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Provisional Application No. 60/141292, filed on June 28,
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10

Background of the Invention

Field of the Invention

15
The invention relates to a process for preparing
(-)-(18,4R) N-protected 4-amino-2-cylcopentene-1-

carboxylate esters represented by the formula (I):

@)
H 2
R1/ O\”/ N///,". @.,\\\\\\l O/ R
O M

20
wherein
R! and R? are independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, aryl and
25 aralkyl.

Compounds of formula (I) are useful as an intermediate

in the synthesis of a substituted cyclopentane derivatives



Dec. 17, 1997. The substituted cycl opentane derivatives described in

pendi ng WEM0¢39i on PCT US 98/ 26871 inhibit influenza vi PG3/UseUrsa68 dase
and are thus useful in the 5 treatnent and/or prevention of influenza virus
infection. Known nethods for preparing2the conmpounds of fornmula (I) are
di scl osed in pending application PCT US 98/26871, filed Dec. 19, 1997. 10
A known nethod for the preparation of cis-4-

ani nocycl opeascrika@- in caehdiyd i ePrki e tisdth @h Hmerd/2 6% deolfitliesh of the

() 2- Azabicyel o[ 2,2.1 t-5=en-3- - C i iscl - | or,

30 e oSS Ghotn 18 comre 660 1150 TR ISH0Sh G Ay, the
enzymati c gesokubé@niofpéldchs- Mep hida i @c etGEMUII OB/ Jsemt -i2xramd t
carboxylate using pig liver esterase is disclosed by Sicsic, %i et al.,

Tet r ahedr oniRé¢EEN49871 98 NYRBFILGHES b S dnAimesS e fdwevert Smakes t hese

prgcesses ipprachbgal 229, 5Prplarge: 862l & producdd on.v iAuetihad Jaircl assi cal
resolution of ()-cis-4- benzam docycl opent-2-ene carboxylic acid with

(+)-cis-2- (benzyl am no) cycl ohexanenet hanol is disclosed in EP 590685 25

(Nohira, H, et al.). Cassical resolution of ()-4-
aninocyclopent-Z?ERQQI@ﬁgﬁﬂ%ﬁokoﬁs?ﬁ%p%{ﬁ%%fg§ RS O dGFHE
di scl osed i nT1USzPat @& cbo H34, 8940 &% Mg Dadpigiedat i Appldcats @ /oféscligssi cal

resol ution techniques to Iarge scal e production of conpounds of fornula
(1) is not filed Dec. 19, 1997.

10
A known method for the preparation of cis-4-

aminocyclopent-2-ene-l-carboxylic acid using enzymatic
resolution of the (%)2-Azabicyclo[2.2.1]hept-5-en-3-one
(t)lactam is disclosed by Taylor, J.C., et al. JCS Chem

15 Commun. 1990, 1120 (EP 424064). Similarly, the enzymatic
resolution of (%)-cis-Methyl 4-acetamidocyclopent-2-ene
carboxylate using pig liver esterase 1s disclosed by
Sicsic, J. et al., Tetrahedron Lett. 1987, 28, 1887. The
use of enzymes, however, makes these processes impractical

20 for large scale production.

A method for classical resolution of (%)-cis-4-
benzamidocyclopent-2-ene carboxylic acid with (+)-cis-2-
(benzylamino) cyclohexanemethanol is disclosed in EP 590685

25 (Nohira, H., et al.). Classical resolution of (x)-4-
aminocyclopent-2-ene-1l-methanol using dibenzoyl-D-tartaric
acid is disclosed in US Patent 5,034,394 (S.M. Daluge).
Application of classical resolution techniques to large
scale production of compounds of formula (I) is not

30 practical due to cost and availability of reagents.



30 practical due to cost and availability of reagents. WO 01/01569

PCTI USOCGvbaRe?s69- 3 Thus, there exists a need for resol uti earRisod/¥e9
enantioners of (-)-(1S,4R) N protected 4-am no-2-

cycl opent ene-| - carboxyl are esters of the_formula (I) in high chem cal

yield and high enantioneric purity. 5 Summary of the Invention The
invention relates to a process of preparing a 10 conpound of forrmula (1) O
HR2 Nzz O ~l) T7whereithel? Bxiand R2nate fodepesdentiyn sef edied fromthe
group consisting of hydrogen, alkyl, cycloal kyl, aryl, substituted aryl
and ar al kyl ;enéél’%}épmﬁfﬁgOfO\O)‘Hﬁﬁl-éﬁN YR oteqtedoH X A1) (111) (1V)

reacting ()%y%%@BEB¥QhQL¥hga}kg§9ié§ée@é@éP@Qanthe formula (I) in

high chemical yield and high enantiomeric purity.

Summary of the Invention

The invention relates to a process of preparing a

10 compound of formula (I)
y 0
R OY N//,,,l. @"‘\\\\\\H\O/ R?
0 0
wherein
15 R! and R? are independently selected from the group

consisting of hydrogen, alkyl, cycloalkyl, aryl,
substituted aryl and aralkyl;

comprising

O @)
HN

+ R2OH ——» O

2 (In) (1ID) B av) |

reacting (f)2-azabicyclo{2.2.1]lhept-5-en-3-one of

formula (II) with an alcohol of formula (III), and a non-



formula (1) with an alcohol of formula (111), and a non WO 01/ 01569

PCTI USOOVD3989569- 4 aqueous acid, to formthe correspondi ngCTUSpILSAGH Of
formula 1V, wherein X is the corresponding acid anion; 0 OCH R2 OH H2
N,~~ O H((IV) OHO reacting the Conpound of formula (IV) with L-tartaric
5 acid and a tertiary amne, to formthe corresponding Conpound of forrrula
(V); 0 (R1000)20 (M) OHR2 (V) + or 10 R N,,, O RO0OOY (VIl) O

suspendi ng ad{nee@oﬂpmﬂm dfo f@lmulféle( \Porne spencriganiCompolneno fafdrog @.tl ng

with a Conp nd of for or_a_10 ound, aof .formula (VI1), wherein
Y is chlorih& of & %]rﬁl v\,hceorrerlenS d%l%gsécs}e Ly ?‘I‘l above, in the
presence of a base, to formthe corresgondl ng Corrpou@d of fOHMul a 1. In

anot her enbodi nent of the invention, aund  15yof forjrula (I
prepared by resolution of kN, Co und B\ /d?rrul a

%,
.

acid, followed by treatnent

1v)

V)
reacting the Compound of formula (IV) with L-tartaric
5 acid and a tertiary amine, to form the corresponding

Compound of formula (V)

(R'0C0),0 (VI)

H
O
1 - N////,, “\\\\\
V) + 1 or —> R \Icr : 4

rRlocoy (vID)
@O

suspending the Compound of formula (V) in an organic
solvent and treating with a Compound of formula (VI) or a

10 Compound of formula (VII), wherein Y is chlorine or bromine
and wherein R* is as set forth above, in the presence of a

base, to form the corresponding Compound of formula I.

In another embodiment of the invention, the Compound
15 of formula (I) is prepared by resolution of the Compound of
formula (IV) with D-tartaric acid, followed by treatment

with L-tartaric acid.

20 Detailed Description

As used herein, the term “alkyl” whether used alone
or as part of a substituent group, include straight and
branched chains of one to eight carbon atoms, preferably

25 one to three carbon atoms. For example, alkyl radicals



with L-tartaric acid. 20 Detail ed Description As used herein, the term

"al kyl " wbetheseoused al one or as part of a substituent grPOT/PSON1IRd9Ude
straight and branched chains of one to eight carbon atons, preferably 25
one to three carbon atons. For exanple.sal kyl radicals WO 01/ 01569

PCT/ US00/ 15969 -5 include nethyl, ethyl, propyl, isopropyl, butyl,

i sobutyl, sec-butyl, t-butyl, pentyl and the |ike. As used herein, unless
ot her wi se nohedud'écmelthallkyle‘thys,spabpydenOtS@paOmydothWd, sS&lpvdtyed ri ng
structure contai ni e o ei ht car at Sui t abl e exanpl es of
cycl oal kyl §F6UBET¥nel %dé %9’ r opfF 6%1 & % té}ﬁu?ﬁ(e cycl opentyl , ™

cycl ohexyl, and the |like. 10 As used herein, unless otherwi se noted, "aryl"
shal | refer to unsubstituted car bocyclic aromati c groups such as phenyl
napht hyl , and t h&s| bked bieéeémabwl%%rmhe%l%%éwwfeu“ﬁyq}rﬂaééﬁ}ot herwi se

noted, ""aralk X!L"d %gtgggl Ik?lgéggg? v, | I[C@Iaagéglrlg{ PuUp sihstiduted with an

aryl group. Suita groups 1 nclude benzyl,
phenyl et hyl coasdihbegl tKEee Aso useglhthecrmbnn wtess. otthertsitsle rmstae@les

substituents 20 on the_aryl, and ra kyl groups are on
preferably O8nBYEGORWOYSuBER R BetitSY %ﬁ%di:fé‘pr? i't rFyrgfgjr‘grY ¢ to
substituent§, §BE-LELUM cyclohexyl, and the like.

10 As used herein, unless otherwise noted, “aryl” shall
refer to unsubstituted carbocyclic aromatic groups such as

phenyl, naphthyl, and the like, preferably phenyl.

As used herein, unless otherwise noted, “aralkyl”
15 shall mean any C:-Cs alkyl group substituted with an aryl
group. Suitable examples of aralkyl groups include benzyl,

phenylethyl, and the like.

As used herein, unless otherwise noted, substituents
20 on the aryl, and aralkyl groups are one or more, preferably

one to two substituents, of halogen.

With reference to substituents, the term
“independently” means that when more than one of such
25 substituents is possible, such substituents may be the same

or different from each other.

Examples of “non-aqueous acid” useful in the present
invention include, but are not limited to gaseous

30 hydrochloric, gaseous hydrobromic, p-toluenesulfonic,



"i ndependent | y" means that when nore than one of such 25 substituents is
possi bl ewogu®hseégubsti tuents may be the sanme or different PETURVZEEY ot her.
Exanpl es of "non-aqueous acid" useful in the present invention include,
but are not limted to gaseous 30 hydreehl oric, gaseous hydrobrom c,

p-tol uenesul fonic, WO 01/01569 PCTI USOQ 15969 -6 sulfuric, perchloric,
tetrafl uoroboronic, nethanesulfonic, and the Iike. As used herein, the
notati on "*Susharicdeperentpelich peesehceo Bioor Atisy eHgdhiag ccentonicvher e

t he conpounds OL thfianention contain one stereogenic center, they exist
as enanti onBre. ere the conpounds contain two or nore stereogenic
centers, they 10 exist as diastereoners. It is to be understood that al
such isoners and m xtures thereof are enconpassed within the scope of the

present inventiofS PRe8 PREFERr eBRBmMIObR e of tHEINnASRAEh, M e 15
cl gi nmed proggggﬁééeu§§datgFgfgﬁgégi@.g@wggynd of formula (1) wherein R is
n :

tert-butyl I's methy e present Invention relates to a process for
preparing a conpound of fornula (1) as outlined in Schenme 20 1, below. WO

01/01569 PCT/USO%£%§86%he_Zompounds of the invention contain one

stereogenic center, they exist as enantiomers. Where the

compounds contain two or more stereogenic centers, they
10 exist as diastereomers. It is to be understood that all

such isomers and mixtures thereof are encompassed within

the scope of the present invention.

In a preferred embodiment of the invention, the
15 claimed process is used to prepare a Compound of formula

(I) wherein R! is tert-butyl and R’ is methyl.

The present invention relates to a process for
preparing a compound of formula (I) as outlined in Scheme

20 1, below:



O0 HNRR + ROHCH3 NO (u) (~) (IV) L-Tartaric Acid Filtrate 0 0 OH
R2 OH HWON/W0I569) 0 HOH 0 (V) (R OCO20 or R OCOY (VI) (PamyusoQ1590» H R2
R1'--" N~'"" "~~~~ 0 O (lI) Schene 1 wherein Rl, R2, X and Y are as

descri bed above. 5 More particularly, -a@a-conpound of fornula (11), a known
conpound, is reacted with an alcohol of formula (I11), a known conpound or
conpound prepared by lglown nmet hods, and a WO 01/01569 PCT/ US00/ 15969 -8

0O
HN
X H,'N R?
+ R2OH—» 3 o~
(II) () (IV)
L-Tartaric Acid
»  Filtrate
o) 0 OH
R? OH
2N, \\l /
%, S 0” , H
oH ©

v

(R'0C0),0 or R'OCOY
(VI) (VI)

@)
H 2
R 1 /OY N///II,.Q"‘\\\\\\U\O/ R
© M

Scheme 1

wherein R?, R?, X and Y are as described above.

More particularly, a compound of formula (II), a known
compound, is reacted with an alcohol of formula (III), a

known compound or compound prepared by known methods, and a



non- aqueous acid, preferably gaseous hydrochloric, preferably at a

t enper at w@og(f]s&gess than or equal to about 75C, nore prefpraRoy1do 2
tenperature in the range of about 65-70C, to formthe corresponding

Conmpound of formula (1V). 5 The solutign containing the Conpound of
formula (1V) is preferably cooled to between about 15-50C, nore
preferably to between about 20-25C, reacted with L-tartaric acid, in an

anount in th@)r{-adlgﬁecﬁfs Q. HreGerprefeyabkyutOniyArashaspust in the range
of about 0.5-0.6 e and preferably treated with water. The resulting
sol ution is PEekenasd wiath @ GeERETANA renPhe 18GEN TAS T PFeﬁﬁWén’FﬁeﬁbOUt

dii | | N- | d the Lik ferabl
L1 i ot hy i ey v G aRBEAE SOL i %?e%v‘:’%%é‘%%?%@%eiﬁt%e SIS 5 et about
1-7, pref era@é%é% a pH-Between ?g gégﬁg&n&r@%ﬁ%&ﬂ#dé eféﬁz‘m atife is

mai ntained i n the range as set ve erably seeded V\nththe
conmpound of forrmula (V), to formthe correspondi ng Conpound of formula M

Al ternatively, the solution containing the 20 Conpound of for is
treated with a mXt%r ottiHe CPRHEEIG g am™ &r CandorBr F‘ar@\(/!am ne,

to formthe , gg&reef&oa%q&p%o%@ao;%db%ttwfe%%xngbg V)_LS—EEE?CC}M wnd of fornul a

(V) is suspend i'nan ani c solvent Such as’et acetate, an

al cohol of foramd.a:{1l} |t)o beac%etnh%bbuﬁe,zop@%ﬁ@rapéyc@émbicﬁm frfaorimul a
(I11), and Treacted with a Conmpound of formula (VI), (R OCO 20, or a

acid, in an amount in the range of 0.4-2.2 eq, preferably
10 in an amount in the range of about 0.5-0.6 eq, and
preferably treated with water. The resulting solution 1is
treated with a tertiary amine such as triethylamine,
diisopropyl ethylamine, N-methyl morpholine, and the like,
preferably triethylamine, in an amount sufficient to adjust
15 the pH to between about 1-7, preferably to a pH between
about 1-5, preferably the temperature is maintained in the
range as set forth above, and preferably seeded with the
compound of formula (V), to form the corresponding Compound
of formula (V). Alternatively, the solution containing the
20 Compound of formula (IV) is treated with a mixture of the
L-tartaric acid, water and tertiary amine, to form the

corresponding Compound of formula (V).

The Compound of formula (V) 1s suspended in an organic
25 solvent such as ethyl acetate, an alcohol of formula (III),
and the like, preferably an alcohcl of formula (III), and
reacted with a Compound of formulia (VI), (R'0CO),0, or a
Compound of formula (VII), R?OCOY, wherein Y is chlorine or

bromine, in the presence of a base such as sodium

30 carbonate, potassium carbonate,: triethylamine, diisopropyl

ethylamine, N-methyl morpholine, and the like, preferably



Compound of formula (VII), R10COY, wherein Y is chlorine or bromne, in

t he preswoagoodeoa base such as sodi um 30 carbonat e, pot aseCT/os@asONat e,
triethylamne, diisopropyl ethylamne, N-nethyl norpholine, and the |ike,
preferably WD 01/01569 PCT/US00/ 15969 -¢9 triethylam ne, preferably in an
anount equal to at least 2 equivalents, preferably at a tenperature in the
range of about 25-35C, to formthe correspondi ng conpound of formula (1).
5 The conpoundethyianiméa $19fesalhsoliat eth yndkmiwequaet hodet flepséxanpl e by
addi ng water and seeding or_b ecrystallization. 10 A further aspect of
the inventi Sﬂquaiele%(:eggﬁ%pr{ab epard %Egenﬁweera&lrﬁ?o&ﬁld S 8%(I) as
out | ined inySehenes-25°bel oW t3¥0, 031 91569 RGHAISET o2 undled O O HN +

R2OH 30 X H3+N O, R 2 (I1) (111) (1V) D-Tartaric Acid 0 0O OH H2ZN/R2 CH
formula (I).

The compound of formula (I) is isolated by known
methods, for example by adding water and seeding or by

recrystallization.

10 A further aspect of the invention is a process for

preparing the Compound of formula (I) as outlined in Scheme

2, below:



OHOHO (MIlI) 0 X
L- Tar t ar WO @1%%0 O OH H2N R2 OH O H OH O (V)

|-l3+l\v111

OR (IVa) WO 01/01569 PCT/US00/ 15969 -11

(R OCO) 2PCIVUSROTRGY ( VI )

(M1) 0 HR O R~0r Ni,, oo I~ "0. (I) 0 SCHEME 2 wherein R1,
R2, X and Y are as descri bed above. 5-10-
O — o -
HN ,
- + R
¢+ ROH— - |X HaN o~
(1D ) aw
D-Tartaric Acid
o) \\ O OH
2 H
HoN R OH
/. HM
on ©
(VIID)
]
_ o _

L e
X_ H 3+ N//l:, _.\\‘\\\ J\()/ R

(IVa)




More particularly, a conmpound of forrmula (Il1) is reacted with an al cohol
of formuW® Q{0136 and a non-aqueous acid, preferably gasBeUHSHYEHPEchI ori c,
preferably at a tenperature of |less than or equal to about 75C, nore 10
preferably at a tenperature in the rangé-of about 65-70C, to formthe
correspondi ng Conpound of formula (1V). The solution containing the
Compound of formula (1V) is preferably cooled to a tenperature of between
about 15 WD 01/01569 PCT/ US00/ 15969 -12 50C, nore preferably to a
tenperature between about 20- 25C, reacted with D-tartaric acid, in an
amount in the range of 0.4-2.2|eq, preferably in an anount in the range
of about 0.5-0.6 eq, and prefer bl')f t{neca]{c(iaéj with water. 5 The resulting
solution is treated with a tertiarya%m ne" such as triethyl am ne,

di i sopropyl ethylam ne, N-nethyll norpholine, and the like, preferably
triethylamne, in an anmount sufyficient to adjust the pH to between about
1-7, preferably to a pkhbetween aboupy 1-50Wreferably the 10 tenperature
is maintained in the ranj e asRset for[th ab aggl preferably seeded with
conpound of H2bbmul 2 VI\\L\E)\ to. for hdi ng Compound of fornul a
(MII1). The conp f foPhula col llected by 15 filtration. The
filtrate, contai he conmpound of forgrl a QIVa), is treated with
L-tartaric acid, an anount in the W)

+

(R'0C0),0 or R'OCOY
(VD (VII)

o)
H
R /OY Ny, @-"“\\\\U\O/ R2
© 0

SCHEME 2

wherein R%, Rz, X and Y are as described above.

More particularly, a compound of formula (II) is
reacted with an alcohol of formula (III), and a non-—-agueous
acid, preferably gaseous hydrochloric, preferably at a
temperature of less than or equal to about 75°C, more
10 preferably at a temperature in the range of about 65-70°C,

to form the corresponding Compound of formula (IV).

The solution containing the Compound of formula (IV)

is preferably cooled to a temperature of between about 15-



range of 0.5-1.2 eq, preferably in an anount in the range 20 of 0.5-0.6 eq.
The resuwwoiomg1sel ution is treated wwth a tertiary am ne BOLOS@EIS969
triethylamne, diisopropyl ethylamne, N-nethyl norpholine, and the |ike,
preferably triethylamne, in an amountizsufficient to adjust the pHto

bet ween about 1-7, preferably to a pH between about 1-5, 25 preferably the
tenperature is maintained in the range of about 15-50C, nore preferably in
t he range 0f020- 26G e antk fqurafler abl v seaged aniutre bheweenpeundtofOf or nul a
(V) to form the correspondi ng Conpound of formula (V). Alternatively, the
filtrate coRb nimepdtad Gormdodd aoftafrgromalca (| W s 3BovpeatBdtRth a

m xture of the L- t§r§ar|§ ZCId mat WD 01/ 01569 PCT/¥§$0/15969 -13
tertiary anfng?¢td ) Tor rsh %ﬁﬁﬂgVCBhﬁHhﬁH“é+ f'or The

Conmpound of ctoppyha € VE-bSeSt§gpendedod &f aruldrgadtdat & SQMIERHat%b!Ch as et hyl
acetate, an alcohol of the formula (I111), and the like, preferably an

al éohol of Fbenmafaulting)sobadi¢eats e’ﬁf%ﬂ?ﬁa“@mtﬁﬁffdfﬂfyo%% (V1),
(R CCO) 20, gr A %9”’9998911 iarﬁ roul @ { sﬂ RLOGRY, 1 whelei iy Yo drschl orine

or bromne, Int resen a’ base as 10 SO un1car onate,
pota55|un1cabbphalenetraﬁﬁhym@ninke, pheﬁﬁmnmmwdtmmdnhymamune N-ime ey |

nor phol i ne, and the LiKke, referab triethyl am_ne, ref r apl |n an
amount equaPmPBntaFuﬁEég%eQ ekfoi ¥ %%&s %ﬂﬁ¥éﬁéﬁ%§i %Eﬂ#% atire in the

preferably to a pH between about 1-5, preferably the
10 temperature is maintained in the range as set forth above,
and preferably seeded with compound of formula (VIII) to

form the corresponding Compound of formula (VIII).

The compound of formula (VIII) is collected by

15 filtration.

The filtrate, containing the compound of formula
(IVa), is treated with L-tartaric acid, in an amount in the
range of 0.5-1.2 eq, preferably in an amount in the range

20 of 0.5-0.6 eqg. The resulting solution is treated with a
tertiary amine such as triethylamine, diisopropyl
ethylamine, N-methyl morpholine, and the like, preferably
triethylamine, in an amount sufficient to adjust the pH to
between about 1-7, preferably to a pH between about 1-5,

25 preferably the temperature is maintained in the range of
about 15-50°C, more preferably in the range of 20-25°C, and
preferably seeded with the compound of formula (V) to form
the corresponding Compound of formula (V). Alternatively,
the filtrate containing the Compound of formula (IV) is

30 treated with a mixture of the L-tartaric acid, water and



range of about 25-35C, to formthe correspondi ng conpound 15 of formula
(I'). Thewoonmessad of formula (1) is isolated by known neroodspo/is969 exanpl e
by addi ng water and seeding or by recrystallization. 20 The foll ow ng
exanples are intended to illustrate theizinvention but not to limt it. 25
EXAMPLE 1 (1S, 4R) Met hyl 4-am nocycl opent-2-ene-|-carboxylate L- tartrate &
(1R, 4S) Met hyl 4-am nocycl opent-2-ene-1|-carboxylate D- tartrate 30 WO

01/ 01569 PCT/uSOH15360%ine, 14 o Hordr Anabicoyckep2n@ihyhépnpsdurd-3fone (100.0
g, 0.916 nnl%ﬁfwa%di olved (endothermc) in nmethanol (83.0 g) to give a
brown sol utiom™ é’is‘ (37.8 g, 1.035 nol) was carefully introduced over
20 mn. The induced reaction was exotherm c causing the reaction m xture
to reflux. After conplete addition of HCl, the m xture was 5 cooled to
20-25C. L- Tartarike deinpquE g fipmsilsp| (V) and wEEBENES0. ORgRRweFe2hdded in

turn. The react,] S ti r.k _br e C
Tri gt hyl am n%cld(eggt. f(ﬂg& (f)a.c%&%%%ngc\%gglﬁfhe%}qgaggghége?E?BH% %Sér,%ﬁ??ng t he
addi tion, theiBnpaerat whe Mas,mpiretfairaed ybehowl50h€1 WieficthelpH of t he

solution reached 1.8-2.0 a few crystals of (1S, 4R) I\/b%hyl
4- ami nocycl opeht)-2-Bie TR PoXH Gt & EOFRPEFEL 8T WEPE 162 addet as seeds. The
m xture was goeked .50 22-25%@lidd Iderednulite @aliyd wascoy, wherein v

is chlorine or bromine, in the presence of a base such as

10 sodium carbonate, potassium carbonate, triethylamine,
diisopropyl ethylamine, N-methyl morpholine, and the like,
preferably triethylamine, preferably in an amount equal to
at least 2 equivalents, preferably at a temperature in the
range of about 25-35°C, to form the corresponding compound

15 of formula (I).

The compound of formula (I) is isolated by known
methods, for example by adding water and seeding or by

recrystallization.

20
The following examples are intended to illustrate the
invention but not to limit it.
25 EXAMPLE 1

(1S,4R) Methyl 4-aminocyclopent-2-ene-1l-carboxylate L-
tartrate &

(1R,4S) Methyl 4-aminocyclopent-2-ene-l-carboxylate D-
tartrate

30



washed with nmethanol (80.0 g) and dried at 40C under vacuum (<50 nbar).
Yield: LWewesioc acid salt of (1 S, 4R) Met hyl - 4- am nocyclragarsoe/2ssene- 1
carboxylate (112.0 g, 83% ee > 99%with HPLC); np: 174.3-174.9C;, [a]D
200C = - 40.4 (c =1g/dL, H0). 15 To the nother |iquor was added
D-tartaric acid (123.8 g, 0.825 mol), (pH 1.5). Triethylamne (83.5 g,
0.825 nol) was then added over 30 min. During the addition, the

t enperature of t e)-Zalzabiceiof ZrQ:t}hapteﬁeﬁBeusneZG)QD e, al9d)6|1mo4)3ﬁas disdolweds not
allowed to increase abov reC|

wi th nmet han&indpigrmicyp yst amﬂgﬁ% a;éfs a@rwaS%lpﬁs 8{9ng87§ a!h%?»ﬁe‘éo

mbar) . i el diyp(
Dtartrate ?‘fz) V%% &%ﬁlh?h?wggé%da@fp g%@mht? Eﬁ@‘ind%;:&f‘%sé.:ndl}%&g&f% 4C [ a] D20c

= +40.8 (c cadsgigdhe reabR@) miRbreEXAMRLE z@ftérldamplete addition of HCI, the mlxture was

4S) - Met hyl - t=2- | b t &

4R§5 Met h§| &Oﬁg% Wo%@lg% %B?R Tasiqgisacid B2 O@?’l% i)‘f_nd‘ié e} e%?t‘% r(?\bd%FPﬂBl%g
PCT/ USO0/ 15988 Thd Beaktior2s @ l?ééﬁlln@[darkzbrém%ﬂa't Aﬁ‘l‘@eé‘e@s@@ 10y RAntne

0. 1916 mol) was dissol ved i n net hanol 37.8 g, 1.035 nol

) was i ntrothickd, ®§ mpb) wnsrthem‘er@eduorwrul%mlrr mrig)tdie\nééltlemhhéqmﬁecatwusu ng

the reacti Olas maintained below 50 °C. When the pH of the solution reached 1.8-2.0 a few

crystals of (1S,4R) Methyl 4-aminocyclopent-2-ene-1-carboxylate L-tartrate were
10 added as seeds. The mixture was cooled to 22-25°C and filtered. The solid was
washed with methanol (80.0 g) and dried at 40°C under vacuum (<50 mbar).
Yield: L-tartaric acid salt of (1S,4R) Methyl-4-aminocyclopent-2-ene-1-
carboxylate (112.0 g, 83%, ee > 99% with HPLC); mp: 174.3-174.9°C; [a]p™* = -
40.4° (¢ = 1g/dL, H,0).
15
To the mother liquor was added D-tartaric acid (123.8 g, 0.825 mol), (pH 1.5).
Triethylamine (83.5 g, 0.825 mol) was then added over 30 min. During the addition,
the temperature of the solution increased from 20°C to about 45°C, but was not allowed
to increase above 50°C. The precipitate was filtered and washed with methanol (80.0
20 g). The solid was dried at 40°C under vacuum (< 50 mbar).
Yield: (1R,4S)-Methyl 4-aminocyclopent-2-ene-1-carboxylate D-tartrate (122.2
g, 91%, ee > 99.5% with HPLC); mp: 174.9-175.4°C; [a]p*”© = +40.8° (c = 1g/dL,
H,0).

25
EXAMPLE 2
(1R, 4S)-Methyl-4-aminocyclopent-2-ene-l-carboxylate D-
tartrate &
(1S, 4R)-Methyl-4-aminocyclopent-2-ene-l-carboxylate L-

30 tartrate



5 mxture to reflux. After conplete addition of HCl, the m xture was

cool ed twWORDOEHL. D-Tartaric acid (82.5 g, 0.55 nol) andrPemresd/i59d. 0 Q)
were added in turn. The reaction solution becane dark and the pH decreased
to pH< 0. Triethylamne (60.3 g, 0.59G5n0l) was added over 30 10 m n.
During the addition, the tenperature was mai ntained below 50C. Wen the pH
of the solution reached 1.8-2.0 a few crystals of (1R

4S) - Met hyl - 4- am nbbyczﬂqoemieyehe{a 2caib©p(§/+éten®=8aoneatéoweﬂeqadded as

ds. Th t to, 22-25C filt . hed
150w h et Ml 865 D ) And: G bt 406 IRUST - ik b2 SOUROEY.

Yield: (1R @5 -dveshyl -dsanhaocychopenit 2o@h€ed- oc@fbg@yh@he Drhartrate
(112.1 g, 83% ee > 99%wth HPLC). 20 To the filtrate was added

L-tartaric aidicgd2eacylon. ‘8@5 %@yhemi@tﬁwawgetb83rsagtlen825 mol )

vvassthen adnggll Q/er 630 %gl ou g@ﬂgé%éogddﬂ??oﬁe?ﬁeﬁét‘““Eh of t he

sol Uti on increased from not allowed’to increase
above 50C. Thextumseiywd$ ateo has 25 totzefed aDdTa\tashedcmthdnEBlﬁaﬁob (80 0

g). The solid was dried at 40C under vacuum ( go mbar Yi el d;
4R) - Met hy! - £ ams dstykl pénraseené=9: O car b‘tﬁ{/?a?% £dt Pt FREB - (15560 g, 91%
ee >_ 99'596ﬂ@§éki$%{§alu@goM[bQééQé5§§rECEA&E@Qé1§ﬁ68ecreased to pH <

0. Triethylamine (60.3 g, 0.596 mol) was added over 30
10 min. During the addition, the temperature was maintained
below 50°C. When the pH of the solution reached 1.8-2.0 a
few crystals of (1R, 4S)-Methyl-4-aminocyclopent-Z-ene-1-
carboxylate D-tartrate were added as seeds. The mixture
was cooled to 22-25°C and filtered. The solid was washed
15 with methanol (80.0 g) and dried at 40°C under vacuum (<
50 mbar) .
Yield: (1R, 48)-Methyl-4-aminocyclopent-2-ene-1-

carboxylate D-tartrate (112.1 g, 83%, ee = 99% with HPLC).

20 To the filtrate was added L-tartaric acid, (123.8 g,
0.825 mol). Triethylamine (83.5 g, 0.825 mol) was then
added over 30 min. During the addition, the temperature
of the solution increased from 20°C to about 45°C, but was
not allowed to increase above 50°C. The precipitate was

25 filtered and washed with methanol (80.0 g). The solid was
dried at 40°C under vacuum (< 50 mbar).

Yield: (1S, 4R)-Methyl-4-aminocyclopent-2-ene-1-
carboxylate L-tartrate (122.0 g, 91%, ee 2 99.5% with
HPLC) .
30



-16 EXAMPLE 3 (1S,4R) Methyl 4-[[(1,1,-dinethyl et hoxy)carbonyl ] am no]

- 2-cycl oyormdnesd| - car boxylate from (1S, 4R) Met hyl PCT/US00/15969
4-am nocycl opent - 2- ene-1| - carboxyl ate L- tartrate 5 (1 S, 4R)-Methyl
4- am nocycl opent - 2-ene- | -carboxylate-lstartrate (100.0 g, 0.343 nol) and

di -tent-butyl carbonate (78.7 g, 0.361 nol) were suspended in nethanol
(130.0 g). Triethylamne (80.0 g, 0.791 nol) was added to the suspended
solution, at 30-35C. Fol | owi ng addi E&E@éﬁ_épproxi mat el y hal f of the

amne, the m t e i,nt.0 LUt i as. n

fst arted. Aft ef‘%é‘% Dﬁf@' géi‘&lli OH"B? h?’ﬁg’o P%?cr%‘ég"“’E‘ﬂ“é“‘s“@/uu Cio \%/'é{s?%t%llr red
or |Ih wthout cdipaky1aee fré RE(1SAR)IVIOhy2nsiAe¢ 5-¢lRA- am) teer- (375
m) was added %ver jio 15: ﬁlle(n ,&qfew grystals };Q]!b;i(eilits 4R) 4- [[(ml(y\'?ee (

di met hyl et hoxy) carbonyl] am no] -cycl of&Hat©-ene- 1 -carboxyl ate were added
as .seeds to yield a white precipitate. The m xture was stirred for 2h at
5-70C and then filtered. 15 The solid was washed with water (50 M) and

drl ed at 35-40C yIgIgR)-Waths) @-{nsinbEclopear-)- enéﬂilaiacbox@[lat&étﬁiirate(lO0.0 g,

4-1[(1, 1, d| rreth | et hoxy) car banyl ] am no] _cycl opent - 2- ene- 1- r boxyl at e
(79.0 g, 959 mcrli)am%dd )grfwtsdearbpaﬁtle)( 7 0.365m0b) \(’%fesuw}léli Inppgghanol 50

Exanpl e 4 | fgjrofér gf%r?ét?)glauggl%@%%B%%@w@gy&hQ&%tsugpe%a@d LoTutsdH, hoxyl ate

fromits L-
4- ami nocycl 6p85tE 2 Fehewingaiddnioy lofitpproxintately half ef (e aygind, th@ maxtoie) tuined

g? {Qgﬁgf)l ( (SE/}nto)a solutlog ragc? tg'ssdeongtlon (% hg{carte nﬁﬁér comprlgié ag’(ﬁt'ign gpglle)amiir?e,
the solution was stirred for 1h without heating. The solution was cooled to 5-10°C and
water (375 ml) was added over 10-15 min. A few crystals of (1S,4R) 4-[[(1,1,-
dimethylethoxy)carbonyl]amino]-cyclopent-2-ene- 1-carboxylate were added as seeds
to yield a white precipitate. The mixture was stirred for 2h at 5-10°C and then filtered.
15 The solid was washed with water (50 ml) and dried at 35-40°C under vacuum (< 50
mbar).
Yield: (1S,4R) 4-[[(1,1,-dimethylethoxy)carbonyl]amino]cyclopent-2-ene-1-
carboxylate (79.0 g, 95.7%); mp: 51.9-52.4°C; [a]p™" ¢ = -52.0° (c = 1g/dL, H,0).

20

Example 4
Isolation of (1S,4R) Methyl 4-aminocyclopent-2-ene-1-

carboxylate from its L-tartrate salt

25 (1S, 4R) -Methyl 4-aminocyclopent-2-en-l-carboxylate L-
tartrate (5 g, 17.2 mmol) in methanol (6.0g) was treated
with methylamine (4.3 mL, 34.5 mmol) in ethanol (8M).
After addition of about half of the methylamine base, a
solution was formed. Further addition resulted in

30 precipitation of the tartaric acid as its corresponding

di (methylammonium) salt. The solutioin was filtered to



After addition of about half of the nmethylam ne base, a solution was
fornmed. MAHF69addi tion resulted in 30 precipitation of tPGF/ESAPMNYCc aci d
as its corresponding di(nethylammoniun) salt. The solutioin was filtered
to WO 01/ 01569 PCTI USOQ 15969 -17 yi el di7¢1S, 4R) Met hyl

4- am nocycl opent - 2-ene-| -carboxyl ate, containing only a trace of tartaric
acid. 5 Exanple 5 Isolation of (1S,4R) Met hyl

4- am nocycl opeatd2{ ehesdR) ciebbxyl drenHpacochtpende 2 -FREMLICS NPoxarl et e
salt Toa m 1 ) |, 4--am l.o 2 10 ene-|-carboxyl ate
L-tartrate (?%Hj&gﬁﬁggg §nﬁ§ a%Egﬁremﬁﬁifuﬁaqg gl’l g%quI 859, 34.3 mol) in

et hanol (79g) was added a 2M solution of ammonia in nethanol (17.2 ni,
34.4 mmol). The mxture was stirred for 2h, resulting in precipitation of
the tartaric acid di-amoniumsalt. The solid was 15 renoved by filtration
andsthe filtrate was concentrated to pa Iq i§ 1§ nL. The concentrat ed
f||trate was diluted with nethyl isobo ketone (MK), resulting in
preci pi t ati ofdsolafior{ 3 18RR)\Hethyl] 44mﬁhion§udyp:dm{leﬂte-2-ceﬂﬂmb'lataﬂlydqulﬁ¢mde
hydrochl ori de. The solid was coll ected hy flltratl on and 20 dried in a
vacuum oven (100 mbar) at 50 0C f dromat§ L-tapteatgsals o 8304 [a] D200 =
-90.5 (¢ = lg/dL, MeOH) 1H NVR (D20) 6 6.20-6.17 (m 1H) 5 97-5.94 (m

1H), 4.40-4.30 (n%olkb 80- 3. %1 ﬁ 4%H)Me%hy% % amln0Cyclopent 2-

mlxture o)
10 ene-l-carboxylate L-tartrate (10g, 34.3 mmol) and ammonium

chloride (1.85g, 34.3 mmol) in ethanol (79g) was added a
2M solution of ammonia in methanol (17.2 mL, 34.4 mmol).
The mixture was stirred for 2h, resulting in precipitation
of the tartaric acid di-ammonium salt. The solid was
15 removed by filtration and the filtrate was concentrated to
apbout 10 mL. The concentrated filtrate was diluted with
methyl isobutyl ketone (MIK), resulting in precipitation
of (1S,4R) Methyl-4-aminocyclopent-2-ene-l-carboxylate
hydrochloride. The solid was collected by filtration and
20 dried in a vacuum oven (100 mbar) at 50 °C for 24h.
Yield: 5.06g, 83%; [a]p?°C = -90.5° (¢ = 1g/dL, MeOH);
'H NMR (D;0) & 6.20-6.17 (m, 1H), 5.97-5.94 (m, 1H),
4.40-4.30 (m, 1H), 3.80-3.71 (m, 1H), 3.72 (s, 3H), 2.72-
2.52 (m, 1H), 2.12-2.00 (m, 1H). *°C NMR (D;0) & 176.0 (C),

25 135.8 (CH), 129.6 (CH), 51.6 (CH), 52.8 (CH), 49.5 (CHj),
31.1 (CHz).
EXAMPLE 6
30 (15,4R) Methyl 4-[[(1,1,-dimethylethoxy)carbonyl]amino]-2~

cyclopentene-1l-carboxylate



2.52 (m 1H), 2.12-2.00 (m 1H). 13C NWR (D20) 8 176. 0 (C) , 25 135.8
(CH), 129v@o(/aH9 51.6 (CH), 52.8 (CH), 49.5 (CH3), 31 . PCTCHANSEXAVPLE 6
30 (1S,4R) Methyl 4-[[(1,1,-dinethylethoxy)carbonyl]am no] - 2-

cycl opent ene- 1- car boxyl ate WD 01/ 01569 P&F/ US00/ 15969 -18- STEP 1:
()-2-Azabicycl o[ 2.2.1] hept-5-en-3-one (240 g, 2.2 nol) was dissolved in

nmet hanol (230 g) by slightly heating to 20C. Hyfl o Super Cel(r) (4.8 g) was
added to 5 the resulting dark brown sol ution. The suspension was filtered
and the filtg g, Ige was washed with nmethanol (10 g). To the conbined
filtrate HC éz‘g ‘90 g, 2.47 mol) was carefully introduced over 35 mn.

The internal tenpernal-Upghi heitieeh-3toné Q2400E.2 2 Bivl)exdsedissalved @@l i ng.
After conplete addltlon O%‘@CEKE'ZWH gﬁthe mxt(gre %\:/as co)l ed to 23C. A

turbid sol ut mﬁfanslﬁi&)@g%by)shgiﬁlylbeatang @r30&Cadlydlo(Supsr gel J(4§2g)mm5)add¢ﬁ Rat er

120 10 nd t t 0. 30
gepér at egz/es IreS”\r}é@ é]%fﬂgfra(nﬂ’prfe%’ L sTcIWPFR?HgO%W g?t%‘ﬁg and é‘?ﬁg‘f gﬁ'ﬁ'@f‘ ature
was kept bet wegfadmr3Rcthafbl Irbgpr@hféLHonﬂmﬁ/m‘lmb@qmegis Jine, 7 87 tlol) v

fed W §aR

br owni sh sol uti on was seede a few crystals of (1 met hyl
4- ami nocycl opﬂnﬁillg4mnﬁlulcectavd§6>5yillnatTéleLntEIalathemperaturwwaémmtamed\et ?(HB" Cg

1.15 nol) then added ov ach of. base 15

to the soI ut gbﬁ"te’fnﬁg %"E‘In%t l%? gl‘zib"a%‘ﬁ“?é‘ %QHT%W%W%Q \i\@st(?f (1
S,4R)  nethybsda | n t

S L SRR o SR oy )
cryst al | i zat gpandatiyiatdine 80 5n@30 helagdokiphicdnt 30-36°C irearpepacdtevesselawas

mai nt ai ned bel ow 40C. After conplete addition of the base the p on
was cool ed t eldedeo Higoliriony whils gre 1pteenaltempreatiurs| g kﬁPb‘&F&Wﬁert%Sx3§l§R§ pﬂ

of about 1 was observed. The resulting brownish solution was seeded with a few
crystals of (1S,4R) methyl 4-aminocyclopent-2-ene-1-carboxylate L-tartrate.
Triethylamine (116 g, 1.15 mol) was then added over 80 min. Each time 15 g of base

15 was added to the solution, the solution was again seeded with a few crystals of (15,4R)
methyl 4-aminocyclopent-2-ene-1-carboxylate L- tartrate. Triethylamine base addition
and seeding was continued until crystallization occurred. During the addition, the
temperature was maintained below 40°C. After complete addition of the base the
suspension was cooled to 23°C and stirred for 2.5 h. The solid product ((1S,4R)-

20 methyl 4-aminocyclopent-2-ene-1-carboxylate L-tartrate) was collected by filtration

and washed with methanol (200 g).

STEP 2:
Wet (1S,4R)-methyl 4-aminocyclopent-2-ene-1-carboxylate L-tartrate (285 g,
25 about 0.95 mol) and di-ferz-butyl carbonate (231.2 g, 1.06 mol) were suspended in
methanol (124.2 g). Triethylamine (200.0 g, 1.98 mol) was added to the suspension, at
30-37°C. During addition of the triethylamine, strong gas evolution (CO2) was
observed. By the end of the addition, the reaction mixture became a clear, slightly
yellowish solution. The solution was then stirred for 1.5 h without heating.

30 Ammonium hydroxide 25% weight solution in water (14.4 g, 0.21 mol) was added and



20 met hyl 4-am nocycl opent - 2-ene-1-carboxylate L-tartrate) was coll ected by
filtratiwoolanskowashed with net hanol (200 g). STEP 2: Wet pC1/BsddR)ssevet hyl

4- am nocycl opent - 2-ene-| -carboxylate L-tartrate (285 g, 25 about 0.95 nol)
and di-tent-butyl carbonate (231.2 g, 1196 nol) were suspended in nethanol
(124.2 g). Triethylamne (200.0 g, 1.98 nol) was added to the suspension,
at 30-37C. During addition of the triethylam ne, strong gas evol ution
(C02) was ahsesiuech why sdelied aiittl adbmdnﬂtaiddf(ﬂsmﬂ&) ndibylrdeHCLi.on m xture

b | li ght | | | | h d
AR AN Ao VL e WL 2 R L T I AR
water (14.4 g 8. J@ ﬁét %}m%ﬂ&%%g%%&@a%ﬂd&% QI I MBORhR26A of 2 19 the

sol uti on was see tal s of 4R) nethyl 4-1[(1,1, -
di et hyl et howlyx)a:mhpmg/tb] Thainmisfure wes ﬂpeadtforzareattbhthonahﬁ b@t@fﬁaﬁeﬂnd'rh@ sol ution
was cool ed

forfation Offglgprg 5 oﬁ@‘é‘%&%sﬁ&qs&rg%%ﬁ%a@t%(gﬁgg %Agle tq¥ PP 4§5¢| thergvalcﬁ’]urﬁ he

addi ti onal 1(<I'50a,hbzg %@mhglﬂgg phoduld. tered. The solid was vvashed vvlth wat er
(200 g) and dri a C under vacuum (< 50 nbar) to yield the title

product. Yield: 24Peld: 8092 19, ERGkple 7 Recrystallization Wen the ee of
the product of step 1 in Exanple 6 was bel ow 97% the follow ng
recrystallization was performed. 15 The wet product fromstep 1 of Exanple
6 (285 g) was slurried in water (320 g). The suspension was heated to 65C
until all the solids were dissolved. 5 mn_ after

10 Example 7

Recrystallization
When the ee of the product of step 1 in Example 6 was below 97%, the

following recrystallization was performed.

15 The wet product from step 1 of Example 6 (285 g) was
slurried in water (320 g). The suspension was heated to
65°C until all the solids were dissolved. 5 min after
complete dissolution, occurred the solution was cooled to
55-60°C and acetone (640 g) was added., resulting in

20 precipitation of product. The reaction mixture was
further cooled for 1.5 h to 0-5°C and stirred for an
additional 45 min at this temperature. The solid was

collected by filtration and washed with methanol (80 g).

25



conpl ete dissolution, occurred the solution was cooled to 55-60C and

acet one Wwo40/0g369was added., resulting in 20 precipitati onPOT/Usp@the6t . The
reaction mxture was further cooled for 1.5 h to 0-5C and stirred for an
additional 45 mn at this tenperature. -Ithhe solid was collected by
filtration and washed with nmethanol (80 g). 25 WD 01/01569 PCT/ US00/ 15969
-20- CLAIMS Wiat is Clained: 1. A process for preparing a Conpound of
formula (1) O HR2 01-1, RI'-1 ON//", "Al's ", ""~r 0O 5 (1) wherein
R1 and R2 are independently sel ected fg@&&%e group 10 consisting of

hydr ogen, al kyl, cycloal kyl, aryl, su ted aryl and aral kyl ;

conpri sing weactiNg 1@izeazabi cycl o[ 2. 2. I | hept -5-en-3-one of 15 formul a
(1)

1. A process for preparing a Compound of formula (I)

O
H
R1 ~ O\”/ N///,,l. @_“\\‘\\\\u\ O/ R2
O

5 @

wherein

R* and R? are independently selected from the group
10 consisting of hydrogen, alkyl, cycloalkyl, aryl,
substituted aryl and aralkyl;

comprising
reacting (%)2-azabicyclo[2.2.1]hept-5-en-3-one of
15 formula (II)

O
HN

n
with an alcohol of formula (III), R'OH, wherein R' is
as described above, and a non-aqueous acid, to form the
corresponding Compound of formula (IV), wherein X 1s the

20 corresponding acid anion;



O HN(Il) wth an alcohol of forrmula (I111), R OH wherein RLis as
descri beWQ@®AI869 and a non-aqueous acid, to formthe cor PEIIROIFIGO
Compound of formula (1V), wherein Xis the 20 corresponding acid anion; WO
01/ 01569 PCTIUSOO 15969 -21 0 2 x_ H3EN-O R (1V) reacting the Conpound
of formula (I1V) with L-tartaric acid and a tertiary amne, to formthe
corresponding 5 Conmpound of formula (V); 0 0 OH RR OH_H2 N, 1, ""\\ O H
OH 0 suspending the Conpoynd of fornmula (V) i@ an organic solvent, and
treating with a Conmpound of formula (VI), (RL{PCO 20, orj a Conmpound of
formula (VI1), RIOC(OY, wherein 10 Y ischl orilne or Igzqm' ne and wherein Rl
is as set forth above, in|KhdiprNsep a AaSe k0 fgrm the

correspondi ng Conpound of |[fornmula (

Iv)

reacting the Compound of formula (IV) with L-tartaric

acid and a tertiary amine, to form the corresponding

5 Compound of formulia (V);
0 o) OH
l R2 OH
HaN, & /
/,'. "\\ O . H
oH ©

\9)

suspending the Compound of formula (V) in an organic
solvent, and treating with a Compound of formula (VI),
(R'0C0),0, or a Compound of formula (VII), R'OC(0)Y, wherein
10 Y is chlorine or bromine and wherein R' is as set forth
above, in the presence of a base, to form the corresponding

Compound of formula (I).

2. A process for producing a compound of formula (I),

O
H | 2
O R R
R1 ~ Y N///,,"@_““\\\ ‘\O/
O

15 D

wherein



2. A process for producing a conpound of formula (1), 0 AHR2 O (lI) 15

wher ei n WO 001469569 PCTI USOQ 15969 -22 Rl and R2 are i ndpOgEOdenisbhes
selected fromthe group consisting of hydrogen, alkyl, cycloal kyl,
substituted aryl and aral kyl; 5 conprising reacting

aryl,

()2-azabicyclo[2.2.1] hept-5-en-3-one of formula (I1) O HN(lIl) wth a

conpound of forrmula (111), an al cohol 10 represented by the formul a

R OH,

wher ei n Rl_is aszdeamdiBédarabbw@epeMMEmtkunﬁakgﬂﬂﬁﬁsﬁﬁﬁmLtHQJQh@M@lthe
correspondi ng ound of fornula gg%@l,wg§2?521§y1§ g@;lforrespondlng

aci d anion; Q?%?l YRIEO
substltuted aryl and aralkyl;

5 comprising
reacting ()2-azabicyclo{2.2.1lhept-5-en-3-one of
formula (II)

O
HN

(Y

with a compound of formula (III), an alcohol

10 represented by the formula R'OH, wherein R’ is as described

above, and a non-aqueous acid, to form the corresponding
Compound of formula (IV), wherein X is the corresponding

acid anion;

X H3+N

(Iv)

15 reacting the compound of formula (IV) with D-tartaric

acid and a tertiary amine, to form the corresponding

compound of formula (VIII);



15 reacting the conpound of formula (IV) wwth D-tartaric acid and a
tertiarywamiaeedto formthe correspondi ng conpound of forapiuseoighdsl ); WO
01/ 01569 PCT/ US00/ 15969 -23 OO OH H2ZN/ R OH OHOHO (MI1)

coll ecting the conmpound of formula (VIlk3-by filtration; 10 X H3 N,/,,.
"~~ O (lva) 5 treating the filtrate containing the conpound of fornula
(I'va) with L-tartaric acid and a tertiary amne, to formthe correspondi ng

conpound of formula (V); 0 0 OH R2 OH H2N,'~. / O H 0 suspending the
Compound of formula (V) in an or@anic 10 sol védt, and’treating with a
Compound of formnul EH&VI), R2 H OH
2 e
o , H H
oH ©
(VIII)
collecting the compound of formula (VIII) by
filtration;
_ o -
] j R?
X H3+N//,,' "‘\\\\\ J\o/
(IVa)
5 treating the filtrate containing the compound of

formula (IVa) with L-tartaric acid and a tertiary amine, to

form the corresponding compound of formula (V);

0O OH

O
2
HaN,, U\ AR oH
., R O . H

oH ©

V)

suspending the Compound of formula (V) in an organic
10 solvent, and treating with a Compound of formula (VI),
(R*'0C0O),0, or a Compound of formula (VII), R'OC(0)Y, wherein
Y is chlorine or bromine and wherein R' is as set forth
above, in the presence of a base, to form the corresponding
Compound of formula (I).

15
3. The process of Claim 1, wherein R' is tert-butyl and R®

is methyl.



(R OCO 20, or a Conpound of formula (VII), RLOC(0)Y, wherein Y is chlorine
or brom WO e@rdsedherein RL is as set forth above, in the poIsgseeeswd a
base, to formthe corresponding Conpound of formula M 15 3. The process
of Claiml, wherein RL is tert-butyl ancd4R2 is nmethyl. WO 01/01569

PCT/ USOCQ 15969 -24 4. The process of Claim2, wherein R is tert-butyl and
R2 is nmethyl. 5 S. The process of Caim3, wherein the non-aqueous acid

i s gaseous hydrochloric. 6. The process of Caim4, wherein the non-aqueous

acid is gaseous drochloric. .10, 7. The process of .C aim3 rej he

L-tartaric actd i@xeppﬁggﬁ?si%facgl%ﬁ%u%’t Vipnnerﬁwlen rfgnéé gferﬁ. ng@ e%r.lQB% The
process of G aimdnywherein the D-tartaric acid is 15 present in an anount
in the range of 0.4-2.2 eq. 9. The process of Claim3, wherein the tertiary

amine is triethylamne. 20 10. The process of Claim4, wherein the

tertiary ampe isquLri m pe~y 11, Fhe process Al 3cheregign when
thegcorrpoundgbf ?%%n%?%g%%% ?gct%eat ed wth a te% ingryagim r?él, t he
tertiary is gaseous hydrochloric.

6. The process of Claim 4, wherein the non-aqueous acid
is gaseous hydrochloric.

10
7. The process of Claim 3, wherein the L-tartaric acid is

present in an amount in the range of 0.4-2.2eq.

8. The process of Claim 4, wherein the D-tartaric acid is

15 present in an amount in the range of 0.4-2.2 eq.

9. The process of Claim 3, wherein the tertiary amine is

triethylamine.

20 10. The process of Claim 4, wherein the tertiary amine is

triethylamine.

11. The process of Claim 3, wherein when the compound of
formula (IV) is treated with a tertiary amine, the tertiary
25 amine 1is present in an amount sufficient to adjust the pH

to between about 1-5.

12. The process of Claim 4, wherein when the compound of
formula (IV) is treated with a tertiary amine, the tertiary
30 amine is present in an amount sufficient to adjust the pH

to between about 1-5.



25 amine is present in an anount sufficient to adjust the pH to between
about 1-WwO @®d156%he process of Caim4, wherein when the coecpasne13969
formula (1V) is treated with a tertiary anine, the tertiary 30 amne is
present in an anmount sufficient to adjusis_-the pH to between about 1-5. WO
01/ 01569 PCTI USOQO 15969 -25 13. The process of Caim 3, wherein when the
conpound of formula (V) is suspended in an organic solvent, the organic
solvent is an alcohol of formula (I11). 5 14. The process of Caim 4,

wher ei n when_the conmpound of orymul a (V) is suspended.in an_organi

sol vent, the'drganie pE%‘F?%?ItO%scg%%l %’oﬁ’fﬂe 1 g;h(el qu)m.poi’%dlg.% The
process of Craimnda Wherei nswisthddie comowhofic fnme,(VYhd sriggacted in
the presence of a base, the base is triethylamne, present in an anount
equal to at fehsen? isgurvalems. db et prlddess of O aim4, wherein

when the conpound of formula (V) is reacted in the presence of a base, the
basd is triet hyl am ne, present in an anount equal to at |east 2

equi val ents. 120 1ThePAopoOE€SSof 0Tl prepar iwige we compaamdef dopmulral ©f) O H
R2

formula (V) is suspended in an organic solvent, the organic

solvent is an alcohol of formula (III).

10 15. The process of Claim 3, wherein when the compound of
formula (V) is reacted in the presence of a base, the base
is triethylamine, present in an amount equal to at least 2

equivalents.

15 16. The process of Claim 4, wherein when the compound of
formula (V) 1s reacted in the presence of a base, the base

is triethylamine, present in an amount equal to at least 2

equivalents.
20 17. A process for preparing a compound of formula (I)
i)
H 2
0 R
- N /, ‘\\\\\ e
R 1 \”/ //'l,, - O

© D

wherein

R' and R? are independently selected from the group
25 consisting of hydrogen, alkyl, cycloalkyl, aryl,
substituted aryl and aralkyl;

comprising



R1-1"~r N//",. 0O wherein RL and R2 are independently selected from
t he groupO@B1IENnsi sting of hydrogen, alkyl, cycloal kyl, &Crhysoo/sashstit uted
aryl and aral kyl; conprising WO 01/01569 PCT/US00/ 15969 -26 reacting a
Compound of formula (I1V), 0 2 X- H3+N-G¢-R (IV) wherein Xis an acid
anion of an acid and R2 is as set forth above, with L-tartaric acid and a
tertiary amne, to 5 formthe correspondi ng Conpound of fornmula (V); 0O
OH H2N R2 OH 0 Greari{ivlg &suspwrdingg athdotomgeuridVol fornmula (V) in an
al cohol of forrmula (I1l), R OH wherein RL is as set fgrth above, and
treating with a Conpound of formula (VI), (R10QO) 20, or {10 a Conpound of
formula (VII), RLOC(0)Y, wherein Y is chlorine )
. + R
X H3 N O/

(Iv)

wherein X is an acid anion of an acid and R® is as set

forth above, with L-tartaric acid and a tertiary amine, to

5 form the corresponding Compound of formula (V)
0 0 OH
l R? OH
‘., .“\ O . H
oH ©

V)
suspending the Compound of formula (V) in an alcohol
of formula (III), R'OH, wherein R! is as set forth above,
and treating with a Compound of formula (VI), (R'OCO).0, or
10 a Compound of formula (VII), R'OC(0O)Y, wherein Y is chlorine
or bromine and wherein R' is as set forth above, in the
presence of a tertiary amine, to form the corresponding

Compound of formula (I).

15 18. A compound of formula (V)
0 0 OH
2
HN,, \ﬂ\ R o
/,'. .‘\\ O . H
on ©

V)



or brom ne and wherein RL is as set forth above, in the presence of a
tertiarywaminesedto formthe correspondi ng Conpound of forpaniugoisyey 15 18.
A conpound of formula (V) 00O OH H2 NRZ OH ,, 0 CH 0 WD 01/01569

PCT/ USQO/ 15969 -27 wherein R2 is selecited fromthe group consisting of
hydr ogen, al kyl, cycloal kyl, aryl, substituted aryl and aralkyl. 5 19. A
conpound of fornmula (V) 0 OOH RZ OH H2N'Il, O HOHO (') wherein R2 is
met hyl . wherein R? is selected from the group consisting of

hydrogen, alkyl, cycloalkyl, aryl, substituted aryl and

aralkyl.
5 19. A compound of formula (V)
o) o) OH
2
HaN,, \lL /R O
v, B O . H
on ©

V)

wherein R? is methyl.



