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WD 2005/ 054184 PCT/ | B2004/ 003815 1 PROCESS FOR
CONVERTI NG HETEROCYCLI C KETONES TO AM DO- SUBSTI TUTED

WORNERSAYLLES 5 The present invention rel ates POT/EBR004/003815

i nproved process for preparing am do-substituted 4-
to 6-nmenbered heterocyclic conpounds from4- to 6-
menbered heterocyclic ketones. The am do-substituted
4- to 6-nenbered heterocyclic conmpounds are useful
internediates in the synthesis of cannabinoid (CB-1)
ant agPROICESS FORBABIIREENINGIHE TEBROGYILICHETOMES 0

nycr ogen Cy 3 ANPRHSHS ) ThpaHE JROCIC LR

resulting a- amnonitriles is known as the Strecker
Am no- Acid Synthesis. See, A 15 Strecker, Ann, 75, 27
( 1850)Tharpdes¢ént$1wartioerrela@emto an jmpryed 1864dgss tomreparing

e Ut EH e othmenikesEd hetbrogudEuapgnds Fit fio o-
ﬁ]eﬂ%@F@EWe‘téro%ﬁ&Wl@é’cbﬁes | PTha@ehitibubstifited CRPE-n¥mbered

the reaction haS been extended to include primry and
sketenekyclic canmpossnds Sse usefu intetmediatesrisdhe synthesia of

W ni t f the Am 20 Acid . 3 (Ne
ﬁr']rw‘azdifé%aé)?gﬁé gé%t%QBBlSSG C. mlgaarret;:I SAS§F°TTTEtfi c(: "

synthesi s using enantiopure sulfinimnes", Chem stry
and Bi ochem stry of the Am no Acids (Chapman and
HaI |, New York, 1985) PPABKGROBND F A Davis, et

o o TR ShEL ST Sl %%&&Eﬁ%ﬁ%%{eﬁw
ﬁHn%}ﬁQr R hyf éﬁ%?a&@é@omﬁ@éﬂ By RPdfohR<bf tr rfeb,gmab o

e Strec rea ti1oh provi des a ‘conveni ent neans
namumcgmnesansdmmvvzrr as m Strhekars%nm-éydrﬁﬂdhe@agﬁﬁes A

r BlrBERen Acpatpud (TR AR SHBRAH il 31, S4RY) Bpgf cOver
they )ﬁ’eér’é safeeafilder afd nedrbi slstivereadtior! eonditionsBavVgbeen
an a 30 am noam de from the correspondi ng

adavelaped tespesialiytinsegandie asyguneific Sé’ﬁfhﬁﬁﬁ eln; addition, the
Ir ﬁt?('é%lig h?’%%gﬁgn Eag r@eteﬂeex%r?d%%rt%tlhglﬂdgfpr% and secondary

amines. See, e.g., J. P. Greenstein, M. Winitz, Chemistry of the Amino
Acids, vol. 3 (New York, 1961) pp 698-700; G.C. Barrett, “Asymmetric
synthesis using enantiopure sulfinimines”, Chemistry and Biochemistry of
the Amino Acids (Chapman and Hall, New York, 1985) pp 251, 261.; F.A.
Davis, et al., “Review of Stereoselective Synthesis”, Tetrahedron Letters,
35, 9351 (1994); R.O. Duthaler, Tetrahedron, 50, 1539-1650 passim
(1994).

Although the Strecker reaction provides a convenient means for
making a-aminonitriles, the use of cyanide reagents raises safety issues
due to the high toxicity of any residual cyanide in the reaction mixture.
Therefore, there is a need for an efficient means for producing an o-
aminoamide from the corresponding a~-aminonitrile without the risk of
exposure to residual cyanide from the preparation of the intermediate o~

aminonitrile.
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amnonitrile. WO 2005/054184 PCT/|1B2004/003815 2
SUVWARY The present invention provides a process for
of Forrmula (1) having |PCT/IR2001003815
no risk of exposure to residual cyanide. H R4f N Rob
RAf YR4b Z X NI-12 Rod NRod" 0 5 (I) wherein R4b
and R4b are each independently hydrogen or

(Cl-Co)alkyl; Xis a bo g;ggCHZ
-C(R4c) (R4c' ) -, where Roc anl\él o] are 10 each
I ndepeTtieptesgnhiywentiem pasvid€sTa Gﬁc)tmslsyfbr pFRepatingsa compound

aidernuls (hhavingbiie Yonatisk ofsxessS T e o/hice

heterocyclic ring optionallyqcontaining an additional
heteroatom sel ected atojm N, 0, or ,5 Rod' is hydrogen,
(Cl- 08) al kyl, or takerRt Ner MRth R 4d forns a 4-
15 to 6-nenbered heter %H i c fivgtoptional ly

contai ning an additional %etexoatom selected from N,
Oor S, Zis a bond, -CH2 ONH.C(R4e) (Rde') -
where Roe and Roe' ar epieal dep@ndently hydr ogen or
(A -Co)al kyl; and R4f and RAf ‘are each independently
hydrogen or (Cl-C6)al kyl; R0 9r a pharmaceutically
acceptable salt thereof; conprising the steps of (1)
reacting a conpound having &J)formul a Rod-NH R4d' and a

wherein

R* and R*" are each independently hydrogen or (C1-Cg)alkyl;

X is a bond, -CHoCHs- or -C(R*)(R*®)-, where R*® and R*® are
each independently hydrogen or (C4-Cg)alkyl;

R is hydrogen, (C4-Ce)alkyl, (Ca-Cs)cycloalkyl, or taken together
with R*Y forms a 4- to 6-membered heterocyclic ring optionally containing
an additional heteroatom selected atom N, O, or S;

R* is hydrogen, (C+-Ce)alkyl, or taken together with R* forms a 4-
to 6-membered heterocyclic ring optionally containing an additional
heteroatom selected from N, O or S;

Z is a bond, =CH2CHo-, or -C(R*)(R*)-, where R* and R*¢ are
each independently hydrogen or (C4-Cs)alkyl; and

R* and R¥ are each independently hydrogen or (C4-Cg)alkyl;

or a pharmaceutically acceptable salt thereof;
comprising the steps of

(1) reacting a compound having a formula R*-NH-R*" and a
cyanide source with a compound of Formula (la) to form an intermediate of

Formula (Ib)
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cyani de source with a conmpound of Fornula (la) to form
an internediate of Forrmula (lb) WO 2005/ 054184

weanshBa804/ 003815 3 Pg Pg R4 N RAb RAf N RADIBA04/003815

Rab R4f/1 R4b Z X X RAAINCN Z Y O Rda (la) (Ib)
where Pg is a am no-protecting group an R4b, Rab' , X,
Z, R4d, R4d' R4 and R4f are as defined @Bove; 5 (2)
hydrol yzi ng the n||:th| | e group of tJ?e cofpoundy,of
Formula (1 b) wth™al kaline hydr j in the
presence of gd rret | suRfoxi de to 4f rim a gompdund of

FormJIa(Ic 4 R4b  R4f )<R XX 7 NH2 Rod
N R4d' O Pe Pg, R4b, R4bl , Z, RA4d,
R4d, R4d , R4f 5n f are as defj @Nab ¥ej (3)

renmovi ng the am protecting gron to\formthe
conpound of Form@ a (l); and (4) opt|8nallyform'ng a
pharmaceutically acceptable salt of sai d compound of
Fornula (I). (1a) (Ib)

where Pg is a amino-protecting group and R*, R*, X, Z, R*, R*', R* and
R*" are as defined above;

(2) hydrolyzing the nitrile group of the compound of Formula (Ib)
with alkaline hydrogen peroxide in the presence of dimethylsulfoxide to

form a compound of Formula (Ic)

(Ic)
where Pg, R®, R*, X, Z, R*, R*, R*', R* and R*" are as defined above;

(3) removing the amino-protecting group to form the.compound of
Formula (I); and

(4) optionally forming a pharmaceutically acceptable salt of said
compound of Formula (l).

Preferably, the compound of Formula (la) is converted to the
compound of Formula (Ic) without isolating the compound of Formula (Ib).
For the compounds of Formula (1) and corresponding intermediates, R*,
R* R* R* are preferably all hydrogens. X is preferably -CH.- or a bond.
Z is preferably -CHz- or a bond (more preferably, X and Z are both a
bond). R* is preferably (C4-Cg)alkyl (more preferably, R* is ethyl) and
R* is preferably.hydrogen.
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15 Preferably, the conmpound of Forrmula (la) is
converted to the conpound of Fornmula (lc) w thout

w0 s@sasdieg t he conpound of Forrmula (I b). For PEEIB2004/003815

conmpounds of Fornula (I) amd corresponding
i nternmedi ates, R4b, R4b RAf are preferably all
hydrogens. X is preferaleﬁﬁ'ﬁf’Q Sor a bond. Zis

pref er A8l 0 K PTERorB S bfypbYarbdnd
are both aeggk%%qu §he3te?ﬁ|n@ yg?ef erra ym arbESn E§|c§| of

(f’ﬁﬁ@eﬁﬁré\‘f@l’mbl%@nmm ﬂéheeallw?e) r@ﬂhdal mam/b:esztgacl)%r/\toog .
DEIENER, Yor KRN Ing ok W -CORRYL hlifé 1o APonoes

t straight; &r Geaidhd élﬁﬂ"la@l@'%r@up cbmg:rg@@ertalﬁ é@b@waaoﬁs (e.g.,
Her +I The al kane radica be straig
m%ﬂe%t YigrpreRyrPeoPy bt mbb(txtls@l)tsdi kputyl repentyl, 1-

gr o B’MW? i1tk 53l bbﬁﬁapég@&ﬁlgﬂ 33 aﬂné@mropyu
ehﬁm{l,, 2-mqihyip¢htyl |arm meyllke) Pgwnayﬂy, the bllldny%rl’jltSmt(UéWalkyl
SN P DIVIaEBE oY Nok 168 SHMBTRINHAILGS AbbHyThe

el s ok, 8 A
hsamelos diffarentief | n|t| on as above. The 10 term

ani ¢ TS SO LI 4 4 ARSI Ryt Which may

WRJd@GéIKWsubéﬁtfuﬁbﬁst %aeﬁgmlaweyc%)éyd&@mmw' ch

may include al kyl substitutions

(cElaBppyle meihygyclpprapyt eyclobytyl dpetkMdyclobutyl

Bk ARER P BRSO Sk SRR B Pidhent”

and cyTheksiytcyahite $auree” eyamitdanyaeagent thet as ptévide a
any reagent that can provide a cyanide ion under the

r @Ride prcwrdarithe feactsy candifiginse , Fyraasplanpotagaivine,

C ORISR SR Sy ahel Ao BRI S K, and the

"likear maceuti cal 'y acceptabl e” i nd| cates that the
subst osi tion mIlst be conpatible chem cally

and/ or @BETELSSI gg?@'ﬁ?q:%“t'cﬁl ¥ fcqaptabiehindicates et tha <.

substance or composition must be compatible chemically and/or
toxicologically, with the other ingredients.

The term “protecting group” or “Pg” refers to a substituent that is
commonly employed to block or protect a particular functionality while
reacting other functional groups on the compound. For example, an
“amino-protecting group” is a substituent attached to an amino group that
blocks or protects the amino functionality in the compound. A preferred
amino-protecting is benzhydryl.

DETAILED DESCRIPTION
The process of the present invention provides a convenient and
efficient means for preparing intermediates that are useful in making
compounds that have been found to be cannabinoid (CB-1) antagonists.

The starting materials for the process described herein are generally
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The term "protecting group” or "Pg" refers to a
substituent that is commonly enployed to bl ock or

w@e@sest1sa particular functionality while 25 PERTB200UH03815

ot her functi onal groups on ihe conpound. For exanpl e,
an "am no-protecting group” is a substituent attached
t gvailabiedras gemmerelghsounses sksh g8 Addek Shemigals{Milwaukee,

f W\E[gr gﬁ%‘téggﬁiy %ﬂeﬁ&% Uty hé/) ‘i‘hocAs \@é@&ﬁg{vﬁgg those skilled in

DGRt BT .gObrépergar lor arthads gél&erahyedeMrrbed/mp.tom F. Fieser
nt .means

TN WA N

Cqﬁﬁpgﬂ@@ﬁ’ -1459 eQ?VSr ﬁéﬁgerhggﬁdb%cﬁ%e?@r‘%i? {T;’r_g_ér\r?jCQemre 4,
ant agoni s ng Materi

pAotieed. Slwdtgardéerldg: Beirtin, dndudivgepplemeisIaEs Dadable via
/é (%04/ 381%{ ﬁ? ’Fll | abl e from conmmerci al sources

BT@n—?\Bsuzs—idﬂoq Mok <318 %eés (M | waukee, W) or are

readi | gcReRArdowsidra1®s tHedsenshl p H@@@%‘of Ehé Br‘e%@nt

skilled in the art (e.g., prepared by neth

giwention.y described in Louis F. Fieser and I\/Iary
Fr eser Reagents for Organic Synthesis, v. 1-19,

L~ New 5 Yorpg.| ],9@7 1999 eflrg., /e( Bei | stepgs ~_
uc de or,gani n Chen g, ufl . ed N
Sprl grlag, B I inclufin Plérren'ts(gl
avail able via the Berls(%ernolrne database)) . Sthe@B

| belowillustrates the genera procless of the present
i nvention. Pg-, Nx Pd@), Nx Pg, Nx Pgip) Nx ~CN CN + Z
Hz0z ~z N- 4d OH R4d R 1(a) 1(b) H, INnx 0 Pg~
N O \z)NH2 z NH2

Ho o~ 0 PQ\
N X
O, — LMNH

R4d’ “RY R
M 1(c)

Scheme |

The amino group of the starting hydroxy compound is first protected
prior to oxidation to the ketone intermediate 1(a) Alternatively when
benzyhydryl is desired as the protecting group, the protected amino
alcohol may be prepared directly by reacting benzhydryl amine with
epichlorohydrin. Other amino-protecting groups may be used so long as
the protecting group remains intact through out the process illustrated
above. For example, it does not cleave under the acidic alcohol conditions
of the Strecker reaction used to form the nitrile1(b) and dees not cleave
under the basic aqueous conditions during the hydrolysis of the nitrile1(b)
to form the amide 1(d). The hydroxy group of the amino-protected starting
material may be oxidized to the ketone using conventional oxidation
procedures. For example, the hydroxy compound may be treated with

oxalyl chloride and dimethyl sulfoxide in the presence of a base (e.g.,
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R4d RAd' R4AAN~-R4d' 10 (1) 1(c) Schenme | The am no
group of the starting hydroxy conpound is first

w@e@sestied prior to oxidation to the ketone PCT/IB2004/003815

intermedi ate 1(a) Alternatitwely when benzyhydryl is
desired as the protecting group, the protected am no

15iethdamine)dayors the kptaned (@) (a:q kgowp asdhet§wgrn oxidation).
TR 18010 ool B ARG coffbho (R
pmmbee:t%??gma’mreawedegmeumb?we) ahd mlgram sbinee in a protic
i trat ) ol oes . not
CraNGRt (e Mathan gl weieshi gD o itbies (o Suifable
g&&ﬁﬁd‘%nfp%ﬁﬁaé %I&’é@glk&%rﬁiﬁé é.ge rﬁét*hgl éﬁl‘iné,%l?)tﬂ%%ine, n-

oes not cleave 20 undel the basic aquéous conditions
dpraprgamiee hgdisbgdiamioe, nipatyiaming, slecttmtylaminé, osonbutyd

ide 1(d),. The hyd f .th t ed
i R L SN Rl U
cm&wéiwrmhin@xbﬁatﬂh@nke)pbw@akylgminé;@(e.gzswelo%roﬂw@nine,
hydr oxy conpound nmay be treated with oxalyl chloride
ametiayleycleglopylaniogi exclobutylagine svetvicysiobutyamine,

Frdn iR intes Fuioenite. HEtexdareniaming

t bgclShetylamified aindan like | aadiriteeydliicamires @26 adetidind,
the desired am no conmpound (R41-NHR4d', L where R4d and
Rayrroligige dgidazqliding, sxavelidingdhiazeljdine deireddinge pingrazine,

iCos . / :
P ol ROl LA UV S0AAd 401 gL or
atheytyamide soreeg themtbiehrghction mediueh meledsito e, aoidic for the
B Al b yrochion
SO It PP SR, 1 A ot

( #&(kg.is therchygrobyzed daitine amidee d (o) lusjng pocedytesamaogous to
SR BB PR SHLER BOM S e i i e e
I"_IE“%@GSBQW@WWQS&W MRy exaPle Htrile Mitdmcediget (bY'® treated

_ and heterocyclic amnes (e.g., azetidine,
pWith @bogi el equivalents ofdalk@linedxdregedipeeoxidd{agolhydrogen

PREE PiePrBGRRR & s BISR 08, S ARS8

potassium hydroxide) in the presence of about 1.2 equivalents of

dimethylsulfoxide (DMSO) in a protic solvent (e.g., methanol). Generally,
the amount of sodium hydroxide added is about 3 mol% over the amount
of total acid used in the Strecker reaction (e.g., mol acetic acid plus mol
HCI from amine hydrochloride salt) The pH is about 13. Preferably, the
hydrolysis to the amide 1(c) is performed with the crude reaction mixture
from the previous step without isolating the a-aminonitrile intermediate
1(b). Finally, the protecting group may be removed using procedures
appropriate for the particular protecting group utilized. For example, when
benzhydryl is the protecting group, it may be removed by hydrogenation in
the presence of a catalyst (e.g., Pd(OH),).
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t he cyani de source, then the reaction nedi um needs to
be acidic for the 15 generation of hydrogen cyani de.

WO-00505%a8pl e, acetic acid or hydrochloric aciBCT/B2004/003815

typically added with potassium cyanide. The nitrile
internediate 1(b) is then hydrolyzed to the am de
1(c) udhatp preseainkadvaniagrsodfihedroeewsel thequesedd by

] Bﬁ/&éﬂgéﬁ o%ié‘@%ﬁ;?@b%%%g 'tléé}rc%ﬁg:%eﬁﬁbt thﬁ:li’,1 gg?n%}glon. For

i ekemplmj itlad mt?c(dml)cl‘iloa of tlm;]nmtﬂe@ow) id‘toalh)%wrtolécule and the
eC]UI va ent a ne ro per oxi ae . 0., .
hyHPRRARIEN MEB!Y% Y%eagbﬁ%éoaﬁ g aﬁlé@)ﬁgv%@%cﬂon
(Wrgen XSOl Z”Qr?lﬁ@g é'b@ﬁd%{nd n@@t@ ryram?@rtﬁébﬂﬁae k) was

presence o 1.2 equivale
|snintbgl Idmebﬂy)inodetr(emmdp reactmrpmo(tune incuifssient(muriy fo be

R e aSTI b AP BB BeflasS 0D BESALE,
ugﬁfé.ér{bytettﬁ/aﬁtég@iﬁ%aﬁ@@@iurm@ (IR- emdindmlth@@%iﬁngﬂgg‘é
plus mol  HCl from am ne hydrochl oride salt The p

allagic hgdrogesfraraxide) likely depgmposes iaaytr@marmngmvmde

r Pl G VST g Ing M Twitet B 5 (iR Ehd Bfmonta,

atig giminkting ehe @é@t)mséu@a%sodlé@d with @ghhide éxpesure and
protecting group may be_renoved using procedures 30

ap@stpsirean managemephr the usa et pasicaarpige gwaysis allowed
uEHé[ %ﬂon i rtalf‘é(ﬁige{a?n tﬁ@;gl%seng@ 6?%9’[)9(& ;}d@tlbﬂﬁlltg which

rou

| undéhﬁemﬂasmrstlghw aelduﬂﬂfa(DgLSWOOH Igcely ﬁ’al\(élabuﬂ)zed\we tertlary
2005/ 054184 PCT/ 1 B2004/ 003815 There are sever

B0 30 NopXickcari DR opAapam I ISEA X ol g present
O¥fen8bfSthe %38§ﬁ|ﬁﬁe%P8Folﬁets?%%§eng%ﬁ iHs®aint %Héﬁus such

conver si on. exanpl e lon o
nihatidxelajivelgide reactivhe anerelativaly almiv if ipgesenilat edjuent
hydrolysis to the am de can be done in a single pot
reaction. 5 When X and Z are both a bond and R 4d is
et hyl am no, the am de 1(gxAmpLESol ated directly from
the crude reaction mxture in sufficient purity to be
used i Wni¢rs spadified ethewishostartng matenaie are generally

a8 ol S8R R s AR IR 2o
( pAmvaukys NYYe| naﬁ@ésﬂm genthkebisene. deaedmat e Ha;rwcros
remai ni ngsc yani de, 10 presumably to cyanate and then

f Qrgaies {baitlaso N MrVeridgmehammiealiGempany, Ltd. (Cornwall,
England), Tyger Scientific (Princeton, NJ), and AstraZeneca

Pharmaceuticals (London, England).
General Experimental Procedures
NMR spectra were recorded on a Varian Unity™ 400 or 500
(available from Varian Inc., Palo Alto, CA) at room temperature at 400 and
500 MHz "H, respectively. Chemical shifts are expressed in parts per
million (8) relative to residual solvent as an internal reference. The peak
shapes are denoted as follows: s, singlet; d, doublet; t, triplet; q, quartet; m,

multiplet; br s, broad singlet; v br s, very broad singlet; br m, broad multiplet;
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thus elimnating the safety i ssue associated with
cyani de exposure and waste stream managenent. The use
t he r eaPCT/DBRO049003815
take place in the presence ®f amne functionality
whi ch under neutral or slightly acidic¢ H202- woul d
I ?Reﬂ"&? $agietso i aPReFashe Oﬂyrﬁepaﬁ%?ni@'vﬁnﬂ'h'é"\/{% Pﬁﬁks are
NP RQ¥hde and the secondary amine to an oxine. In the
esent invention, the rate of nitrile hydrol ysis is
essent NHslsyspenma avdremecorded bytdirechiow exalsts vseng pdsitive

ERRPEB I BAAR Rt FFRtaLF SHomy LI condAEED) srgn modes.

nntwratarbswwg e A n@é@'ép@%fr@nfe‘%éﬂ@ \‘R/ItﬁﬂGllson
sources such as Aldrich Chem cal s Co. ['waukee,

V215 liguiddmanding Systehewas used o cany @@ht—hﬁ etgrimends.os

R N T N RN o e

Nﬂr)eth@dlfbrwéméﬁm? ic 8bpitagonaveldcuRR Meightaasistification was

Engl and) . Cener al perinmental Procedures NMR spectra
weacorded by pesitiva aad\viadadive electrpsmiaydonigatiam(i=SI) scan modes.

BRIt RS ES IR Bfiet 7D G EY Shas b RAF
Chquippall vdth Glisora2 €5 Bauid éandling ﬁySlGMahd'JlelP ‘B’Q)CNDADI was
relative to residual solvent as an internal

self-‘%(i' inealry ppkthseperBieibes are denoted as fol | ows: s,
single; I%anth/BgW E%Etldlh*?) Bflé%l\lgﬂablgfroﬂvﬁﬁl ‘Ftharmtech Inc.
e

mul ti pl road singlet; v br s, very

s{Tajwan) br m broad nultiplet; WO 2005/ 054184
PCT/ 1 B2004/ 003815 8 2s, two si nglets. In sone cases
only representative 1H NVR peaks are given. Mass
spectra were recorded by Ek&ﬁ,{ﬁ(’ef]l ow anal ysi s using
p03| t [ ve and negat ive at nos

eric pressure chem cal
I"Agl-ers APcl/ N5

rmdel ZI\/D mas spectrorreter eqw pped wit h | son 215
i quid handl i ghsyst emwas used to carry t he
exper i menys, Ss spectronetry anal ysips al so

obt ai ned by RP- C gr atient—retwed for N
chr omat ogr aphi c paration. Mol ecul ar wei ghd__ﬁ\k
identification was OH e

(I-1a)

Oxalyl chloride (145.2 g, 1.121 rhol) was added to dichloromethane
(3.75 liters) and the resulting solution was cooled to -78°C. Methyl
sulfoxide (179.1 g, 2.269 mol) was then added over a duration of 20
minutes (méintained internal temperature <-70°C during addition). 1-
Benzhydryl-azetidin-3-ol (250.0 g, 1.045 mol) was then added as a
solution in dichloromethane (1.25 liter) to -78°C solution over a duration of
40 minutes (maintained internal temperature <-70°C during addition). The
solution was stirred for 1 hour at -78°C followed by the addition of
triethylamine (427.1 g, 4.179 mol) over 30 minutes (maintained internal
temperature <-70°C during addition). Reaction was then allowed to come

to room temperature slowly and stir for 20 hours. 1.0 M hydrochloric acid
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recorded by positive and negative el ectrospray
ionization (ESI) scan nodes. 10 A Waters/M cronass

wESloshBiepdel ZMD or LCZ mass spectroneter equP@peEgRo04/003815

with Glson 215 |iquid handting systemand HP 1100 DAD

was used to carry out the experinents.
1(Biergds A mahavasdaddes! il thecrudeaireagiion salyiinrpoyer 30

RS TohBE by S B0 B Fohn R RRRAEH. OFne"

Phééwu@im@neman@vayeqwéaﬂyeumqnuaasm {v4.tRel sepafidd
was added to dichl oronet hane 20 (3 75 Ilters) and
t ﬁ@d discardechq 1 beIremastngasidicoaniuepusophaasdcleast sglpTiess)

S%&Q@ﬁ&d%@d@)ﬁ%ﬁg@ ?dHB& VAR dﬁﬁe{ernaf%tﬂ"s%fmﬁg over

duration o
t ar§femiriute periodd Thaufinahggaddii$ solufion had a pH=9. At th|s pH

i Sl et Stesiptefesiram saiuihin 7s Aonie sdiid Tas pELo

t Qolufi8fr v éﬁrrémfo%@rmmu@ég ahd %rp{h eéﬁemmegwbr%auct was

(mai ntained Internal tenperature <-7
adadliedte by filthations oThe cmileotm; salid wasavadahediwitio drO kier of

oWaferiangd fA aip b s et focve b A Bl RN AR50 Ea)
Fmap qq%)%gé),{:oﬁu,ph,fggs@@dl tion). Reaction was then
allowed to cone to roomtengerature sl ow %Hand stir
p

for 20+ESUMS (M+0) REBBAMTthpohydrated ietome R 0N WS4 HED

R 7 et A A 1 -Gt T AL )
f algoed H)y3sl7isr 4y for 10 mnutes at room
tenperature. The heavy di chl oronet hane | ayer (clear

yellow in color) was then separated and discarded.
TReepanation iofid -Ben zhiydnddaethwianphasazetidinead-cadmofic ask)

5 vvag t:Ir Eit ed with 50% sodi um hydroxide (150 m, 2.1

stirring over

Q HO__CN EtHN_ CN EtHN
@ 23
[
N

N
Ph”” >Ph Ph)\Ph Ph Ph/k

(I-1a) (I-1b) - (-1¢)
1-Benzhydryl-azetidin-3-one |-1a (53.43 g, 0.225 mol) was

dissolved in methanol (750 ml) to give a clear pale yellow solution.
Ethylamine hydrochloride (20.23 g, 0.243 mol) was added in one portion
as a solid (reaction solution remains clear) followed by addition of
potassium cyanide (15.38 g, 0.229 mol) in one portion as a solid
(potassium cyanide not very methanol soluble — suspended as white
flakes). Acetic acid (14.86 g, 0.246 mol) was added followed by stirring for
2.5 hours at room temperature to give a homogenous suspension (white
crystalline solids of uniform small size). LCMS showed nearly complete
consumption of azetidinone starting material and a mixture of

1-benzhydryl-3-hydroxy-azetidine-3-carbonitrile (cyanohydrin) and
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a 30 mnute period. The final aqueous solution had a
pH=9. At this pH, the desired product precipitates

wo e@s0saBut i on as a white solid. The pH=9 sol PCT/BRONA®3S1S

stirred for 30 m nutes and1®hen the precipitated

product was collected béd'fi | tration. The collected
s bthenzidrvivdsetbaminerazetidinetdcadionittleSiteckengradust). The

s v MenhiaisiEio 3°C 2o sfived for 15 howss ang
anCMS awblyts% srovietl 2«68l 1 O\fﬁD(tM’elbf Qﬁécieer(d\/béuétfcyanohydrln
drated ketone); 1H NWVR (400 _WHz, CD2Cl 2

@VO?P%a(SrﬁO bﬁ-l?” epuPbrium@tioy, 4H), 7. 18 7 22 (m
1H)Benzh % ﬁg&%r eﬂcﬁ%[]e@lxﬁjo azetlcgf%led}g_Sg‘;(?E@ Pr{e

aaddlluo('n Iofﬂlmaethy[:sulﬂaﬁdd@ .18 Ell\IO(ZBQEth‘)Iand tﬁehlldﬂdltmlrn dii
Phl~ P -

~5lpgous 9 o dycisite B im0 592 ol Aver thmmutes

( aﬁ‘@alﬁed thtésal Y@hbeﬁé@&re >2¢Q5°@')5$¥§ éﬁé’lgkl@ BYRL BRI hows all

ive a clear pa | ow soOl uti'on
thmeawamehhgrm veis| vaeﬁed :b@ck:%o g b@maryiﬁz)etldms&one
reaction,. O ut i

“rhd Peldiai S shoR kel g Sheir bS8 fcra2BrdBoft of Reo:10).

csamn@a dl—1§q3§le§130T8% Basit re8ctititsslatién 9f15@‘¥3 Vasddéd
ﬁ)ot assi um cyani de not very methanol sol uble -
st

peRRuapushydipgen peraxida i) ml.As847 enclkpvernd misseg while
On%%a@%gl theen eqﬂgletgrr{ %réﬁl\f’@%emfeéﬁ bﬁ rtérﬁgﬁfﬁoﬂ'gezprgduct

hOUTS OOﬁ] enperature to give a

shegant predipitaité during petalide addiiohj dsd aftetibomplete sialtion,
wed nearl conpl ete. consunption of

aW@%‘%rdei‘foCNgd%‘i oty W@ t fagilitaiegstifring x T hedeagtion mixture

HASHAY SO G R B A AR Ay over

hour, followed by stirring at room temperature for 1 hour. The precipitated
product was collected by filtration and rinsed with 1.0 liter of water,
followed by briefly air-drying on the filter for 1 hour. After further drying in
vacuo, 1-benzhydryl-3-ethylamino-azetidine-3-carboxylic acid amide (I-1c¢)
was isolated as an off-white solid (565.31 g, 79% over two steps).

+ESI MS (M+1) 310.5; '"H NMR (400 MHz, CD3;0D) 6 7.41 (d, J =
7.1 Hz, 4H), 7.25 (t, J=7.5 Hz, 4H), 7.16 (t, J = 7.5 Hz, 2H), 4.49 (s, 1H),
3.44 (d, J = 8.3 Hz, 2H), 3.11 (d, J = 8.3 Hz, 2H), 2.47 (q, J = 7.1 Hz, 2H),
1.10 (t, J = 7.3 Hz, 3H).

Preparation of 3-Ethylamino azetidine-3-carboxylic Acid Amide,
Hydrochloride Salt (1):

J

NH

HN

2

HN
O «2HCI

()]
To a suspension of 1-benzhydryl-3-ethylaminoazetidine-3-

carboxylic acid amide (I-1c; 36.1 g, 117 mmol) in methanol (560 ml) at
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10 1- benzhydryl - 3-et hyl am no-azeti di ne-3-carbonitrile
(Strecker product). The reaction m xture was then

woornestiBo 55C and stirred for 15 hours and LEVSIB2004/003815

anal ysis showed a 90:10 m Ature of Strecker
product: cyanohydrin (ratio appears to be an
ecoar itemparatuee wep addedinoncenitatedamieoys HEk Qe miad34

b 5B.EE 119 et o AUEHAM i e 50

awa@meameﬂ@n@n(wlelﬂpmlme(&@}thﬁ methdrdhic solytionvesfrl-1c.
10 mnutes (maintained_ internal tenperature >4

R&hgma{ue yvasyplacstsoarbREMR shaker anddher) sedusas ﬁﬁ? Rgidt2)
< BB SemBBtHuitof 2BIRARY. e rchbh gt Befiftefel through

p()mlte@ and d¢hernl commwtm‘te@ﬂb Iy voluSw undenrepbiced padssiit S, at
ebalcrea nsol tion at 50C was,.added. %b%

a ROH arpaagﬂ BSH‘%L W%éumensmw‘?smf ‘ﬁWE‘P 0'ml of

”Hlé{ﬁﬁ%-blmyﬂe%heﬁ@hﬂ% @tl?r%dtiﬁ?ah@o%ﬁlaﬁ\'al heim endttHee

bet ween 50" to pr oduct

began to precipitate
dpreon;gtqie icokécted ebdrdlatcuum filknatlonf The solighpias twashwdi witlon,

BB Apa R BT Brer d af S LR 455 P4l B @ cqlpriegs

MgPkid es then cooled to roomtenperature over 1 hour,
fol | oned by stirring at roomtenperature for 1 hour.
The pr ct r

The P SAERA Y i 1P1ASH AMRSADDIRHECOBICE] bur s (6
bm-lE)IfBXDOa(qrcleI:rK/Qr}gz AH) K86 {t) J &r7.1 &z, BH)our . Af t er
further drying in 20 vacuo,

1- benzhydryl - 3- et hyl am no- azeti di ne- 3-car boxylic acid
am de (1-1c) was isolated as an off-white solid
(55.31 g, 79% over two steps). +ESI M5 (Mm+1l) 310.5; 1H
NI\/R(4OO MHz, CD30D) b 7.41 (d, J = 7.1 Hz, 4H), 7.25
(t, J = 7.5 Hz, 4H), 7.16 (t, J = 7.5 Hz, 2H), 4.49
(s, 1 H, 3.44 (d, J 8.3 Hz, 2H), 3.11 (d, J= 8.3 Hz,
2H), 2.47 (q, J = 7.1 Hz, 2H), 25 1.10 (t, J =7.3
Hz, 3H). Preparation of 3-Ethylam no

azeti di ne- 3-carboxyl'ic Acid Am de Hydrochloride Salt
(1): HN O _~ NH2 HN
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o 2HCI 30 To a suspensi on of
1- benzhydryl - 3- et hyl am noazeti di ne-3- carboxylic acid

w@edodes{iB4 1 c; 36.1 g, 117 mmol) in met hanol (PEDIBRY4/003815

at WD 2005/ 054184 PCT/1B2002/003815 11 room
tenperature was added concentrated aqueous HCl (19.5
m, 234 nmmol), resulting ¢RABMSE| ear solution. To 20%
P : tbon (3.75 g) was added net hanol (85
WW%%F@E}R%@'%_\/ the nethanolic solution of 1-1 c.

The m At ur eAvarecedsafog preparingaicofipousidasfdioraiuda (Ihen
reduced (50 psi H2) 5 at roorq{terrperature for 20
hours. The reaction was then] iltered through
Celite(r) and then congéltraped tg*™ ow vol ume under

reduced pressure, at Wy pol @Ay precipitate formns.
The suspensi on was di IBtéed with, 580 m of met hyl
t-butyl ether (MIBE), sti rf r Isn addi ti onal hour,
and the precipitate col,ect acuum filtration.

The solid was washed wR i1 BE and then dried, in
vacuo, to afford (Il (24.8 g4 @8% as a col orl ess
solid. +APcl M5 (Mt1l) 144.1; 1H NMR (400 MHz, CD2Cl 2)
b 4.56 (br s, 4H), 3.00 (q, );:7.2 Hz, 2H), 1.36 (t,
J =7.1 H, 3H. 15 W 2005/6 4184 PCT/ 1 B2004/ 003815
1@h€tgbh VS What is clained is: 1. A process for

pr<e 2rb!?wgza€@ &%Wﬁﬁéggﬁi& og%”“'e%g)g R/drogen%f(cw—&sglky?f

X is a bond, -CH2CHa- or -C(R*)(R*®)-, where R*® and R*® are
each independently hydrogen or (C4-Cg)alkyl;

R* s hydrogen, (C4-Cs)alkyl, (C3-Cs)cycloalkyl, or taken together
with R* forms a 4- to 6-membered heterocyclic ring optionally containing
an additional heteroatom selected atom N, O, or S; '

R*! is hydrogen, (C-Cs)alkyl, or taken together with R* forms a 4-
to 6-membered heterocyclic ring optionally containing an additional
heteroatom selected from N, O or S;

Z is a bond, —CH2CHy-, or -C(R*)(R*)-, where R*® and R* are
each independently hydrogen or (C4-Cg)alkyl; and

R* and R* are each independently hydrogen or (C4-Cg)alkyl;

or a pharmaceutically acceptable salt thereof;
comprising the steps of

(1) reacting a compound having a formula R*-NH-R*¢" and a
cyanide source with a compound of Formula (la) to form an intermediate of
Formula (ib)
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5 (1) wherein R4b and R4b' are each independently
hydrogen or (G -C6)alkyl; X is a bond, -CH2CH2- or

WO g{oRes)gRAC' ) -, where R4c and R4c' are each PCT/IB2004/003815

i ndependent|y hydrogen or (& -C6)al kyl; 10 R4d is

hydr ogen, (Cl-C6)al kyl, (C3-C6)cycloal kyl, or taken
together with R4d fornms a 4- to 6-merrbéged

het erocyclic ring tionally contajningl an agditional

het er oat om sel ecteld atom N, 0, orRS; i ydr ogen,
(G -Co) al kyIR or tl@kenRﬂbget her w¥h R4d f B9 a 4- to
6- nenber ed }z{ Ling optionalzy coptaining an
addi ti onal het &nselectedfrom Oor S Zis
a bond, -CH2CH22, X. C( R4e) (Rde' %g ere, Rde and
R4e' are each independently hydrBgen or C6) al kyl ;

and R4f and R4f ai® each |ndependentIyH4§/drogen or
(C-C6)al kyl; or a pharnmaceutically accept abl e salt
thereof: 20 conpr(la) ng the steps of (1flb)eacting a

OB, b8 Yo G a0 % PR ang

i Rtfesneeal aéfinaef abdwvar:nul a (1 b) WO 2005/ 054184
PCT/ | B2Q04/ 003815 13 5(9 Pg R4f N R4b R4f N R4b R4f
) <R 4bt2) hpgrolyzingde pit @grﬁupmaﬁe spoRound of fropapyla (Ib)

h@h aglf@he H%E&gfgi’ genlrg} éﬁ&ﬂﬁh@ﬁ)r&%éﬂc%%f* dtheMRARtE to

form a compound of Formula (Ic)

ad O

(Ic)
where Pg, R®, R*, X, z, R* R* R*' R¥ and R* are as defined above;
(3) removing the amino-protecting group to form the compound of
Formula (I); and
(4) optionally forming a pharmaceutically acceptable salt of said

compound of Formula (1).

2, The process of Claim 1 wherein said compound of Formula
(la) is converted to said compound of Formula (Ic) without isolating said
compound of Formula (Ib).

3. The process of Claim 2 wherein R*, R*', R*, R* are all

hydrogens.



10

R4f are as defined above; 5 (2) hydrolyzing the
nitrite group of the conpound of Fornmula (Ib) wth

wa@bdoalos41e4 hydr ogen peroxide in the presence of PCT/IB2004/003815

di met hyl sul foxide to formia conmpound of Formula (Ic)

Pg RAf NR4b RAf RAb Z X O--N NH2 R4d' O (lc) 10
where £g, RAIBe praeess of Claim RawheriniX iR4gH,- era band; @ad Z
aj.ease i&ﬁ'ﬁl above; (3) renoving the

arr?i r%-? ﬁg%ec I'ng group to formthe conpound of

Formula (1); and (4) optionally formng a

phar rraceuti%ﬁl |y acceptable salt of said conmpound of .
For mul & (1) Thegrocesgef Glage dsxhereinRai i (Crvibeakkyhand RS is
c ggﬂ of Formula (la) is converted to said

co%o nd of Formula (lc) without isolating said
conpound of Formula (I b). 20 3. The process of Claim?2
wherei p R4b,. R4b, R4f 4f are all _hydrggens. WO

2005/ 0841841 PPN ?W/@é@@%ﬁ”h%&"ﬁx W%{%z’eﬁsa@pnd-
Caim3 wherein Xis -CH2- or a bond; and Z is -CH2-

or a bond. 5. The process of Caim4 wherein R4d is

(Gi - c8Yal kyThamiosess ofLClabn hyafrfoybarein R* ieethybcess of
Caimb5 wherein X and Z are both a bond. 7. The
process of Claim5 or 6 wherein R 4d is ethyl. 10



