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Background of the Invention

Identification of any publication in this section or any section of this
appiication is not an admission that such publication is prior art to the present
invention.

The compound 3-Amino-3-cyclobutylmethyl-2-hydroxypropionamide

has the structure of Formula I
OH

MNHQ
NH, O

The compound of Formula | is a key intermediate used in the
preparation of the hepatitis C virus ("HCV") protease inhibitor (1A,28,55)-3-
azabicyciof3,1,0]hexane-2-carboxamide, N-[3-amino-1-(cyclobutytmethyl)-2,3-
dioxopropyl]-3-{(28)-2-{[[1,1-dimethylethyl)amino]carbonylaminoi-3,3-
dimethyl-1-oxobutyl}-6,6-dimethyl having the following structure:

/v Formula Z



The conmpound of Formula Z is useful for treating hepatitis C and
rel ated disorders. Specifically, the compound of Formula Z is an

i nhi bitor W 2&@}38%%\/ NS3/ NS4a seri ne protease. Pr 98?@@%3/&@?28
AR o) ornmula |

preparing the conpound of Fornula Z, using the conpound
or salts thereof are described in each of U S. Patent No. 7,012, 066

and U S. Pa t; | i ' e

her eby inco?@%%%ﬁgguiduﬁf‘eorﬁ@%mgE?/@fpgpfaﬁg%@ ﬁéﬁa?’“gséém Eatgérju No.
6, 992, 220 (tieorieraf Spacifidaiy, thd 20mpated ! Foresia Z iben inhibitarad sise HOV
preparing the conpound of Fornula | and salts thereof. The process of
maki ng t he Usaﬂﬁmsqmwamaw and various salts thereof described
in the '220 patent is presented in Schene A below SCHEME A Step (1)
al kyl ati ng and deprotecting a conpound of Fornula Il to yield a

conpound of For npigReddds: for preParifily the Rbound of Formula Z, using the
compound of Formula 1 or salts thereof are described in each of U.S. Patent
No. 7,012,066 and U.S. Patent No. 7,244,721, the entire contents of which are
hereby incorporated fully herein by reference.

U.S. Patent No. 6,992,220 (hereinafter “the ‘220 patent”) describes a
process for preparing the compound of Formula | and salts thereof. The
process of making the compound of Formula | and various salts thereof
describad in the ‘220 patent is presented in Scheme A, below.

SCHEME A

Step (1) alkylating and deprotecting a compound of Formula li to yield a
compound of Formula i

Step 1

O

wherein R represents an alkyl group or substituted alkyl group;



Step 1 wherein R represents an al kyl group or substituted al kyl
group; Step (2) protecting the conpound of Formula Il with

protecti ngﬁgrzgdé odeB) to yield a conpound of Fornula 'VE'CWS@E'?’R&]@) v

reduci ng ound of Formula IV to yield a conpoun

Step (2) protecting the compound of Formula Il with protecting group (P) fo
yield a compound of Formuta IV:

O

0
P-HN
?)koﬁ Step 2 OR
]l v :

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

0
ng)koﬁ Step 3 N FZ;/\OH
v v

Step (4) oxidizing the compound of Formula V to yield a compound of

.
¥

Formula Vi:
8]
P-HN
J\OH Stop 4 ) P-HN ’
v Y :
HO CN

Step (8} reacting the compound of Formula VI with )Q to yield a
compound of Formula VIi:



O OR Step 3 OHifit'V Step (4) oxidizing the conpound of
Formula V to yield a conpound of Formula VI:

WO 2009/085858 PCT/US2008/087228
HO CN
0 OH
P-HN P-HN
H Step 5 CN
vi Vil

Step (6} hydrating the compound of Formula VIl to yield a compound of
Formula VIi:

OH OH

P-HN oN Step 6 P-HN NH,

0

vii VIl and;

Step (7) deprotecting the compound of Formula VIt to yield the compound

of Formulal:
OH OH
P-HN NH2 Step 7 H2N NHg
———
O 0
vill |

The process described in the ‘220 patent provides relatively low yields
of the product of Formula [ from the various intermediates described therein.
For example, as described in the example presented in the 220 patent, steps
4t0 7, the process of the 220 patent provides about a 67% solution vield of
the compound of the Formufa | based on the amount of the compound of
Formula V employed, where the protecting group "P" is tert-butoxycarbonyl
(Bog).

Moreover, one step of the process of the '220 patent, the step in which
the compound of Formula Vi is formed, the process of the 220 patent
employs metal cyanide, for example, potassium cyanide, which is a toxicity
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OHP-HN Step 4 HO CM Step (5) reacting the conpound of Fornula Vi
withto yield a conmpound of Formula VII: Step (6) hydrating the

conpound %0%869%;8% VIl to yield a conpound of For mul ap¥lrstieOS/987zzs

hazard. In addition, in the formation of the compound of Formula Vi, the
process of the '220 patent includes an aqueous workup step which yieids an
aqueous cyanide-bearing waste stream. Accordingly, in the example Step 5
of the "220 patent, a tetrabutylammonium iodide phase transfer catalyst is
employed along with agueous potassium cyanide to facilitate reaction
between acetone cyanohydrin and the compound of Formula VI dissolved in
ethyl acetate. When the reaction between the compound of Formula Vi and
acetone cyanohydrin is completed, the aqueous layer is separated and the
organic layer thus obtained is worked-up by washing with a 20% sodium
chloride solution and then concentrated to yield an ethyl acetate layer
containing the Boc compound of the Formuia VII.

When the process of the '220 patent was scaled to a batch size
suitable for the preparation of commercial quantities of the compound of
Formula |, a 67.4% of the compound of Formula VIli, based on the amount of
the compound of Formula V employed, was obtained. Without wanting to be
bound by theory, it is believed a significant portion of the yield losses
observed are due to decomposition of the Formula VIl during the required
aqueous workup at the end of the acetone cyanohydrin reaction. 1t is also
believed that a high impurity profile in the compound of the Formula Vili
prepared in accordance with the process of the 220 patent is due to
decompaosition of the compound of Formula VIi during workup, which
necessitated multiple sfurry steps to obtain a suitably pure product when the
process was run on a commercial scale.

Objectives And Summary
in view of the foregoing, what is needed is a process for preparing the

compound of Formula | which eliminates the need for workers to handie solid
metal cyanide, and in addition minimizes decomposition of the intermediate
compound of Formula VIl in the reaction mixture during processing. Moreover,
what is needed is a process which reduces or eliminates the amount of
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Step (7) deprotecting the conpound of Forrmula VIII to yield the
conpound of Fornmul a!: The process described in the '220
patent praqvides relatlvely | ow yi el ds of the product o

fromthe Jﬁb PY99%P er medi at es described therein. For EQEﬁ%ﬂﬁgﬁﬁg“
described in the exanple presented in the '220 patent, steps 4 to 7,
t he process of ' 220 patent proyjdes about 67% sol t|on d of
t he corrpounﬁyméq -Rearg westa QenS%g%‘% rb‘ﬁetﬂﬁ%c% regyer; ¥ a@%ﬁﬁé@‘?&i's’of
Formul a V e

tert - but oxy é’e%g Wé@vmg the 8@5@@%%@@?&%*%[) 0 H@?ert eeldspr ocess of
the ' 220 patent the step |n whi ch the conmpound of Forrmula VIl is
formed, the process of the '220 patent enploys netal cyanide, for
exanpl e, potassium cy‘étmseeandvatheme%isare metchyttbe progeas af therpresentt i on,
in the formatio conmpound. of For the roce

520 pat ent MVRGHGTIHGICH GG AARECHE AR eLbSe R MAPcPeNgS iR Seas
cyanide-beap g waste stream Accordingly, in the exanple Step 5 of
the '220 patent, a tetrabutyl ammoni umiodi de phase transfer catal yst
is enpl oyed along W th aqueous potassiumcyanide to facilitate
reaction between acetone cyanohydrin and the conpound of Fornula Vi

di ssolved in ethyl acetate. Wen the reacti on between the conpound of
Forrmula VI and acetone cyanohydrin is conpl eted, the agueous |ayer is
separated and the organic |layer thus obtained is worked-up by washing
with a 20% sodi um chl ori de solution and then concentrated to yield an
ethyl acetate |ayer containing the Boc conpound of the Formula VII.
When the process of the '220 patent was scaled to a batch size
suitable for the preparation of co rcial, quantities of the conmpound
of Formula I, a 67.4% of the conpou hemed, il a VII1, based on the
anount of the conpound of Fornula V enpl oyed, was obtained. Wthout
wanting to be bound by theory, it is believed a significant portion
of the yield | osses obseryed are due [to deco sitipn of the Formul a
VIl during the required a?ueOUﬁawmwkup at thetfend of the acetone
cyanohydrin reacti on aIgb(pelieZi?P14FA\dN hi gh inmpurity
profile in the co ‘B ndN(})_é t he _For mul|a repar efl i Peraxideor dance
with the process of th 20 pq&@gﬁ S duefN deconposi tion~of the
conpound of Formul a VI duyyi ng ug, mhlch negessitated nultiple
slurry steps to obtain a suitably purle product whenfthe process was
run on a conmercial scale. Obiectives And Sunmary I n view of
the foregoing, what is needed is a process for preparing the conpound
of Formula | which elim nat the need for workers to handle solid
nmetal cyanide, and in additfon m nim zes deconpositid%*of t he

i nternmedi ate conpoun PNE2 v ldeprotedting r eact .. Xl e duri ng
processi ng. Moreover needed_Ls,a_pLOoEE' i cll reduces or
elimnates the amount of f5§a i dgpibeari ng wast €  genlifaPed, i n the
process. Moreover, what I's needed is a process which prov‘des t he
conmpound of Forrmula | in higher yields.

the process comprising:

(i) reacting acetone cyanohydrin with a solution comprising the
compound of Formual VI and a solvent which is substantially
dimethyl sulfoxide (DMSQ), thereby forming the compound of the
Formula Vil, wherein, “P" is an acid-labile protecting group;

(i)  reacting the reaction mixture obtained from Step " with peroxide,
thereby forming the compound of Formula Vil in situ; and



These and ot her needs are net by the process of the present invention
which in one aspect is a novel process in accordance with Schene |

bel ow. Schene | the process conprising: (i) reacti ng acet one
cyanohydr |‘H0\ﬂ"{9quc§5’§ol ution conprising the conpound of PESIREAP %7 28and

a solvent which is substantially dinmethyl sulfoxide (DVBO), thereby
form ng the conmpound of the Forrmula VII, wherein, "P" is an
acid-labile protecting group; (ii) reacting the reaction mxture

obLal ned 11 PR <P dctng e rpBia kit BaARRN) | QLB APy gg seround o
(iii)reacting the teaeby deprotecting ¢heobdmpaatd dafihetFommilaiViil antlyisdding

acid, thereby deprotecting the c ound of the Forrmula VIII and
yi el di ng the conpolfRICYPPEY @dhﬁ%ﬁ“ﬂai

In some embodiments, preferably P is BOC (tertiarybutyloxycarbonyi,
moiety, [(CHz)sC-O-C(0)-] which forms a carbamate acid ester with the amino-
nitrogen). In some embodiments, it is preferred to carry out the provision a
DMSO solution of the compound of the Formula V! in accordance with the
process presented in Scheme i,

Scheme Ii
0
N OR alkylatmg OR protecting WL
Ml deprotecting m
r o
reducing D/Y\OH
_— NH 1. CHClp e H
Py 2. oxidizing agent P'NH
5 vl
Q
1. cancentrate M\[/‘LH
2. DMSO( distifl off NH
volatiles P vi

the process comprising:



In sone errbodi ments, preferably P is BOC (tertiarybutyl oxycarbonyl,
moi ety, [(CH3)3C- 0- C(O) ] which fornms a carbamate acid ester with t he

am no-nitr sone enbodi nents, it is preferred r
t he provi s"?‘gg ’“ﬁ@%o solution of the conmpound of the F%EF@?@O%Q%
accordance with the process presented in Schene |1, Schene |1

alkyl'ating deproteghling, (i &b o?qlgqmwzli—where R fepradants 4 alkyl

group or substituted alkyi group, with a cyclobutyimethylhalide in the
presence of a base and deprotecting the product to yield the
compound of the Formula I;

(iy  protecting the amino group in the compound of Formula [lf isolated
from Step "i" to provide the compound of Formula IV, wherein P is
an acid labile nitrogen protecting group;

(i) reducing the compound of Formula IV to form the corresponding
alcohol of Formula V;

(iv}  oxidizing a dichloromethane solution of the compound of the
Formula V to yield the compound of the Formula Vi; and

(v)  concentrating the dichloromethane solution from Step “iv’ fo a
minimum volume, mixing DMSO with the concentrate and distilling
off volatiles from the mixture.

in some embodiments of the invention, with reference to Scheme M, it is
preferred to carry out one or more of the processes describe in Step “i*, Step
“ii", Step “il", and/or Step “iv” in accordance with the expetimental details
described and set forth in the above-mentioned ‘220 patent, the entire contents
of which have already been incorporated herein by reference. In some
embodiments it is preferred to adapt the conditions of the TEMPQO mediated
oxidizing step to those suitable for running the oxidation in dichloromethane,
for example, the conditions presented in Example |, below. Details of aspects
of the inventive process described herein are set forth below.

Another aspect of the present invention is a novel process for preparing
(1R.25,55)-3-azabicyclo[3,1,0]hexane-2-carboxamide, N-[3-amino-1-
(cyclobutyimethyi)-2,3-dioxopropyl}-3-[(28)-2-][[ 1,1-
dimethylethylyamino]carbonylamino}-3,3-dimethyl-1-oxobutyl]-6,6-dimethyl of
the Formula Z;



the process conprising: W) 20091085858PCT/ US2008/ 087228 (i)

al kyl ati ng the conpound of Fornula Il, where R represents an al kyl
group or substituted al kyl group, with a cyclobutyl nethyl halide in
t he preseﬂ@@zwpmﬁﬂﬁﬁse and deprotecting the product to TRPYOppR228
conpound of the Formula I11; (ii) protecting the am no group in the
compound of Formula Il isolated fromStep "i" to provide the
conpound of Forrmula IV, wherein Pis an acid labile nitrogen
protecting group; (iii) reducing the conpound of Forrmula IV to form
t he correspondi ng al cohol of Fornmula V; (iv) oxidizing a

di chl or onet hane sol uti on of the conpound of the Fornmula V to yield
the conmpound of the Fornmula VI; and (v) concentrating the

di chl oronet hane solution from Step "iv" to a m ninum vol unme, m xing

DMSO with the concentrate and distilling off volatiles fromthe
m xture. In sonme enbodi nents of the invention, with reference to
Scheme 11, it is preferred to ggrey out one or nore of the processes
describe in Step "i", Step "ii",yﬁiep "ipi", and/or Step "iv" in

accordance with the experinental§4etall s \desttd bed and set forth in
the above-nentioned ' 220 patent/ the frejycontents of which have

al ready been incorporatedﬁberﬁl N efeyen®e. In sone enbodinents it
is preferred to adapt thejconditijons cof t EMPO nedi at ed oxi di zi ng

step to those suitable f M NGt he oxi ion in dichloronet hane,
for exanple, the conditionsilpresented in Exanple |, below Details of
aspects of the inventive préc escri bed herei f et forth

bel ow. Anot her aspect of the present inveni%gﬂ %‘ a novel

process for ppheapkhdibof; _ _

(1R 2S, 5S) - 3-azabi cycl o[ 3, 1, 0] hexane- 2- car boxam de, NO am no- 1-

(cycl obutyl nmet hyl ) - 2, 3-di oxopropylj-3-[(2S)-2-[[[1, 1-
dinethylethﬁFanino&garboq¥lqnino)-3,3-dinethyl-l-oxobuty11-6,6-dineth
yl of the FYIHRAO4EFE cOMprSIng:

(i} preparing the compound of the Formula | or a salt thereof according
to the inventive process described herein; and

(i)  converting the compound of Formula | or the salt thereof to the
compound of the Formula Z by a process described in either U.S.
Patent No. 7,012,066 or U.S. Patent No. 7,244,721, each of which
are incorporated herein by reference.

Other aspects and advantages of the invention will become apparent
from the following description of the invention.

Detailed Description of the Invention

As mentioned above, the present invention process provides a process
for converting the compound of the Formuila V! to the compound of the
Formuta VIll in isolated yields of greater than 80% based on the amount of the



WD 2009/ 085858PCT/ US2008/ 087228 H3C CH3 Formula Z or a salt
t hereof; the process conpri si ng: (i) preparing the conpound of the
Formula | _or salt thereof according to the inventive

rocess
descrlbed‘ﬁgfgpﬁmwﬁhd (ii) converting the compound of Eﬁ?ﬁ@FQWW”&¥

the salt thereof to the conpound of the Fornula Z by a process
described in_eithe

7208, 751 BaBRoUR aFaiimus Y ifiabPanpioed 1B Bhreseits arasdited Yield
Cr ooy hoPeC iR pRoLAS ot aReoRSablIfiyafisAHiC obeelds BT O BAPAORT |

of the | nvetid spiution yield product not isolated) provided by the process described in
the U.S. patent no. 6,992,220 (the '220 patent), which reported a 67% solution
yield based on the amount of the compound of Formula V employed.

The inventors have found that when the process described in the 220
patent is scaled-up to a size suitable for commercial production, impurities in
the isolate product arising from the process necessitate the inclusion of interim
purifying procedures, for example, multiple slurry steps, to obtain the
compound of Formula Viil in a suitably pure form. These multiple purification
steps result in yleld decrease in the isolated product. Accordingly, the present
process provides even greater improvement in the isolated yield of the
compound of Formula I than is available from the *220 patent process.
Moreover, the present invention process utilizes an acetone cyanohydrin
reaction under conditions which efiminates the aqueous workup previously
required, thereby improving process efficiency. As mentioned above also, the
process of the present invention additionally reduces the amount of aqueous
cyanide waste co-generated during the process, thus reducing waste
treatment requirements associated with carrying out the process.

With reference to Process Schemes A presented in the Background
section above, which describes the process described in U.S. Patent No.
6,992,220 (the '220 patent), the process of the present invention provides a
number of improvements to the steps identified in Scheme A as Steps 4 10 6.
These improvements are presented as Steps | and Il in Scheme lil, below,
wherein BOC is a tertiarybutyloxycarbonyl, moiety, [{(CH;)sC-O-C(O)-], which
forms a carbamate acid ester with the amino-nitrogen).

1¢



As mentioned above, the present invention process provides a process
for converting the conpound of the Fornmula Vito the conpound of the
For mul a Vllh in isolated yields of greater than 80% based on the
amount of YHE" X i%%0091085858PCT1US20081087228 conmpoundCHUSESMRITR v
initially enployed. This represents an isolated yield fromthe
process of the present invention "‘QSNEIWE‘HFMS by nore than 20%t he
solution yield (product not isolated) provided by the process
described in SteglU. S. patent no. 6,992,220 (the '220 patent), which
reported a 67% solution yield based on the anmobunt of the conmpound of
Formul a V enpl oyed. The inventors have found {hat when the
process descr BRedH ' 220 patent is sgacegtup Ao a size suitable
for conmercial produ tidgv inmpurities in the isofateHproduct arising
fromthe process necgessitate Glp8Hpncl usi on of interimpurifying
procedures, for | e, mottpte-stor™3 steps./to obtain the
conmpound of For VI i nl HaBsip@REMO pur e fﬁﬂnl These nultiple
purification steps result inTsMed,cgcrease iT the isolated product.
Accordingly, the pggsent progggSoprovides evenwgreater i mprovenent in
the isolated yield of the conpound of Fornula I"than is avail able
fromthe '220 patent process. Mreover, the present invention process
utilizes an acetone cyanohydrin reaction under conditions which

el i m nat es t hgteiidlieous wor kup previously required, thereby inproving
process efficiency. As nentioned above al so, the process of the
present invention additionally rgduces the ﬁnn nt of aqueous cyahyd
wast e co-generated during the prdgcess, thug reduci ng waste treat
requi rements associ ated with carrgmon@ut Lhe process. BOC-NM L h
reference to Process Schenes A prlesente T
above, whi ch %gsdr@'ﬁ%%sql‘f?étsiﬂ?m:e s descr
6,992, 220 (the™" 22QePai-pAdhydint e [pro of the presem inven
provi des a nunbe%fﬁkoinprovenent tolthe steps{i dém:fied inlﬁ heme A
as Steps 4 to 6. 6S®& inprovenernts are presenfjed as Steps | —and |

in Schene |11, below, wherein BOZ is avﬁgrtiar butyloxycarbony@

noi ety, RCH3)3C-0-C(0)1, which forms a carbandle acid ester w B the
am no-ni trogen). WD 2009/ 085858PCT/ US2008/ 087228 SCHEME |11 Stet)

The process of the present invention utilizes a TEMPO mediated

bed i U1.8:0Pat ent hb:

oxidation similar to that described in the '220 patent, however in the present
invention process it is adapted to run in a dichloromethane reaction solvent
instead of ethyl acetate. Although other solvents can be used, for example,
ethyl acetate, it has been surprisingly found that dichloromethane is a suitable
solvent for the TEMPO mediated oxidation which provides a clean reaction.

Moreover, it has been found, surprisingly, that the subsequent reaction
with acetone cyanohydrin to form the compound of Formula Vi from the
compound of Formula V! can be run in DMSO using potassium carbonate as a
catalyst, thus providing an environment in which the acetone cyanchydrin
reaction can be run without a phase iransfer catalyst or the use of a metal
cyanide compound. Moreover, when the cyanohydrin reaction is run in DMSO,
the reaction mixture thus obtained provides a medium in which the product can
be oxidized using peroxide without necessitating a further workup or solvent

1



ri BOC-NH OH Va d 2C Fi 2 1. NaBr/NaCO3H 1120 2. TEN PO C12CH2 3.
NaHCl O Vila Villa

WO 2009/685858 PCT/US2008/087228

swap. Thus, surprisingly, a cyanohydrin reaction forming a compound of
Formula VIi from a compound of Formula VI, and an oxidation reaction to
oxidize a compound of Formula VIl to an amide amino alcohol of Formula VI
can be carried out as a one-pot process, eliminating the need for isolation of
the compound of Formula Vil, or any additional work-up and/or solvent
swapping prior to the oxidation reaction. Accordingly, the present process
effectively eliminates a step and a source of decomposition and yield loss
which was present in the process described in the '220 patent.

Accordingly, in some embodiments of the invention employing
dichioromethane in Step I, when the compound of Formula V employed in Step
l is a compound of Formula Va, it is preferred to carry out Step { using an
amount of dichloromethane the is from about 5X to about 10X (vol/w) of
methylene chloride/the compound of Formula Va, preferably about 6.5X
methylene chloride (volfw). In some embodiments of the invention it is
preferred to carry out Step | using from about 0.4 to about 1.0 equivalents of
sodium bromide, preferably about 0.5 equivalents of sodium bromide. In some
embodiments of the invention it is preferred to carry out Step | using from
about 0.8 to about 1.5 equivalents, preferably 1.5 equivalents of sodium
bicarbonate. In some embodiments of the invention it is preferred to carry out
Step | using from about 0.001X to about 0.01X (w/w) of 2,2,6,6-tetramethyl-1-
piperidinyloxy radical relative to the amount of the compound of Formula V
employed, preferably the radical is employed in an amount of about 0.0025X
(w/w). In some embodiments it is preferred to carry out the oxidation process
in Step | using sodium hypochlorite as the oxidizing agent (NaCIQ). In some
embodiments employing sodium hypochiorite it is preferred to employ from
about 0.95 equivalents to about 1.2 equivalents of sodium hypochlorite based
on the amount of the compound of Formula V employed, preferably about 1.05
equivalents. In some embodiments it is preferred to carry out Step I by initially
adding one equivalent of sodium hypochlorite, monitor the reaction for a period
of time, preferably about 20 minutes after addition of the hypochlorite, and add

12



The process of the present invention utilizes a TEMPO nedi at ed
oxidation simlar to that described in the '220 patent, however in
the present invention process it is adapted to run in

di chl or ome¥RAHRPBEFcti on sol vent instead of ethyl acetgFEKS%PWﬁgaﬁh

ot her solvents can be used, for exanple ethyl acetate, it has been

TEVPO %S?Q%agﬁﬁgr@ihat PR SUBaSSo b8 shadoh B B "or T

Mor eover, at i i
Foact | on’ i {CASCTBRBNONRSEIIRS (o) Hixi? In sORCHRIRAYENS S v
fromthe coppferred tonUEncmﬂﬁeaeMbss appdohloriie used lﬂ\tﬁ@remtng hycﬁoam:nm
carbonate as a cataly thus providing an environnent in which t

acet one cyahgHgaEtion m@m With an-afugeus sAILPR ﬁb@@dwahlagwfqt@,aﬂgﬂeéably

Cyanohyar i PO BCb Iy R A ESTRAL sa R GLTEr oiBE" * "

obt ai ned provides a nediumin which the product can be oxidi zed using
peroxi de without necessitating a further workup or solvent WO
2009/ 085858PCT/ Uis200@/ e)'sﬁdxﬂmeataam tha prasentiovgmticsi ihiglprefeered yaoaiiy dui n

t f f F I f d .of I
e an ST AHRPREHR R e SRR )b SR T R &
d E d t
ggeag]ot ep?gécgéggﬁérgﬁp%bfng meﬁf LQ}] cfj?or |®olcg?|r:)|neof O?heaio?rpound

of Formula VII, or any addltlonal wor k- up and/ or sol vent swappi ng
prior to the OX|dat|on reaction. Accordingly, the gﬁgsent process

effectively eliriithough dichiaraethang ia pecfared aBR SRNEPRINSRY GarYINgoL y| el d

Lo5s, U0t 85 P GRL i ABASE v B0 RIAT el A GRE o™

di chl or oret dgpté MaStiallematiely dplopeaPRWIbE bprREiEkPalto afgr! oved i n

Step | is a conpoun For mul va it is preferred to carry out Step
| using an exmamg a@renta mthemmenﬁodmnehypmhfomte wbnha%n@oomsmiblemmm

10X (voww) of Iene chlgride/t oppound of, Fornul a Va,

or ot ot abl y SRR SESIBR SRIEHS Gy Rhsad TG GEPaInG FIoT B ERIOR: rrent s
of the invention it is preferred to carry out Step | using from about
0.4 to about 1.0 equivalents of sodium brom de, preferably about 0.5

equi val ents of spaliiuisdbeapgeciated thatrthesgdmsbunerst Foahulahdaicandat i on
it is preferred to carry out Step | using fromabout 0.8 to about 1.5

equi val ent sprepaddn apy ynanrerdewiptesh and aken woniRMSEite gamy eut Step hof

some STt aul e §f S B S S e ar ¥ v St |

2,2,6,6-tetranethyl-1- piperidinyloxy radical relative to the anmount
of the compound of Formula V enployed, preferably the radical is
ermpl oyed in an dnsome mbammtwfabemenﬁmw Is prefesmteiomohoehtraatte it

f t dat i Ste
Sodt um hypoRnBrrehies EutepEihe g nRyeRor PRI PrepRreRt

embodi ment K éie%'e%t fé'PWBf@éH ﬁ]'é'fﬁ{)'rgff‘tdqéerf T e@%@!\%ﬂ%é\?ﬁ?ﬂ%' oy

from about eqU|va t 0 about

hypochl ori tBMm&He eandtibr salveniin wiich Beepcld opSetremefll Beamddolt. In
enpl oyed, preferably about 1.05 equivalents. In some enbodi ments it

i s preferr e8P eEMCHiMeNLS itdh pieferres ta canceairatp theiaplivtion Ry apRiMiNgA ent

or et or abl y Shaun S0t AbPRCS B b el BFhor Bod e P thoerelin

add WO 2008/ {H8 %ﬁﬁmléﬁ?mt Q@p%tﬁigolm' di:’stFH@é he§§§§1 Wtr@h?ﬁ ‘R%H‘ m

hypochl orite based on the anount of unreacted al cohol present in the
reaction mhe apnreciatechﬂmbothebmnmf somaenﬁrat:mg tessaldipntroaybench t he

excess hypochl sed,in the re ction ont act the reaction

o e wbt SMERYeR RGBS Seha o hS Bskenb e e Samey o
embodiments of the invention, after the dichloromethane solution has been
concentrated it is preferred to perform a “solvent swap” by adding DMSO and
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again distilling off volatiles by applying a vacuum of from about 60
torr to about 80 torr and maintaining the tenperature of the solution
bel ow abouyt 25 C until solvent distilled again ceases.

un In sone
enbodi nent‘goiz‘?wf"g:’sbsr eferred to add an anount of DNBOtﬁﬁirmgéﬂﬂwsg?ﬁs
about 1X vol/w, (based on the weight of the conpound of Fornula Vi

i he dichl b 1 1,/
P o or abl y RO s0008 SBNEI P SPHATaE Vakyb ot o7 abodtel b Bhae
with the prggeg ahd‘}eﬁ@mthiﬁ thg t@rhﬁ@ra?ur@fofi%(ﬂ&ﬁﬁm\hﬁ%ﬁmnﬁﬁim

Formula VI I's react W t h~acet one cyanohy O catal yzed by
t he addi ti ogoleéntalistiled ggain cehisent mssimarembodioneteit isyietrqudoraddan
direct reaction between the cyanohydrin apd the conpound of Fornul a
VI f or i ngaMBETt GHAVISEUNaE & TaamBBaNid Yorolks (BaRes o 1he WRIgHGGEa he

e of “Dvacabpgud gRriic Bl Bieehnif b BT @han Sondifiaf] to 200k
subsequent %Wﬂilﬁnﬁ?gréiérabn@fr@ﬁmumxobilﬁw abbit 40 Yol t he conpound

of Formula VIl to be carried out without an additional solvent swap,
wor kup, or isolation of the internediate conmpound and thus reduces
deconposition of, the c oun f Fornula VI1.. eover,

usi ng the reacti'@rﬁcﬁpﬂ%ﬁg% rtg%f)f%ﬁeﬂﬁmf’ﬂ'ét'%ﬁké@@@n?mb?ip{)%ﬁeﬁﬁwest ep,
any cyani de SNESAUee I HRYEA i NS
deconposed F%E?ﬁfydur |rng s‘dgge’?ﬁ%ﬁ@ %P?ant%ba?%ﬁmﬁgmlsgn

m xture w t baipred bydhe ddditon obars alituohbEpoigesiuthezativariaie, which peshits
streamis generated during the reaction which nust subsequently be
treat ed. directypagiiondedwestt thetqyarelysdrin ansk the cpapsund of Fpimua

e et o ok RGN0 st SRR BB
anount of aggéﬁ‘ﬁatﬁmaﬂ%t'd? d PeRfepthidepidaenDMHA g€ SHDIMBO as a

j
cont ai ni ng npound VI 1 n" an amobunt of fromabout 0.1 X ww (relative
to t he anouraaction Sowgohatdhivistage ale pemhits subspquentaixisiation obkew w,

ferably f b 0. 3X bout 0 w lative to th
Pount - of ”t FEBBIRHEeTIE U o e Smpeurdk i B labe Cared dfe  wo
2009/ 085858 &H%’TP%% &mapn% ity i f d
al i quot of ggﬁas& um car %%@Ye to the ?@ é?lr %ﬁ!%ﬁﬁpﬁl‘fg@ﬂ}e{r@gé@ﬁ%??i on
of the cyanobmgoumd and thasabsiucestdezorrpasitionof e swwpourief Famaaland!.of

Formul a Vi a and acetone cyanohydrin. In sone enbodinents it is
preferred to add potassium carbonate catal yst in an anount up to

fheteaction m xPRevEssE BT ord s AR, R ShE Bt ed 1
an anount t baidafién el & Hasfe WeneiRe @Bt PeQF¥ndtytrhabadtione t o

i
the amount of the conpound of Formula VI in the reaction mxture.
In sonme enmbEdidenomposed in sl gurigksitbsequenittieatment of sheprasiciien miktue with

nonitor the reacti by HPLC and cat Ol{t. i he roxi de .reaction when
HPLC resul t BOTaHEe: atbSY RG SRRALRHENe AN NDGUARIR SHEABHS Beherated
has been co ﬁtfer'éﬁ{eyreﬁ hnﬂ%@ﬂﬁ'&é&ﬂ:eﬁﬂ){h@tr%@f@a.e”bom ments, when

t he conpoun ormul a I'S consumne e reaction mxture, it is
preferred to add to the reaction m xture a second aliquot of
pot assi um carbonate to neutralize the reaction m xture in preparation

to carry out the\dthirgterenae toeep lgl Schamedt: ingepia embodimentsef the

rter the cBnmsthinventtitl [hrdrerRaia e RoiriME BlyeBbNAR 1 BIfSOnRE: ©
from about @edcribed/atiole, mﬁbséqﬁéhWe}Md@@hmbhmeoft&etd?@ @Eﬁgﬁ&{dﬁ@fist he

conpound of Formula VII present in solution, nore prefera
second al i qaddedio petRIFSOsaltidnontairing Sompiradi i imanamaunt obfror om

about 0.3X w. w t oyt ,0.5X wwrelativ 0 the unt of th

conpound ot 2B 1aX B (eratigitodhe Amobnt & crinbsHiiVie e Sowahi o
about 1.0X w/w, preferably from about 0.3X w/w to about 0.5X w/w relative to
the amount of the compound of Formula V! in reaction mixture. In some
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WO 2009/ 085858PCUUS2008/ 087228 "Hal 0" means fluoro, chloro,
brono, or iodo groups. Preferred are fluoro, chloro or bromp, and

nor e pref rred ﬁ% !{)I uoro and chl oro. "Hal ogen" neans fl uorine,
chl ori ne, P&Pﬂ %% iodine. Preferred are fluori ne, gﬁﬂgﬁ(ﬂgﬂfggzs
brom ne, and nore preferred are fluorine and chlorine. " Al koxy"

docori bed. SRS 1l RiRieiieid agh ol diblo dtRasard FaBbBiel e

met hoxy, et fa%yon fixAlRPAEr adtifien @Pﬂ@%anahfum%ycmﬁzéﬁmatr@a@mnThe

bond to the parent noiety is through tthe ether oxygen

" Al kyl t hi 0" beimeen thecanpglndsef prowta Via awd acetomecydriopldir. olsonte as
previously described. Non-limting exanples of suitable alkylthio
groups i ncl ﬁrd'g Hiﬁﬁfe%eéwth%ﬂcpomssﬂﬂﬁﬁ‘TW?@ %@Yﬁé‘bﬁ%}llwwt

ot 1 onal 18 '&ﬁ%f?@{t@ PR R ie Attt BEeditheuflef oy 1 9"

speci fi ed Ofeadtion mixddies Pcte prefaRbRL passium carietiatisadeie e 4R @mount
Schenmes 1 and 2 nay be protected on a nitrogen atomw th a protecting

group P. Pri@éisdony about Q. ﬂ@(MWHO‘adetpﬁ 0k ygwyelative tof the taenaunt ehitieon,
the protectin ro rt i arybutyl oxycarbonyl noiety,
E( CH3) 3C 0 rg g@”dﬂﬁl@%ﬁgm&ﬁ% x‘éfﬁ ‘d ester with the

am no-ni t rogen) al though it wll be appreC| ated that other suitable
groups can be enployed and remain within the scope of the invention.

Exanpl es of aci dnlsamd embbgimanectfithg pgrsenbmvehiiarhit fsap‘reteeredrtohmrﬂdrto
carry out the invention_include, but are not limted to,

met hoxy met hifie, FeBeliPRMLRT ketand carm\astihg perexisde yeaction wlmrbﬂahf)i results

benzyl oxycal DA et EhbksioR oY B SR BN Hormb 81 HAX B8R LomeB5 Y

(p- met hoxy pheistmed. PR@aYdingHy in sontd @h@@dﬁh@h&smnnhe coapaanesul fenyl
nmet hyl carbamate, 2-trinethylsilylethyl

2009/ 085858PaMUISY) Garwanaes io dhomantien mixtm iy pmfmwmdmnhe
bamat bamat e d "
o hers <teepHb ol TRt of Pt Rl b Bt o

adamantyl c¢
car banat e, ROt RoSRBATE G ihe SREMIMSde e
benzyl car bappiicetior thetrieuralvtion wilk erduirest secodd @fiqumot oihpbtassiuaar banat e

and S-benzyl carbamate. Preferred g— rotecting groups include
met hy| car baf@enate. after fhs RMReYNg "‘I[%&Wnu@avlb%ﬁ'ﬁalﬂ%en CRNsHIREE{n a0

Car bt o ATRHBCTH D eboptthy B3 BHIRE 1 00l boalNE RS B sbguntg,
carbamate, gid wmp‘@rnl@@fmoﬁnu@mnmbnﬁﬁrsbmh emofe ﬂ@fé?ébl? ltigen s &Rt €.

benzyl carbamate, 9- anthryl met hyl carbanmate, di phen

car bamat e, @cwh@pp@tasmmwbonate ts aﬂ@ﬂeﬂ ablamaet of from abmlt ﬁc&Xe\d/w

b b di t for th h
PP nai ng. ARG B R EHRROR thf SRGRE0 e vPmpU B FBTmR ARG
<CHZG 2) cagolafor, %@%m@ems%m%%% Bhe Meactioh whéfdhthe%é{%h%' at ed,

however, that any means can be used to provide e conpound

Fornul a VI nemtedheedbwhe heditiompibal secarid :Hmuondnfqndt{awuramdrmatd ltbe
W thin the scog present invention.
pref rred to heat the reaction mixture above ambient, preferably to a

temperature of from about 35 °C to about 45 °C, more preferably to about 40

°C, and add hydrogen peroxide aqueous solution to effect oxidation of the
compound of Formula Vii to the compound of Formula VIl after the reaction
mixture is at temperature. In some embodiments it is preferred to react the
mixture with hydrogen peroxide for a period of about 4 hours while maintaining
the reaction mixture at a temperature of from about 35 °C to about 45 °C.
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In sone preferred enbodi nents, Conpound V is oxidized to Conpound VI

by subj ecting Conpound V to an oxidizing agent in a suitable solvent.
In a pref di ment, the solvent is ethyl acetat - but yl
met hyl eth b%gp%g§%5e0|ally, di chl or onet hane. \Where thgcgéﬁbﬁhﬁnfg

di chl oronethane, it is used in an amount of 5 to 10 tines the anmount

of Conmpound V, preferably 6-7 tines the anount of Conpound V.

The oxi di zi ng agent can be any suitabl e oxidizing agent, but is

preferably sodi qmé@mﬁb@amms !W&Qir@fe‘ﬂ%@' td @meoegﬁd}@ftldf Rydrdgen

enployed, it is enployed in an anount of 0.95 )
equi val ent sperpxidee:f fronyaliowd @.Sotalaimmit 3% vaiw redative 40 the emount of The

Catalysts HAMROUAAN Redficastioy Tiftulo piele B ) a2 ACKMEVS . 6. 6.
tetramethyly %OLB @?eres tLa‘i’iW 16 teap @ur&"&?t@ﬂnrpmﬁml ﬁ%ﬁé’rédbﬂ@ﬁ am’“”t

of 0.001 to e anount the reacti
m xture, prﬂf)&m@blAAtr@ugﬁaSs hotrm:ev@@tmmm@ormfenﬁmmmwm gn the

reaction m xture; and nmetal brom de, eci al | sodi um brom de,

which is enpeieyisde usedimthephase QifStepﬂqf cheme lwrlt@qhim%meents

bi car bonat cSoupenTs [ e ¥ Erilara cagfoMEREn s el RRCL Relakit: o
0.8to 1.5 ngﬁ‘iingﬂ%“fﬁét%f??h hg@-@g é}o‘#(ldé%ll‘itlo% 5 nol ar equival ents.

The reaction tenperature f ation ranges from-10 Cto +10
C, preferably from-5 Cto 0 C Exenpl ary enbodi ments of the
present invention will now be described in greater detail wth
reference to thead abéPubo\@, Qﬁﬂiﬂ\mﬁgﬁdmgh@?sﬁéﬂiﬁc‘aﬁon ENéibllolwing terms,

Unl ess otherwi se stated, the fol | ow ng abbr evi ations have the stated
meani ngs i numnipes Ebt@nmsemdmtedvsme uvsigretiead to have-the idlowéing magneti ¢
resonance SRFctrggcopy n.=mlliliters g= granms THF= tetrahydrofuran

"Alkyl" means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain.
Preferred alky! groups contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups contain about 1 fo about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl groups such as methyl,
ethyl or propyl, are attached to a linear alky! chain. “Lower alkyl" means a
group having about 1 to about 8 carbon atoms in the chain which may be
straight or branched, The term "substituted alkyl" means that the alkyl group
may be substituted by one or more substituents which may be the same or
different, each substituent being independently selected from the group
consisting of halo, alkyl, cyano, hydroxy, alkoxy, alkyithio, amino, -NH{alkyl), -
N(alkyl)z, carboxy and ~C(O)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyi, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyt,
heptyl, nonyl, decyl, fluoromethyl, and trifluoromethyl.

i6



TFA= trifluoroacetic acid TEMPO= 2, 2, 6, 6- Tet ramet hyl1- 1- pi peri di nyl oxy
radi cal DVMBO= di net hyl sul f oxi de TBME= t-butyl nethyl ether t- Boc—

t - but oxycar
to Corrpoun

%\ﬁg e Exarrple | - TEMPO nedi ated Oxidation _of Co nd
BB chl or omet hane: OH d 2C H2 PCT/US200 ’087228
"Halo" means fluoro, chloro, bromo, or iodo groups. Preferred are

fluoro, chloro or bromo, and more preferred are fluoro and chloro.

“Halogen” means flucrine, chloring, 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 alky! 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.

"Alkyithio" 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-propyithio and heptylthio. The bond to the
parent moiety is through the suifur.

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

Certain compounds in Schemes 1 and 2 may be protected on a
nitrcgen atom with a protecting group P. Preferably, in the improved process
steps of the invention, the protecting group employed is a
tertiarybutyloxycarbonyl moiety, [(CHa)sC~O-C(O)-] which forms a carbamate
acid ester with the amino-nitrogen), aithough it will be appreciated that other
suitable groups can he employed and remain within the scope of the
invention. Examples of acid labile N-protecting groups which can be
employed to carry out the invention include, but are not limited to, allyl,
methoxymethyl, benzyloxymethyl, CY,CO (where Y is a halogen),
benzyloxycarbonyl, trityl, pivaioyloxymethyl, tetrahydranyl, benzyl, di(p-
methoxyphenyl)methyl, triphenylmethyl, (p-methoxyphenyl)diphenyimethyl,
diphenylphosphinyl, benzenesulfenyl, methylcarbamate, 2-trimethylsilylethyl
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1. NaBri NaCOBH H20 2. TEMPQ Cl12CH2 VaVi a To a sol ution nade
from 100 g of 2-t-butoxycarbonyl am no-3- cycl obutyl-1-propanol (the
conpound of Fornula Va, provided in accordance with the ;r)rocedures
descri bed WA292485583%t ent No. 6, 992, 220) di ssol ved in 6BBT/f204§/087228
di chl oronet hane, which was cooled to (-4) C was added a slurry nade

E‘?SQngﬁgt o Carbenil LRI o hepbigny Galbarats; Fulnibandiie [BRchES, |
5, e ot TR (008l THR BY OB, Bydobuffcarpamate L

in 3 n_ of dhettyicyclobetyh eakanitie adaamt;drmarbamaie,ewmsammhatel aliyl (-4)
C, and stirred for 10 m nutes. At the end of the stirrin eriod, 525
nL of a 5.5C@fa Wéﬁq&éﬁ@@ﬂﬁwb@m%&;ﬁwm‘bﬂ Q%b%\m&%d&eﬁpbg@ﬁ% 1.5

w1 e” o i QKRB 2 bl calodrate, o 2 TiAfel ) ibanBigden L8 € anc
0 C. The m ¥ipHeRylHRHY Babafide ARE SiRdnzgRkatianiste MPrafeREd \Mﬂp:loeedmgng

nonitored by |iquid chronmatography for the residual anount of
starting al guhps inchude methyloaramate, &tme@vylsﬁﬁeﬁ@marbmate drroethyl- bf

21 cohol | dot BOPOIPBSAN eVl oAOSBAR e e PR L pamels, 1-

mai nt ai ni ngn{elag, atb%nﬁ t

and 0 C. The l%@ﬁfﬂﬁhg‘l@ég@tﬂa aZﬁ;ﬂtsc?l rre éf@@ fg m nu élryflAt t he
end of the saibamiaty qhmanqdcapb@a@e r8-uinblybcarbematen benzd cafteehdiy, 9-
adding a solution of 13 of sodiumthiosulfate in 100nmL water over
about 5 ni nan@wlmﬁthybcabamehgilnhe@ym%tbyhcafbam&teu%enawmﬂm 15 C.

The m xture for 30 m nutes while adding an additional 400
m of water "1\%238%{&@8@% di ssolve the inorganic salts present.

Agi tation was stopped and the reaction mxture allowed to settle,
wher eupon the phases were split. The organi c phase, containing the
product was washés neiedrabose, basimprcmasmcmcﬁﬁbm eseedially faothaistepsds and

' o byt SEPRORT! IRPARO M) B SHaUL S MBIy O ARG eI Bon.
01 456 ol ar (G0 ar A R T 8677 BoRRR ALY aibrPeaf g i,

m, 1. 90( 2Hanymeads tanbaHisedito p?ovikfe( f.hld corf)pouﬁdilﬂ F@ﬂrhﬂlar‘ql prafdifbly 1H,

s), 9.60 (111, s). Exanple Il - synt hesis of Conpound Villa
fr om Conpouti€ eArapQUNGRf ﬁgvmuiaééiacan@ﬁﬂll\}a@wahm the scope of the present
invention.

In some preferred embodiments, Compound V is oxidized to
Compound VI by subjecting Compound V to an oxidizing agent in a suitable
solvent. in a preferred embodiment, the solvent is ethyl acetate or tert-butyl
methyl ether or, especially, dichloromethane. Where the solvent is
dichloromethane, it is used in an amount of 5 to 10 times the amount of
Compound V, preferably 6-7 times the amount of Compound V.

The oxidizing agent can be any suitable oxidizing agent, but is
preferably sodium hypochiorite. Where sodium hypochlorite is empioyed, it is
employed in an amount of 0.95 to 1.2 molar equivalents, preferabily 1.00 to
1.05 molar equivalents.
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1. DVSO solvent swap 2. Acetone cyanohydrin 3. K2CO3 1 H202 2. H20

WO 2009/085858 PCT/US2008/087228

The oxidation is preferably carried out in the presence of one or more
catalysts and a base. Especially preferred catalysts include 2,2,6,6-
tetramethyl-1-piperidinyloxy {TEMPQ), which is employed in an amount of
0.001 t0 0.01 times the amount of Compound V in the reaction mixture,
preferably 0.0025 times the amount of Compound V in the reaction mixture;
and metal bromide, especially, sodium bromide, which is employed in an
amount of 0.4 to 1.0 molar equivaients, preferably about 0.5 molar
equivalents. The base is especially sodium bicarbonate or the like, which is
preferably employed in an amount of 0.8 to 1.5 molar equivalents, especially
about 1.5 molar equivalents.

The reaction temperature for the oxidation ranges from -10 °C to +10
¢, preferably from -5 °C to 0 °C.

Exemplary embodiments of the present invention will now be described
in greater detail with reference to the following non-limiting examples.

EXAMPLES

Unless otherwise siated, the following abbreviations have the stated
meanings in the Examples below:
MHz= Megaheriz
NMR= nuclear magnetic resonance spectroscopy
mL= milliliters
g= grams
THF= tetrahydrofuran
TFA= trifluoroacetic acid
TEMPO= 2,2,6,6-Tetramethyl-1-piperidinyloxy radical
DMSO= dimethylsulfoxide
TBME:= t-butylmethyl ether
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An amount of a nethylene chloride solution of the Conpound Via
prepared in Exanple | which was found by HPLC to contain 17.44 g of

t he conpo f la Via in nethylene chloride prep },21)5

previ ous Le{ggﬁgqg’ggﬁégsmconcentrat ed under vacuum (60-80 ?{(ﬁ 50{3%552?28

m ni mrum vol unme while maintaining a batch tenperature bel ow 25C
(concentratyon, \ [ .nued when distillation at 25C ceased).
When disti ﬁ@%-@%@)fé%@% to the concentrate was added 59 niL of
DMSO. The m xture was concentrated again under the sane condition
(60-80 torr, maintaining the reaction mxture below 25 C) until no

met hyl ene dBExampled -wTEMRO anediatedOxidationofCempounii¥a toCompound
reaction mxture (the, solye of ich substantially conprised DMSO)
was added 7.8 mlL of Mb&ﬁg%&;ﬁﬂﬁn (Al drich, used as received)
foll owed by 0.3 g of potassiumcarbonate. The reaction mxture is
agitated at roomtenperature for 16 hours until no starting Conpound

Via was detectable by HPLC. The slurry was further charged with 8.0 g

of potassium car bonatg@d. heated to 40C, foll ov\ﬁ##gé*{add tion of
14.5 nL of hydrogen peroxi d¢ (354 over 4 hours f i ni
batch tenperature between 3% C and 4@{50@“& stirring
m xture at 40C for an addii/ onal wat er
slow y while maintaini ng e tenpeq_q:anggIH/H;@ﬁ reac n mxture at
40 C. Followi ng addition ™ol the wa }&EC'xture stirred for 1
hour additional. The resulting slufry was*Cobled to 0 C and agitat ed
for 6 hours while maintai ¥8ng the nixture at 0 C. TheVroduct was

isolated by filtration foll owed by washing with four 20 niL aliquots
of water. The product was dried in vacuumoven at 60 C for 12 h to

fford whi t } : 8 . . bsel 0B , CDCl 3
6 1740 (o1, D 4 Soliith fradd frdfR 100g/0rE- ChtatfeshényatiRo T S
m, 3.50 (1tyclobuiyld-@opand (thettompound.ddFothilarNa, psoided ibtgceeidanee 50

(1H, m. Exanple 11l - Preparatian Pr ot ect ed ] Al coho], i

Accor dance wﬁ)rﬁhaﬁr@,cew{aﬁﬁﬁs@eﬂev Sbgé @@@n@g@reﬁwﬁbg@)ﬁ' ?Vﬁdj in 650 a)

KQ Bu/ - br ompirede i dré et Rfich was cooled to (-4) °C, was added a slurry made
adding 22.5g of sodium bromide (0.5 equivalent} and 55g of sodium

he reaction
s added

bicarbonate (1.5 equivaient) to 80ml water. To the resulting mixture was
added a solution made by dissolving 0.25g of 2,2,8,6-Tetramethyl-1-
piperidinyloxy, free radical (TEMPO reagent) in 3 mbL of dichloromethane.
The reaction mixture was cooled to (-4) °C, and stirred for 10 minutes. At the
end of the stirring period, 525 mL of a 5.5 wi.% aqueous sodium hypochiotite
was added over a 1.5 hour period (hypochlorite activity titrated to be 1.0
equivalent) while maintaining the reaction mixture temperature between

(-5) °C and 0 °C. The mixture was then stirred for about 20 minutes while
being monitored by liquid chromatography for the residual amount of starting
alcohol. At the end of 20 minutes an additional amount of sodium
hypochlorite equivalent to the amount of unreacted starting alcohol detected
was charged over a 20 minute period while maintaining the temperature of the
reaction mixture between (-4) °C and 0 °C. The reaction mixture was then
stirred for 10 minutes. At the end of the stirring period excess hypochlorite
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b) HCVH20 ¢) KHCOB H2N OEt Step 1 111 I

WO 2009/085858 PCT/AUS2008/087228

was quenched by adding a solution of 13 g of sodium thiosulfate in 100mt
water over about 5 minutes while ailowing the reaction mixture to warm to 15
°C. The mixture was stirred for 30 minutes while adding an additional 400 ml
of water to completely dissolve the inorganic salts present. Agitation was
stopped and the reaction mixture allowed to seftle, whereupon the phases
were split. The organic phase, containing the product was washed with 150
mL of saturated brine for 10 minutes and then the layers were spiit then
separated. The organic layer was dried by treatment with anhydrous
magnesium sulfate and filtration. The dichloromethane solution contained
Compound Vla (active 90.6g; 91.4% molar yield): 'H NMR (400 MHz, CDCls)
§1.42 (9H, s}, 1.70 {4H, m), 1.90 (2H, m), 2.10 (2H, m), 2.45 (1H, m), 4.20
(1H, m), 5.00 (1H, s}, 9.60 (1H, s).

Example Il - One pot synthesis of Compound Vilia from Compound Vla

using DMSO Reaction Media
_ O
N 7] NHp
BOC-NH BOC-NH
1. DMSO solvent Or on
. solvent swap 1. Ho0,
Via -

2. Acetone cyanchydrin

3. K,CO4 2. H0
| Via _ Vilia

An amount of a methylene chloride solution of the Compound Via
prepared in Example | which was found by HPLC to contain 17.44 g of the
compound of Formula Via in methylene chioride prepared in the previous
example was concentrated under vacuum (60-80 torr) to a minimum volume
while maintaining a batch temperature below 25°C (concentration was
discontinued when distillation at 25°C ceased). When distillation had stopped,
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Scheme | - Step 2 Schenme | - Step 3 IV Step 1: To a solution
of 35.0kg (131nvol) of (diphenyl nmethylene) glycine ethyl ester Il in

158L of THEo3hooséss t 0 - 30C was added a sol ution of 17?%55%%&%’92@2

of potassiumtert-butoxide in 158L of TI-IF. After the I on,
m xture was warnmed to -5C to OC and agitated for 1 hour, and 18L (162

ikt ur e oGP cRtr it 834 AEg 8P OE M Y0 rRGIRa 52 our <.
After this gsidepttad ddaifeunderdiie BimeroptiticR (6RO ks, rﬁ&ﬁfé]’ﬁiﬁ%ﬂtﬁm of

wat er) was added. The Ttesulting m xture was agitated for 2 hours,
t hen sett | eteactionimbdpirbalew 256%@&nulma mgthylaneshieridesvnswetacted i ther

ter. A | mbi ned and h ith 280L of T
Pt oo aft eI, Sf e TRa bl e M el clivaisB suBstatiale and
| uti ' b ' .
2 ol Ut o SmBAs Oelo R RTIT PR R o HiBhydln e LIl
separat ed. Fneceiueddbftiovaddy (B g of pbtassiuericarbbhatel Thk reactibhlvhixtuse

yield an organic |ayer containing the conpound of fornula
is agitated at room temperature for 16 hours until no starting Compound Via
was detectable by HPLC. The slurry was further charged with 8.0 g of
potassium carbonate and heated to 40 °C, followed by addition of 14.5 mL of
hydrogen peroxide (35%) over 4 hours while maintaining a batch temperature
between 35 °C and 45 °C. After stirring the reaction mixture at 40 °C for an
additional 1 hr, 183 mL of water was added slowly while maintaining the
temperature of the reaction mixture at 40 °C. Following addition of the water,
the mixture was stirred for 1 hour additional. The resulting slurry was cooled
to 0 °C and agitated for 6 hours while maintaining the mixture at 0 °C. The
product was isolated by fittration followed by washing with four 20 mL aliquots
of water. The product was dried in vacuum oven at 60 °C for 12 h to afford a
white solid (18.75 g, 89.7% vield): 'H NMR (400 MHz, CDCls) & 1.40 {(8H, m),
1.70 (4H, m), 1.85 (2H, m), 1.90 (2H, m), 2.15 (1H, m), 3.50 (1H, m), 3.80-
4.00 (1H, m}, 4.60(1H, m}, 5.20 (1H, s), 6.50 (1H, m).

Example Il - Preparation of Protected Amino Alcohol in Accordance

with U.S. Patent No. 6,992,220

Scheme | - Step 1

a) KOBu/ 0
bromomethy! cyclobutane

b) HOIHZ0 N~ Nort
G) KHCOS
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Step 2: The conbi ned organic |ayer fromstep 1 was concentrated
to a volune of 140L and cooled to OCto 5C. Di-tert-butyldicarbonate

(75% wt . g@ﬁg&bﬂ&mhp THF) (24.9kg, 131nol) was added. %E&&%?%%$ﬁns

addi tion, e mxture was warnmed to 20C to 25C, agitate ours,
and washed with 70L of water. The organic |layer was dried via
azeotropic 4gis é alg, concentrated to a volune of 140L, and cool ed
to 30Cto f he conmpound of fornula IV. Step 3: A

solution of |ithium borohydride in THF (2.0M (58.5kg, 131nol) was
added to the conpound of formula IV fromstep 2. The resulting

m xture was agitated for 6 hours and cooled to 15C to 20C. The
reacti on was quenched by agdition of a solutyon of 17.5kg of

pot assi um di hydrogen B b&n 7 e cf er. After separation,

t he aqueous | ayer was extjra Egd maé% 105L pf PBMVE. The conbi ned
organic |l ayers were d wt ter dsodi um chl ori de sol ution
TBMVE in organic | ayer s displaced w heptane via distillation and
the product was crystallflzed fromthe héptgne sol ution. After
filtration and drying, 13.0kg of the conpound of fornula V (43% was
obt ai ned. 1H NWMR 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)
The above description of the invention is intended to be illustrative
and not |i ngt Vatihods changes or nodifications in the enbodi nents
descri bed ESEﬁQﬂei Bt 5ur to those skilled in the art. These changes
can be nmade w thout departing fromthe scope or spirit of the
invention Wat is clainmed is: 1. A process for preparing

3-am no- 3-cycl obut yl met hy1- hydr 6 iBbt; opi onam de of the Formula I:
OH NH2 NH2 OFornul a IF;"°°§§' pepes?d Coptaraton ng:  BocHN OH

Step 3
v

Step 1:

To a solution of 35.0kg (131mol) of (diphenyimethylene) glycine ethyl
ester Hin 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 351 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 1751 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
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reacting acetone cyanohydiin with a solution conprising a conmpound of
Formula VI, 0 OHLH NH Forrmula VI, and a solvent which is

substantlabbﬁmghﬁgggyl sul foxi de (DVBO), thereby form RgracRARRLYRD
of Formula VI1, OH O07-yLON NH Formula VI, wherein, "P" Is an

acid-labile protectlng group; i)reacting the reaction m xture

g g%‘gﬂﬁg L][ LSBPT’BMgl tP‘%élcﬁ‘ aReh@arid Ryet S5HtERMgMAE EoRBolAd 8f formla
il
Step 2:

The combined organic layer from step 1 was concentrated to a volume
of 140L and cooled to 0°C to 5°C. Di-tert-butyldicarbonate (75% wt. solution
in THF) (24.9kq, 131mol) was added. After the addition, the mixture was
warmed to 20°C to 25°C, agitated for 4 hours, and washed with 70L of water.
The organic layer was dried via azeotropic distillation, concentrated to a
volume of 140L, and cooled to 30°C to 35°C to yield the compound of formula
V.

Step 3:

A solution of fithium borohydride in THF (2.0M) (58.5kg, 131mol) was
added to the compound of formula IV from step 2. The resulting mixture was
agitated for 6 hours and cooled to 15°C to 20°C. The reaction was quenched
by addition of a solution of 17.5kg of potassium dihydrogen phosphate in 175L
of water. After separation, the aqueous layer was extracted with 105L of
TBME. The combined organic layers were washed with water and sodium
chioride solution. TBME in organic fayer 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): § 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 (8H).

The above description of the invention is intended to be illustrative and
not limiting. Various changes or modifications in the embodiments described
herein may occur to those skilled in the art. These changes can be made

without departing from the scope or spirit of the invention
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OH NH2 ,NH O Fornula VIIl; and COreacting the reaction m xture
obtained in Step (ii) wth an acid, thereby deprotecting the conpound
of Fornmula VIII and yielding the conpound of the Formula I. 2.
The process of Caim1l wherein the reaction with cyanohydrin in Step
"i" is catalyzed by up to 0.1 tines ww of potassium carbonate.

3. The process of claiml or claim2 wherein acetone cyanohydrin is
added in an anmount of fromO.1 tinmes wwto 1.0 tinmes wwrelative to

t he anmourWhafis €anpdund VI present in the reaction m xture. 4,
The process of any of clains 1 to 3 wherein the cyanohydrin reaction
isS run at roomtenperature. 5. The process of any of clains 1

to 4 wherein, 1pri oA drfcds§ rpRpAMNhLR amBRCI-cRMoRRelhlyl-21 he reaction

m xture i s neutralized with an aliquot of potassium carbonate of from
0.1 ti mesydoxypreriengnide ggdeiorpulalati ve to the anount of the Conpound
of Formula VII present in the reactHon m xture.

MNHQ
NH, O

i) reacting acetone cyanohydrin with a solution comprising a compound of

o)
m)kH
NH
P

and a solvent which is substantially dimethyl sulfoxide (DMSQ), thereby

Formula I,

said process comprising:

Formula VI,

Formula VI,

forming a compound of Formula VII,

OH
o
NH
P

wherein, “P” is an acid-labile protecting group;

Formula VII,

29y
1

(i)  reacting the reaction mixture obtained from Step “i” with peroxide, thereby

forming in situ a compound of Formula VIII,

OH
MNHZ
NH O
P Formula VIII; and

(111)  reacting the reaction mixture obtained in Step (ii) with an acid, thereby
deprotecting the compound of Formula VIII and yielding the compound of the
Formula I.

2. The process of Claim I wherein the reaction with cyanohydrin in Step “i”

is catalyzed by up to 0.1 times w/w of potassium carbonate.



6. The process of any of clains 1 to 5 wherein, the source of
peroxide used in Step "ii" is a 35% aqueous hydrogen peroxide
solution which is added in an anobunt to provide fromO.5 tines wwto
3.0 times wwrelative to the amount of the conpound of Formula VI

present in the reaction m xture. 7. The process of claim®6
wherein the reaction step "ii" is run at a tenperature of from35C to
45C. 8. The process according to claim1l, wherein the solution

enpl oyed in St3ep "iThepwcprsoiched Ly chipRodessn adetinecymphiydngsis added
reacting .a_dichlgr th sol utio f the, conpound,of the EFormula V,
Gri 2+ on P REPEPRAT AR AR A o Sni "R E B YP ama L compound

of the Farsmpan¥IVI pleséinih tid redddofraiixaitlea VI; and b) concentrating
sai d di chl ornet hane sol ution of the conpound Forrula VI prepared in
Step "a" by distilling off volatiles at a tenperature of 25C or |ess

and a pressureg of Hiem LAt @Ant 8f 8PindsQo 3 wherein the cyanohydrin reaction is

run at room temperature,

5. The process of any of claims 1 to 4 wherein, prior to the peroxide reaction
Step ii, the reaction mixture is neutralized with an aliquot of potassium carbonate of from
0.1 times w/w to 1.0 times w/w relative to the amount of the Compound of Formula VII

present in the reaction mixture.

6. The process of any of claims 1 to 5 wherein, the source of peroxide used
in Step “ii” is a 35% aqueous hydrogen peroxide solution which is added in an amount to
pravide from 0.5 times w/w to 3.0 times w/w relative to the amount of the compound of
Formula VII present in the reaction mixture.

7. The process of claim 6 wherein the reaction step “ii” 1s run at a

temperature of from 35°C to 45°C.

8. The process according to claim !, wherein the solution employed in Step
“1” is provided by a process that comprises:

a) reacting a dichloromethane solution of the compound of the Formula V,

WOH
NH

P Formula V,

with an oxidizing agent to yield the compound of the Formula VI,

Q/\V)LH
NH

s

P Formula VI; and
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9. The process of claim8, wherein the oxidation reaction step "a" is
run using 2, 2,6, 6-tetranethyl -1-piperidinyloxy radical (TEMPO

nmedi at ed sodi um hypochlorite. 10. The process according to
claim9, wherein the TEMPO is enployed in an anmount ranging from
0.001 tinmes wwto 0.01 tines wwrelative to the anount of the
conpound of Forrmula V present in the reaction m xture. 11. The
process according to claim 10, wherein the TEMPO is enployed in an
amount of 0.0025 @dmrﬁinesaﬁﬂi@hbnncthmbﬂnd 06ﬂle|€omnwn@1 Rgrmula VI

12. The process }gr%gargél t%% « ar% %qefh of? v telg]ﬁerg%e ?2%'6(? O%)hSS

sodi um hypochl ori OXI g

to 1.2 nol ar eqwLe@daﬂtaq;ressureofﬁoﬂ:ﬁ@ﬂt’ﬁhﬁoﬂﬂ@cﬁess according to claim
12, wherein the sodi um hypochlorite oxidizing agent is enployed in an
anount of 1.00 to 1.05 nolar equivalents. 14. The process

according to any omge Hoc@s%!’@iﬁmgi%t@h&én tl%@ahﬂn?éﬁ@tl&f@téﬂ ‘%"’ngruhs
conducted at a tenperature of from-10C t

process agesR2dhorietemethyl-rhpiveridiyéorei fﬁlefﬂ éTE'MP@i) degltquSOdl@nU u ct ed at
a tenper g &#Cﬁo%efrom 5Cto OC. 16. The process according to
claim 8, ereinthe conpound of Fornula V is provided by a pr ocess

that conprising: (i) al kyI ating the corrpound of Forrmula I1,

Formula 11, rei resents an alk rou stit al kyl
r oup, by T eadli onTHF IR ECT BBy AE hyitRiT e TEATH RS xﬁ@@ﬁd@ﬁ%f a
base and .gRprGEEGEE FOMITIBDIRIRAUGAY 1.0 Bha JASRaMPRURS a:%uﬁt Bethe

Formula 111,
compound of Formula V present in the reaction mixture.

I1.  The process according to claim 10, wherein the TEMPO is employed in an

amount of 0.0025 times the amount of compound of Formula V.

12.  The process according to any one of claims 9 to 11, wherein the sodium

hypochlorite oxidizing agent is employed in an amount of 0.95 to 1.2 molar equivalents.

13.  The process according to claim 12, wherein the sodium hypochlorite

oxidizing agent is employed in an amount of 1.00 to 1.05 molar equivalents.

14, The process according to any one of claims 8 to 13, wherein the oxidizing

is conducted at a temperature of from -10°C to +10°C.

15.  The process according to claim 14, wherein the oxidizing is conducted at a

temperature of from -5°C to 0°C.
16.  The process according to claim 8, wherein the compound of Formula V is

provided by a process that comprising:

(1} alkylating the compound of Formula I1,
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Cryl LOR NH2Formula 111; (ii) protecting the am no group in the
compound of Formula Il isolated fromStep "i" to provide the
conpound of Forrmula IV, 0 Cri AOR Forrmula IV, wherein Pis an acid

| abil e nitrogen protecting group; and (iii) reducing the conpound of
Formula 1V obtained in Step "ii" to formthe correspondi ng al cohol of
Formula V. 17. The process of claim 16, wherein: "R' is ethyl-; Step 1
is carried out by al kylating the conpound of Formula Il with

br ononet hyl cycl obutane in the (@ .ence potassiumtertiary butoxide
then the reaction mxture is we th HC1 foll owed by aqueous
posassi um carbonate and the resultlng conﬁ nd of Fornula II

wherein "R' is ethyl, is extractedsMnto tertiary butyl nethyl ether
Step 2 is carried out by treating :

g MIBE sol ution of the conpound
of Formula I'll with diteitinybutyldicarbonat®mylt& di ng the conpound

of Formula |V, Whereh i Rordsnfad Al ASUMHAKEALOAR] bl be Sl Ath

group; and wherein Step 3 |s carried out by treating the worked-up
reaction mixture witbmegtleputgngilythaliile i therptsernohyptiz babe andideprotecting the

crystallizing the pl(‘h?(:!ltl gel%ltﬁggc?mpound 09{hm#0rm1}1{a H\fher ein "P" is a

but oxycar bonyl pr% o
T,
NH

2 Formula III;

(i) proteciing the amino group in the compound of Formula III isolated from

[$545 ]

to provide the compound of Formula IV,
O

o
NH

F Formula IV,

Step “i

wherein P is an acid labile nitrogen protecting group; and
(ii1) reducing the compound of Formula IV obtained in Step “ii” to form the

corresponding alcohol of Formula V.

17.  The process of claim 16, wherein: “R” is ethyl-; Step 1 is carried out by
alkylating the compound of Formula I with bromomethyleyclobutane in the presence of
potassium tertiary butoxide then the reaction mixture is worked up with HCI followed by
aqueous posassium carbonate and the resulting compound of Formula I1I, wherein “R” is
ethyl, is extracted into tertiary butyl methyl ether; Step 2 is carried out by treating the
MTBE solution of the compound of Formula IIT with ditertiarybutyldicarbonate, yielding
the compound of Formula IV, wherein “P” is a tertiarybutoxycarbonyl protecting group;
and wherein Step 3 is carried out by treating the worked-up reaction mixture from Step 2
with lithium borohydride and crystallizing the product alcohol of Formula V, wherein

“P” is a butoxycarbonyl protecting group.
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