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I nterme te usé he preparation of the hepatitis C virus ("HCV")
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(amino}-3-cyciobutylmethyl-2-hydroxy-propionamide or salts thereof having the
following structure (formula I):

10  or salts thereof.

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 I is a key intermediate used in the preparation of the
hepatitis C virus (“HCV") protease inhibitor (1R,285,55)-3-azabicyclo[3,1,0lhexane-2-
carboxamide, N-[3-amino-1-(cyclobutylmethyi)-2,3-dioxopropyll-3-[(2S)-2-[[[1,1-

20  dimethylethyl)amineo]carbonylamino]-3,3-dimethyl-1-oxobutyl]-6,6-dimethy! having the
following structure:
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z WD 2004/ 113272 PCT/ US2004/ 019071 2 The conpound of fornula Z disclosed in
t he above-noted patent applications is wuseful for treating hepatitis C and
rel at ed dwabrieiB272Speci fically, the conpound of for nulBCTIZU$20040199Mhi bi t or
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Summary of the Invention

10 In one embodiment, the present application relates to a process of making a
compound of formula [
OH
HoN NH,
0]
I
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 1 comprises:

(1)  alkylating and deprotecting a compound of formula Il to yield a
compound of formula Ill;

DY i
/N\)LOR HN I
Step 1
O m
20 i .

wherein R represents an alkyl group or substituted alkyl group;

Y

(2) protecting the compound of formula Il with protecting group (P) to yield
a compound of formula 1V:

o) O
stepz  P-HN OR

OR —_—

H,N

25 i W

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



25 (3) reducing the compound of formula IV to yield a conpound of fornula V:
WO 2004/ 113272 PCT/ US2004/ 019071 3 O P -HN IV OR Step 3 P-HN CH V (4)

oxi di zi ngWavgerpaund of formula V to yield a conpound BET/HS20040180N :  P- HN
O OHStep 4P, HVI HO ON5 (5) reacting the conpound of fornula VI with
to yield a conmpound of formula VII: HOCNO X OH P-HNH Step 5 P HNCN VI
VIl (6) hydrating the conmpound of formula VII to yield a conpound of fornula
10 VIT1: OHOH P-HNCN Step 6 P-HN NH2 O VIl VIII and; (7) deprotecting

t he conpound of forRH to yi estgp8he conmpound-BHN dﬂJI al: OHOHH2
P-HN NH2 Step 7 ;),,*" O 15—H—er——sakts t her eof

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

O
P-HN
DJ/\OH Step 4 N P-HN H
v VI

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

formula VIi:
HO CN

A

0 OH
P- -
HN H Step 5 P-HN CN
Vi Vil ]

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

OH OH
P-HN CN Step 6 P-HN NH2
o}
Vi VI and:

(7)  deprotecting the compound of formula VIl to yield the compound of
formula I:

OH . OH
P-HN NHo Step 7 HaN NHp
O O
Vil
15 !

or saits thereof.

10 Vilk

The inventive process to make the compound of formula I has several
advantages: it is more suitable for scale up for manufacture, and it is more cost
20 effective.



The inventive process to nmake the conpound of fornmula I has several
advantages: It is nore suitable for scale up for manufacture, and it is nore
cost 20 BOr2084153982. WO 2004/ 113272 PCTI US2004/ 019071 POEER200401PHH of t he
| nventi on As used above, and throughodt the specification, the follow ng
terns, unless otherw se indicated, shall be understood to have the

foll owi ng nmeani ngs: "Al kyl" neans, an allphatlc hydrocarbon group whi ch may
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the group consisting of halo, alky gano hydroxy, al koxy, al kylthio,
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ﬂuoromethyl and trifluoromethyl.

"Halo" means fluoro, chloro, bromo, or iodo groups. Preferred are fluoro, chloro
or bromo, and more preferred are fluoro and chloro.

“Halogen” means fluorine, chlorine, bromine, or iodine. Preferred are fluorine,

20  chlorine or bromine, and more preferred are fluorine and chiorine.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy groups inciude methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy and heptoxy. The bond to the parent moiety is
through the ether oxygen.

25 "Alkylthio" means an alkyl-S- group in which 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

30 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



sulfur. The term"optionally substituted” means optional substitution with
the specified 30 groups, radicals or noieties. As used herein, the term
"conposi t WEh2004/8132 1t ended t o enconpass a product conpriRGGS200E018¢aci f i ed
ingredients in the specified ambunts, Sas well as any product WO 2004/ 113272
PCT/ US2004/ 019071 5 which results, directly or indirectly, from conbination
of the specified ingredients in the specified anounts. "Solvate" neans a
physi cawhigis trsulisi diredlly or indiig@lynirost combinatiencaitthe spariind ingredisntsnin the
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include ethanolates, methanolates, and the like. "Hydrate" is a solvate wherein the
10 solvent molecule is H-0.
In one embodiment, the present invention relates to a process for preparing the
compound of formula I. The inventive process is schematically described in Scheme |

below:
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15 or salts thereof,

R represents an alkyl or substituted alky! group. Non-limiting examples of aiky!
groups are (C¢-Ciz)alkyl, (C+-Cg)alkyl, and (C4-Cs)alkyl.



;)" OH OH PHN Step 6 NH2 Step 7 Pl NH2 VIIITO O 15 or salts thereof. R
represents an al kyl or substituted al kyl group. Non-limting exanpl es of

al kyl  gr Dp¥O4H18272Ct - C12) al kyl, (Cl-C6)al kyl, and (Cl- GOENI2PI4/019¢01

2004/ 113272 PCT/ US2004/ 019071 6 P is6a protecting group. Exanpl es of
N-protecting groups suitable in the practice of the invention include

al l'yl, nethoxynethyl, benzyl oxyneth CY3CO (where Y is a hal ogen),

benzyl oxycar Bdaya protaating|growp vé* éﬁ)ﬂf@i'ﬁwmchf@ﬂ PRS- sHitAble 'rb*é'lﬁzyl

Tt Py IESILE M, EBh wﬁﬁde“%ﬂyﬂn%ﬁtq%mﬁﬂyEenaamsw GYg50

net hyl c m@wm a%ald éﬁgttﬁéﬂz?ld)oybaiﬂmyl Qﬂtwb@mlcyloskynﬂi@tﬁwlteﬂrahmwl et hyl

car banat e, - butyl carbamaté Boc"), cyclobuty car banat e,

- met hylquﬂw(@-m@hawl)m lﬁhgénylmtbﬂrm(pe vinyl car barrate al |yl

51 penyPoRRERbpRRRARENE. SondlvRatunhl BRESavtaM e nyt 10
car bamﬁ\%thsﬂcﬂb@ﬁyétaezmmewﬂ?mﬁﬁ cafshrake ﬁzmbwhaﬁmrmetﬁ?rpéabaﬁme

N-protectin rou I ncl ud hyl'car bamat e, 2-tri'nethyl sil
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S- benzyl'carbamate, nore referably t-Boc. 1° To a solution of 35.0 kg
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include metal hydridés, alkyl 1'ithiumand nmetal al koxi des. Pieferred bases
are net eqrbanaie| alfmethylwclobutyl carbamate, adamantyl carbamate, vinyl carbamate,

allyl carbamate, cinnamyl carbamate, 8-quinoly! carbamate, benzyl carbamate, 9-

15 anthrylmethyl carbamate, diphenylmethyl carbamate, S-benzylcarbamate, more

preferably t-Boc.
Step 1:

To a solution of 35.0 kg (131mol) of a compound of formula Il in a suitable
solvent at a temperature ranging from about -20°C to about 70°C, preferably from

20 about 0°C to about 50°C, more preferably from about 20°C to about 30°C, is added
suitable base. Non-limiting examples of suitable bases that can be used include metal
hydrides, alkyl lithium and metal alkoxides. Preferred bases are metal alkoxides. The
metal in either the metal alkoxide or the metal hydride can be sodium, potassium, and
the iike. The alkoxide can contain from 1 to 12 carbon atoms, preferably from 1 to 6

25 carbon atoms, more preferably from 1 to 4 carbon atoms. An example of a preferred
metal alkoxide includes potassium tert-butoxide. Examples of alky! lithium 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.

30  Non-limiting examples of hydrocarbon solvents include pentane, hexane and heptane.
Non-limiting examples of ether solvents include THF, TBME, and disthylether.
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



metal in either the netal al koxide or the netal hydride can be sodi um
potassium and the like. The al koxide can contain from1 to 12 carbon
atons, pr&Q@WHMIB2T¥om 1 to 6 25 carbon atons, nore prefREEHEFIIHPATIL to 4
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1. Stegorplete to provide a compound of formula L.
Step 2:
20 An N-protecting group (P) in a suitable solvent (24.9kg, 131mol} is added to the

compound of formuta Ill from step 1. The N-protecting group can be used generally
from about 0.2 to about 10 molar equivalent with respect to the compound of formula
ill, preferably from about 1 to about 5 molar equivalents, and more preferably from
about 1 to about 1.5 molar equivalents, Non-limiting examples of the suitable soivents
25 that can be used in step 2 include aromatic solvents, hydrocarbon solvents and ether
solvents. Preferred solvents are ether solvents such 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 85°C, preferably from about 0°C to about 45°C, more
30 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:



20 An N-protecting group (P) in a suitable solvent (24.9kg, 131 nol) is
added to the conpound of fornmula Ill fromstep 1. The N-protecting group
can be us®™O YeHEBATAy from about 0.2 to about 10 nol ar BCUUS2D4#90MI t h
respect to the conpound of forrmula 118, preferably fromabout 1 to about 5
nol ar equi val ents, and nore preferably from about 1 to about 1.5 nol ar
equi valents. Non-limting exanples of the suitable solvents 25 that can be
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The r esgbinpoand of Xémiidais agitated for about 6 hours or until the reaction

Is conplete to yield a conpound of fornula V. Step 4: To the conpound of
f or mul aS¥ep dom step 3 in a suitable solvent is slowy added 15 an oxidi zi ng

o, SR e TaSho PR Ban R i el LSOl QoA oBASE O
oxi ¢ zi ap adEnhg ayept ehp4lsie df onftiing the alcohor gtoaipysitfermblase irtocroxi di zi ng
agent aldehyde group. Preferably, one or more catalysts and a base is added prior to the
oxidizing agent. A preferred combination of catalysts, base and oxidizing agent
includes 2,2,6,6-Tetramethyl-1-piperidinyloxy (TEMPO) and a metal bromide each as
catalysts, whergin the metal of the metal bromide can be Na, K, Li and the like,

20 sodium bicarbonate as the base, and sodium hypochlorite as the oxidizing agent. The
oxidizing agent can be used generally from about 0.2 to about 10 moiar equivalents
with respect to the compound of formula V, preferably from about 1 to about 5 molar
equivalents, and more preferably from about 1 to about 1,5 molar equivalents. Non-
limiting examples of suitable solvents include hydrocarbon solvents, ester solvents,

25 aromatic solvents, THF, and 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 &:

30 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, triethyi benzyl
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abolll etroyield g compoypr\efieuiandlc -5C to about 40C, nore preferably from
about 1§§e%g.about 20C. The acetone cyanohydrin can be used generally from
. 0

about 0 “about 10 nolar equivalents with respect to the conpound of
formula VI, pviedse intdryappropriateosoivant aral BMEO iS added to dwpicompennd of and nore

St rr ed e SALAOR o5 A SRAPIE ShAN RBBIOFTBIP aVEBBRLEES disTons ety o
o el s e o IO ROPRAPOS st iy 20
appt®pr isheatedity entempechivde sarsgirg doe abbut2390Ma amautBOLTH, psefefatdpfroapri at e
bases | r.':l loﬂ’? 25° c?osagcgutl\éasggf'mc}geprg ee}géliy?{]ongﬁ aﬁnldtr 80"0 to about 70°C. Hydrogen
peroxide is then slowly added to the reaction mixture to yield a compound of formula
VIIl. Other methods of hydration can be used to convert the compound of formula VII
to the compound of formula VIl such as the use of MnQ,, or an enzyme that catalyzes
20 hydration.
Step 7:
To the compound of formula VIIl from step 6 in a suitable solvent is added an
acid. Non-limiting examples of acids that can be added include inorganic or organic
acids such as ammonium sulfate, ammonium nitrate, ammonium chioride,
25  trifluoroacetic acid (TFA), HoSO4, HCI, H3PQy, citric acid, mesyl chloride,
paratoluenesulfonic acid, paratoluenesulfonic acid pyridinium salt, atkylsulfonic acid,
and the like, or mixtures thereof. Preferred acids include TFA, H.SO,, HCI, and
HsPO4, more preferably TFA or HCI. After the addition of acid, the mixture is heated
to a temperature ranging from about 0°C to about 20°C, preferably from about 20°C {o
30 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 | is the following:



15 is heated to a tenperature rangi ng from about 25C to about 105C,

preferably from about 45C to about 85C, nore preferably from about 60C to
about 70&%&4’8@%7? peroxide is then slowy added to tRCHEROIUAT xt ur e
to yield a compound of fornula WVIII.1%xher methods of hydration can be used
to convert the conpound of formula VII to the conpound of formula VIIIl such
as the use of M4, or an enzyne that cat zes 20 hydration. Step 7: To

t he conpound of fornula VIII fromstep 6 iji'a suitable solvent is added an
acid. Non-limting exanples of acids NHe added i ncl ude inorganic or
organi ¢ acids such as amoni um sul f at e, niumnitrate, ammoni um
chloride, 25 trifluoroacetic acid (T T HR2SO4, HCO, H3PO4, citric acid,
mesyl chloride, paratoluenesulfonic i dyoipar at ol uenesul fonic aci d
pyridiniumsalt, alkylsulfonic acid, and the |ike, or mxtures thereof.

Preferred acil@¢ fpliwingaoreimitingSHAMRLES arriprovisieshin ersies iy fusther disjrateA or

rangi no s BIRERDRebISR Myl e et Snforbbag sl P B i ek S0 bout
70C,  nopgodHigitiohs Plaridtiop arPalterafiénd ® mePrbsofGistidsas, batieth temhout 4

hours or until the reaction is conplete to yield a conpound of formula I or
sal t§ mmriheds and readtion eantliiens, nody be pragtiepdudll sueh reedificatians, yatiaions

Fol | ow AQCATAIAe AR eRska o S i Rkt <Sbae e Plhsat MMenfiad o o

the present invention. It will be apparent to those skilled in the art that
many nodifications, variations and alterations to the present disclosure,
both t o BXAMPLESs, 5 nethods and reaction conditions, may be practiced. All

The spiri 1 apetopndheBatn B BB bE BR0RhEpale B Blud piatfge
stagd, i fre ERAmnpWsTisbi@Rbr evi ations have the stated neanings 10 in the

Exanpl es bel ow.
MHz= Megaheriz

NMR= nuclear magnetic resonance spectroscopy

ml= milliliters
g= grams
15  THF=tetrahydrofuran
TFA= trifluoroacetic acid
TEMPO= 2,2,6,6-Tetramethyl-1-piperidinyloxy
DMSO= dimethylsulfoxide
TBME= {-butyimethyl ether
20 t-Boc= t-butyl carbonate



MHz= Megahertz NVR= nucl ear
g= grams 15 THF= tetrahydrofuran TFA= trifluoroacetic acid TEMPO=
2, 2,6, 6- TIABWAELTZ | - pi peri di nyl oxy DMSO= di met hyl sul fREE/GE0MHNEET1
t- butyI met hyl ether 20 t-Boc= t-butyM carbonate WO 2004/ 113272

nmagneti c resonance spectroscopy nl= mlliliters
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OEt b) HCI/H20 2 CEt

G KHO®B Step 1 111

Oa) KhkBu/ 0 N~ brononethyl cyclobutane H N
11 0 1) LiBH4 (Boc)20 BocHN CEt

2) Crystallization BocHN OH Step 2
BocHN H 1%IBAI ,

liIv HOCN 0 OH NaOCl, KBr, TEMPO

5%(CN BocHN CN St%&4 St ep SVII VI.L CHOH H202/ K2CCO3

BocHN NH2 HC {CRyH2N NH® St ep e i cr Vil
N bromomethyi cyclobutane
Z OEt b) HCV/H,O
¢) KHCO3
C Step 1
[ P
Q 1) LiBH,

10

15

(Boc),0 BocHN ogt 2 Crystallization

Step 2 Step 3

BocHN OH
v
HO CN
NaQC|, KBr, TEMP(Z BocHN H 1% TBAI, 5% KCN BocHN
Step 4 Step 5
Vi

OH OH
NH HCI HCIH,N

Hs04/K,CO5 BocHN NH»

-?te-gs_b o Step 7 ©
Vil I

Step 1.

To a solution of 35.0kg (131mel) 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 mixture 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 settled, 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 lIf.
Step 2:



5 Step 1: To a solution of 35.0kg (131 nol) of (diphenyl nethyl ene) glycine
ethyl ester 11 in 158L of THE at -20C to -30C was added a solution of 17.9
kg (160 n¥O2084/143dT2assi um tert-butoxi de in 158L of THF. BFR/E$20049¢7ddi ti on,
the mixture was warned to -5C to OC #hd agitated for 1 hour, and 1 8L (162
nol ) of (brononethyl)cycl obutane 10 was added. After the addition, the

m xture was further warnmed to 20C to 25C and agitated for 24 hours. After

this period dineiGambingdsyganicdayasiroms stesr 1 4as ¢aneantiatadiin a velumg ok #0has
dded. i | XTI &y it : | &d,qrand

ooy B ERML IO B 5, USRS (A SoERTIE QR 0ar,

conbi ned 3dmbiywmas eddedt AR he atidifiBNVREHavnodureAlvhe warmees, 20°C tor@5°@jueous

| ayer 15 was add 175L of TB an soJ utjon_of 52.5kg of potassium

car bonatag'tﬂ?d%% q’ggur SvRie F".aSl;'/E@ "\f"g’sfh]-t rp#n\@a T tftg'}eeor\ﬂﬁg'cgéy?h‘t"éﬁ %?'SFI VD

m nutkes, ady; e {. t b | 175L
of " Tive oot PREisiRon B ated tFa vBNTE BF 140K AndBS0e 10 BOFCToNeRC,
Step 2: ¥k dArAp3An®PCTfAIBRAOIV.019071 12 The conbi ned organic |ayer from

step 1 was concentrated to a volunme of 140L and cooled to OC to 5C.
Di -tert B8Py di carbonate (75%wt. solution in THF) (24.9kg, 131nol) was

added. After IR Yol I | r; teQ 2 Ltat ed
for 4 hours, %ﬁ@“%@?&%%@%@%@é@w (#ﬁmrggagﬁﬁcq%@)% ag?lgﬂe élvi ab
azeot r ophe cdimpouhtalf formuladddesrh skpe?. The sesudingmixitird was agitatecciooibed t o 30C

Lo SR e et Sab S B, ALy wik Sheneedt 67 B esoune of "
o on ST 580 SRR T O Rt TN o oA 10 o
sol ut i orseprationb ke afuectsiryenwadiejrdctagewitiph 0Splad (TBVE. Thécoofbived er . Af t er
or gan; o TayEF s SaTBRSTER W Riaten ATk oD U sPRdens SEME BHoTGRBRE | n
s or y G DI eBAT REp s U BRYANr afd S blad 8 WS FalioBqioeli ny,
13. Asg dhe heptanengulutich. AAftdrditiration and drying, 13.0kg of the compound of formula V
(43%) was obtained.
1H NMR 400MHz (CDCI3): 8 4.7 (1H), 3.6 (2H), 3.5 (1H), 2.8 (1H), 2.4 (1H), 2.1 (2H),
1.9 (2H), 1.7 (2H), 1.6 (2H), and 1.5 (2H).
Step 4:
20 To a solution of 100.0 g (0.436 mole) of the compound of formula V from step 3
and TEMPO (1.0 g, 6.4 mmole) in ethyl acetate (1.0 L) was added a solution 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
25  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 V1.
Step 5:
To the ethyl acetate layer from step 4 were added tetrabutylammonium iodide
30 (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.



(43% was obtained. 1 H NVR 400MHz (CDCI3): 6 4.7 (1 H), 3.6 (2H), 3.5 (1
H, 228 (1 H, 2.4 (1H, 2.1 (21-1), 1.9 (2H), 1.7 (2H), 1.6 (2H), and 1.5
(9H). St epOR2MYO3TY a solution of 100.0 g (0.436 nole) HCHHRIGHHPGAND of
formula V fromstep 3 and TEMPO (1.01%y, 6.4 mmole) in ethyl acetate (1.0 L)
was added a solution of lithium bromde (3.0 g, 34.5 mmol e) and sodi um

bi carbonate (30 g, 0.357 nole) in water (500 m). The m xture was cooled to
-5 to 5@f9@6*6||@YﬁﬂW%&lmbeB§he%bet3% S@Q%mpbbor@le salutian B3 mbi&)d was added

i nut es CoUETraeid0 yBAd b i dcsfee 38 R b B Aot LA O e
added, tGtep6:he aqueous |ayer was separated to yield an ethyl acetate [layer

contai ning the conmpound of formula VI. Step 5: To the etgé/ acetate | ayer
fromstep 4 %ﬁeeetamb@@ta@tmébapwwwem ﬁtﬁﬂ)i Qwashisplaced yithDMSEE2 @3/ and

pot agsi 5C

acet Wgﬁgﬂéﬂﬁt&ﬁ( g:i&asgl].lnbc%ggh |(§? %;ﬂéféa%ﬁe%%a%%nkigow ﬁ stl rred
for 2 hwre addedn Treagixtare wagnbatem refloe atabealissd @y et reflex,s30%8r ated. WO
2004/ 113272 PCT/ US2004/ 019071 13 Or‘ﬁgianl c layer was then washed with 20%

sodi um dWAmdenrereKride JR0(mb -9 maltt wasoadded pueeqd hoyrssi Ehen e éQ%ﬁﬂpn

et at o RN WM Akl GOIRBUART 800n Kablioh Srhplerioh Bafer 308 T 0V |
via di stwdd addexhat Wtcaaﬂmmamm@mcgﬁ.@cmnamceaem@tmé additioncdhene (700
wer e added. The m xture blt to reflux at about 65(C. At refl ux,

30310y dSER WRs GHRIER 1 Q1 T Coma bererdy mtm@@iu@wswn@m 3s Then the

Comp! et AR, Wefort B35 Trbgormfhabiiy cihat the BB of 8 et TANIRESh0 Mtz
pr eci pi gems)dare 828, hrEH)a&tht {sonH) e (@9 1rH)Xt4L909(dNas= BCHIi eld-l)t 4.00d,d 5 C and

filtere Ive the desi gnat ed as was predom nantly
i thor 1iE6 HA. 6H)S$ denérH) 243 MNR%@@M%(H‘I(Z!@MB% m, §H$,21 £6.(m, 3H), 5. 64
(s 1H)35 4.90 (d, J =8 Hz, 1 H), 4.21 (d, J = 1.76 Hz, 1
' 3. 728 , 237( 1 H), 2.07 (m 2H, 1.86 (m 3H), 1.66 (m 3H),
15 Acetone in the filtrate was removed through vacuum distillation. Ethyl acetate

(1.2 L) was added to extract the product. The ethyl acetate extract was washed in
sequence with water twice and sodium chloride solution. Ethyl acetaie was removed
through vacuum distillation. The rest of ethyl acetate was displaced with n-butyl
acetate through vacuum distillation. The product, PART 2, precipitated from butyl

20 acetate and was collected through filtration. This was predominantly either the RS or
SR isomer. 'H NMR 400 MHz (CDCls): 8 6.87 (s, 1H), 5.78 (s, 1H), 5.19(d, J = 7.6
Hz, 1H), 4.09 (d, J = 2.30 Hz, 1H), 3.72 (m, 1H), 2.36 (m, 1H), 2.08 (m, 2H), 1.88 (m,
3H), 1.88 (m, 3H), 1.45 (s, 9H).

A total of 80 g (67.4%) of the combined PART 1 and PART 2 of the compound

25 of formula VIl was obtained.
Step 7:

To a mixture of 15.0kg (55.1mol) of the compound of formula VIll 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 to 40°C to 50°C and agitated for 4

30 hours. After this period of time, the mixiure 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 I (91%).



1.43 (s, 9H). 15 Acetone in the filtrate was renoved through vacuum
distillation. Ethyl acetate (1.2 L) was added to extract the product. The
et hyl aceW&W0€KB27Act was washed in sequence with wat erPGIWRE04H0740di um
chloride solution. Ethyl acetate was Henoved through vacuumdistillation.
The rest of ethyl acetate was di spl aced with n-butyl acet ate through vacuum
distillation. The product, PART 2, precipitated from but 20 acetate and

was col NENMR ¢60 %DMBQa@ﬁ&lan¢ﬁr%(%3& and - héﬂﬂ) @K“ﬁbr Q1t2HRs or
SR CDCl 3): 6 6.87 1 5.78 , 1 , 5.19 (d,
:I somf ZHj Qh@"lﬁ?‘b ( J = )2.30 Hz, l(ls-i), 3!4)72 (m l(ls-i), 2%6 (m l(H),
2 08 (m 2|'|)lt viill 8% lﬁrﬁﬂersﬁidh that weltidum matilficafiorbcéis beGhide fo thig al  of 80 g
(67.4% of the conbined PART 1 and PART 2 of the conpound 25 of formula
VI wasMhedimaats ang epamplesslisclased heeins Therairep, (H% abRYe Heserplin conpound

Saach aenouid e GRSER & tifiind B Rere? BR'ABpIMBRAOTE afbrefélfed b 201 190,
was heabgatbddiméffs. t ThSdiCsidingdi imghe airewilifanvigiod Yalious smodifi¢ationshwithimetie od of
time, the mxture was cooled to OCto 5C and filtered. The wet cake was

dried t&CQps and@piitiel te claies gpaeaded berale- salt of the conpound of the
formula 1 (91 % . WD 2004/113272 PCT/ US2004/ 019071 14 1 H NWVR 400MHz
(DVBO): b 4.2 and 4.0 (1 H, 3.3 and 3.1 (1 H, 2.4 (1 H, 2.0 (2H, 1.8
(2H), and 1.6 (4H). It will be understood that various nodifications can be
made to the enbodi nents and exanpl es discl osed herein. Therefore, the above
description 5 should not be construed as limting, but nerely as
exenplifications of preferred enbodi nents. Those skilled in the art wll

envi sion various nodifications within the scope and spirit of the clains
appended hereto. WD 2004/113272 PCT/ US2004/ 019071 15 CLAIMS Wat is
clainmed is:



1. A process of making the conpound of fornmula |I conprising: OH H2N NH2 O
I 5 (1) alkylating and deprotecting a conpound of formula Il to yield a
conpound WOXB+HE?72 111: 0 O NLOR H2N OR Step 1 ~ ||| POIYUSRHEYEPHTR
represents an al kyl or substituted al Kyl group; (2) protecting the conpound
of formula Il with protecting group (P) to yield 10 a conpound of fornula
IV: 00 HZNOR Step 2 PHNOR 111 LV sé! reduci ng the corrpound of formul a
IV to yield a conpound of formula V: Step 3 PPHNOH 1 ;)IV 5 (4)
OXIdIZI d of formula V to yield a conmpound of formila VI: PHN
%ét@c@ﬂﬁ%ﬂﬁ? HO CN (5) reacting the conmpound of forrmula VI with
to yi eI 8. a cAnpocess of makmgthermlnapwnd oMol ddapAgingCTI US2004/ 019071 16

5 (1)  alkylating and deprotecting a compound of formula Il to yield a
compound of formula IlI:

N
He OR

Step 1

Y

wherein R represents an alkyl or substituted alkyl group;
(2)  protecting the compound of formula Il with protecting group (P) to yield
10 acompound of formula IV:

O
H.N P-HN
m

{3) reducing the compound of formula IV fo yield a compound of formula V:

O
P'S’J/LOR Step 3 — g\lj/\OH
v v

(4)  oxidizing the compound of formula V to yield a compound of formula VI.

0]
P-HN
v vi :

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

20 formula VII:

15




HOCN Ox OH P-HNH Step 5 ;)I1IVI~11 CN VI (6) hydrating the conmpound of
formula VI1 to yield a conmpound of fornmula WVIII: OHOH P-HN CN Stop 6
7)1*vi || We200411827%2 | and; (7) deprotecting the conpound®@US4AIPHIVI I to
yield the compound of formula |: OH®H P-HN NH2 Step 7 2N NH2 0 O VI I |
or salts thereof. 10 2. The process according to claim1l, wherein a base
and a (hal onethyl)cycl obutane is adgéd 'hln step 1. 3. The process according
to claim?2, wherein said ba&e i s sel a}éa fromthe gr oyR consi sting of

nmet al hydri des, al kyl ,_{ithi m and et | koxi d§§ wherein said netal in 15
sai d netal al koxi de” dr"¥aj tal hydgjge is so il assium 4. The
process according to claim3, wherermsard—tase is pptassiumtert- butoxide.
5. The process accordi tg claim 2, wherein sai ahgmet hyl ) cycl obutane is
(bromonet hyl ) cycl obut . l0 6. The process acco ng to claim2 further
conprising adding an acid selected fromthe group consisting of amoni um
sulfate, anmmyg) Umrg'UthﬂiQQheWUﬁﬁ ofoidiAUI0eN tdivialeta ddphpouritPéiongiuld | C
acid, nmesyl chloride, paratoluenesul fonic acid, ~paratoluenesul fonic acid,
pyri di nMit salt and al kyl sul fonic acid. 7. The process according to claim1,
wherein said protecting grgyp in step 2 is OH

o
5 Vit Vil and:

(7)  deprotecting the compound of formula VIil to yield the compound of

formula I:

OH

P-HN NH, Step 7
0
viti
or salts thereof.
10

2. The process according to claim 1, wherein a base and a

(halomethyl)cyclobutane is added in step 1.

3. The process according to claim 2, wherein said base is selected from the group

consisting of metal hydrides, alkyl lithium and metal alkoxides, wherein said metal in
15 said metal alkoxide or said metal hydride is sodium or potassium.

4. The process according to claim 3, wherein said base is potassium tert-
butoxide.
5. The process according to claim 2, wherein said (halomethyl}cyclobutane is

(bromomethyl)cyclobutane.

20 6. The process according to claim 2 further comprising adding an acid selected
from the group consisting of ammonium sulfate, ammonium nitrate, ammonium
chloride, HS04, HCI, HaPO,, 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

25 selected from the group consisting of allyl, methoxymethyl, benzyloxymethyl, CY>CO
wherein Y is a halogen, benzyloxycarbonyl, trityl, pivaloyloxymethyl, tetrahydrany|,
benzyl, di(p-methoxyphenyl)methyl, triphenylmethyl, (p-



25 selected fromthe group consisting of allyl, nethoxynethyl,
benzyl oxynmet hyl, CY3CO wherein Y is a hal ogen, benzyl oxycarbonyl, trityl,

pi val oyl o¥aPHIAS272t et r ahydranyl, benzyl, di (p- net hoxyHaiy$2Pod1pgt
tri phenyl methyl, (p WO 2004/ 113272 PCY7 US2004/ 019071 17

met hoxyphenyl ) di phenyl net hyl , di phenyl phosphi nyl, benzenesul f enyl,

met hyl carbamate, 2-trinmethylsilylethyl carbamate, 1-methyl-I-phenylethyl
car bamatgthoxyphenyl dishppgimatbyl d yiphosphieyb bengenesulfgivht e, 1

- et hyl . ' |yl
o AR 3, DR s AAED b 82 B Bk OBt
4, 5-di ppeowl cértmmtel(1‘trB@c’*@,rwcldmn;mdarl@mawmtmett%ﬂgmdsusmwmmainat@,ar banat e,
di phenyl net hyl carbamate and 'S-benzyl carbamate. 8. The process according to

cl ai m sadamanyy! gatkaraalss yiryt camgnaatupllyl satbagaate, ginnareyl sagkaBateadcor ding to

ar ot oOHEIEE BribeBhaR, Ao AEMer3 RS- o ite e P o B Ble o R A<t biME ) -
10. Thecarneeests, diphengimsihyccarbamai® andiSbensyicabdniaaduci ng agent is Li BH4.
11. The process according to claiml1, wherein step 4 conprises adding an

oxi di zi Bg agdhe.precessraecqifingdoclaigt 8 whaigin saigh pickacting gedpds HBeai d

o e m 195 ur dRePRERE B e DL Mhbrein P F PR 8RS WMREL RGP
to addi agefbsslecieddicrh Nige gosup coldisting ef RaHc €aH,addAH) avg kthiuphai m 13,

wherein said base is sodium bicarbonate and said catalysts are TEMPO and a
net 4 bbemhyEridadlBw)sai d netal is selected 20 fromthe group consi sting

conmpr sa9: aad e predss RSB B S Ak ith SRk adGICLIBIA TR © o e
cyanohydni n. The.probesacesmdinhgioasaiei ngwhereih sigp 4 2omprisesiandira) gn cyani de

containing catalyst is potassiumcyanide or sodiumcyanide. 25 17. The
pr ocess OXti@Rr@REENt 0 cl ai m 15, wherein said phase transfer catalyst is

b e e AN AR T M
ammfil umypochlorite.

13.  The process according to claim 11 further comprising adding one or more

catalysts and a base prior to adding said oxidizing agent.

14.  The process according to claim 13, wherein said base is sodium bicarbonate

and said catalysts are TEMPO and a metal bromide wherein said metal is selected

20 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.

25 17. The process according to claim 15, wherein said phase transfer catalyst is
selected from the group consisting of tetrabutylammonium iodide, tetrabutyl
ammonium bromide, methy! tricaprylyt ammonium chloride, triethyl benzyl ammonium
chloride, tetrabutyl ammonium hydrogen sulfate, methy! tributyl ammonium chloride,
tetraphenyl phosphonium bromide, tetrabutyl phosphonium bromide, PEG-500

30 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.



chl oride, tetrabutyl ammoni um hydrogen sulfate, nmethyl tributyl anmonium -
chloride, _ tetraphenyl phosphoni um brom de, tetrabutyl phosphoni um brom de,
PEG 500 30YQ2MRHKH2 et her, butyl diglynme, and di benzo- 18PE€FESROE0199Y. The
process according to claim 1, whereinl8tep 6 conprises adding a hydration
catal yst and hydrogen peroxide. WO 2004/113272 PCT/ US2004/ 019071 18 19. The
process according to claim 18, wherein said hydration catalyst is DVSO or
M04. 209. Thdhgriieesss arasseinioig Alyme1d,i \thr,elrm@lﬂéwr@wpcataé@hﬁ PMSO adi ng
an aci dM@I ected fromthe group consisting of anmmoni um sul fate, anmoni um
nitrate, ‘“mmoni um chl oride, trifluoroacetic acid, H2SO4, HCl, H3PO4,

citric aold, Tmeprbcesthacudrding tpatiaitt LWehesin Etwp T cegiptisepaidaing areaerul f oni c
acid pyridiniumsalt and al kyl sulfonic acid. 21. The process according to
cl ai m 1selgstadiramdbmasowa congigting ehammenigm siyl#tecameianiemddirétenavi ng t he

fol | owi g SbAt! drBiiaSHinbBRANRe B %,st)! HCRH oS AR Ak Shebyle formil a:

Boc
chioride, paratoluenesulfonic acid, paratoluenesuifonic acid pyridinium salt and

alkylsulfonic acid.
21.  The process according to claim 1, wherein compound 1 instep2is a

hydrochloride salt having the following structure:
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o
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22. A compound of the formula:



