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process and internediates for the preparation of 3-

(am no) - 3-cycl obut yl et hyl - 2- hydr PHgripy Applicatiode or sal ts ther eof
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whi ch are each incorporated herein by reference. The corrpound of
formula | is a key internedi ate prgd dffthé hevehtepar ati on of the
hepatitis C virus ("HCV') protease 1nhibitor

R 2S, 5S) - 3- az&bisdpeeoia) neleqelsetsaeth@moceﬁérm@(hgra@diﬂe[ﬂ%m%ﬁqparaﬁon of 3-

ai ot hy! GHDP SR E R ER RO Bl Se G sty e Pavipo e

hyl havi fiflowvirey stradtuesvfogmsta Dcture: H3C CH3 V. O H NH2 | N

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
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,25,55)-3-azabicyclo[3,1,0]hexane-2-
carboxamide, N-[3-amino-1-(cyclobutylmethyl}-2,3-dioxopropyl}-3-[(25)-2-][{1,1-
dimethylethyl)amino]carbonylamine]-3,3-dimethyl-1-oxobutyl]-6,6-dimethyl having the

following structure:



NO I~OHNYN_O OZzZ 2 The conpound of formula Z disclosed in
t he above-noted patent applications is 2;Jseful for treating hepatitis
C and rel ated disorders. Specifically, The conmpound of formula Zis
an inhibitor of the HCV NS3/NS4a serine protease. There renmins a
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Summary of the Invention

In one embodiment, the present application relates to a process of making a

compound of formula I:

r""'-\.

OH
HN NH,

0

or salts thereof.

The invention also relates to certain intermediate compounds that are made
within the process of making the compound of formula 1.

The process of making the compound of formula | comprises:

(1)  alkylating and deprotecting a compound of formula I to vield a
compound of formula HI;

Step 1

O " 1l

wherein R represents an alkyl group or substituted alkyl group;

(2)  protecting the compound of formula I with protecting group (P) to yield

a compound of formula 1V:
O 0
Step 2 P-HN oR

OR _ s

HaN

i o

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



(2) protecting the conpound of formula IIl with protecting group (P)
to yield a conpound of formula IV: OQ HZN OR Step 2 P-FiINOR A,
IV (3) reducing the conpound of fornul&@ 1V to yield a conpound of
formula V: 3 OP-HNOR Step 3 P-HN OH 1V (4) oxidizing the conpound
of formula Vto yield a coppound of formula VI: C PHN OH Step 4 P-H
HwWwt HOCN(5) reac iI_P\P t je conpound of forrmula VI_with to yield a
conmpound of formula VI ﬁNOX@’J’PF‘INHStep 5 PPN

hydrating the conpound off formula VIT to yield a conpound of fornula
VITI: OHOH P-HNCN/Step 6 P-HN NH2 VI VI and; 'deprotecting
t he conpound of forrru Wil to yield the corrpound or nmul. a |
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process to ma he co und of “fornmula | has severa vantages:
is nore swtable f or nggllNe u for manuf acture, and it |sOrmre cost

Step 4 P-HN H '

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

{ formula VIL

HO CN

O
P-HN
H Step 5
Vi

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

Viil:
OH
vil Vil
) (7)  deprotecting the compound of formula VIl to yield the compound of
formula I:

Step 7
VIII

or salts thereof.

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
effective.



effective. 4 Description of the Invention As used above, and

t hroughout the specification, the followi ng terns, unless otherw se

I ndi cated, shall be understood to have 4 he fol | owi ng meani ngs:
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or bromo, and more preferred are fluoro and chloro.

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

"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously

; described. Non-limiting examples of suitable alkoxy groups include methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy and heptoxy. The bond to the parent moiety is
through the ether oxygen.

"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-propylthic 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 1o encompass a product

comprising the specified ingredients in the specified amounts, as well as any product



The term "optionally substituted® neans optional substitution with
the specified groups, radicals or noieties. As used herein, the term
"conposition" is intended to enconpass®a product conprising the
specified ingredients in the specified anounts, as well as any
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( In one embodiment, the present invention relates to a process for preparing the

compound of formula L. The inventive process is schematically described in Scheme |

below:
Scheme i
O O
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Step 4 5 H Step 5 CN
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Step 6 PHN NHz Step 7 HoN NH,
O O
VIl |

or salts thereoi.

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



VIl OHCOH Step 6 PHN NH2 Step 7 HZN NH2 OWVIII | r 1 or salts
thereof. R represents an al kyl or substituted al kyl group.
Non-limting exanples of alkyl groups bare (Cl-C12)al kyl,

(Cil-Co)al kyl, and (Cl-C3)alkyl. 6 P is a protecting group. Exanples
of N—protect| ctice,.of the inv
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carbamat e, vinyl carbamate, carbamate, cinnanyl carbanate,
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allyl carbamate, cinnamyl carbamate, 8-quinolyl carbamate, benzyl carbamate, 9-
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
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 like. The alkoxide can contain from 1 to 12 carbon atoms, preferably from 1 to 6
carbon atoms, more preferably from 1 fo 4 carbon atoms. An example of a preferred
metal alkoxide includes potassium tert-butoxide. Examples of alky! lithium bases
include lithium diethylpropylamide and butyl {ithium. 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 exampies 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



about OC to about 50C, nore preferably from about 20C to about 30C,

I s added suitable base. Non-limting exanpl es of suitable bases that
can be used include netal hydrides, alkyl I|ithium and netal
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added i nidrigiRte 10O gdg,pnwmfg %E&g"such as ammoni um sul f at e,

ori
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pyri dini um SaAr% N-S#o‘%ct%nugl fgroorﬂxlpC F"j‘ er"fg:t suaﬁ%le sglventk&zl 9(1{ q13 tmuc‘gl ) is added to the
compound of formula 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
itl, preferably from about 1 to about 5 molar equivalents, and more preferably from
about 1 to about 1.5 moiar equivalents. Non-limiting examples of the suitable solvenis
that can be used in step 2 include aromatic solvents, hydrocarbon solvents and ether
solvents. Preferred solvents are ether soivents such as THF, TBME, and disthylether,
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:



thereof. Preferred acids are inorganic acids such as H2SO4, HC , and
H3PO4, preferably HCL. The resulting m xture was agitated for 2
hours or until the reaction is conpletde to provide a conpound of
formula I'll. Step 2: An N-protecting group (P) in a suitable sol vent
I s added to the conpound of fornmula om ste
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or until the reaction is conplete to yield a conpound of formula V.
oxidizing agent. A preferred combination of catalysts, base and oxidizing agent
includes 2,2,6,6-Tetramethyl-1-piperidinyloxy (TEMPQO) and a metal bromide each as
catalysts, wherein the metal of the metal bromide can be Na, K, Li and the like,
sodium bicarbonate as the base, and sodium hypochiorite as the oxidizing agent. The
oxidizing agent can be used generally from about 0.2 to about 10 molar 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,
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 minuies or until the reaction is complete to yield a
compound of formula VI,
Step &:

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

tetrabutyl ammonium bromide, methy! tricapryl ammonium chioride, triethyl benzyl



Step 4: To the conpound of fornmula V fromstep 3 in a suitable

solvent is slowy added an oxidizing caj‘)x‘;ent capabl e of oxidizing the
al cohol group of fornmula V into an ehyde group. Preferably, one
or nore catalysts and a base is added prior to the oxidizing agent.
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hydration.
Step 7:

To the compound of formula VIl 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 suifate, ammonium nitrate, ammonium chloride,
trifluocroacetic acid (TFA), HoSO,4, HCI, HsPQy, ciiric acid, mesyl chloride,
paratoluenesulfonic acid, paratoluenesulfonic acid pyridinium sakl, alkylsulfonic acid,
and the like, or mixiures thereof. Preferred acids include TFA, H.SO,, HCI, and
HsPO4, more preferably TEA or HCIl. After the addition of acid, the mixiure 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 agttated for about 4
hours or until the reaction is complete to yield a compound of formula I or salts
thereof, A preferred salt of the compound of formula I is the following:



equi valents. The m xture is stirred for about 2 hours or until the
reaction is conplete to yield a conmpound of formula VII. Step 6: A
base in an appropriate solvent and DMs® i s added to the conpound of
formula VIl fromstep 5. An exanple of an appropriate sol vent
includes acetone. Non- limting Exanples of.appropriate bases include
KCO3 or NaCO3. The reaction m xture i fed {0 a tenperature

rangi ng from about 25C to about 105C, : ap bEfrom about 45C to
about 85C, nore preferably from about 60C tocbout 70C. Hydrogen
peroxide is then slowy added to the yéaction mxture to yield a
conpound of forrmula VIII. Oher nethods aficihydrati on can be used to

convert \he CEMBR, Bl 5 MRk S S ATRAE TN e
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is added an acid. Non-limting exanples of acids that can be added

i ncl ude mqurf@ahbﬁsorartﬁt@amacﬂd @ltﬂrahommwth@saraaﬁmrﬂha@losuta dol o materials,

anmoni u i te, ,a ium.chloride ri Qr,0 FA
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acid, pagsd alieeniendldremmiended do Byrwithinithenspint bind ackpe Bikihe @re?seaﬁurwennon
and the li ke, or mxtures thereof. Preferred acids 1nclude TFA

H2SO4, HC, and H3PO4i nore preferably TFA or HCl. After the

additio the mxture is heated to a tenperature ranging

from abnER ll‘ésabout 90C, preferably from about 20C to about 70C
nore pref er abUylebs wthatvdse st} ihedbowingedaadatigns hted thestaibdmeahings
hours or the r tion is conplete to yield a conpound of

fornul a 'FL{E gg(gm@es?ﬁa Veof . A preferred salt of the conmpound of

forml a fH-s 1B8ah@iy oW ng: 10 OH HZN NHZ O HCl 1 The fol |l ow ng

non-limting MPLES are provided in order to further illustrate
NMR= nuclear magnetic resonance spectroscopy

mL= milliliters

g=grams -

THF= tetranydrofuran

TFA= trifluoroacetic acid

TEMPO= 2,2,8,8-Tetramethyi-1-piperidinyloxy
DMSO= dimethylsulfoxide

TBME= t-butylmethyl ether

t-Boc=t-butyl carbonate



the present invention. It will be apparent to those skilled in the
art that many nodifications, variations and alterations to the
present disclosure, both to materials, 11 et hods and reaction
conditions, nay be practiced. Al such nodifications, variations and
alterations are intended to be Wthirgt!he sgirit and scope of the
present invention EXAMPLES Unl ess ot stated, the follow ng
abbrevi ati ons have the stated rrea in the Exarrpl es bel ow. MHz=
Megahertz NVR= H@ roscopy m= ©

et i c r
mlliliters g= : { Erahytq I/‘ﬁg #ﬁ’ﬂ}an?rlfluor e cid
ot hyl - |pe oxy DMBO= di met hyl dul fo%i de
ther t-Boc="'t¢ 11 me | 0 a)

TEMPO= 2,2,6,6-Tetra
v cyclobutane HN Ot b) HCO/HO CFlt / ¢)
I 1 z

TBME= t - butyl nmet hyl
K& Bu/ 0O N~ brono

KHCO8 Step 1 111 UBH4 (600) SFPBOCHN OEt 2) Crystal I'i zati on
BocHN\rOH Step 2 Step 311 1~~~I11 V IV
o 1) LiBH,
(Boc),0 BocHN ogt  2) Crystallization BocHN ou
———————
Step 2 Step 3 v
v
HO CN
( O
NaOCl, KBr, TEMpO ~ BocHN H 1% TBAL 5% KCN BocHN oN
Step 4 Step 5
Vi
OH
Ho05/KC05 BocHN NH; 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 (bromomethyljcyclobutane
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 minuies, settled, and separated. The
aqueous layer was extracted with 175L of TBME to yieid an organic layer containing
the compound of formula Il
Step 2:



HO CN 0 OH NaOCl, KBr, TEMPO BoCHN H 1 % TBAI, 5% KCN BoCHN CN Step
4 Step 5 VI cr VI OH OH H202/K2CG8 BOQHN NH2 HGO HC - H2N NH2  Step
6 0 Step 7 2 10 VIII Step 1: Toasolution of 35.0kg (131 nol) of

(di phenyl net hyl ene) gl yci ne ethyl est er in 158L of THE at -20C to

-30C was addedip c%ﬂhHHe%r%EnHa?erkﬁ% 'T%és @d‘)n%é?ﬁFaQéé k& Blvolume of 140L

tert-butoxide in 158L of E After e addition e m xture was
war ned t end-®oledinl G 55Gi tRitted-Hwyldicanengte ART%18L spla@nnolTHDY (24.9Kg,

e For tHer gy ed B0 A s G e ublUf PEP et o ST
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was added. The resultlng m xture was agitated for 2 hours

sett| ed, aapetropisslistiledian, cprpaiaied jea V@ﬁﬁ“%@éﬁé@‘-mﬁim% csmled t@ﬁ@@t@r35°0
Aqueous [ shed with 280L of TBME tw ce.
After wascﬁ}é/@d; %ﬁ‘ﬁ@pégﬁgé’ﬁ&f@%rwms added 175L of TBME and a
sol uti onSpép 32. 5kg of pot assi um car bonate i n 105L of vvater The

resulting mxture was agjtated for 30 ttI an
Copar ot od. " Thé Selulies ef firkabor il Banidn (2onh heikon 3 Tam wes added o
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2. 12 T e conbi ned organic | ayer om ste concentrated to a
voI une ohomm&néndoleddbe‘rb"ﬂo’to(ED"Co B rGEaGtIDerWa$)quyhmembbaddttl@n(dfﬁm

Badi £1 onSOEran i it Gac iy Psertig oSS in,frAIF bR Ater
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azeotropic disti ilation, concentrated to a volune of 140L, and cool ed

t o 30C t eremsae layers were washed with water and sodium chloride solution. TBME in organic
layer was displaced with heptane via distillation and the product was crystallized from
the heptane solution. After filtration and drying, 13.0kg of the compound of formuia V
{(43%) was obtained.
1H NMR 400MHz (CDCI3): 6 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 {9H).
Siep 4:

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

- stirred for 30 minutes. Upon reaction completion, sodium thiosulfate (20g, 80.6
mmoie) was added, then the aqueous layer was separated to yield an ethyl acetate
layer containing the compound of formula 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 mixiure was

stirred for 2 hours. Upon reaction completion, the aqueous layer was separated.



to yield the conpound of formula IV. Step 3: A solution of lithium
borohydride in THE (2. OM (58.5kg, 131 nol) was added to the
conpound of forrmula IV fromstep 2. Thé& resul ti ng m xture was
agitated for 6 hours and cooled to 15C to 20C. The reacti on was

hosphat £1oaT i Pagddh vaRnd AR e b B QBT GEE"
ext r act egomédritral08 ko gield BMEthyihetaeiapaccornapiy thed @rapsune beiomsneyll,

with water and sodium chloride solution. TBME in organic |ayer was
di spl acedt&® €n heptane via distillation and the product was
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ey il 26 Tl A1 B4 Mgy LB Sl kBT NS oo
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step 3 ﬁ;ﬂﬂo?r‘igwpr@oréﬁiﬂ%t(g 006 o5 ﬁ]blé)ﬂrv%st gdb%ﬁﬁgém eils.ngén‘f@é reaction

added a sol utio hi'um 'brom de (3. and sodi um
bi car bonaibdLu(eSvag,stioresbat nafiLie fori $hwatse rU @0 oeaation. corhplefiort waieryags ml)

led to -5 5C. i umh hl ori.t | Ut 59% (1,97, 3.0,
00036 Ve AR AR h dieuSTork Fu RelRRRity g e adifhy, The

m xture wagureivascedlddio € b BUDRSNJ fiRQRdredfid Bid SRMRLEe8na3edhym

thiosulfate (20g  80.6 mple) was added, then the aquequs |ayer was
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(4.0 g, B¥BHnNHR)E.72 (watlel), 2.37 (m,)1.H)AR.071HE; 219), 2585 (im¢ 8HONEE6 (m, 3H),
cyanohydrin g51 g, 0.599 nole) was added. The m xture was stirred
for 2 holfs.( U%H reaction conpl etion, the agueous |ayer was

P Fon 38 SRR L AR SO RRIAL A ASOST EP) pb e
cont ai ni (iR thevasomtachtd eftrdatiebeodudt. The ethyl acetate extract was washed in
sequence with water twice and sodium chloride solution. Ethyl acetate 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
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), 519 (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), 1.68 (m, 3H), 1.45 (s, 9H).

A total of 80 g (67.4%) of the combined PART 1 and PART 2 of the 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 HCl in isopropyl
alcohol. After the addition, the mixture was heated to 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%).



Step 6: The ethyl acetate in the organic layer in step 5 was

di spl aced with DVMSO (250 ml) via distiflation. Potassium carbonate

(40 g, 0.289 nole) and acetone (700 n1; wer e added. The m xture was

heated to reflux at about 65 C. At reflux, 30% hydrogen peroxide

(100 m , 4. \MR IDOOHMEFBEACE 40 8hd 4.0 ackien), 2.0

m xture was stirred at re?gﬁngor 3 ouggq?E%%%ﬁ?éggﬁ?%ﬁ coép % é2HL

wat er (806 (BH), andsl.adddy at 35C to 45 C. The product preC|p|tated

during the addit. €. Was co l.ed..to OC
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L) was asidped dind epirit af thd blaims adpehded hergtbhyl acet ate extract was
washed in sequence with water tw ce and sodi um chl oride sol ution.

Et hyl acetate was renoved through vacuumdistillation. The rest of
ethyl acetate was displaced with n-butyl acetate through vacuum
distillation. The product, PART 2, precipitated frombutyl acetate
and was collected through filtration. This was predom nantly either
the RS or SR isoner. "H NWR 400 Mz (CDCI3): 6 6.87 (s, 1H), 5.78
(s, 1H), 5.19 (d, J =7.6 Hz, 1 H, 4.09 (d, J =2.30 Hz, 1 H), 3.72
( 1H, 2236 (m 1 H, 2208 (m 2H, 1.88 (m 3H), 1.68 (m 3H),
1.45 (s, 9H). A total of 80 g (67.4% of the conbined PART 1 and PART
2 of the conpound of fornmula VIII was obtained. Step 7: To a m xture
of 15.0kg (55.1 nol) of the conpound of fornmula VIII fromstep 6 in
135L of isopropyl alcohol at 20C to 25C was added 30L of 5-6N HCl in
i sopropyl alcohol. After the addition, the m xture was heated to 40C
to 50C and agitated for 4 hours. After this period of tine, the

m xture was cooled to OCto 5C and filtered. The wet cake was dried
to give 10.9 kg of the hydrochloride salt of the conpound of the
formula 1 (91 %.



14 1 H NWR 400MHz (DVMBO): 6 4.2 and 4.0 (1 H), 3.3 and 3.1 (1 H),
2.4 (1 H, 2.0 (24, 1.8 (2H), and 1.6 (4H). It will be understood
that various nodifications can be made to the enbodinents and
exanpl es di scl osed herein. Therefore, {She above description should
not be construed as limting, but nerely as exenplifications of
preferred enbodinments. Those skilled in the art will envision

vari ous nodi Wigatd oasnwiidiin the scope and spirit of the clains

appended her gt q. : i al S s ion mxture
precipitate %?%&ffﬁcﬁ%@%?&ﬁﬂm %Rg&% enant i omer of

For nul a w1 PO RS RS ) (R) O Fornula VII|
SS HO BocHN, (s) NHZ (s) O wherein the precipitate is prepared by
a process conprising: (a) providing a reaction mxture by treating a

DVSO solu tion of the corrp(ﬂ,bnd of VI, VII FomBadHNRRN,

BocHN NH;
®
®)

Formula VIII SS

fany
e

BOCH:N[J," A NHz
)

o=
“

wherein the precipitate is prepared by a process comprising;:
(a) providing a reaction mixture by treating a DMSO solu-
tion of the compound of VII,

VII
HO

BocHN CN,

with a base in a suitable solvent and subsequently reacting it
with peroxide; and
(b) precipitating the compounds of VIII RR and SS by
adding an anti-solvent to the reaction mixture provided
by step “a”.



O with a base in a suitable solvent and subsequently reacting it
wi th peroxide; and (b) precipitating the conpounds of VIII

by

a".
prising: a)

Vi

RR and SS

addi ng an anti-solvent to the reaction m xture provided by step

VI |

16 2. The precipitate of claim 1160repared by the process com
reacting the conmpound of formula VI with HOXCN
a conmpound of forrmula VII:

to yield

O HO CN OH Boc-HN X Boc-HN HCN, Step 5

b) hydrating the conpound of forrmula VIl in a reaction

m xture conpri si2ng & PrefPpaicatialging b prenared by {iepigcsss e¥Rpound of
formula VIII1: mo8inBoc-HN CN Step 6 VII OH Boc-HN NHZ O and; VI

17

a) reacting the compound of formula VI with

HO CN

P

to yield a compound of formula VII:

o HO CN

Boc-HIN )4 Boc-HN

Step 5

OH

VI VII

b) hydrating the compound of formula VII in a reaction

mixture comprising a low polarity solvent to yield a
compound of formula VIII;

OH
Boc-HN

CN
Step 6
E—

vII
OH

Boc-HN NH;

VIII




c) precipitating the RR and SS enanti onmer of the com pound of Fornul a

VIIl by adding water to the reaction mxture fromstep "b". 3. A
reaction mxture precipitate conprising predom - nantly the RS and SR
enantiomer of Formula VIII; 1-10 Boc NHZ (S) 0 7 Ho BocHN,, NHZ

(S) 0 Formula VIl RS Formula VIl SR wherein the precipitate is
prepared by a process conprising: (a) separating the precipitate

formed in St . : i t t Jiquid by
filtration; ?E)prgg(lp ﬁé‘é@éﬁ%&lﬁ% %%ﬁp%u%%slﬁ}g)?ﬁ%&w 3¢ / ql RS and VI I
SR i nto et hyl apewad &f Hosmuds ¥alldey addingevatenjo seeregctionn t he extract

formed in StepmixfireWdh shePely| acetate to forma butyl acetate
solution conprising_ predom nantly conpounds of Formula VIII RS and

VIl SR and3(d) 1speldonimgtineg prémpidaiepeempssog pradostinds of Fornul a
VT RS andiaiih ihSRS ssRhénBitforheraset sl §/Teki on provided in Step
n C"_ :

HO
BocHN ; NH,
®
®
O
HO
BocHN U, A NH,
®
0

Formula VIII RS Formula VIII SR
wherein the precipitate is prepared by a process comprising:

(a) separating the precipitate formed in Step “b” of ¢laim 1
from the supernatant liquid by filtration;

(b) extracting the compounds of Formula VIII RS and VIII
SR into ethylacetate;

(c) displacing the ethylacetate in the extract formed in Step
“b” with n-butylacetate to form a butyl acetate solution
comprising predominantly compounds of Formula VIII
RS and VIII SR; and

(d) precipitating the compounds of compounds of Formula

VIII RS and VIII SR from the butyl acetate solution
provided in Step “c”.



