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(-)-2-spiro- 5'descr1bé13/dmﬂetablcmlm{r3>péaﬁ]M@Ei@pﬁﬂé@@i‘&{ ifAgkdeidhi ch
conmpound 15 R@S b€, 579 BMbequivalent applications, which were all

published after the priority date of the present application.
European Patent Application Publication No. 696,577 and the
equivalent applications claim priority from United Stateg Patent
Application Serial No. 08/289,957, filed August 12, 1994, United

20 States Patent Application Serial No. 08/337,349, filed November
10, 1994, and United States Patent Application Serial No. )
08/496,643, filed June 29, 1995. The subject matter claimed in
the present application was first described in United States
Patent Application Serial No. 08/496,643, filed June 29, 1995,

25 and in the priority application for the present application,
also filed June 29, 1995.

According to one aspect, the present invention provides a

process for the preparation of.(+)—2—aminobicyclo[3.l.O]hexane—
2, 6-dicarboxylic acid, or a pharmaceutically acceptable salt

30 thereof, which comprises hydrolysing (-)-2-spiro-5'-
hydantoinbicyclo[3.1.0]hexane—6-carboxylic acid, which compound
has the formula
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2 [err] or a salt thereof, followed if necessary and/ or
desired by 5 fornmng a pharmaceutical |y acceptable salt. _ The
hydrolysis is preferably perforned in the presence of an acid or base

as cat al yst &ﬁﬁh@ aci ds incl ude hydrochl ori c and hy ) cid.
Sui tabl e base?ﬂ?nc ude al kali metal carbonates and hydr§§$@é§£h§mg
al kaline earth metal 10 hydroxides, such as sodi um carbonate, potassium

car bonat e, sodi um hydr oxi de, potassi um hydroxi de, cal ci um hydroxi de and
bar-i um hydr oxi de. SU|tabIe hydrolygls conditions are further
described in G Kruger, Ho bt hoden der Organi sche Chem e;

Vol E5,G 15 "Thienme Verlag: St 4 D85, pp. 534-546 and S. Kubic et

al - Tetrahedron Letters, 35, 663 gO4) . Preferably the

hydroly5|s is perforned in an aqueous
wat er . The tenperature at

tion, nost preferably in
ydrolysislfs performed is

or a salt thereof, followed if necessary and/or desired by
5 forming a pharmaceutically acceptable salt.

The hydrolysis is preferably performed in the presence of
an acid or base as catalyst. Suitable acids include
hydrochloric and hydrobromic acid. Suitable bases include
alkali metal carbonates and hydroxides, and alkaline earth metal

10 hydroxides, such as sodium carbonate, potassium carbonate,
sodium hydroxide, potassium hydroxide, calcium hydroxide and
barium hydroxide.

Suitable hydrolysis conditions are further described in G.
Kruger, Houben-Weyl, Methoden der Organische Chemie; Vol E5,G.

15 Thieme Verlag: Stuttgart, 1985, pp. 534-546 and S. Kubic et al.;
Tetrahedron Letters, 35, 6635(1994).

Preferably the hydrolysis is performed in an aqueous
solution, most preferably in water.

The temperature at which the hydrolysis is performed is

20 conveniently in the range of from 0 to 130°C, more preferably
from 50 to 110°C.

Heating the compound of formula II under reflux in a 2-4
molar solution of sodium Hydroxide has been found to be
particularly convenient.

25 (+)- 2-Am1nob1cyclo[3 1.0)hexane-2,6- dlcarboxyllc acid may
be converted into a pharmaceutically acceptable salt using a
conventional technique. It will be appreciated that the



20 -conveniently in the range of fromO to 130[err]C, nore preferably
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formacid addition salts and salts w th bases. Thg . ?ﬁld gggghhgg S?hes

ener al | d by oreaction of. .an acid wi ec )
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Aci ds commonl dceaPbDME EHeO chRpdirdsch Rkt E%i&ch}ﬂ% ba.-r:?%'anQer %%%:?%f}ﬂ@% f] .
such as hydroggégééqmrh drobrom c, hydri1odi'c,” Su ric, =df phor i
acid, as well "as gaht e JEids s heReastarerarploctre alkadidi etad or
met h:';mesul'fr onptkabing jearthanetal dwdrbadgesul f oni c, _ carboni ¢, succinic,
citric, benzoic, agsids el E_oﬁfﬁi' mpAfeq tg Eslpted, H%i'g%anrﬁe}cqﬁ@% olr]gatn;c
acids. Such armaceuti ca Iy-ag&egta | e salts thus™T| sul f ate,
pyrosul f at e, %?%ﬁ%éﬁce,acéaﬁfﬁ@ a5 SYAFPERLoTHites Pdrebragic,armoni um
nonohydr ogenpR¥@pirdic, &ubfdrimemmdophbaphori®tazid, as RROSPhat e,

Gecanoat oy Copiali e eyl e & Pl lLyeneadZRhELF. O “capratc.

t rylate, _. )
R RE TR A e Cit e R
sebacate, 20 C3x¥komcat suchimixr atierioml batmidjubnicadetdrdiaRale, a{q&xyne-t
1, 6-di oate, beezHREE inok gﬁp@m@&@mgﬁtﬁiéﬁenzgg , di ni trobenzoat e,

hydr Oxybenz0géﬁarﬁc}e%ﬁéeg?épag}c%btable salts %:th%’s :s.gc{t?dneats?l’lfate,
xyl enesul f onat'e]” phe rate, ]
pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,

15 ammoniumn, monochydrogenphosphate, dihydrogenphosphate, meta-
phosphate, pyrophosphate, chloride, bromide, iddide,
acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyrate, caprate, heptanoate, propiolate,
oxalate, malonate, succinate, ‘suberate, sebacate,

20 furmarate, hippurate, maleate, butyne-1,4-dioate, hexyne-
1,6-diocate, benzoate, chlorobenzoate, methylbenzoate,
dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, sulfonate, xylenesulfonate, phenylacetate,
Phenylpropionate, phenylbutyrate, citrate, lactate, «-

25 hydroxybutyrate, glycolate, maleate, tartrate,
methanesul fonate, propanesulfonate, naphthalene-1-
sulfonate, napthalene-2-sulfonate, mandelate, magnesium,
tetramethylammonium, potassium, trimethylammonium, sodium,
methylammonium, calcium, and the like salts.

30 The compound of formula IT and its salts are believed
to be novel, and are provided as a further aspect of the
' invention.

Examples of salts of the compound of formula II
include salts formed with bases, for example alkali metal



phenyl propi onate phenyl butyrate, citrate, |lactate, a- 25 hydroxybutyrate,

gl ycol ate, nmleate, tartrate, nmet hanesul f onat e, propanesul f onat e,

napht hal ene- | - sul f onat e, napt hal ene- 2-sul f onat e, mandel at e, magnesi um
t et ranet hyl ammoni-um pot assi um tri nmet hyl ammoni um  sodi um

met hyl anmoni u?m?:ﬁdlgi"um and the like salts. 30 The CW &fa, )
formula Il and ' 1TtS Salts are believed to be novel, and ar I¥8La as
a further aspect of the i nvention. Exanpl es of salts of the
conmpound of fornula Il include salts formed with bases, for exanple

al kal i et al WD 97/ 01526 4

PCT/ US96/ 10847 . . 4 al such as
the sodi um or Po tasssﬁﬁﬁ]hs%?tf'h%ns_(?dé'gfnt & pthsgr"HE‘dsﬁHh %}%gﬁﬁgsam nes, for
exanple, 1- oppeshyishhorgamie amines, forTtexappdpgouhd of fornula Il may be
prepared by 5 pHésAle¢hiy28mPhe! he corresponding racem c hydantoin, for

such ae (R)- 1 phenyis Rymampae ot Formata T s’ Boamdked guh ey bo |
prepared by r eeesdlugibheof therpuesgondingmadenitOhydantoin, for
[err] example by forming a crystalline salt with an optically
active amine, such as (R)-l-phenylethylamine.
The racemic hydantoin may be prepared by reacting the

compound of formula
10

HO.

J

with an alkali metal cyanide such as sodium or potassium
cyanide, and ammonium carbonate. The reaction is
15 conveniently performed in an aqueous solution, such as
aqueous ethanol, at-a temperature in the range of from 25
to 50°C.
Alternatively, the compound of formula II may be

prepared by reacting the chiral compound of formula

20
H
HO:C,

o,

with an alkali metal cyanide and ammonium carbonate, asg
described hereinafter.

25 The compound of formula IIIa may be obtained from the
corresponding racemic ketone by resolution, for example, by



wi thian al kali netal cyanide such as sodi um or potassium cyani de, and
anmoni um car bonate. The reaction is 15 conveniently perforned in an agueous

sol ution, such as aqueous ethanol, at a tenperature in the range of
from 25 to 50[err]C Al ternatively, the conpound of formula II
may be PrevpdRRgsdy reacting the chiral conpound of for wﬁMer r]
with an alkali netal cyanide and ammoni um car bonate, as

herei nafter. 25 The conpound of fornula Illa may be obtained fromthe
correspondi ng racemnm c ketone by resol uti on for exanple, by WO
97/-:01526 PCT/ U896/ 10847

5 form nge a 1 hen et hyl am ne. Sui t abl e
sol vent s i ncl u {Iy Teaoﬁgygg gj é"ﬁ‘ tr?ﬁ%‘(")fl'h enY HYIGmiBAd ot hyl
acétate. An a$‘{1%'1'f selvents vinnjudgeaqyeous adeltohe namd tmibeuregdof S

ui nidi ne. Seth 1£ha SEHPD f or gl I onpound
gf formul a Ilet Py F‘% gved %Lg)&ggi;ﬁove@a E%‘?S@geo%/%lﬁig ¥ggl’"%cumt)her

aspects of the I nveﬂ'lg Bifar ed by hydrol ysing the
corr€spondi ng et hyFheesompounihiaf formodapnimd anmy the tesdi v RbfpSERd by
reacting an ybf deorhiideriys thld d@15ata9atd P MBLAY! didrehy syl ion um
brom de as further aspects of the invention. They may be prepared

by hydrolysing the corresponding ethyl ester. This

compound may in turn be prepared by reacting an ylide -

10 derived from carboethoxymethyl dimethylsulfonium bromide

and a base, such as 1,8-diazabicyclo[5.4.0]undec-7-ene,

with 2-cyclopenten-l-one. The reaction is conveniently

performed in an organic solvent, such as toluene. The

temperature is conveniently in the range of from 25 to
15 50°c.

The following Examples illustrate the invention.



and.a base, such as 1, 8-diazabicycl o[ 5. 4. 0] undec-7-ene, W th

2-cycl openten-1-one. The reaction is conveniently performed in an
organi c sol vent, such as toluene. The tenperature is conveniently in
the range of from25 to 15 50[err]C The foll ow ng Exanpl es

Il lustrate theaydsweasd on. ' WD 97/ 01526 PCT/US96/10847
PCT/ US96/ 10847 . : 6 .

Exanmple 1 Car boet hoxynet hyl Di net hyl sul f oni um Bromi de S
A solution of ethyl bronpacetate (265g) and di net hyl sul fide (114g) in
acetone (500nL) was stirred at room temperature. After three days, the
title conpound was I solated by filtration of the reaction mEiturfa. ,
Meltin oint 88-90[err]C. 10 anpl e
(1SR, gRS, GER) Et hyl 2- Oxobi cycl of 3. B*®&are- 6- car boxyl at e A
suspensi on of car boet lGazpoethykymeuintlhpinet iyliulBohSulr Bromicie( 45. 59) in
tol uene (350nL) was treated with 1, 8- di azabi cycl o[ 5. 4. 0] undec- 7- ene

30.2g). The resultin . mxture was stirred at roomtenperature. After
f)ne hgajr, t he r%a‘%ﬂi"c’)‘r’@ﬁi RE Pl Propeacentd t(R630¢ yand pimethyl- one
(19.579). Aftesubfideldililidonain lfcdtumes (5006LY QA& s8Nr20d THXiddom Was added

to a 1 N hydroghlociG.8¢ d/ 38diliyree days, the title compound was
iéolated by filtration of the reaction mixture. Melting
point 88-90°C.
10 .
Example 2
(1SR,5RS, 65R) Ethyl 2-Oxobicyclo[3.1.0)hexane-6-carboxylate

A suspension of'carboethoxymethyl dimethylsulfonium

15 bromide (45.5g) in toluene (350mL) was treated with 1,8~
diazabicyclof{5.4.0]Jundec-7-ene (30.2g). The resulting
mixture was stirred at room temperature. After one hour,
the reaction mixture was treated with 2-cyclopenten-l-one
(19.57g). After an additional 18 hours, the reaction

20 mixture was added to a 1 N hydrochloric acid/sodium
chloride solution. The resulting mixture was extracted
with diethyl ether. The combined ether extracts were dried
over magnesium sulfate, filtered, and concentrated in
vacuo. The residue was purified using silica-gel

25 chromatography, eluting with a linear gradient of 10% ethyl
acetate/hexanes to 50% ethyl acetate/hexanes, to give
22.81g of the title compound. Melting point: 36-38°C.

FDMS: m/z = 168 (M+).
30 Analysis calculated for CoH1203: C, 64.27; H, 7.19.
Found: C, 64.54; H, 7.11.



chleride solution. The resulting m xture was extracted wi th di et hyl

gt her. The conbined ether extracts were dried over nagneelyn1sulfate,
filtered, and concentrated in vacuo. The residue was purified using
silica-gel 25 chromatography, eluting with a linear gradient of 10% ethyl
acet at e/ hexargg oyusi0% et hyl acet at e/ hexanes, to give 2 Im%he .
title conpound. Melting point: 36-38 C. FDMS: nmfz =1 .30 :
Anal ysis calculated for (Jerr]Herr]Jerr]: C 64.27; H 7.19. Found:

C, 64.54; H 7.11. WO 97/ 01526

PCT/ US96/ 10847 | 7 7 _ _

Exanple 3 2- Oxobi cycl of 3. 1. 0] hexane- 6-carboxylic acid 5

A mxture of 60 g of ethyl 2- oxobicycl 1%]Qanne-6- car boxyl ate and
300 M of 1 N sodi um hydroxi de was stlrre 25 30[err]C After 2.5
hours, concentrated hydz-aefdticieldri d \WAhexanedgldag: %&_5 he pH to
0.8-1.2. The resulting solution was 10 extracted mnth eth acetate. The
extracts were dried over magnesi um sul fate, filtered, and concentrat ed
to gi've 49.1 } mixturegef 60 ginf ethué ZrexcbimlycloRBct yGkexanaasi on from 100
m of et hyArianetlate gaTe3ddalt bkl £ 18 WRBYAO hyBPol2R: %r %Zé :Eéc?ac 15

FOVD M2 = 2g0dt) acee Al Rbiccal Cll Al ed L b GeLdber acfé Was
_ a ded to adjust the pH to 0.8-1.2. The resulting solution was
10 extracted with ethyl acetate. The extracts were dried over
magnesium sulfate, filtered, and concentrated to give 49.1 g
(98%) of the crude material. Recrystallization from 100 ml of
ethyl acetate gave the title compound, mp 123.5-128°C.

15 FDMS: m/z = 140 (M+)
Analysis calculated for C7HZO3: C, 60.00; H, 5.75. Found: C,
60.14; H, 5.79. '

Example 4
20

2-Oxobicyclo[3.1.0]hexane-6-carboxylic acid salt with (s)-1-
phenylethylamine

A solution of 14 g of the compound prepared in Example 3 in 140

25 ml of 25% ethanol in ethyl acetate was combined with (S)-1-
Phenylethylamine (1 eq.). After stirring overnight, the
precipitated salt was isolated by filtration and dried to give
11.87 g (45.4%) of the desired salt. Conversion of the salt to
the partially resolved 2~oxobicyclo[3.1.0]hexane—6—carboxy1ic

30 acid by the method of Example 3 and analysis indicated that the
salt was 68% ee. The enantiomeric excess was determined by
conversion to the methyl ester with diazomethane followed by
chiral HPLC on a Chiralpak AS column at 40°C eluted with 10%
isopropanol/90% hexane at 1 ml/min with detection at 210 nm.



Exanpl e 4 20 2- Oxobi cycl o[ 3. 1. 0] hexane- 6-carboxylic acid salt with

(S)-1- ' phenyl et hyl am ne A sol Et i oln of 14
; [ [ f 25% et hanol in

of the conpound prepared in Exanple 3 in 140 25 nl of
gt hyl acet a{ne) was ctonbined with (S)-1- ; lohenyl et hy: atmege (1f Ielqtzat Eba;tner
tirring over sy@¥ipisighe precipitated salt was isola 1on.
an:l dri gd t-o g(\’ae 11.87 g (45.4% of the desired salt. JEPSHORAT of -
the salt to the partially resolved _
2- oxobi cycl o[ 3. 1. 0] hexane- 6-carboxylic 30 acid by the nethod of Exanple 3
and analysis indicated that the salt wls 68% ee. The enantioneric
excess was-determ ned by conversi on to the nmethyl ester with
di azonet hane fol | owed by chiral L%%/f% | ral pak AS col um a’:]
40[err]C eluted with 10% | sopropano exane at I m/mn wt
detection at 210 nm (-t-)—2-()xob::.cydll6[537,f|_(;)@51:@{&,13_5_ca,_.bmg(lic acid

7

EXC;'GIL)J|826{51984 ).-2- 0<ob| cyclo[ 3 . 1. 0] hexane-6-carboxylic acid
5 A ni xt gt iFFure jf 91 éfl ghef pelesl nnodukt Eafirirtampleaddaid 10 W oEN1N

hydrochl ori ¢ dyddovhTosid rarcg.d fngé &ﬁﬁé&d %ﬁqaﬂdmf‘rﬂtre%(:%ﬁﬁ )Q%(E:'P?cted wi gﬁyl
t at The C over sodi u
2gﬁcgn? r at ed %ﬁ%ﬁ Lé%e‘/%rlee &P & ARE A ew(%ﬁpaﬁ o¥sT Rpdium-sulfater %IC
The product wddl 8?%@m%°9§09@t358%d3¢0b¢wh|@a&l g of tReCG {tms heshpeling,
Exanple 410 mp 118BM%°c.n the dhdaddVihs determined to be 68% ee by chiral
HPLC (method of Example 4).

FDMS: m/z = 141 (M+H)

Optical Rotation: ap = 49.85°
15

Example 6

(-)-2-Spiro-5'-hydantoinbicyclo[3.1. O0lhexane-6-carboxylic acid

20 A solution of the compound prepared as described in Example 5
(68% ee, 1 eqg.), potassium cyanide (1.25 eq.), and ammonium
carbonate (2.5 eq) were combined and stirred in ethanol/water at
25°C for 40 hours. The mixture was acidified with 6N
hydrochloric acid, concentrated, diluted with water, and

.25 filtered to give a 79% vield of a 90:10 mixture of
diastereomers, mp 286-290°C. The diastereomeric mixture was
recrystallized from isopropanol/water to give in 48% yield the
title compound in 100% diastereomeric and 100% enantiomeric
purity (enantiomeric ratio determined by chiral HPLC on a 4.6 x

30 150 mm Chlralcel OD-H column, eluted with 15 % 1sopropanol/85%
hexane at 1 ml/min at 40°C with detection at 220 nm;
diastereomeric ration determined by HPLC on a Zorbax SB-phenyl
column at 40°C with elution with 90:10 buffer/acetonitrile
eluted at 2 ml/min with detection at 220 nm (buffer = 0.1 M

35 dibasic sodium phosphate monohydrate adjusted to pH 2.1 with
phosphoric acid).



Optical Rotation: [err]D = 49.85[err] 15

Exanpl e 6 (-)-2-Spiro-5"-hydantoi nbi cycl o] 3. 1. 0] hexane- 6- car boxylic
acid 20 A solution of the conpound prepared as described in Exanple 5
(68%ee, 1 eq.), potassiumcyanide (1.25 eq.), and amoni um car bonat e
(2.5 eq) Vel §u69 d and stirred in ethanol/water at é—} r 40
hours. The mXxture was acidified with 6N hydr ochl ori c B

concentrated, diluted with water, and 25 filtered to give a 79%y| eld of a
90: 10 m xture of di astereoners, np 286-290[err]C. The di astereoneric

m xt ure was recrystallized from [ soproﬁanol /water to give in 48%yield
t he title compound in 100% di ast ereoneric and 100% enanti omeric

purity (enantiomeric ratio determned by chiral HPLC on a 4.6 x 30 150 mm
Chi-ral cel OD-FM®{ umyz el Qldd(Mi4 )15 % i sopr opanol / 85% hexane at 1
m/mn at 40[ epticaWiRHdtadtebact i @ at 22@5_n§go di astereoneric ration
det er m ned by Hjégson a_Zorbax_ SB-p Xl colum at 40[err]C with

el ution with SPBEHLCALFR E'é?%rﬁotrr FPE ON2043 yCedSht4d: Hy/ ¥i-A9i Nh 13.33.
det ecti on ;at Patndwm HhubfleB8F (H,1 4VBBY NdiImsiec sodi um phosphat e

nonohydrate adjusted to pH 2.1 with phosphoric acid). WO
97/ 01526 Example 7 PCT/US96/10847
9 FDMS: mz = 211 (M + H) Optical Rotation: [err]D = - 25.98[err]

énag){sgg Cﬁl CZ'%%]T)F’JN]CZD g(fg‘glg N dan%blnl%lcyélol_h L.ll E?hexén 13 %grbogyfggen d:

A mixture of 5.05 g of ethyl 2-oxobicyclo[3.1.0]hexane-6-
carboxylate, 2.15 g of potassium cyanide, 5.77 g of ammonium
carbonate, 30 ml of 2B-3 ethanol, and 12 Il.ll of water was stirred
at 35°C until the reaction was complete by HPLC. After 15

15 Thours, the reaction mixture was cooled to 0°C and 33 ml of water
was added to the mixture. After 2 hours at 0°C, the precipitate
was isolated by filtration and dried to give 5.23 g (73%) of the
title compound, mp .217-220°C.

20 FDMS: m/z = 238.1 (M+)
Analytical calculated for C11H14N204: C, 55.46; H, 5.92; N,
11.76. Found: C, 55.74; H, 5.88; N, 11.50.

Example B8
25

2~Spiro-5'-hydantoinbicyclo[3.1.0])hexane-6-carboxylic acid

A mixture of 16.32 g of the product of Example 7 and 137 ml of
2N NaOH was stirred at 25°C. After 1 hour, concentrated

30 hydrochloric acid was added to adjust the pH to 1.0. The
resulting precigit:ate was ilsolated by filtration and dried to
give 13.70 g (95%) of the title compound, mp 277-279°C.

FDMS: m/z = 210.1 (M+)
35 Analysis Calculated for CgH1QN204: C, 51.43; H, 4.79; N,
13.33. Found: C, 51.70; H, 4.93; N, 13.43.



Exampl e 7 Et hyl 2-spiro-5

- hydant oi nbi cycl o[ 3. 1. 0] hexane- 6- car boxyl ate 10 A mxture of 5.05 g of
et hyl 2-oxobi cycl o[ 3. 1. 0] hexane- 6- carboxylate, 2.15 g of potassium
cyanide, 5.77 g of ammoni um carbonate, 30 m of 2B-3 ethanol, and 12 nl

of water was Skboffishe at 35[err]C until the reaction was W@%y

HPLC. After 15 15 hours, the reaction m xture was cooled to d 33
m of water was added to the m xture. After 2 hours at O[err]C, the
precipitate was isolated by filtration and dried to give 5.23 g (73%
of the title conpound, np.217-220[err] @9 20 FDVMS: mz = 238.1 (M)
Anal ytical calculated for CCerr]Herr]Nerr]derr]: C, 55.46; H 5.92; N,
11.76. Found: C, 55.74; H 5.88; N, 11.50.

Exanple 8 25 2- Spi ro- 5' - hydant oiBxgimplel oP3. 1. 0] hexane- 6- car boxylic
acid A m xture of 16.32 g of the product of Exanple 7 and 137 ml of
2N NaCH was st3-Spdaoa’ ' AgfGamtbEnbAbyETo [B.100] hekne agldadbady, B ydochkpri c

acid was agded to adjust the pH tQ T ..resulting precipitate was
isolated by filtration and dri edltSQ‘EQYl%%elaf%F‘?osai{"95% of the title

conmpound, np 277-279[err]C FDMS: mz = 210.1 (M+) 35 Analysis
Cal cul at ed foR @istuie{at 1. M5egrdf)idie brofucd lof Exdip1s 8%ndl16.6 nidefd

E(C):EIJ'??JSQSI 13%-4;@?6 H 145 Mhitilin 02 4Betone : water wasW)stgiyr%gSgg 25°C while
adding 1.53 g of R-(+)-1-phenylethylamine. The mixture was

10 stirred for 2 hours at room temperature. The crystals were
filtered, rinsed with acetone, and dried to give 0.74 g (45%) of
the title compound, mp 205-212°C. ' ’

Optical Rotation: « p = -31.88° (¢ = 1, methanol)
15

Example 10

(-)-2-spiro-5'-hydantoinbicyclo[3.1.0]hexane- 6-carboxylic acid

20 A mixture of 0.74 g of the product of Example 9 and 10 ml of
water was stirred at 25°C while the PH was adjusted from 6.81 to
| 1.0 using 1IN HCl. The reaction mixture was stirred for 1 hour
and the product was collected by filtration and dried to give

25 0.35 g (75%) of the title compound, mp 310°C (decomp).

FIMS: 210.1 (M+) :

Optical Rotation: « p = -24.22° (¢ = 1, methanol)

Analysis calculated for C9H10N204: C, 51.43; H, 4.80; N,13.33.
Found: C, 51.67; H, 4.87; N, 13.61.

r



10 - : Exanpl e 9 _ _

2- Spi ro-5' - hydant oi nbi cycl o[ 3. 1. 0] hexane- 6-carboxylic acid, (R- 5

1- phenyl et hyl am ne salt A mxture of 1.05 g of the product of
Exanple 8 and 16.°6 nl of a 1.6 : 1 solution of acetone : water was

stirred at 25@yerpisphi | e adding 1.53 g of R-(+)-I -phe%%t%e/l am ne:

' e was 10 stirred for 2 hours at roomtenperature stals
I/g(raem XturfiItered, rinsed with acetone, and dried to give 0.74 g (45%_ of
the title conmpound, np 205-212[err]C. Optical Rotation: [err] DO—
-31.88 (¢ = 1, nethanol) 15 11 _ Exarrplzg 1A
(-)-2-Spiro-5"-hydant oi nbi cycl o] 3. 1. 0] hexane- 6-car boxylic acid
m xture of 0.74 g of the product of Exanple 9 and 10 m of wat er was N
strrred at 25[err]C while the pH was &¥amplsl fidom 6.81 to 1.0 using
HCl. “The reaction m xture was stirred for 1 hour and the product was

col l ected by filtrdt)en-mmthabiicgdls D3 gi M8 hexan- §56-Q11(cg§%x9ilé'}?c the
conpqund, gp 310[err]C (deconp) 25 FDVS: 210 Opt1 ca
Rot at’i on: a = -24.22 (¢ =1, methanol) Anal yS| s cal cul ated for
Clerr]Herr] Nf‘e??}‘bt[iéanr ]Of 843 of3:(-}H-24sBDro-§ ' tBydantoinbikyedd 3Cl . Hil- 67;
H 4.87; N, 1BeXdne-6-carboxylic ad2d94hQ@15P%0 ml of 3N NaOH was heated at
PCT/U596/1084¥eflux until the reaction was complete by HPLC. After 28 hours,
the solution was cooled toc room temperature and filtered through
10 glass paper to remove trace amounts of lnsoluble material. The
DH of the solution was adjusted to 3.0 using concentrated HCI.
The reaction mixture was stirred 1 hour at room temperature and-
two hours at 0°C. The precipitated product was collected by
filtration, washed with 170 ml of cold water and dried to give
15 152.5 grams (86%) of the title compound .

FDMS: m/z = 186.1 (M+1)
Optical rotation: op = 23.18° (c = 1, 1N HC1)

20 | Example 12

2—Oxobicyclo[3.l.O]hexane—G-carboxylic acid salt with (S)-1-
phenylethylamine

25 A suspension of 1.0 g of the product of Example 4 and 10 ml
of acetone was heated to reflux and combined with 1 ml of water
to give a clear solution. On cooling to 5°C, the resulting
slurry was filtered, and the collected solid washed with 5 ml of
cold 10% water in acetone and dried to give 0.42 g of the title

30 compound. Conversion of a sample of the salt to (+)-2-
oxobicyclo[3.1.0]hexane-6-carboxylic acid by the method of
Example 5 and analysis indicated that the chiral purity was
90.2% ee. The enantiomeric excess was determined using the
method described in Example 4.



11 - Exampl e 11

(,+) - 2- Am nobi cycl o[ 3. 1. 0] hexane- 2, 6-di carboxylic Acid 5 A sol ution of
184 g of (-)-2-spiro-5'-hydantoinbicyclo[3.1.0]- hexane- 6- car boxyl i c
acid and 1750 m of 3N NaOH was heated at reflux until the reaction was
conpl ete by HRk§epdikiecr 28 hours, the solution was coole A
tenperature and filtered through 10 gl ass paper to renobve trgggﬂgﬁéﬁﬁ?s of

i nsol uble material. The pH of the solution was adjusted to 3.0 using
concentrated HCL. The reaction m xture was stirred 1 hour at room

t enperature and two hours at O[err]C THe preci pitated product was

coll ected by filtration, washed with 170 m of cold water and dried to
give 15 152.5 granms (86% of the title conpound. FDVS: mz = 186.1
(M+1) ptical rotation: [err] D = Examplerr3(c = 1, 1N HCl) 20
Exanple 12 2- Oxobi cycl o[ 3. 1. 0] hexane- 6-carboxylic acid salt with
(S)-1- 2-0Oxobicyclo[3.1.0]1ha¥aneybetdwloiiilie ac2® salt wifhSYSPensi on

of 1.0 g ofgthe product of Exanple 4 of acetone was heated to
reflux and conmbined with 1 m of matggggyié#éyﬁ?Qﬁ?ea cl ear solution. On

cooling to 5[err]C the resulting slurry was filtered, and the
col l ected solid wasted.®i ghob the dompound%ﬁb;ﬁi"éd\/\&heﬂxérﬁpﬁé?@t QPRs addkdlrdeed

700 e dmeidonsy ST GO O Sl

to (+)-2- ob|c¥ | o[ 3. 1. 0] hexane- 6 C
Exanpl e 5 and @i‘ﬁa i 3k %&’?Stmﬂ Btpm@mytqmratur@oﬂﬂ% ee.

The enant i¥her () -éx@henyl\asmdhstmmas nededqs) G 065 ml SetIRdWdeserided in
Exanpl e 4. acetone. The reaction mixture was stirred overnight at room
temperature, seeded with a few crystals of the salt prepared in
Example 12 and stirred an additional 6 hours. The resulting
slurry was cooled to 5°C, filtered, and the collected solid was
. 15 washed with 1.5 ml of 10% water in acetone and dried to give
0.35 g (26.7%) of the title salt. Conversion of a sample of the
gsalt to (+)-2—0xobiqyclo[3.1.0]hexane—6-carboxylic acid by the
method of Example 5 and analysis indicated that the chiral
purity was 92% ee. The enantiomeric excess was determined using
- 20  the method described in Example 4.

Other solvent combinations can also be used to prepare the
(+)—2-oxobicyclo[3.l.O]hexane-G-carboxylic acid salt with (8)-1-
phenylethylamine. For example, substitution of 30% ethanol in

25 ethyl acetate for 10% water in acetone gave the title salt in
29% yield and 82% ee.
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12 Exanpl e 13

2- Oxobi cycl o[ 3. 1. 0] hexane- 6-carboxylic acid salt with (S)-1- 5

phenyl et hyl am ne To 0.7 g of the conpound prepared in Exanpl e 3

was added at woorpf@¢n tenperature 7 m of a solution of 10% %g |n
acet one. The resulting solution was conbi ned at room ter?\],ﬁ i th

10 (S)-1-phenylethylamne (1 eq.) and 0.5 m of 10% water in acet one.
The reaction mxture was stirred overnight at room tenperature, seeded
with a few crystals of the salt prepared i¥3 Exanple 12 and stirred an
additional 6 R . The resulting slurry was cooled to 5[err]C,
fil'tered, and the collected solid was 15 washed with 1.5 m of 10% wat er
in*acetone and dried to give 0.35 g (26.7% of the title salt.

Conver si on of 1a sanprocekst |ﬂ6r the ﬁebai:@tz.on of (+) ﬁ
e

(+)-2-oxobi cy car box C aC| met hod of

Exanpl e 5 nd%%%i‘?glg%l ca %ﬁ% lelcp%ﬁ'*q'y OFad 92% ee. The
enant’i oner?c B %&céélﬁrﬁﬁmabéﬁn@am tlneheoﬁetm}deﬁﬁprbg@lsl n

Exanpl e 4. hydrol. hey -sadphs Q@.5@og%dgi@gd

prepare the é ,%zsm?)égbacgcl O[%é ex Q%icgé’gox ?“;ch glc#gg%a T with
(S)-1- eny hy an ne béPFlt BPF%RP%? v3dormingaeol in 25

et hyl acet at ePhFmaceI-dgedly iaceapsabhe %@MB the title salt in 29% vyield
and 82% ee.

10 2. A process as claimed in Claim 1, in which the

hydrolysis is performed in the presence of an acid or base
as catalyst. :

3. A process as claimed in Claim 2, in which the catalyst'
15 is hydrochloric acid, hydrobromic acid, an alkali metal

carbonate, an alkali metal hydroxide or an alkaline earth
metal hydroxide.

4, A process as claimed in any one of Claims 1 to 3, in
20 which the hydrolysis is performed in water.

5. A process as claimed in any one of Claims 1 to 3 in
which the hydrolysis is performed at a temperature in the
range of from 0 to 130°.

25
6. A process as claimed in Claim 5, in which the
hydrolysis is performed under reflux conditions.

7. (-)-2-spiro-5-hydantoinbicyclo[3.1.0]hexane-6-
30 carboxylic acid, or a salt thereof.

N L
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13 d ai ns: 1. A process for the preparation of (+)-2-

am nobi cycl o[ 3. 1. 0] - hexane- 2- 6-di carboxylic acid, or a 5 pharmaceutically
acceptabl e salt thereof, which conprises hydr olysing (-)-2-spiro-5

- hydant oi nbi cywb®p81s26 O] hexane- 6- carboxylic acid or a S?ng{@lro&cz)f ,
and optionally formng a phar maceutical | y acceptabl e sal .
process as clainmed in Claim1, in which the hydrol ysis is perforned in
the presence of an acid or base -as catal yst 3. A process as
claimed in daim2, in which the catal yst 1584 s hydrochl ori c aci d,

hydr obrom ¢ acid, an al kal i netal car bonat e, an al kali netal hydroxide
or an al kal i negeart net h gQOXIde A process as clai ned
i n“any one of &fal ns '?%"“? é ek iy ﬁéa#pd? Oﬂytsxhsms(pb{z‘-mpmd in
wat er . 55- Ychzmqméssyaio&almdlekanang.m&g,l%aégfd bd Q-3_h0

whi ch the hydr gbysd-ss54 e ratur range“of from
0 to 130[erg]. SpEe-S }%d%ﬁ%%ggée&s%toag él g}l)ﬁn%’?rf%%dcé?:ﬁ?’&’ 1iG,agAdeh t he

hydrol ysis | s ﬁgff%w&ﬁ%ﬁ?ﬁﬂﬁﬁﬂéndl tions.
(-)-2-spiro-5-hydant oi nbi cycl o[ 3. 1. 0] hexane-6- 30 carboxyllc acid, or a
salt thereof. g,

2-oxobicyclo[3.1.0]hexane-6 6~-carboxylic acid, or a salt
thereof.

10 10. A compound as claimed in Claim 9, which is (+)-2-
0xobicyclo[3.1.0]hexane-6—carboxylic acid or (+)-2-
oxobicyclo[3.1.0]hexape-6-carboxylic acid, (s}-1-
phenylethylamine salt.

LR A
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A conmpound as clainmed in daim?7 which is (-)-2-spiro-—RTMP

T§3hydantoinbicyclo[3.1.0]hexane-6-carboxy|ic acid or (-)-2-

spi r o- 5- hydant oi nbi cycl o[ 3. 1. 0] hexane- 6- car boxyl i ¢ aci d,

(R) - 1- phenyl et hyl am ne salt.

2- oxobi
10.

xane- 6- GaiBNkGoas

cyclo[3.$Pqt

o Gher19 ORGANBRT:
A conpound ‘@s- Cl ai ned i n C ai m Jnempjfopabiyrequs  ((+) - 2-

5 CofY

~ oxobi cycl INIERNATIORAAPPEICATION RYBLISHED UNDER THE)PATENT COOPERATION TREATY (PCT)

oxdbi cyf
salt.

“ | (75) Inventor/Applicant (for US only):

@1 hnsernationik Petehé Clisaidattod® DOXYT T CT ACT Uy (Lo Sl puniicatib Nombare ' 111 ‘WO 9701526
C07C 61/12, 61/28, CO7D 487/00, 487/10 | Al '
{43) International Publication Date: 16 January 1997 (16.01.97)
(21) International Application Number: PCI'IUS96/1089/ {81) Designated States: AL, AM, AU, AZ, BB, BG, BR, BY, CA,
CN, CZ, EE, GE, HU, IS, JP, KE, KG, KP, KR, KZ, LK,
(22) International Filing Date: 25 June 1996 (25.06496) LR, LS, LT.LV, G, MK, MN, MW, MX, NO, NZ,
- PL, RO, RU, SI/ , SK, TJ, T™, TR, TT, UA, UG,
US, UZ, VN, patent (KE, LS, MW, SD, SZ, UG),
(30) Priority Data: Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
60/000,6542 29 June 1995 (29.06.95] Us OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,
NE, SN, TD, TG)
(71) Applicant (for all designated States except US); ELI LILLY
AND COMPANY [US/US); W Center, Indi- | Published
anapolis, IN 46285 (US). . With international search report.

(72) Inventor; and
ROBEY, Roger, L.
([Pjg;USJ; 4831 Brentridge Parkway, Greenwood, IN 46143

(74) Agents: HAY, Martin, A. et al.; Eli Lilly and Company, Lilly
Corporate Center, Indlanapolis, IN 46285 (US).

(54) Title: PREPARATION OF BICYCLOHEXANE DERIVATIVE

(57) Abstract

. Aprocess for the preparation of (+)-2-amino-bicyclo[3.1.0]-hexane-2-6-dicarboxylic acid, or a pharmaceutically acceptable salt thereof,
which comprises hydrolysing (-)-2-spiro-5’-hydantoinbieyclof3.1.0]hexane-6-carboxylic acid or a salt thereof, and optionally forming a
pharmaceutically acceptable salt. Also disclosed ate novel intermediates useful in the process. '




