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Background of the Invention

3-(Amino)-3-cyclobutylmethyl-2-hydroxy-propionamide is disclosed in U.S.

patent applications, Serial Nos. 09/908,955 which was filed July 19, 2001, and
15 10/052,386 which was filed January 18, 2002, which are each incorporated herein by
reference.

The compound of formula | is a key intermediate used in the preparation of the
hepatitis C virus (‘HCV”) protease inhibitor (1R,28,55)-3-azabicyclo[3,1,0]hexane-2-
carboxamide, N-[3-amino-1-(cyclobutyimethyl)-2,3-dioxopropyl]-3-[(2S)-2-[[[1,1-

20  dimethylethyl)amino]carbonylamino]-3,3-dimethyl-1-oxobutyl]-6,6-dimethyl having the

following structure:
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formula Z disclosed in the above-noted patent
wappkitcrrions is useful for treating hepatitiBCIZUS2004/019071

rel ated disorders. Specifically, the conmpound of

formula Z is an inhibitor of the HCV NS3/NS4a serine

prot ease. There renmains a need for nethods of

sylhteneanpound obfayowial€ disdessd imtherabove-noetedtpatent applications is

user ISR 00l aRiobleh lsghifearndifo e g und o
formWarZis 4n Bibior Ut dhe HBY NIB/NBHarseinegroteazeyel nmet hods
of _maki ng such antagoni sts are al ways of interest.

surhfie yeldringya nerddat methods ofibypiesizing gomuaundsiseful in the

. | | .
5 woatiRP SRR ErbifcFa@ifSh oy By BIoRS SomfornSHf cRgafhis C.
19n Theaw ghﬂ@hﬁﬁmﬂmc@agrr@mmﬁ a viruﬁt.e(“t-iﬂ\ﬁ’) 'prrbtelltase ﬁl;(mlbi&)rs, new,
onmpounds_that are made within the process of making
nove| Rg oot ghmaking smtag@mswe;ﬂ'weggg?w’ferr?érrci ng the
conpound of formula | conprises: (1) alkylating and
deprotecting a conmpound of formula Il to yield a
compound of for mul SummarpodtheildiveliowRr Step 1 ~ ||
20 if wherei,n R.represents an. al.kyl 0 or .
0 olpanetnbiethe FRaReh aPRiotie g Bidbisess ghmaking a
compuricPéMet@uld i Wi th protecting group (P) to yield a
conpound of formula IV: OO ;)AIl, J-"LOR Step 2 P-HN
ORIV 25 (3) reducing the c ound of fornmula IV to
yield a conpound of f or hgl .~ NHz

or salts thereof.
15 The invention also relates to certain intermediate compounds that are made
within the process of making the compound of formula I.
The process of making the compound of formula | comprises:
(1)  alkylating and deprotecting a compound of formula Il to yield a
compound of formula Ill:

Step 1

O mn
20 i

wherein R represents an alkyl group or substituted alkyl group;

(2)  protecting the compound of formula lll with protecting group (P) to yield
a compound of formula IV:
0 O
Step 2 P-HN OR

OR —_

HoN

25 1l v

(8)  reducing the compound of formula IV to yield a compound of formula V:
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WD 2004/ 113272 PCT/ US2004/ 019071 3 O P-HN OR Step 3
P-HN OH IV V (4) oxidizing the conmpound of formula V
wo eoogited2d a conpound of fornmula VI: P-HN O QCBUS®041019071
P-HNHV VI HOCNDS5 (5 reacting the conmpound of
formula VI with X to yield a conpound of fornula VII:
HOCN OX OH P-HNH Step 5 P-HNCN VI | VII (6)
hydrati ng the gonpound of fornula VII to yield a
a 10 $kpB: OH OH P-BNN
P-HN NH2 O | | and;—(7)deprotecting
ormula VI1I to yield the ¢ und of
Of,OH P-HN NH2 Step 7 H2N ®~ O, 15

VIL| or Its her eof |nvent cess to nma

b B S B RS S P ot i
is nore suitable for scale up for manufacture, and it

is nore coStiN fiecti ve. WO 2004/ 11822

PCT/ US2004/ 019071 Step 4

-
:

v Vi

HO CN
(6)  reacting the compound of formula VI with to yield a compound of
formula VII
HO CN

0
P-HN
H Step 5
Vi

(6)  hydrating the compound of formula VI to yield a compound of formula

VIl
OH
F;N))\CN Step 6 m
vi viil
(7)  deprotecting the compound of formula VIil to yield the compound of
formula I

Step 7
VIII

or salts thereof.

The inventive process to make the compound of formula | has several
advantages: It is more suitable for scale up for manufacture, and it is more cost
effective.
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4 Description of the Invention As used above, and
t hr oughout the specification, the foll ow ng terns,
w@nioes 327Dt herwi se i ndi cated, shall be under st POHU$®04/019071
have the foll owi ng neani ngst "Al kyl" neans an
al i phati c hydrocarbon group which may be straight or 5
branched and conprising about 1 to about 20 carbon
atons in the chai lleseription of the ImventigRups cont ai n
ab, 0
pr'g é%c%% ngoeg,ké[ﬁd flrﬁo S&ggp}?%ﬁg&ﬁ c%rhih%tﬁd?\g ouyf’%ﬁs unless

othems@mdleatedﬁshw b@andéwtamd 1] Iaamhm fotlawing rtrbahlnme or
m) | ower al kyl ou&& such as nethy|, ethyl or

I mgags an 3l drpcarbefe group wplchdnav rbe stigight;or
branélg bnd'E‘E‘)ﬁﬁﬁtsm@5ﬁ%iﬁnf‘%‘4?§@1tai@é‘%rbénta‘?omé%tth@cﬁé‘thPeferred

at ons e strai
alkyllgramgshedntairhaboetr thrid' glodnst 12 a:arbdn atdauylls in thnas ahaint Nare {ineferred

ey e o Al hi AP CarREnHialRdn the FRePo Brandhgmeans

that 6K SF hidteNbwEeaRYI ?@GEQ%U@I@ 'é‘s'rﬁeﬁ&l %Qﬁ)ﬂ%rfp”r@mlt 8R attached to a
group consi sting al kyl', éyano,

lineag lakyx ohaial kly)wer akylarmeans a grausl kaping abony hﬂ«ggpm 6 carbon

ator§h ¥ Wi ght B Shergha et Fr @R Biosthutea ik

meahs B¢ al WPMLgpmlaP/ b Subsfituted dettir)d or ﬂ"ﬂrop@ Btjwétltuents which may
heptyl, nony

f I uor onet hy
be the $am9&r&lfé&rﬁm eacalaiumﬂwgahBemgua%pertdﬁr&lw@emi%@rﬁom the

groule o'nef%‘ﬁng (??rl}#%rﬁnéa@f i ra?xgghgérilgox HRORY, ARNEE arfio, -NH(alky), -

(alkw-)a] carboky rmdn&C(D)Gbalikyle chtﬁlimltnngeexalmpﬂes oé sumble alkyl groups
Preferred orine

InClugB TP ARt FroveP SPRFaPh rap vk el Pty herivh Renyl, decy!,
fluoroﬂe‘ﬂgﬂyan&rﬁﬁ%ré\ﬂeﬁf{ yl -O group in which the alkyl
grou

is as previously described. Non-limting
e%ﬁqﬁ@'émeaﬁséluormbﬂh@ral kmnyo rdaps groupsu dReetemtetoang, fluoro, chioro

t hox 0ROX IS opox n- but oxy and hept oxy.
or bf‘?mé’ l%'r%fn?fé) f?gerﬁé‘# 8Ht oeqrﬁplglorq *hrough t he ether

OX‘%Qa%t?er?—ﬁneéhgﬂbéﬁ'h@ chiBYHES b?(ﬁ‘mﬁ{@ﬁ)b'r 1o%‘mé1rlﬁ’r‘élf’eﬁrébl are fluorine,
whi ch The al kyl group is as preV|ous y descri bed

chlomnmor branineg aes anpedyetsiraslanedblasingl am clmlpﬁngr oups

noft B TioaHa i oF e H Bpishi R SR B giously

desdnb@d Nohtlmiting e&ahleB olofiiladhablksxp ghﬁ]pst ntRde memdsy, ethoxy,
optional substitution with the sgem fied 30 groups,

N-ProkeKYe @0@@90@3 ndytexy and heptaxyn &heibendiirdhe pagent moiety is
rou RSN SRigd T endcc o ereorase 8 POl e
anglkylthio amneans lanatky8+ groapire vhich the alkyl group is as previously

described. Non-limiting examples of suitable alkylthio groups include methylthio,
ethylthio, i-propylthio and heptylthio. The bond to the parent moiety is through the
sulfur.

The term “optionally substituted” means optional substitution with the specified
groups, radicals or moieties.

As used herein, the term “composition” is intended to encompass a product

comprising the specified ingredients in the specified amounts, as well as any product
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directly or indirectly, from conbination of the
wapmaitfizer i ngredients in the specified anbunP&I/US2004/019071

"Sol vate" neans a physi cal fassociation of a compound

of this invention with one or nore solvent nolecul es.

. This physical association involves varying degrees of
which regiiiss dﬂﬁdﬂy: ovdgaeth dram @gmblm@umﬁph@emmc&@@nngredlents in the
n certain instances the solvate will be
spec@agd%rﬁgud\s i sol ation, for exanple when one or nore

SO‘lsowate'nm.e@mulaephyswae alseciafion af a&onipduil 6F i iabention with
|attice of the crystalline solid. "Solvate"

one @hGHR Slyest MalRaYIa% | TiNs BRYSIFRIASSaRtatogdNlves varying degrees of
5 ionicisé?{ %\%?ent%(#lﬁgnlﬁéll'}@mg%+§§he§{m@ﬁg? ﬁ'ﬁ(‘é&?aﬁﬁ éﬁ(ﬁéﬁées the

ude et han

solvatetydh a)e&iapableaofslsbfaabe fohexampld benldhesot mend solvent molecules
nol ecul e i.s nment . the

r
are mwgﬁf@tsﬁ 7 st Foq eV Piahingrsautl fvetes encompasses
both %% éﬁfe A %\a’bl%soﬁﬁ%é T\Léﬁﬁﬁm}{ﬁg% &s 'o? smtable golvates
rrat I C Schene |

descri In bel ow. Scheme
includle aﬂmmwmetmwaws~and the like. "l—b}d(aﬂe" & @pol¥aig whle'reln the

T CNO(]—I Step 4 7)VMI" H Step 5 JLCN
10 SO'V%N‘?)PB“%FP&I ‘Step 6 PHN NH2 Step 7 HON N2 O O VI I |
| InlénePembabiingerithicasreseft ihQBRRSE RdiatedNo@l folce8s for preparing the
substituted al kyl group. Non-limting exanples of

compeuid of formula l. The inven ive process is schematically described in Scheme |

below:
Scheme |
O i
N \)koa HaN OR
Step 1
ilm ]}
n
O
Step 2 PHN OR Step 3 - ?AOH
v v
HO CN
O OH
PHN PHN
Step 4 N H Step 5 CN
Vi VIl
OH
Step 6 PHN NH2 Step 7
O

Vill

15 or salts thereof.

R represents an alkyl or substituted alkyl group. Non-limiting examples of alkyi
groups are (C4-C1z)alkyl, (C1-Ce)alkyl, and (C4-Cs)alkyl.
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groups are (Ci1-C12)al kyl, (C1l-C6)al kyl, and

(Cl1-C3)al kyl . WD 2004/ 113272 PCT/ US2004/ 019071 6 P is
w@2@r013ect i ng group. Exanples of N protecting BCDUSR04/019071

suitable in the practice of the invention include

al lyl, methoxynethyl, benzyl oxynethyl, CYSCO (where Y

is a hal ogen), benz onycarbonyl trity

piR/isl dp radesing Greup. é@ﬁ‘@l@&j@fdﬁ;ﬂroteo@eg ;gypups suitable in the

o SR AL T ey cv.co

(whehseYlZIQﬁqﬁdlb?@ﬁ)ybenzymywr@mybauﬁmeplvaloyloxR/methyl tetrahydranyl,
2-trinmethylsilylethyl carbanmate -

benzylpﬁényn@mm%r}y@mw t”ﬁh%\)ﬂr?@thdfbrfpanate ("t- Boc )

meths%@nwy}lj pch%%gpﬁ&?gﬁ d\P]n r&ﬁ%:ar bﬁ}r{ﬁ %Hzl%begfﬂf ca barmt e,

methylcartzemhteg ar:tbmmhydslly@ethgwarblamate at- hm’rbyle1 phenylethyl carbamate,

thuty] carSaRo Tt 'ﬁgp e Ut Bamate e AR APy PO earhamate,
adani%rmw%gesaﬂh ea&ﬁamabeéwlrc%%%hﬁf@tcﬂﬁfanﬁgﬂ CaFiMRAste, 8-

I nc bamat e trimet
quinalyrdasibamete, ﬁ—mp’qdnylkS qmenym@mw hﬁiﬂbbwbemate Rrapthrylmethyl

carbé:rﬂg{)en;aa ag’HB%HI?\}’FC%'QPHé?&% 8t%bg%ﬂ ﬁ’mtﬁﬁsan&t e,

Vipetertet RasftestingdJroips rr@lmweﬁaw@arﬁamé z-m:h@wtsﬂylethw
8- qui nol yl ‘carbanate, benzyl carbamate,

carbagneie;, yiHmetyH1 - mrwéﬁfhvlecaraam@;irméylmarb@@at%FE&B@C”) cyclobuty!

s B 5 By By B PR o S e

allyl ¢arbamate, Idmmaimgl cmrbamalt@ 8- qoinmbaﬂdamatbebpnzﬁtcarbamate 90-
r angi nﬂgfrom a -20C to about 70C, Brefﬁrabl

anthrybnam arhemate en@md@@ hylseeaimates BegzHcaHRA tmore

out 30C, is added suitable base Non-limting
pl’efeﬁ?&&}(‘pl ecg:bof sui tabl e bases that can be used include

Stepnbt al hydr| des, alkyl lithiumand netal al koxides.
f |k d h iy ,
ol Tha oo R0 KOHbR a8 G 4 g Op{Roll dh ayilable
solvet Gk ﬁ%nﬁiéﬁ'ﬁ%?é I%{Hgl carth)QSOUtl b@"CT@%b@U{‘%dC‘}j%r@@?ably from

cont ai n mlto on atons, preferably f
about 6°6 t@&bost 5OTC ahormpretﬁ@la@l),pirembmltﬁOf’Cdmafowb3ﬂ°C IS added

st 30 NS SERI lnRlehidan ok B pegingice e

hydn@bg}’élk}/l' lttﬁlumﬁ@ﬁﬁﬁal AIR6XiHES. P'réﬂékr@@l‘ bases are metal alkoxides. The
dieth | am de and butyl lithium Non-limting

metaémﬁmeeﬁh@fmetabalkgmem|tlée setakhydrideneanibe sodiughergtassium, and

o 1581 80 US BEEREHER 8320 i BBy rom 106

carb®€BIRNS, msyd preradidirdml LENS cadsbrNatontd. MAhiexanpteophgseferred
of hydrocarbon sol vents include pentane, hexane, and
metah aigoxisie includes potassium tert-butoxide. Examples of alkyl I|th|um bases

include lithium diethylpropylamide and butyl lithium. Non-limiting examples of the
suitable solvents include, aromatic solvents, hydrocarbon solvents and ether solvents.
Non-limiting examples of aromatic solvents include benzene, xylene, and toluene.
Non-limiting examples of hydrocarbon solvents include pentane, hexane and heptane.
Non-limiting examples of ether solvents include THF, TBME, and diethylether.
Preferred solvents are ether solvents such as THF, TBME, and diethylether, more

preferably THF. The mixture is then agitated for about 1 hour or until the reaction is
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Non-limting exanples of ether solvents include THF,

TBVE, and diethylether. Preferred solvents are ether
waelnaern232 such as THF, TBME, and di et hyl et her , POMD82004/019071
preferably THF. The mixture’is then agitated for about

1 hour or until the reaction is W 2004/ 113272
PCT/ US2004/ 019071 7 conplete at a tenperature rang |ngi
completsnat tamperabaetrangifgtom@boub r45°6r EhaljoutrddlyC, Rrrfgrably from

abou 2260 B AR AP dTBI el S5 1L PB-EPRMbGiR -5

(Halc(raéirfygﬁ l@lﬁ@ttahylo)rc(wlfmtaﬂem@ﬂqyl)@yblbbntaamgdhen added,

prefera hal orreth cyccobut ane), nore pr
prefe(rglpldmﬁ{@mﬁ%yj)@yl@pgg o1~‘;q1 preferably (bromomethyl?cyclobutane The
I
(hal@ﬂ%h?@c‘%%ﬁ%%g% O r (Q%" | vgq &r \%ét ﬁo raggm 1? molar

equi\talemﬂse/wtmrqspentjtoomefammpmmdld:f fomnefaﬂ,qhbﬁerbbm#mbcauom 1to

about BonPlas NGRS BLTORS B IsTARY Toi PoavER TR ShAR, 15 molar
equn%éﬁt%s Ay é@s@@%ﬁd]bhﬁdﬁ&lﬁ?ﬁi%&%ﬁéﬁaﬁ%etli%%%l 'ﬂ—l’i@mlxture is

ture iI's then agltate ours or until
then ra@aatadono)r 24 rmumbeuetllatheaeaemisaaqm@eteaaga t@nmeraimr@mangmg

from Rk -SEC ta g Gy Breis i Fof atatnPEuR Ripudseb” more
prefedbly ifSrh&boubPe @ &b hbdup51G. ”Afteﬁfhls?lFéﬁ@dl@f tiel, BhizRjueous
of acid is added. Non-limting exanples of aci ds t hat

SON"@HWB@'@\M@@W}C Neadimiting regamnie%pf apigaihat qae ke addeth include

morﬁv%m@a%ﬁz%% @f._@] ?g;%}%%mrﬂ'tswf@fezc nﬁﬂgﬁ UWH‘trate ammonium

chiordd, HiS®,, HEIr BisPOJetitruhdionnespahioridie paratoluenesulfonlc acid,
ar at ol enesul fonic acid pyridinjum sal

paraiglygnesuliois aCid Oy HdiniHm sa eaﬁkyﬁglfor&p a,q(i(taur\detge like, or mixtures

there}_@ gefe@ 5&8!; E%E%ib%gfagﬁerélg{rﬂé’{egsé% Mﬁ%"

preferablydﬂ@Lma%\ea@sublhgdnb(mresz{maglﬂated fon2 hbutsher udidhé oeaction is

comg@é%&gglpoyﬁlt e, C?{Uﬁipov' d @gﬁﬁgm(jp;)f| Lo;ms“u?t L\lb: e

Step>2! ol vent (24.9kg, 131 m)I) is added to the conpound of
fornula |11 fromstep 1. The N-protecting group can be
usAd I\l;prcﬁe@ting/groﬂdem) dbawuitabe $ijmtdaﬂ , @ @nol) is added to the

c:omprlgI <¥ 8 @ iﬁfl(}frr & Boufnelklt— lﬁﬁnﬁoﬁfglcfgﬁrb@lljsed generally
fromeBHN L 21 Abodd i él{L@\faﬁéﬁ‘thYh tegpBct abmiet compeund of formula
about 1.5 nolar equivalents. Non-limting exanpl es of

lll, praferably fram abeis| Vierakout miekar asayvalentasard mMerstrspfepably from
cboly g TR SR, ATIRISRARREST G5 R lapl sovents

that s beassebHh stdBincladd agbrabtiy ek/bats, hydlmertmreéalwehﬂsyand ether
THF. After the addition, the reaction m>ﬁ:u1[e iEs .
solv%ra,tjsuﬁrgtpr[qgi %ply@ﬁg@,rgled?@ solygits guch as THF, TBME, and diethylether,

more preferably THF.

After the addition, the reaction mixture is adjusted to a temperature ranging
from about -20°C to about 65°C, preferably from about 0°C to about 45°C, more
preferably from about 20°C to about 25°C and agitated for about 4 hours or until the
reaction is complete to yield a compound of formula IV.

Step 3:
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from about -20C to about 65C, preferably from about 0C

to about 45C, nore 30 preferably from about 20C to
wW@bwut1R5C and agitated for about 4 hours or uPtT/US100€019071

reaction is conplete to yieid a conpound of fornula

V. Step 3: WD 2004/ 113272 PCT/ US2004/ 019071 8 A

solution of a reducing agent in a suitable solvent is
addselution oha reduging Agebt in @ suikabla splvent imeddegtopthe compound of

form S iglh S, “ROFPI T o aFbiEn R AR Gt Ry B bt

hydrnﬂéé Buchmad dtrlmdtlugenurhingdfidle QLlAIHQdIlmmeferidée(LlBH4) or
The reduci ng@a gent. can be used general |

sodiihBatorbdioe (NsRRbs. T TegSaurias 8e0 var gt Lay denaralykem about

r f &S
0.1 AnbEIFAERRBERIRS I Rl P S5t PV,
prefefabiynfroa’oabbuﬂo P26 talabout 3 mmilaaeqemalarm ancbmoﬁmpreﬁmﬁmsfrom

aboub 18 &PPHLE 8T 3%%@3@9 ARG ppest Ghircliing dost ¢ B usea.
Non-hrﬂﬁin?bd&ﬁ%\}g%b'f %un er 2l soFHég ICARHDKE SR é’[éthSiné!ﬂl@e aromatic

nts nts are ether
solvesitd, \ryalracasioi satvemmrandsmr sahvends.ePrsfesedsolvants ere ether

sonveBf SRS TR o Bl e P AT T £fnd Rouing
mixturt ¢ EgitateBITPAYOG Bhotli@r sRUril Yhe RiafioA is domblie to yield a
conmpound of forrmula V fromstep 3 in a suitable

compayingegftfornulei\bwl y added 15 an oxi di zi ng agent capabl e
Ste 4 oxi di zing the al cohol group of fornmula V into an
pa'dehyde group. Preferably, one or nore catal ysts and

a Tese danpolsatiopiormuld v ftdrﬂ ste]:xB(ith ai sugabmlvem is slowly added
preferred conbi nat| on of c base {/dl Zi ﬁ;
an OXa[@'éHﬂg ageft |Icagablexfoxidigingd :ﬂﬁ‘{qw 9rauRy Pl mél'r"‘h gy
alde%@@@lpt riﬁre?ergﬁllﬂ/a B?W\&%ta%ﬁﬁgstgsa Ababy§ édded Erlor to the

he ne the nme r om can be
oxidikingaggnt.hA preferred€orabitiation wf catdiysiat tmmamdh exiolmmag agent

B RS A8 o BEIoE P Sy e e s
catalggtsaﬁ%]aelﬂ%{ﬁ{eﬁél cﬁ‘qHéﬁétﬁPBt%mM’btdénrt%Sﬂﬁck LParﬁdPﬁhe like,

rmula V, preferably from about
soduahcbmarson@ﬂ%as tmopaaealaedtspdwnmymclelopteea@ﬂm)wdwtgwgem The

oxioi@Rgebt b8n P estenalg f nF LB Gt agpglet Sdivatents

with ﬁéﬁp‘é@f‘fostheetfdrﬁ;ﬁo@fd YV PuI2Y, prodibiychreml At s, totfout 5 molar
he |i ke, or m xtures t her eof . referred sol vents

equwaiemt@d@nd mereaxetarakly fiasnebouidte appet b64PPIAr iegpiadpyie. Non-
imin 4B PAB 2 5510 B SRR HBon SOHGHIE e spterts
aronz0icEodiehts, OTHIF edusd the like, or mixtures thereof. Preferred solvents include
the ester solvents, more preferably isopropyl acetate or ethyl acetate. The reaction
mixture is stirred for about 30 minutes or until the reaction is complete to yield a
compound of formula VI.
Step 5:

To the compound of formula VI from step 4 is added a phase transfer catalyst
and a cyanide catalyst such as potassium cyanide, sodium cyanide and the like. Non
limiting examples of phase transfer catalysts include tetrabutyl ammonium iodide,

tetrabutyl ammonium bromide, methyl tricapryl ammonium chioride, triethyl benzyl
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compound of formula VI. Step 5: 30 To the conpound of

formula VI fromstep 4 is added a phase transfer
w@aiallyR®r2 and a cyani de catal yst such as pot aBGI/US2004/019071

cyani de, sodi um cyanide an® the like. Non limting

exanpl es of phase transfer catal ysts include

tetrabutyl ammoni um i odi de, tetrabutyl amoni um

ammpnigim delorige: tejrabuiyl @apnonivanhpdiogendhilieie, daethyt iribuky) |

amm@FLEY eniEe R aphE /oA oo, et AR Rpjum

bromidd, IREGI5002demsiny e tiar ashigediglyete, arftedipbnpd-agpdrowntdn Acetone
brom de, tetrabutyl phosphonium bronide, PEG 500 .
cyanglystinmipl adsledleat a 1gmReralirg| raRgingrem @besh 222°C to about 60°C,
- - { H drij i o
proicfal ¥ oo 581 RIS LB i dyt 1920 o abou
20°CprHieacdibye ioyanolaalrin carbbe tusedlgmnerdlyGromoatout 0.2 to about 10

f bl b C b 20C. . Th
mola pGHEARNS WHBROBRELIS 43P GRIBouPDP! fo R NALBTaS b6 rom about 1
to ab%'BPHtméH%r 8gﬁ$léfen@ﬁq HrhB e Eréﬂa%{;bllyf fRSRESDoUHO foh%ooutt (} .5 molar

compoun “formul’a VI, prefer y from about .
equilents. Theohidturedaistieedriosabeui® hours grwitidthehreactionns complete

.about 1 to about 1 | ar equivalents. The m xture
to y"?a}gas‘fqrp‘?%lﬂqcﬁgf%ém{f[ﬁsvgphours or until the reaction is
Stepo&rrpl ete 10 to yield a conpound of formula VII. Step

6: A base in an appropriate solvent and DVSO i s added
t A bRse ivap epntrrstate sehent angDMBLoimasded t9 thagompound of

appr ' I Welo e

o GEEVR B iR 2 ABE L 1 YR R 8L MEacotone. Non
IimitiK@@@ﬁ‘fpléﬁﬁ@pperﬁaffb@éé@igciﬁdntanc’):@gb5 NbEEC(DgaThd réaction mixiure
. tenperature rangi ng from about 25C to out 105C,
is hegieg? @r%iﬁ@PWﬁ&#ﬁg rabging 1o AhouA B5 e t%@%pUhiWC, preferably from

rebar, | o I o
abod 8B 667 EK p AR AORHRBo-BH paR 7, yaroger
perokideyis thah slomtyrpddediicthef eactibamixiuré to Pelba cowtpoods afformula

Vil eE metipds Of BYaraBoR SRR EE St STHEr AR Ao g aformula Vil
to thﬁ t&gngﬁﬁnﬁfof W%!a%ll%cﬁ%\’tﬁ% dsadf Mada! dﬂ@@en%ﬂne that catalyzes
yaration. 111

Step 7: To the conpound of fornmula
hydratiam step 6 in a suitable solvent is added an acid.
Ste n-limting exanples of acids that can be added

'cl ude i norganic or organic acids such as amoni um

sufé #HeecorP PTG BRTdihiul2 VI frafBRpBNIncAkorasie sokent is added an

trifluoroacetic acid (TFA), H2SO4, HCl, H3PO4, citric
acid a®Nan-limigisglexempes gbacids that can be added include inorganic or organic
acids such as ammonium sulfate, ammonium nitrate, ammonium chioride,
trifluoroacetic acid (TFA), HoSO,4, HCI, HsPOy, citric acid, mesyl chloride,
paratoluenesulfonic acid, paratoluenesulfonic acid pyridinium salt, alkylsulfonic acid,
and the like, or mixtures thereof. Preferred acids include TFA, H.SO4, HCI, and
HsPO,4, more preferably TFA or HCI. After the addition of acid, the mixture is heated
to a temperature ranging from about 0°C to about 90°C, preferably from about 20°C to
about 70°C, more preferably from about 40°C to about 50°C and agitated for about 4
hours or until the reaction is complete to yield a compound of formula | or salts

thereof. A preferred salt of the compound of formula I is the following:
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par at ol uenesul foni ¢ aci d, paratol uenesul fonic acid

pyridiniumsalt, alkylsulfonic acid, and the |ike, or
wonootures2 t hereof. Preferred acids i nclude TFAPCHRSIOM4/019071

HCl, and H3PO4, nore prefdpably TFA or HCl. After the

addition of acid, the mxture is heated to a

tenperature rangi ng fromabout O0C to about 90C,

preferably fromabout 20C to 30P"bout 70C, nore

preferably from about 40C Hz N5@C and agit at ed

for about 4 hours or until the rleaction is conplete

to yield a conmpound of for al or salts thereof. A

preferred salt of the co ndyef formula | is the

fol lowi ng: WO 2004/113272 PCT/ US2004/019071 10 OH )

HoMeNiglowing a-limiting: EXAIMPMES @ré drovided in aederipfmities illustrate

the RS NG Tl 67 rlifiont el Hise Sl h3h ppk 8t many

modifiatidreyl vanatidies and altBritiorBny the'priiseint discizsire, both to materials,
variations and alterations to t ,echr esent disclosure, | .
methogsiandoeaatian randitions.feanberanicace Ak Sush merdicaliens variations
C L f . .
and SRA=URERE IR B D ARSI e JRHOT 80 mienion
and scope of the present invention EXAMPLES Unl ess

E{ gﬁgéyl se stated, the follow ng abbreviations have the
EXA, meani ngs 10 in the Exanpl es bel ow Mz=
MagBes bihdifize QR FEIBIMA BbbRIRIRIEhARARLNAEREReanings

Iters g= granms 15 = tetrahydrofuran T
in the Bxampleshelewi:c acid TEMPO= 2, 2,6, 6-Tetram et hyl - 1

- Qi peri di nyl oxy DVBO= di net hyl sul f oxi de TBME=
MHZFEM%@%%{?( hyl ether 20 t-Boc= t-butyl carbonate WD

NMREOREEI8a3mAgnBld rédeipte&pReitdscabl

mL= milliliters

g= grams

THF= tetrahydrofuran

TFA= trifluoroacetic acid

TEMPO= 2,2,6,6-Tetramethyl-1-piperidinyloxy
DMSO= dimethylsulfoxide

TBME= t-butyimethyl ether

t-Boc= t-butyl carbonate
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Scheme | 0 a) KGBu/ O N~ brononethyl cyciobutane HN

OEt b) HO/H20 2 Cet / c¢) KHCO3 Step 1 111 11 0 1)
wohe®k4132B0c) 20 BocHN OBt 2) Crystallizati on Bop¢tiNUSI04/019071

Step 2 Step 3 1V HOCN O x10H NaCCl, KBr, TEMPO BocHN

H1 %TBAI, 5% KCN BocHN CN Step 4 Step 5 VII VI COH

OH H202/ K2CO8 BocHN NH2 HCI HCl - H2ZN NH2 Step 6 O Step

70 ~vl 5 Step 1: To a Iehemed of 35.0kg (131 nol)
of (di phenyl net hyl ene) glgcine ethyl ester Il in 158L
of at -20Q to - 308 KwBYadded a sol ution of 1709 kg

qf gbt assi uprpmenethygyaobupeei n 158L9f THF.
Af t eP7t heraddi t1OBh, t PG x®ure was warnmed to  Y5C @F
OC and agitated for 1oH®WOs and 18L (162 nol
| )cycl obutane 10 was added. Aft t he

he mixture wasStéutther warnmed to 20CM o 25C
and agitated'for 24 hours. After this period of tineg,

a solution of 35L o HC (gg% 140L of water) was

added.,_The.r ing m xtu .agitated f haur s,
t hen é%?(i)z{%ed;ggéﬁn S ePB&r at 2’ s“&ﬁﬁqnc IalverE%r\Xf/f-alg1 s

with of . Agqueou ers were co n
washe%’g\%th 280U of TBME tvs\%t%@ After washes
aqueous | ayer 15 was added 175L of TBME and a sol ution
of 52.5kg of potassium carbonate iﬂ 105L of water.
The resulting m xture was, agit at ed PoN3o m nut es,

settl ed, and separated. e aqueo yer was oH
exNa@_Cl,gKBr,WElMP(l?ﬁOCHN to Wo/gi-giA@g%mjan'?QPHf\l ™CN
c -
Step 4 Step 5 Vil
Vi
OH
H,0,/KoCO5 BocHN NH5 HCI
Step 6 o Step 7
Vil
Step 1:

To a solution of 35.0kg (131mol) of (diphenylmethylene) glycine ethyl ester Il in

158L of THF at -20°C to -30°C was added a solution of 17.9 kg (160 mol) of

potassium tert-butoxide in 158L of THF. After the addition, the mixiure was warmed to
-5°C to 0°C and agitated for 1 hour, and 18L (162 mol) of (bromomethyl)cyclobutane

was added. After the addition, the mixture was further warmed to 20°C to 25°C and

agitated for 24 hours. After this period of time, a solution of 35L of HCI (37% in 140L
of water) was added. The resulting mixture was agitated for 2 hours, then setiled, and

separated. Organic layer was washed with 105L of water. Aqueous layers were

combined and washed with 280L of TBME twice. After washes, to the aqueous layer
was added 175L of TBME and a solution of 52.5kg of potassium carbonate in 105L of
water. The resulting mixture was agitated for 30 minutes, settled, and separated. The

aqueous layer was extracted with 175L of TBME to yield an organic layer containing
the compound of formula lll.
Step 2:
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t he compound of fornmula Ill. Step 2: WO 2004/ 113272
PCT/ US2004/ 019071 12 The conbi ned organic |ayer from

WG e@p/11320ms concentrated to a vol une of 140L BemUS2004/019071
cooled to OC to 5C. Di-tertizbutyl di carbonate (75% wt .
solution in THF) (24.9kg, 131 nol) was added. After
the addition, the m xture was warned to 20C to 25C,
agihex¢@mabined argaois lsyeriremenddvas cangentiraied j@agaolume of 140L

an A9 5 L 0 8 A AL SoTER om0

131meiphed dduied Afier tBeGdditibry itied chikthes sesReamtedfo 207010 25°C,
IV. Step 3. A solution of _Lithium bqorohydride in THE

agitated oy lowssagd wiasheg¥ijh vils CRUARS- t bhe PraanialaysLn@sdiied via
| i o
azec PR lation, BBhEcmRa1ed 1 AGcERH dABLTHA BB agc to 3s°C
to yleldam compeasidpidochad Yy addition of a solution of
. bkg of potassi um di hydrogen phosphate in 175L of
Ste ter After separation, the aqueous |ayer was

em 58kkiBA df"lﬁﬂluﬁpn%r ?drT - THE]2 NI M%QBQ%IFwas added to

| ayers were was wat er and sodium chlorid
the cophpatinshof foBNEIa IV isomaaier 2. The sesuitisg aixiiravwes agitated for 6

nourg ARLERRIoc B 5 T b 38°C nanAd5ebike BBRSkEheNETpy guaiton of a

solufidd of ﬁ? 3 \/g dﬂb@téb’ Jirh @ihybBogdp nbsrmmeq@ mzsurwmer After

fornul a was obtained. 1

sepagation; the agyeogs yer Mjas extrcted wjth 1@53’? QflTEME ¥ i\g qoinblned
e gfor 9y f Moyt S8hm bR AR o e

Iayel?fva% hlism:mmbw6 hH|MbtérwWa:$ﬁstMaflom amdtihe p30dl§m avaEEdiPQallized from
1.0 g, 6.4 e) in et acet 1 L) was a

the f@p&@%ﬁ?'&ﬁoem tor Wiiration BAg na@g( ké of #1e gomRpHa ngﬂfmulav
(43"/%3?&‘%@1&@& bonate (30 g, 0.357 m)l e) in water (500

m Xture was cooled to -5 to 5C. Sodi um
1H NiYRotdUMIHZ (€D2IBtd i (159 3.6ZHS, 3.61(1H), 284 1hipl 24 (MH$, 2.1 (2H),

fte ddition, the reaction
1.9 @F&ﬁ?e&%&sg@dgg{)’l ?ﬁ’f& @F‘ﬁso m nutes. Upon reaction
StepFP gl etion, sodiumthiosulfate (20g, 80.6 mmole) was

added, then t he aqueous | ayer was separated to yield
anT@argulu’ranEofamO 0|ga§0e436:mﬂl@)| ofithg compatowpddaanya V from step 3

and i&%%\hﬁ% gtégﬁg%geézi-ﬁ gﬁmﬁ %ﬁf @ﬁ'r A& la@é{gé afsro?tmon of lithium
bromide (3.0 g, 34.5 mmole) and sodium bicarbonate (30 g, 0.357 mole) in water (500

ml). The mixture was cooled to -5 to 5°C. Sodium hypochlorite solution 15% (197.3
ml, 0.436 mole) was added over 2 hours. After addition, the reaction mixture was
stirred for 30 minutes. Upon reaction completion, sodium thiosulfate (20g, 80.6
mmole) was added, then the aqueous layer was separated to yield an ethyl acetate
layer containing the compound of formuia VI.
Step 5:

To the ethyl acetate layer from step 4 were added tetrabutylammonium iodide

(1.0 g, 2.7 mmole) and potassium cyanide (4.0 g, 61.4 mmole) in water (50 ml). At
15°C to 25°C, acetone cyanohydrin (51.0 g, 0.599 mole) was added. The mixture was
stirred for 2 hours. Upon reaction completion, the aqueous layer was separated.
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30 (1.0 g, 2.7 mvol e) and potassi um cyanide (4.0 g,
61.4 mole) in water (50 m). At 15C to 25C, acetone
weyaaosedrin (51.0 g, 0.599 nole) was added. TPET/US2004/019071
m xture was stirred for 21Bours. Upon reaction
conpl etion, the aqueous |ayer was separated. WO
2004/ 113272 PCT/ US2004/ 019071 13 Organic | ayer was
Organielay fawasdhen washedvitu2dim satiem eldords selutian (330 M and

conoBftpieF BB vl Aeata® Py Ao SRt i Biipb@if ofjormua vi.

Steped:hyl acetate in the organic Iayer in step 5 was
displ aced with DVSO (250, 5 m) via disti]lation.
pothas elyhaeaicE e qr@@nlej layerd @t%ﬁéyasaﬁ@pb?@@eﬂdw@ DMSO (250

o Oy P4 ST ) 50 TS 0
wererddddal. 9V8e muktel)e WES lmtﬂeuﬂt@refmmtrabﬂm B5TRenAt teflux, 30%
e e, 50 001G S W Mgt
mlxtt%QvéQSﬂﬁe@at TéTﬁJx%PQLFﬁur@ BpoRl rba&ﬁé’n Q%bf&lohhﬁ/ater r (800 mi)

tion. m xture was cooled to 0OC
was addeélaéBSf@ tg |4:58 G. hehg prativet pr@ﬂglﬂ@ﬁdwmgéhe IaARmoD, The

mlxt%@d%%%\é'g ?)%@dp%at(l) éné f@t???%{ohgwgﬁxe gr%(ia | S&’éﬁér@téﬁ' as
PART- 2 vcrm:h lvetsb re@o&ﬁnérmy gittier@h&iRR or §5 |56m%1 WNM]R :400 MHz

(CDGhy 6@8@@( § 4 (a0, Brd lar ), 400 (L eohig, THE 421 (d, J =
176 £ 272 1) A SELE, 105 2 67RHE Brb O 263, 9 86 (m, 3H),

1.436(st9}a):t t he product The ethyl acetate extract was
washed in uence with water tw ce and

o Renione Ta e fiiGHS Web RemoNee dary Sha@ch b, JiehlatioR, S acetate
(1.2 E?Wé]%lrﬁdag?f ehé‘ltdcgut yﬁr%%u&?sfhé’fetlﬁ{l Byb a@&%&ﬁ‘é& W8S washed in

spl ace acetate t oug vacuum
seqtmnselmtmmamr twidesamd sddiam cmAFiﬂe Bplyticac Efhyl atetid was removed

throngh Yaqutin SRl Ran ey oR ARy Ane e Vire dplacetlin puy
acet’é{eNNPDLg&pv%‘%rﬁ %ﬁlﬁﬁon 6ngie %70(@&0’[ pAHT 2 5pr§§|8(t§ted1frc')'ﬁ1 butyl
acetafe, arj;:j ms(qqlle@tael)thrmgmn(ra’qloa TI-h)lS V\@sqgeglcrmlrmn)ﬂy eitr@s the RS or

SR ipghonof MR ABONEEBE B 47 dThas S8,y 1810 = 76

Hz, FRR009W, L2 2080 Her rmgae Y2 (i, wap, 2!3saimedH), @t@Jrﬂ 2HR 1.88 (m
a mxture of 15.0k rml) of the corrpound
3H), fle®8nima3id)i 1 45r(§n9|g) ep 6 in 135L of isopropyl aI cohol

at A 3061 bPed A e FIFRE ENbifba P ART HGnd BARPR 0PI compound
of formula VIl was obtained.
Step 7:

To a mixture of 15.0kg (55.1mol) of the compound of formula VIl from step 6 in
135L. of isopropyl alcohol at 20°C to 25°C was added 30L of 5-6N HCI in isopropyl
alcohol. After the addition, the mixture was heated io 40°C to 50°C and agitated for 4
hours. After this period of time, the mixture was cooled to 0°C to 5°C and filtered.
The wet cake was dried to give 10.9 kg of the hydrochloride salt of the compound of
the formula 1 (91%).



al cohol . After the addition, the m xture was heated to
40C to 50C and agitated for 4 30 hours. After this
w@erow20f tine, the m xture was cool ed to 0C PCI/BER20a4019071
filtered. The wet cake wad4dried to give 10.9 kg of
t he hydrochl oride salt of the conmpound of the formula
1 591 9% . WD 2004/113272 PCT/ US2004/019071 14 1 H NWMR
1H MM EOMS @): 5.22 and 40d1HL 348,arel 314dAH)32.4 (1) H.0 (2H),
: , 0 (2H), 1.8 (2H), and 1.6 (4H). It will
1'8(%§ﬁdﬁé%ﬁ%%%%ﬂ'that various nodifications can be nade
t qt iilEbe erbesioeN it 8adogx araelifsatiding PasRdmzeieabnhe
Therefore, the above description_ 5 should not be
embedimants and sxamnies pisglosedihereine| Theyefasr civel azavedqsshgtion
s | S
shouff nfi 50 EOhSHST IS, Bt FRESE, e FPicRbRE of bleferred
embadithestis.r Thoeé skifled i tienart ayilp endieibheariziug. md@ifications within the
2004/ 113272 PCT/.US2004/ 019071 =15 CLAIMS What is
scopg|acheRiri} ot the claimsyappesdledineigla-ng t he compound of
formula | conprisingg: OH HZN NH2 O | 5 (1)
al kyl ati ng and deprotecting a conpound of fornula I
to yield a compound of formula Ill1: 0 0 NOR H2N OR
Step 1 ~ 111 1l wherein R represents an al kyl or
substituted al kyl group; (2) protecting the conpound

of formula Il with protecting group (P) to yield 10
a conmpound of forrmula I'V: OO



H2ZN -11 )M OR Step 2 PP-HNOR Il IV (3) reducing the
conpound of formula IV to yield a conpound of fornula
wW0/20040132y2 . "k OR Step 3 P-HN OH V [V 15 (4) PXi/Us2041019071

t he conpound of fornula V t1® yield a conpound of

formula VI: P-HNO OH Step 4 P-HNHV VI HO CN (5)

reacting the conpound of fornula VI with to yield a

compound of 20 fornmul a VALANS 2004/ 113272

/019071 16 HOCN Ox OH P-HN H Step 5 P-HN

Wha@%ﬂl%}ﬁ?%?% (6) hydrating the conpound of fornmula VII

t A pradadsaofenaking tite odbmpoundloh foriulh 1 cEhhgdding?- HN CN

Step 6 PPHN NH2 O VIl VIII I nd; (7) deprotecting

t he compound of fornul a VI G MI eld the conpound of

formula I: CHOH 7)" dep 7 N NH2 O

0]
I
5 (1)  alkylating and deprotecting a compound of formula 1l to yield a
compound of formula IlI:

HoN oR
Step 1

\]

wherein R represents an alkyl or substituted alkyl group;

(2)  protecting the compound of formula HlI with protecting group (P) to yield
10 acompound of formula IV:

0]
H.N P-HN
DZJ*OR Step 2
11l

(3) reducing the compound of formula IV to yield a compound of formula V:

O
P-DHNJ/KOR Step 3 i Fg\lj/\OH
IV v

(4)  oxidizing the compound of formula V io yield a compound of formula VI:

O
P-HN
Y, vi :

HO CN
(5) reacting the compound of formula VI with to yield a compound of
20 formula VII:

15
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or salts thereof. 10 2. The process according to
claim1l, wherein a base and a (hal onethyl)cycl obut ane

wo gooadoed® in step 1. 3. The process accordi ng POI/TERNN019071
2, wherein said base is sellected fromthe group

consi sting of netal hydrides, alkyl |ithiumand netal
al koxi des, wherein said netal in 15 said netal

al koxi de or sai d_netal hycﬂq i's sodium or PIOt assi um
4. The process agcording t aim 3, wherei fMsai d base
i s potassi O H but oxi dgye.5 The pP qor di ng
to claim2, whegrein sai dthatoermettyl )cycl gbutane is
(bronmomet h yce,lI obut ane. 20 6. The pr ssygccordi ng
to claim?2 rther conprising adding aci o| sel ect ed

fromthe group consisting of amoni um sul fate,
angpni Wydrhfif@ite cAAPBmhd 6F fatiuid Vilao yigl§@corhibbund of formula
H3PO4, citric acid, nesyl chloride,

VIII: par at ol uenesul foni ¢ acid, paratol uenesul fonic acid,
pyridinium salt sgnd al kyl sul fonic acid.5y. The process
accordi ng Pt-l-gf\éd im1l, wherein said:pl ﬁr otject hgg group in
step 2 is elent ed PR t he droup, € ting of
al lyl, nethoxynethyl, benzyloXxynethyl] CHCO wherein
Y is a hal n, vpenzyl oxycar bonyl ri& I,
pi val oyl oxytret hyl , tetrahydranyl, en Eﬁl , and;

di (p- net hoxyphenyl ) et hyl, triphenyl nethyl, (p WO

203/ 11gspratdedng s 66mhpoLad & forhTula VIl to yield the compound of
formutetlhoxyphenyl ) di phenyl met hyl , di phenyl phosphi nyl,

benzenesOHf enyl , net hyl car bamat e, OH

2- prHNELIY | SiHLy | et hylgigar bamat e, HIN ety INH,

- phenyllet hyl car bamate, - t-butyl carlbanfite ("t-Boc"),

tylOcarbamate, 1 -nethylc butl car banat e,

nt Willcar bamat e, vinyl carbdogtel ally) SRS AR Faof

ci nnanyl carbanmate, 8 5 quinolyl carbanate, '

4, 5-di phenyl - 3- oxazol i n- 2-one, benzyl carbamate,

2. 9-HN Prodesetdarbrdingtdalanhe, wHapsignybass Axd scar bamat e
and S-benzyl carbamate. 8. The process according to

(halaseihirl)eyclelpidaae is added fir steect.i ng group is t-Boc. 9.

2. ToMPHREEEE ABRRIAL Paine B SEEAS 4Bt o e aroup

consigtingofanetal Aydridesy falkyhlithirakdhd el Eikoxidbd, whairein sHid metal in

..borohydride (LiBH4). 10. The process according to

said m%tah%lbs)x'ﬂﬁ&réam Jigtal hvsddeiin godiyener petassigmm.  11.

4. Thepd PP&%%% égﬁﬁﬂﬁﬁ% RIclafinG, HHBrdin MEHESE iSpERsEium tert-
conprises adding a

butoxide.

5. The process according to claim 2, wherein said (halomethyl)cyclobutane is
(bromomethyl)cyclobutane.

6. The process according to claim 2 further comprising adding an acid selected
from the group consisting of ammonium sulfate, ammonium nitrate, ammonium
chloride, H2S04, HCI, H3POQ,, citric acid, mesyl chloride, paratoluenesulfonic acid,
paratoluenesulfonic acid, pyridinium salt and alkylsulfonic acid.

7. The process according to claim 1, wherein said protecting group in step 2 is
selected from the group consisting of allyl, methoxymethyl, benzyloxymethyl, CYsCO
wherein Y is a halogen, benzyloxycarbonyl, trityl, pivaloyloxymethyl, tetrahydranyl,
benzyl, di(p-methoxyphenyl)methyl, triphenylmethyl, (p-
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oxi di zing agent. 12. The process according to claim

11, wherein said oxidizing agent is sodium 15
whyweakd2er ite. 13. The process accordi ng to clBCHUID04/019071

further conprising adding dhe or nore catalysts and a

base prior to adding said oxidizing agent. 14. The

process according to claim 13, wherein said base is

methsmmhﬂnybdmemyhnemyl aiimhemn’lphaswhhiyyshenzanesﬂiﬂm and a

methyRatiarBae. eaRmaE iR, FriSth el Phealigi atbamate,

t- bunﬂ%@%aiha@ @pseb’b)l ay{clobmﬁéeﬁbarrﬁt@m -ﬁwétﬁ{ﬂl@pd:l%BﬁtyﬁQQﬂbﬁ%ate
cyani de cat al hase transfer catal yst

adamﬁvlmb@matﬁamwl |oarba1mateﬂaﬁylmac5b@m§t%@wmamwgcetrbamate 8-

qmnogyga%@%\%%te\é\%%ﬂ%edﬁ) —g- %I%%-ﬁf?% e@%rgai%%%gsé-anﬁl rylmethyl

carbma@ﬁmmmatmcémMaemnbﬁs behgylearbasnaté. phase

transfer catalyst is selected fromthe group

8. cdrr\’@ Iéﬁqcﬁﬁs afw@@hm&mﬁlymﬁnwﬁemﬁ@m BEOtOENG GRS t-Boc.
r I .
9. chI ok @J@b?% %Hlé?@wgfg} H&l a\l\mﬁ%ﬁéi% sYé% %wdﬁ@s adding a reducing
agent stiecatad fybmathmgroumcbyldlsbg@ of BlalH, @akl, iRty and lithiuml
a s | oride, tetraphenyl phosphoni um brom de,
boro?gvldz}o@fr%ﬁﬁqphosphoni um broni de, PEG 500 30 denet hyl
10. ety ro%egybcébml q%aanﬁ odipe RRgA shi&rédl@mq Q%eﬁh&s LTS,
process according to claim1 erein step onpri ses
addiengrogehy @aceoliding tacalabn yswh&min Isjel 4 gomprisesx@dting W

d2004/ 113272 PCT/ US2004/ 019071 18 19. The process
oxidigpd 95 g to claim 18, wherein said hydration catal yst

12, | SI' H@@@c@és aB8Aing B ciae 1! ABeESin 3RRPH[LNG Q?Qﬂ\tas Bodium
wherein step 7 conprises adding an acid ect ed

hYDO\Ch@mQ he group consisting of ammoni um sul f at e,

1. SPRPbESES ety T, L BEO b B B or
campseall ssass grbnt saempbagersiayageny] (071 .l

14. prB&e@caéé Geaprsting o ea&n 31 Whikein sajf E@%aﬁmﬂlqm. kicarbonate
and $4i§ Q:a?al)(ssts %&Wﬁ%ﬁd b OetS b fontiak% ik rbes i@ rh&¥ BR%elected

structu
from the group consisting of Na, K, and Li.

15.  The process according to claim 1, wherein step 5 comprises adding a cyanide
catalyst, a phase transfer catalyst, and acetone cyanohydrin.

16.  The process according to claim 15, wherein said cyanide containing catalyst is
potassium cyanide or sodium cyanide.

17.  The process according to claim 15, wherein said phase transfer catalyst is
selected from the group consisting of tetrabutylammonium iodide, tetrabutyl
ammonium bromide, methyl tricaprylyl ammonium chloride, triethyl benzyl ammonium
chloride, tetrabutyl ammonium hydrogen sulfate, methyl tributyl ammonium chloride,
tetraphenyl phosphonium bromide, tetrabutyl phosphonium bromide, PEG-500
demethyl ether, butyl diglyme, and dibenzo-18-crown-6.

18. The process according to claim 1, wherein step 6 comprises adding a hydration
catalyst and hydrogen peroxide.
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O 10 Ha  22. A conpound of the formula: Bo cHN T COH

23. A conpound of the fornmula: OH NH2 Bo;~~0 15 RR or
wED0424327A conpound of the formula: OH Bo NH2PCT/HBR0®H/019071

SR or RS 18

19.  The process according to claim 18, wherein said hydration catalyst is DMSO or
MnOy,.

20. The process according o claim 1, wherein step 7 comprises adding an acid
selected from the group consisting of ammonium sulfate, ammonium nitrate,
ammonium chloride, trifluoroacetic acid, H2SO4, HCI, H3PO4, citric acid, mesyl
chloride, paratoluenesulfonic acid, paratoluenesuifonic acid pyridinium salt and
alkylsulfonic acid.

21.  The process according to claim 1, wherein compound 1 in step 2 is a
hydrochloride salt having the following structure:

OH
HoN NH,
0]
-HCI
22. A compound of the formula:

BocHN OH

23. A compound of the formula:

OH
BocHN NH,
o)

RR or SS

H
BocHN NH,
QJ“J

SR or RS

24. A compound of the formula:

1nQ



