv,1319 and 181 m) in_g0 m of ethyl acetate at a rate
sufficient to maintain the tenperature of the resulting reaction mxture
“bel ow 20C. At the end of the addition, the mxture was warnmed to anbi ent
tenperature and stirred for -3 hours. HPLC anal ysis showed no starting

mat eri al . Mt eraybilabib @6mMSE Teatmolegisaldt. Rrpbedt Hig andigeihyiaming (h3 melulideavind3st i rred

for 15 M nutes.q gl myfl &b hite ol aiar apaa.s,@rar@ﬁomemmﬁttemserauremactuon
process was repeat ed t'w ce usip

509 n with
500 m brine. TH&!HY RN "i"ﬁ‘ée g%tﬁﬁtegg%tg gﬂ?)’\vl\g‘ ’%}/’r s {“faﬁ'f at<|90n
under vacuum aimtBGGempet8@e (amﬁrr&@rﬁépla% iPEC a@alsee chowedrpetartipgmaterigl Walshur
period. DVF {1 ki iipsa aa@éé%dd ﬁ@és&h@ fnixluteaiab Sfre@for f5ianuess tbr vaictethedqeeoums

cont i nued under vacuum ure
was cool ed to AMBENE ‘%"é" %5&? ﬁ’%gmm f}Q&él; ﬁtp E%t%”lt%cgﬁﬁg 5‘% g %‘mdg '
206. m) and disxeesierowi 508WH§’F’&n|TPﬁ@"'Y(°2"‘G eﬁhsﬁ acet?eu'aetfm"vedbzﬁﬁ“ g‘“’a UundeEn )
were added and vah@m dt 36°€s b (pug tempertiure et 5865~ FEG) @er 4 DhaBB@ri¢d. BME(hidwas
tenperature): ?Ph%@%% o?lofMﬂﬁ@é&@&e%ﬁ’@&nﬁué&@nﬁ&r%&brﬁ&?ﬂ@&ﬁﬁblﬁ‘ Aefai ned

after22 hour s SIS i N 3% t.e H tate

(300" MHP, et g ok 5(%”6‘% '97'9‘?%' %515 K\S"% '6‘)@ Ec}%{e“@‘jﬁ%silo 18
Hz, 1H), . 15 6. zmenmcamémmpppmgthmm-r@r@t!msl aeem 2589 g, Saowweraaddes and thg) 10
Hz), 4.50 (dd, Jesuiting hitul#das heatéo §53¢ (inkdtal terhP@atli@R $PLO nalybixindicated wab< 100! ed
to anbi ent te”p%mat Sy é‘r%m%n&?‘ﬁgrd%‘h? Q@ﬁﬂn%ﬂ{mé%ﬁﬁwﬁs%mJJQ&eWMMe vas

poured into 2 g essi Vv partion "N
“HC (2x), eq. s-’éma?mee@ R COCKIA 7438 %f’qTrfé(‘(‘izk') . 5-45{ldd, r'egullot‘iarﬂ'%'{@)r gani ¢
phase was dfs e bl (bvariappmg SOAL), amd(m: i), s eid, J THop 14 bid) 4501006, Iwefs 1A LI ked at
at nospheric pr eﬁ_ﬁuﬁ a@ttcfn sh:@olé\g : HtHMtbtlnper&Q‘e henddb tolsRAPEr 28 helie

ot

Teached 95C. H&F%ﬁnwggeg:é{lc%?sggémmﬁﬂ ghfé%é‘s (f.L) -

anbi ent. tenperatur Jh ﬁ“lﬁ‘@”‘?"@tﬁ?‘t‘?
.then st | rred. SEE@ (2x), aq. saturated NaHCOs, () and brine (). The resulting organic phase was dried with

_ Na2804, and fitered. The fittrate was distilled at atmospheic pressure fo remove the MTBE until.
20 .the pot temperature reached 95°C. Distillation was stopped and the mixture was cooled to
ambient iemperature. The resulfing solution was diluted with hexanes {1 L) then stirred.” Seed
orystils were added to the stired mixture. After 10 minutes, a light orange precipitate formed.
‘After s‘ﬁning for an additienal 2 hours, the solids were allowéd fo settle and the hexanes were
5 " “decanted off. The resultmg shury was diluted with fresh hexanes (500 ml) and stirred for 30
26  minutes. The mtxiure was filtered and the fight orange solid was washed with 1 L of hexanes and
_':dned under yacuum to yleld 231.9. ,g {75%) of 8, as an easily filterable light- orange sofid. The-
- .'.cQtﬁ'pouﬁd of fennule '8was cbtained in enantiomerically pure form, as defined herein. 'H NMR
© (300 MIHZ, CDCly,) 8 7.75 {m 2H), 7.69{m, 2H, 7.33 {d, J =7 Hz, 2H), 7.7 ({, 4 =7, 7 Hz, 2H),
S ?;09 {m,1H), 6.20, (ddd, 9 =7, 10, 17 Hz, IH), 5.25 (d, = 17 Hz, IH), 5.22(d, J = 10 Hz, H), 4.90
30 {m, IH), 377 (dd, J = 10, 14 Hz, 1H), 3.28(dd, J = 5, 14 Hz, IH). -



crystals were added to the stirred m xture. After 10 m nutes, a |ight
orange precipitate fornmed. 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 mnutes. The m xture was filtered and the right orange solid was washed
with 1 L ofhexanes and dried under vacuumto yield 231:9 g (75% of 8, as
an easily filterable |ight orange solid._The conpound of fornula-8 was
obtained in enanfionericaly pure form aé defined herein. "H NVR (300 MHZ,
cDCl3,) S7.75 (m2H), 7.69 (m 2H, 7.33 (d, J =7 Hz, 2H), 7.17 (t', J =177
Hz, 2H), 7.09 (m IH, 6.20, (ddd, J = 7, 10, 17 Hz, IH), 5.25 (d, J =17
‘Hz, 11-1), 522(d J10 Hz, IH) 4.90 30 (m IH, 377(dd, J =10, 14 Hz,
IH), 3.28 (dd, J 5, 14 Hz, IH. -33- EXAVPLE EXAI\/P_E :tﬁreg rat'tgs)n of

1, 2(R) - di hydr GREAMRUER Brepamtion o b 20Rkgi gt HRIpithalimidad Phpriyjnig): futane A
1, 2( S) - di hydr Gpw3(AR)=dmyaioay-B)-pianainj@e @ybiyithio)- butmet (3%e (10) - 0 5 O H HH
HO 9 70 Into a 2 L Erlenneyer flask was placed potassium ferricyanide .
(197.5 g, 0.60 nol, 3.0 10 equivV)zRotassiumosmate (368 9, 0.001 nol,

0. 005 equiv), sodi um bi carbonate ¢ i [

w/de (22.8 g, 0.24
—@1 equiv). This
1 v/v) and cool ed

ol , 1.2 equi v) and l (XL PHE
‘m xture was di'ssol ve \
t.o 0C-5C. Conpound 8 (G284 A as added as a solid
in one portion. The m xture V\ﬁ§ st red vi gor oudy yd b5 18 hours and
- quenched wi'th 30 9 of sodiumbisulfde. Water (600 m) was added and the
‘m xture -was extracted with ethylg acetate (600 m x2itand 300 M x 2): The
conbi ned ethyl acetate extracts were washed successive

it houmeh

L x 1),1 N HCl (500ntf 2% Edsnmeyey figskiwge plged poigssivgn fermicygnice
sul fate anmb cmqme)nbomtemi osnale(0.36@mg, 0001 trol, POeSkqd, SdiuT bigarbdnate (4@ @08 of
di 0: : 9 and 1Q,4%, ant e e ﬁ&ta%.um cafdhb ﬁ%lg@wi ebnwbloéhmfnl) %ﬂﬁﬁbéﬁlbaaﬁidld"(g? 8d hed .
Yes & 13 f‘pﬁ{qé‘w”@ G S e g bl AL S B drd ) Gl dioandg? DU
further purif idisseliesin 908! piViRutefolg@srnE b 9nd @Q@U" MG CCorpppynd By6H840,
7. 1( ovedappi ng.g8mohA%-ehliv) was e #a sbiidlin bhe poflio) Fhé hixiuss wad Kfimed ﬁgd}&zs(yrﬁqu H)
=3 85 (m1 ‘@ 1% h§l§'& and quenched with 30 g of sodium blsulﬁte Water (600 mf) was added and the mixture
was extracted with ethyl acetate (600 ml x 2 and. 300 mix 2): The combined ethyl acetate
-extracts were washed successively with 1N NaOH {dLx1), INHCI. (600 mix 1) and brine (1L.x
1), dned with sodium suifate and conoentrated under vacium fo provide 61.7 g of a mixiure of
“diols 8 and 10 as a gold oil, which slowly solidified on standing. The yleld was appmxlmately
20 90%. THNMR analysis indicated thatthe product wasa 13 1.mixture of diol stereoisomers g and
- 10, which was used-without further purification. H NMR of Compound @: (300 MHZ, CDC]a}
H74-7.1 (aveﬂappmg m, 10H), 5.30 {brs, 1H), 5.09 (brs 2H),4 00 {m, 1H) 3.85 (m, ‘xH) 3.52
(overiapplng m, 2H), 3. 15 {overlapping m, 2H) 2. 30 (br, 2H).
~ 'EXAMPLE 3: Preparation-of 1 Z(S)duhydmxy-a(R)-Cbz-d (phenylthao)- butare (13) and
:12‘-5- 1 2(R)—d|hydroxy-3(R)-Cbz-4~(phenylthio)— butane (14)

30



(overlapping m 2H), 3.15 (overlapping m 2H), 2.30 (br, 2W. EXAWVPLE 3:
Preparation of 1,2(S)-di hydroxy-3(R)-Cbz-4-(phenytthio)- butane (13) and
25 1, 2(R) - di hydr oxy- 3(R) - Cbz- 4- (phenyl thio)- butane (14) 01 S HN 3 0-2 HO
OH}10 H 13 14 30 -34- The m xture of diols 9 and 10 (6.62 g, 19.3 mm9,
obtained in Exanple. 2, was suspended in 25 m of 40% aqueous nethyl 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 volune significantly. The4ii xture was pl aced under a vacuum
at nosphere (ca. 18 mm Hg) for 1 hour to renove any renmining nmethylamne to
provide a clear brown aqueous solution. To this solution was added,
successively, water (5 m), sodium bicarbonate (2.48g; 60. nmol) and et hyl
acetate (30 ml). After .cooling the resulting m xture to. 5 th)
benzyl cht or of or rafee [idugesof gdq%gﬂn?ﬁm ®82 r‘*)'“ 'g Eﬁﬁ%%'“d?xgﬂgégwgnd t he
10 resul ting muspehdedingt sl cftid% ageodfsarethiiamioeand hidied teliGifor § bethetreacliony@f  was

separated and %éﬂt@(imbleﬁl{@rﬁﬁﬁdré’ §r||d>’a Yiebi oﬁQrgbﬂ debbl&ﬂﬁroﬁéh the Bbikch for ag.
saturated sodi_um

ar bqona n r ganj r W th
sodi um sul fPat & %%P@ﬂ‘gaﬁia Vg\'?'ﬁf)(f ‘?‘@Bﬂyt oﬁ] e'ﬁ\’fg%w%gp@%g unm% g%chi(ri‘g of
" Coripounds 13 aebsthere(ess 1@mm:HyBlor houtke emouseny renalging MBIMHAINDP PY9939§%" t hat -
g | ng y |80| i di becﬁH aleous baRidi.NGo ﬂiésolﬁmm&:dég Reesdhey) water (éfr;tl). so;ug;
3- benzyl oxycar.bo o elyse
y! OXy 20831 %g%% éﬂ%ﬁ%@?ﬂ%%& e mI} AftePcoo ?th g Welixret

6, 0. 16 th ted t
a0 ta ek S#-J%Fee bt b Foroargte G2 e TR oD b el S dpu g2 ed 0

t enper at urie. _rddeking miking wae sfigeddori rioundibe ebyavaate lmiees sepettahad WAEEA rot ary
~evaporator. TRg. L&Rbly ki@ mi portions of 1 N HCY, aq saturated sodium bicarbonate and brine. The

| organic layer was dried with sodium sulfate, fi ltered arid evaporated to leave 6.89.g of a mixture of

. Compounds 13 and 14 (as a 1:13 mixture) as a fight brown oif (103%), that slowly solidified on _

- standing.
15 | | )
EXAMPLE 4: ‘Preparation of 3-benzyloxycarbonylamino-4-thiophenylbutene 19
o 0 ’Q
OC
20

, ‘Compound 8 st g, 0.16M) was suspended in 250mi of 40% aqueous methylamine, then
‘ he_‘aited to 60° (oit bath) for five hours. _The resulting sclution was cgoled to room temperature.
 Remaining methylamine was removed under vacuum using a rotary evaporator. The resuiting
: aqueous solution was extracted with eﬂ]yl'acetate-@ x 100 mf). The ethyl acetate layers were
25. -combined and washed with 100 mi saturated NaCl, dried over. sodiurn sulfate, fitered and
' aconcentrated under vacuum using a rotary evaparatorto prowde 29.1% g ofthe amino-butene'as
“a yellow oil {slightly greater than theoretlcal yield), HPLC. showed the purity to-be 92% HNMR
(300MH7;, CDCla) 57.35__(d J=8Hz,2H), 7.27. tJ=7, 8'Hz, 2H),‘_7 17t J '7 7Hz, 1H),5.83
- {ddd, J=8, 10, 17 Hz, 1H), 5. 18, J=17 Hz, 1H), 5,09(d, J = 11 Hz, 1H), 3.47 (m, TH), 3.11
300 (dd d=5, 14 Hz,1H),2. 82 {dd, J=8,13 Hz 1H), 1.69 (brs ZH) ‘This matenal was used \mthout
- further purification. o
_ Benzy1 chlorofonnate (21 4 ml, 255 g, 0. 15 mol, "1 05 eqmv) was- added dropwsse, at
Foom temperature toa stirred m:xture contammg a solution ofamtno-butene (25.5 ,:0. 142 mol 1
‘_-equw) in 120 mi of ethyi acetate and sodium bicarbonate (25.05 g, 0.208 mol, 2 equw) in 120 mb
7 35 of water. After 10 mnnuteg_ HPLC. s_hgw,e_d no stamng material. After two hours of stirring, the



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, filtered and concentrated under vacuum using a
rotary evaporator to provide 29.11 got the am no-butene'as a yellow oil
(slightly greater than theoretical yield). HPLC showed the purity to be
92% 'H NMR (300 MHz, CDCI3) 5 7.35 (d, J-=8 Hz, 2H), 7.27 (t, J =7, 8
"Hz, 2H), 7.17 (t, J =7, 7 Hz, IH), 5:83__(ddd, J=6, 10, 17Hz, 1H), 5. 18(d; J=17
Hz, 1H), 5. 09(d, J=11Hz, 1H), 3. 47(m 1H), 3. 11380 (dd, J = 5,14'Hz, 1 H), 2.82
(dd,”J = 8,13 Hz,1 H),1.69 (brs, 2H). This material was used w t hout :
further .purification. Benzyl chloroformate (21.4 m, 25.5 g, 0.15 nol, '

contal i ngn ‘Sape et dbamMaRRne Slan B SERRAARNEFm 4r0.ch g dfaosh A X JY €
I ninga SOl utl QO]+ - pDuU . NN urvy). 1 n

M of ethyl aceilaRs o™ taor’i%"ggﬂo’gﬁsé‘f"é“%ﬁg‘ﬁmgff‘,g'-‘"b‘ﬁ-g‘g'e%\’e,’ 9’5‘9%‘3)5‘15‘1%) in
120 m 36 of veaifae, filteséd and can@entrataditnsier, vas4RmCsioda ity eeporston totpravige Aad4es: pfal
After two houry Qb taidolid (79yiel) €nd RIEHE rtBiQIILE Rt At RekaAd @drA@domaadi C

| ayer was washed h 50 of O0.5Mcitric.acid, 50 mi at ur.at di um
by ar bonat & dvaaiieRees R p S § o '@‘P#H%fv:"faﬁ%%&@‘%&s@‘n%g%é it

sul fate, filt eimldichiwampentiPee dawetibrpurty fateiteu siNMR @00 W4 SPC\PAfor at or
to provide 31.73cedapdingd, 201HS5.8 (I SB11 07 (-Z.204), 512 (etlgriapdiliam 26l), 50 0 s,
recrystal’lizedf r-oinfHat 4 kKe f4 g ot filtration 5 through filter
paper tor ém%@’%{%1'@h§%3ﬁb@' %?’I(T'aztdg‘. give white, needle-like crystals
(24.78 g, .56%yield, in tw crops). HPLC showed the purity to be 99% 'H
- NVR (300 MdZ, -ERRGIFRE 56 Ppération/af 2-béxmylenycaripnyligminp-4ilibHhenBb@dne dialsl13 and= 7,
11, 17 Hz, 1 H), 5.21 (overlapping m 21-1), 5.10 (brs, 2H), 5.04 (br s,
IH), 4.45 (m 1H), 3.15 (m 2H 10 -EXAMPLE 5: Preparation of

3- benzyl oxycar bonyl am no- 4-t hi ophenylbut ane. di ol s 13 and OD/-\ SHNS5
~'HH HH 15 13 14 Conpound 19 (1g, O.m)l , 1.0 equiv) was d_ as a solid,
~in one portion, to a -3-neck rpundbditOm flask contapni ng 80C-5C sol ution

i 009nol, 3. equi V), assi um osnat e
V), sodiu DO RnR

Y (0.76g, 0.009"

of potassiumferricye
- (0: 0059, -0.000015

: Compound _19'{1'9,10‘.@3 mot, 1.0 .éqtih’r) was added asa sdlid, in ane poition, to a 3-neck
 rouindbottorn flask containing a 0°C-6°C solution of potassium ferricyanide (2.96g, 0.009mol, 3
o equiv), potassium osmate {0.005g, 0.000015 mol, 0.005 equiv), sodium bicarbonate (0.76g, 0.009
20 mol, 3 equiv), potassium carbonate (1.24g, 0.009 mol, 3 equiv), methanesulfonamide (0.28g,
o n.oos'mdi;‘-1'-equ,iv) énd-‘(DHQ)zPYR (0.026g, 0.00003 mo, 0.01 equiv) in 15 mlof thutancliwater
-_"_(1 : 1viv). The -resdltihg-rmmre was stirred for 12 hrs at 0°C-5°C, then at room temperature for '
-_}gighte'en-murs, The solid preduct was then fiitered, washed with t-butanoliwater (1 : 1 viv) and
. dried togive 0,99 of a white solid (86% yield). The HPLC showed a ratio of 4 : 1 of diols 13 and
- 25 _‘ _44;"1‘1iis1p"rpﬁuct'mixm[e was recrystallized from éthylapet'at_efhexahe (3 : 1 viv) to give 0.18 g of
© 43 s awhiie orystalling solid. HPLC showed §7% pure 13. 'H NMR (300 MHZ, CDCI) 5 7.4 - .
72 r(dVeﬂapping'f‘rj..10H}.'5.2' {d, 1H), 5.4'(s, 1H), 3.9.{br m, 1H), 3.7(m, 2H), 3:5.(m, 1H), 3.3 (m,
2H), 34 (m, 1H) 26 (d, 1H). - . ' '



20 nol, 3 equiv), -potassium carbonate (1.24g, 0.009 nol, 3 equiv),

nmet hanesul f onam de (0.28g, 0.003 nol, | equiv) and(DHQ ZPYR
(0.026g,.0.00003 nol, 0.01 equiv) in 15 m of t-butanol/water (1 1 vlv).
The resulting m xture was stirred for 12 hrs at 0C-5C, then at room
tenperature for eighteen hours. The solid product was then filtered,
washed with t-butanol/water(1 :1 vlv) and dried to give 0.9g of:a white
solid (86%yield). The HPLC showed a rat |3§ of 4; 1.of diols 13 and 25 14:-
Thi s product mixture was recrystallized from et hyl acet atel hexane (3: 1 v/v)
to give 0.18 g of 13 as a white crystalline solid. HPLC showed 97% pure
13. "H NWR (300 MHzZ, CDCI3) 5 7.4 - 7.2 (overlappingm 10H), 5.2 (d, 1H),
5.11is, 21-1), 3.9 (brm 1H), 33(m 2H).3.5 (m 1H, 3.3 (m 2H; 3.1 (m
1H) 2.6 (d, - 36- EXAMPL) aratlon

3- benzyl oxycaHéW'aFTﬁ Wd%%‘ﬂ%ﬂw? ﬁx”ﬁﬂf"é’}’flﬁ'&md‘ephfgy'g"oq'b‘gene"%'di%s

p- Ni trobenzoyl chloride (20.8 g, 0.112 not) wasfadded at 3-10C to a 0OC to
5C solution 6 ' of (2R / _ ’
3R) - 3- benzyl oxycar bonyl ani no- 4- phenyi t hi 01, 2- bdt anedi ol 14 (39.0g) and
triethylamne (39.1 m, 0.286 rajiydrof uran (300 m ). The
resulting mxture was stirred fo O with ice-cooling.

Met-hanesul fonyl chloride (10.4 . 0.135 nol )yvas added dropw se at 2- 1200
and the m xture was stirred with ice-cooling ffor one hour. Any insol uble
matterwas filtered off and washed with ethyl acetate. The:filtrate and the
washi ng were conbi ned and concentrated unde&fr - vacuum The resulting residue
was di ssol ved in etjuiobarishiciaé B0G gn.)12anpiwaaadee) B1cC B UBISIC somidh _ wat er

(50" ), a 0:5 '}ér@:g#‘é%‘é%y@ tcérboch n %ﬁén&ﬁ{h[g% Qed‘i'mtt(a@o %E&‘& iaueous

sol uti on of 15 wg? saturat ed rlne(50
“m), dried ove@®i#yHe89 iﬂ?ﬁ L] Wﬁ@f"fa&rﬁ?oé@n@@ﬁ’ ﬁ%‘ﬂ”‘*ﬂ‘ﬁ’d@ﬁ sifeed R AR b
~resulting tesiwithbcawmsing. eigstysicautrbryzahibrider (004 w00 uﬁmml)@éé)@ddeftl Jrbpwisk atgd@“lcopyl

et Pﬁf ( 30|0f i nl Q dmnﬁw@wés?s&e%% e REdMFYhRKY K 4is l;:aﬂarnéueﬂwmmotfbﬁdo 2-
[E S ek e M s e v
“colorl ess crystagium. Therepping (CSIE &S dpepha o ehiriagetats (BDosalng WE?hed ﬂ-erss“fe’)S 7.2
S (m 1 OH), - 5. 44withchehtbr (50 bty £0. 5thua3u§mthliacﬂ'§)alutloﬁ (5bInl) 8 satRbded aquboud Solution of
N - 15, -sodium hydmgencarbonate {50 mi) and saturated ‘brine (50 m}), dried’ aver ‘magnéesium sulfate
; and concentrated under vacuum. The resuiting residue was recrys_talh._zed frorn toluene (400 mi)y
" diisopropyl ether {300 ml) to "give - (2R,3R)-3-bénzyloxycarbonylamino-4-phenyithio-2-
' ‘methanesulionyloxy-1-(4-nitrobenzyloxy) ~bitane: (386 g, 51% ~yield from (2R3R)}-3-
. benzyloxycarbonylamino-4-phenyithio-1 2-butaniediol 14) as colorless crystals, *HNMR (CDCh,
20 300 MHz) 5'8.5-8.0 (m, 4H), 7.6-7.2 (m, 10H), 5.44 (ddd, 4=6.9,5.1, 2.3 Hz, 1), 5.11 (,2H), 5.00 i
: . {brd d, 1H)), 457 (dd J=12.0, 6.9 Hz,1H), 450 (dd, J= 120 5. 1Hz, 1H), 4.21 (m 1H), 3.25 (dd, - ’
J=14.0,6.2Hz, 1H) 3.06 (s 3H),305(dd J= 140 8.2Hz, 1H)iR(KBr) 3347 1725 1699 1531, -
'_ 1514, 1349, 1283, 1172 1109 1028, 925cm [c:]g :-14.0° {cl.01, CHCly); Elemental Analys:s'
- {CathsN:06S,): Caloulated: C,54.35; H,4.56; N,4.88; Found: C,54.49; H,4:19; N,4.75.
25 Anaqueoussolution-of 2N potassium hydroxide sotution (28:7 m, 57.4 mmol) was added
to a stimed; room temperature Soluﬁmn of (2R 3R)'~3-beth]6S<yCalhonylamino-4-ph'ényithi042-
g -meﬂranesulfonyl—oxw-(4-mtrobenzoyloyloxy)butane (15.0 g, 26.1 mol). ini 4~d|oxane {120 m).
o The resulting mlxture was stirred for one hour at room temperature To‘luene {200'mi) was added '

. . ‘and the r%uitmg mlxture was washed successwely wﬁh water {200 m), a saturated aqueous
30 - -sofutxon of - sodium hydmgencarbonate {200 ‘mi) and saturated bnne (100 mi);. dried- over
‘magnesium sulfate and cencentrated under vatuum to give (28 SR)—S -benzy!oxycarbonylammo—

E -4-pheny!thso—‘i—buteneox:de 15, 8.43g, (98% yield) as a coloriess oil. This material was used
©without further purification. 'H NMR {CDC13, 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;9-2.6"(m,2-H}_IR1 (KBr): 3302, 1694, 1538, 1323,



(brd d, 1H), 4.57 (dd, J=120, 6:9 Hz,1H), 4.50 (dd, J=12.0, 6. 11-12, 1H)
4.21(mIH), 3.25 (dd, J=14.0,6.2 Hz,1 H); 3.05 (s, 3H), 3.05 (dd, J=14x1,
8.2 Hz, 1H) IR (KBr); 3347,1725,1699,1531, 1514, 1349, 1283,1172, 1109, 1028,
925 cm |, [a]r-14.0 (ci.01, CHCI3); Elenmental Analysis' (CZBHZ %99S2):

Cal cul ated: C,54.35, H 4.56; N, 4:88, Found: C,54.49, H 4.19, N 4.75. 25 An
aqueous sol ution of 2N potassium hydroxide solution (28:7 m, 57.4 mmol)
was added to a stirred, room tenperaturggsol ution of

(2R 3R)- 3- benzyloxycarbonylanlno 4- phenylthlo 2- ' .

met hanesul f onyi - oxy- 1- (4-: ni trobenzoyl oyl oxy) butane (15>0 g, 26.1-nol) in
1, 4-dioxane (120 m): The resulting mxture was stirred for one hour at
roohm'zenper at urmss Tiedo, enzs, (126) rek) cmaqﬂ],?%ﬂdemz andl.o heHck uEkinas! minxlfsisr e vvasf
washed successiy , solution o
sodi um hydr ogerg oq\?%)t @a@%g& c%% %h?%?éa?g%ﬁﬁéﬁagaﬁ%g %4%0) dried
over nagne3|un1sulfate and concentrated under vacuumto give (2S, '
3R) - 3- benzyl oxyExambniByt:anm Prepardtiophenyds, hitss, | sdsp4i2Rp)IRY8-aibmo-BhydBgy-4{ 98%

yield) as a coI g

wi t hout furt her ﬁ§+y§ ﬁ?g@ltdeclw?\ﬁh?\%fﬂfmgwéﬁﬂgfb‘gy'?mg e;sl( m 10H),
5.2-5.11 (m 3H),3.70 (m 11-i), 3.22°%d,J=5.6Hz,2H), 2.99 (m1H), 2.9-2.6
(m2H) I R(KBr) : 3302 1694, 1538, 13§ .- L 37 1256, 1100,

1028, 1006, 882 cm' (a)o : -26.2 6 (of. 0.1, CHCI3 ); Elenental Anal ysi s
(C18HI9NO3S): Cal cul ated: 0,65.63;, H 5.81; N.ap Found: C 66.36;, H,5. 85
N, 4. 33. EXAMPLE 7: Preparation of (3., 4aS,E8aS) 27( (2R,

3R) - 3ami no- 2- hydroxy-4 5 ' .
~ phenyi t hi obutyl ) - decahydr0|squ|naﬁﬂne 3
CONHt-Bu HZN OH 16 10 A solution of (@S,
3R) - 3- benzyl oxycar bonyl am no- 4- phenyl t hi o-1 - u@ eozi.de 15 (8,43g) and
(3S, 4aS, 8a8)-decahydroi soqui nol i ne-3-carbox c acid t-butyl am de (4.98qg,
-20.9 mmol) in isopropyl alcohol (70 m) #as heated at 70-75C for 5 hours:
-An aqueous sol ution of 2N potassium hydroxide (52.3 m,: 104.5 mmi) was

ol 5 R s s Sl 0k
: and (35, 4a8S, 8aS)-decahydrmsaqunnolme-a—carboxyltc acid t-butylamlde 4. 989, 20.9 mmol)in
isopropyl alcohol {70 ml) was heated at 70:75°C for 5 hours An aqueous solution of 2N '
potassium hydroxude {62.3 mi, 104.5 mmol) was added and heating was centinuedat 70—25"0 for
: 15 hours. After cooling to room temperature, toluene.(1‘20 ml} was added and the rixture was
15 washed with water (120 mi) and 1N hydrochloric acid (80 mi x 1, 40 mi x 1). The aqueous
-extracts were comibined and washed with toluene (100 mi X 3)'.' ThepHofthe agueous extracts
was adjusted to pH 12 using a aqueous solution of 5N potassium hydroxide, then extracted with
foluene (120 ml). The combined orgariic layers were washéd with saturated brine, dried over
) _ magnesium sulfate and concentrated undervacuum to give (38, 4a8, 8a8)-2-{{(°R, 3R)—3-a'mmo-
: 20 2~hy,droxy—4-phenylﬂ1iobutyl)—decahydroisoquina!ine--:-}-carboxylic'acidtfbutylemide 16, 9.39g, yield
- 85%, as a colorless oil. *H NMR (CDGCl, 300 MHz2) 6 7.6-7.1 (m,5_H),-,6.05(brd s, 1H), 3.68 {m, -
1Hy, 3.37 ‘(dd'.-,J-=1'3.-0,2.8Hz.1 H), 3.02-2.88 (m2H),. 2.83 (dd, -J=13;D‘.9.8H2.1H). 2.64
{dd,J=13. 2,51Hz,1H), 260 {dd,d=8.0: 37Hz JH),  2.30 (dd,J=13+2,-6.GHz,1H), 2.27
- {dd, J=11.8,3 3Hz.1H} 1.32 (s. 9Hl) 2.0-1 0 {m, 12H) .
' (2'5- ' -'EXAMPLE 8: Preparatlon of (38, 4aS 8aS)-2~[(2R 3R)-2-hydmxy-3-(3-hydroxy—2-
_:methylbenzoylam|no)-4—phenylthmhutyl]decahydrmsoqumolme-3-carboxyhc -acid  t-
| ~butylamide 17 -

ylic acid t butylanlde 16




- 3R) - 3- anmi no- 2- hydr oxy- 4-

15 washed with water (120 m) and IN hydrochloric acid (80 m x 1, 40 m x
1). The aqueous extracts were conbined and washed with toluene (100 m x
3). The.pH of the aqueous extracts was adjusted to pH 12 using a aqueous
sol ution of 5N potassi um hydroxide, then extracted with toluene (120 m).
The conbi ned organic |ayers were washed Wth saturated brine, dried over
magnesi um sul fate and concentrated under vacuumto gi ve (3S, 4aS,
8aS)-2-((2R, 3R)-3-ammp 20 2- hydr.oxy- 4

phenyi t hi obut yl ) - decahydr oi soqui nal i ne- 33%ar boxylic aci dt butyI am de
16,9.39qg, yield 85% as a colorless oil. "HNWR (CDCO 3, 300 MHz) 6 7.6-7.1
(m5H), 6.05 (brd s, 1H), 3.68 (m 11-1), 3.37 (dd,J=13.0, 2. 8Hz, 1H),
3.02-2.68 (m2H), 2.83 (dd, J=13;0,9. 8Hz, 2.64 (dd,J=13.2,5.1Hz, 1H),
2.60 (dd,J=8.0.3.711z,11-1), 2.30 (dd,J=19 6. 6Hz, 1H), 2.27

(dd, J=1:1.8, 3. 3Hz, lH) 132(s 9111) 2.0- (m 12H) 25 EXAWVPLE 8:

g ydr0|=squ| noI i ne- 3 car boxylic

5 A sol ution of

1) in ethyl acetate (40
-4aS BaS)-2-((2R :

acid t butyI am de 17 - 38 CONHteB
3- acet oxy- 2- net hyl benzoyl chlorid
m) was dropwi se added to a stirr

3% g,
suspenéﬁon
phenyl t hi obut yl ) - decahydr oi soqui noi i ne- BGﬁarboxyllc acid t- butylanlde 16
(9.1 g, 21 mmoo and sodi um hydrogencarbgnate (4.55 g, 54.2 nmmol) in a

m xture of .water (40 m) and ethyl acetate (40 nl), with ice-cooling. The
m xture wass sti rredqédmarasaa-a@&ﬂx; 2-PBBYberaIchidide (4. 37@e20@0mholy igetyldkétate (40 20 10

‘magnesi um sul fRiewitipkytEacBYrqiseane! met&@f?a@fﬁc%?é H‘W?’f“ﬁe 9d 9 Zanrolpg

. 86S))-2-[(2R éﬂ:ﬂhmi&yd@eﬁmﬁo@aw@:ss mbwnbamagwmmér{@mma aihyjacetate (49

© 4-phenyl t hi ob fé@%@d%d&ﬂé RGP EHea %rsraerda@aﬁxﬂhb&u@a@aosicaou.@umt .

_ ( 12 7 g’ ( ?’T;iog:_bm[) igas?d 6" o lggﬂcig 1a§ert!disa %glggg and washec!\l I\% a( %ﬁed aqueousNHZ) b .

-g‘ag u\rlvgfegdgggeo S S%W%t ?‘gdr%h%féa#ﬁfusg%%ﬂg@ E&%Z?&\ancar%@ﬂoéte ﬁed over

7 solutlon (20 mi) of sod:um hydregencarboriate, dried over magnesium sulfate and concentrated
under vacuum fo give:(3S, 4a85, 8a3)2-{(2R, 3R}-3-(3-acetoxy-2-methyibenzoylamine)-2-hydroxy-
' 4-phenylthiobutyl]:decahydraisoquinaline-3-carboxylic acid t-butylamide {12.7 g, yield 96%) as-
colarless and amorphous. *H NMR (CDGCl, 300 MHz) 6 7.67.1 (m,8H) , 7:1-7.0 (m; 1H), 5.51
16" {brd s,1H), 4.48 (m 1H), 4.07 (m, 1H), 3.81 (dd,J=13.7.,9. 2Hz,1H), 3.41 (dd,J=13.7.4 7%42.11—1) -
2.91(dd,J=11.7,2.0Hz,1H), 2.56 (dd, J“12 9,9.1Hz,1H), 2.44 (m,1H), 2.32 (s, 3H), 2.27 (s,3H),
2.32:1 (m,2H), 1. 99 (m, 1H), 1.8-1.1-(m. 11H}, 1.07 {s.9H) : :
© Aqueous ammonia (28%, 24 ml) was added {o a solution of (38, 4aS, 8aS}-2-{(2R, 3R}-3—
‘ (3-acetoxy—2—meﬂiyl~benzeylammm) ~2-hydroxy—¢phenylthmbutyl}decahydrolsoqumolme-a-
20  carboxylic amd t-bulylamlde {12.7 g) in methanol (98 ml). The resulling mixture was sfirred for 1.5
~ hours at room temperature. The resuitmg precipitate was collected by ﬁItrahon and washed w:th a
‘mixed solutien of methanol {5 miYwater {25 ml). The residue was dried at 500C under vacuum
to give {38, 438, 8aSF24(2R, 3R)-2-hyd_roxy-3~(3-.hydroxy-2-m_eﬁ1ylhenzoylammo)—4—
~ phenyithiobutyljdecahydroisoquinaline-3-carboxylic acid +butylamide 17, 8.00 g, as colorless
25 . crystals {54% yiéld'frbm .(28;3Ruhéﬁgylown_‘arbdnylahino'-4~phe_riyiﬂaia—z;methanes-ulfenyl_oxyd-
' .(4-n&robe'nzoyloxy) butane). H NMR {CDs0D, 300 MHz) 5 7.49 (m,2H), 7.27 (m2H), 7.17
(m,H), 701 (m, 1H), .90 (m1H), 679 (Mm1H), 4.43 (M1H), 406 (m, 1H), 3.54
{dd,J=10.4,3. 5Hz AH), 3 37 (in, 1H), 3. 04 {dd J-—B 7,1.7Hz 1H), 2.60 (m,2H), 2.24 (s, 3H),2 i7
{mz2h), 2.01 (M, 1H) 1 9-1.1 {m, 11H), 1.17 {8,9H).



15 (brd s, 1H), 4:48 (m114), 4.07 (m 1H), 3.81 (dd,J=13.7,9.2Hz, 1H), 3.41
(dd, J=13.7,4. 7THz, 1H), 2.91 (dd,J=11.7,2.CHz, 1H); 2.56 (dd,
J=12.9,9.1Hz,iH), 2.44 (m1H), 2.32 (s,3H), 227.(s,3H, 2.3- 2.1 (m2H),
1.99 (m1H), 1.9-1.1 (m11H),1.07 (s, 9H) Aqueous ammoni a (28% 24 m) was'
added to a solution of (3S, 4aS, 8aS)-2-[(2R 3R)-3-

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

- 2- hydr oxy- 4- phenylthlobutyl] decahydr0|squ|noI|ne 3- 20 carboxyllc acid
"t-butylam de (12.7 g) in nethanol (96 rri'? The resulting m xture was
stirred for 1.5 hours at roomtenperature. The resulting precipitate was
col l ected by --_fiItrati on -and washed with a m xed sol ution of nethanol (75
m/water (25 nl). Sradmd Bnokiethgi ve (33,
4aS, 8a8)-2-[(2R, 3 %eﬁ&eg?@f%\%%gﬁgv%tgfﬁ&g@%ﬁﬁ benzo algnfgt&)e '
phenyl t hi bbut yegwe ﬁyfd'ﬂeoqf%seadww?ﬁ%"‘sﬂ"e Hﬁ@ﬂ“i‘%s“éfém&“’f’“'ﬁu Pam de 17,
8.00 g, as col @ideemsd B2 trersyspt af ise {réséhbinyerdibalis hetdmitgdRany way by the SGOPE of the
3R-benzyl o) cycgy Yehe i QndriaRBonkt hi o- 2- met hanesul f onyl oxy- .-

(4-ni trobenzoyl oxy) butane). 1H NVR (CD3OD, 300 MHz) 5 7.49 (m2H), 7.27
(m2H), 7.1% "(m1H, 7.01 (m 1H), 6:90 (m1H), 6.79 (mIH, 4.43 (M 1H),
4.06 (m 1H)., 3.54 (ddJ=10A 3.5Hz,1H),.3.37 (m 1H), 3.04 - :
.(de8717Hle) 2.60 (m2H), 2.24 (s,3H), 2.17 (m2H, 2.01 (M1 H,
-1.9-1.1-(rn, 11 H,1.17 (s,9H). 89 fi The exanples and preparations
provi ded above further illustrate and exerrpl ify the. conpounds of the
present invention and nethods of preparing 'such conpounds. It is to be
~understood that the scope of the present inventionis not linmited in any
way by the scope of the follow ng exanples and preparations. s 5 40- W
claim 1 A method of making conpounds represent ed. by for rrul a 8, conprising
the steps of: oQ €cC



O 8 a) treating hydroxy-butene 6 with nethane sulfonyl chloride COH O®6
in the presence of an anine base in a palar aprotic solvent to provide

but ene- nesylate 7a; and O GSQZR O 78% b) treating butene-nesylate 7a

wi t h thi ophenoxi de, wherein the thiophenoxide is fornmed in situ using

t hi ophenol W% [g. on- nucl eophilic base in a polar aprotic solvent, to
provi de thiop g VP butene 8 op I / NNCS O8

1. A method of making compounds represented by formula 8, comprising the

o

steps of:

a) treating hydroxy-butene 6 with methane sulfonyl chloride

0
OH
—~_
0
6

in the presence of an amine base in a polar aprotic solvent to provide butene-

o)
OSO,R’
3 ,
7a

b) tfreating butene-mesylate 7a with thiophenoxide, wherein the

mesylate 7a; and

thiophenoxide is formed in situ using thiophenol and a non-
nucleophilic base in a polar aprotic solvent, to provide thiophenyl- -
butene 8 o

ol

o
8



