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The present invention relates to methods for the synthesis of alkyl- and
alkenyl- and cycloalkyl-subsiituted cyclopentanones that are useful inter alia as
intermediates for the synthesis of analogues of gabapentin (Neurontin®). It also
relates to methods for the synthesis of gabapentin analogunes using these

intermediates, and also to certain novel intermediates per se.
BACKGROUND TO THE INVENTION

Gabapentin (Neurontin®) is an anti-convulsant agent that is useful in the
treatment of epilepsy and that has recently been shown to be a poteniial treatment
for neurogenic pain. I is I-(aminomethyl)-cyclohexaneacetic acid of structural
formmula:

NH, CO,H

Gabapentin is one of a series of compounds of formula

H,N-CH,-C-CH,-COOR,

(CH,),

in which Rj is hydrogen or a lower alkyl radical and n is 4, 5, or 6. These

compounds are described US-A-4,024,175 and its divisional US-A-4,087,544.
Their disclosed uses are: protective effect against cramp induced by

thiosemicarbazide; protective action against cardiazole cramp; the cerebral
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[ Conti nued OuiindhdEheri Bkl B nffdihds st HMED B BEEPATAT! ON AND
THEIR USE I N THE SYNTHESI S OF AM NO ACI'DS (57) Abst ?act: A nmethod is

provi ded for Tharisplesues pf thvaibave thamateriaire ferghy incopenisd bntefesince. he f or mul a:
(111)) ( ~ (1'V) in which Rand R represent C1?Cl0 al kyl, C2?C10 NH2 R

5 WO 99/21824, whose disclosure is also incorporated by reference,
discloses further cyclic amino acids that are useful in the treatment of epilepsy,
faininess attacks, neurodegenerative disorders, depression, anxiety, panic, pain,
neuropathological disorders, gastrointestinal disorders such as irritable bowel
syndrome (IBS) and inflammation, especially arthritis. The compounds disclosed

10 include those of the formula:

BN COR
R2 R?
R7 Rz
Ré R3

RS 4

and salts thereof, in which:

R is hydrogen or a lower alkyl;
15

R! 0o R8 are cach independently selected from hydrogen, straight or
branched alkyl of from 1 to 6 carbons, phenyl, benzyl, fluorine, chlorine, bromine,
hydroxy, hydroxymethy!, amino, aminomethyl, trifluoromethyl, -CO5H,

-CO2R15, -CHyCOZH, -CHaCO9R13, -ORL3 wherein RS is a straight or

20  branched alkyl of from 1 to 6 carbons, phenyl, or benzyl, and R! to RS are not
simultaneously hydrogen.

The compounds of WO 99/21824 may be synthesized:

25 e using a general strategy (General Scheme 1) outlined by G. Griffiths et al., Helv.
Chim, Acta, 1991;74:309:



(b) CO2H (XM al kenyl or C3?Cl10 cycl oal kyl and the wedges signify (S)- or
(R)- stereochem stry, the substituents in conmpound (I1) b%i rﬁg Ega@ﬁ
Conjugate addition is carried out between an organonetalli R I lf)hi | e
that provides a group R as defined above and

(R) -4-acet opent-2-en-1-one, (S)- 4-acetoxycyclopent-2-en-l-one or a
simlar Cﬁ’%’%ﬁ“ﬁ% in which acetoxy is replaced by ano]ﬁi[zqmllpi'é’?fvi ng group to
give, e.g. in the case of the acetoxy conpound, a trans 3,4-disubstituted
addi.tion product of forrmula Ill or LY. The acetyl group is elimnated
fromthe addition product to give an (R)- or (S)- 4-al kyl or 4-alkenyl

- cycl opent-2-en-1-one the conpound of forrmula is then to be hydrogenated
to give a cyctopednsambinde othe f pibhaliph procydver fero ey pamteesisadhiidtaxon of a second
organonetal lic ag,g}glta' ) i . as wlekined above to
the conpound o?’sLtgjhe abgi\’/gde?%?%?rg&ﬁ%d gﬁit%a]rﬁﬁ?ggergaete P'tvg égﬂlli\lilhg a trans

3, 4- di subst i t ut @@l-ddued Char.PVeREBH72 (Sendrd Sphema2f1 1 ). One of the above
conmpounds nay, b . i inte dj 111)  (in

whi ch t he Sub.Stlﬁyt 3%2%%&%&23% 2%33??}3}’ Ed'“lgtgg t‘%’é\?%&%‘x)é)‘%% ngs i ndi cat ed
above) to & gabHp&M4lTSand Geruefferl 26HeH%0f UBHA 5286 miGeerak Bdwmebel ow. in

whi ch the substg‘riddqslts R and R and the wedges al so have the neani ngs

i ndi cat ed
* by aroute outlined by G. Griffiths et al., Helv. Chim. dcta, 1991;74:309 (General

Scheme 5).
Geperal Scheme 1
NC._-CO,Et
7 | NC
Ifg @ (i)
14 R R
HN,_OFEt 0t
NC NC
(i) (iv) |
R R
O
HN HCIH,N 0,1
o) {vi)
10 R

(i) Ethyl cyanoacetate, piperidine (Cope et al., J Am. Chem. Soc.,1941;63:3452); (i) NaCN,
EOH/MH,0; (iii) BtOH, HCI; {iv) H20/1-1+ ; (v) Ho, RW/C, MeOH, (vi) HCL



abdve. 2 8 DEC 2004 WD 02/ 00584 PCT/ GBO1/ 02900 CYCLI C KETONES, THEIR
PREPARATI ON AND THEI R USE I N THE SYNTHESI S OF AM NO@S BE 5 d}zllﬁELD OF THE
| NVENTI ON The present .invention relates to nethods f g Bkt hesi s of

“alkyl- and “alkenyl - and cycl oal kyl -substituted cycl opentanones that are

‘useful inter alia as intermediates for the synthesis of anal ogues of
gabapent i nYNEIP¥ntin(r)). 1t also 10 relates to net WdERYP2he synt hesi s
of gabapentin anal ogues using these internediates, and also to certain
novel -internedi ates per se. BACKGROUNR-TO THE INVENTICN 15 Gabapentin
(Neuront(r)) is an anti-convul sant agent that is useful in the treatnent
of epil epsy and that has recenth¥ been shown to be a potential treatnent
for neurogeni-c pain. isl-(a 9¢920yclohexaneacet|c acid of
structural fornula: 20 Gabapentin is one of a series of conpounds of
formul a H2ZN- CH2- G- CH2- COOR1 (CH2)n in which R .is hydrogen or a |ower
alkyl radical and n is 4, & 6. 8 Cop§iH®s are descri bed

US- A- 4,024,175 and its div S|onal Uk A-4, 087544, Their disclosed uses
are: protective effect om st{kra nd(m,ed 25 t hi oseni car bazi de;
protective action agai nst c¢ardiazol elcranp; The cerebral 2 8 DEC 2004 WO
02/ 00584 PCT /GB01/ 02900 2 di seases, epllepsy Rf ai ntness attacks,

hypoki nesi a, and cranial traunas; and.

HCI' CO
(m) (iv) } :

(i} PhgP=CHCOpMe; (ii) MeNO;, 1,1,3,3-tetramethylguanidine; (iii) Raney nickel, EtOH/H50;
(iv) HCL '
5 Generat Scheme 3
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i nprovenent in cerebral functions. The conpounds are useful in geriatric
patients. The disclosures of the above two patents are her gi;ﬂiﬁ% orated
by reference. 5 WD 99/21824, whose disclosure is al so incorz @ﬁ

~reference, discloses further cyclic amino acids that are useful in the

treatnment of epil epsy, faintness attacks, neurodegenerative disorders,
depressi on"OIHW ¥t v, " panic, pain, neuropathol ogi cal HTETHEHY,
gastrointestinal disorders such as irritable bowel syndrone (13S) and
inflanmmation, especially arthritis. The conpounds disclosed 10 include
t hose of ‘the fornmula: and salts thereof, in which: 15 R is hydrogen or a
lower alkyl; Rl to R8 are each independently selected from hydrogen,
strai ght or - br@FBbyieehomttieydnmoiia then B3fH IGNHHSE; Gadnots) MepHEN Gt benzy| |

fluorine, chlorine, bromng, . I 0 t hyl , am no, am nomet hyl,
trifluoromethyl, - OCORH, W@?a’%ﬁ’%ﬁ%mmzmma . OR15 wherein
R15 is a straight or 20 branched alkyl of from1l to 6 carbons, phenyl, or
benzyl, and RI to R8 are not  sinmultaneously hydrogen. The conpounds of WO
99/ 21824 may be synthesized: 25 usgﬂg%a.gfneral strategy (Ceneral Schene
1) outlined by G Giffiths et ar*™ " chita Acta, 1991; 74 :309; 2 8 DEC
2004 WO 02/ 00584 PCT/ GB01/02900 3 analogously to the published procedure
for the synthesis of 3-oxo- 2,8-diazgspiro[4,5]decane-8-carboxylic acid
tert-butyl ester, see P. W Smithg_efy ab., JH@%d.aggenl, 1995; 38: 3772

(CGeneral Scheme 2); by tjhe nethods] oytli ned at zi nger et al., (Ger
O fen 2,460, 891; ® e CN (i)
R
R R
00,CeHs o (&)

Oy N._0 0 §H 0 Oy 0 0
.i‘.'.)__g (iv)g
—
R \\fm | R X
MeO,C CO)Me HO,C
.y
R

R

5 (i) Ethylcyanoacetate, amionia then Hy ot (i) H;804; (i) Acp0; (iv) HoNOH;
(v) Ph80,CY; (vi) EtgN, MeOH; (vii) HCI, HyO then anjor exchange.



5 US 4, 024, 175 and Ger Ofen 2,611, 690; US 4,152,326) (Ceneral Schenes
and 4); by a route outlined byG Giffiths et aI , Helv. Mw 1991
74:309 (CGeneral _Scherre 5). General Schene | NC COREt (1),

(1) Et hyl- cyanoac'e't'ate ~pi peridine (Cope et al., J. Am Chem Soc. 1941
63: 3452) ; SVH) Et O H2O, (in') EtOH HO; (|v) H2Q) H+: %ﬂv) 112 Rh/ C,
MeOH; (vi) W& "5% 8 DEC 2004 CO2Me 02N HO H2N CO2H (i FGCBOIeens |y 4.
General Schene 2 WD 02100584 PCT/ GB01/ 02900 (i) Ph3P-CHCO2Me; (ii) MeNQ2,
1,1, 3,3-tetranet hyl guanidine; (iii) Rgney nickel, EEOH/ HO (iv) HC. 5
Gener al Scherre 3 (|) MeQ2C NCO (VI) HO2C NH2

General Scheme 5
NC COzEt CN
| NC
(i) (if)
R R
HN._OBn 0,Bn
NC NC
(i) (v)
R R
H 0,H
)
R

(i} Ethyl cyanoacetate, piperidine (Cope et al,, J Am. Chem. Soc., 1941;63:3452); (i) NaCN,
EtOH/H0; (iif) BnOH, HCY; (iv) HoO/MY; (v) Hy, RW/C, MeOH.

Intermediates disclosed in WO 99721824 include the following:
0

/‘O

(35,45)-3,4-Dimethyl-cyclopentanone  (R)-3-Methyl-cyclopentanone
O

)

(3R,4R)-3,4-Dimethyl-cyclopentanone

Our US Patent Application 60/169602, the disclosure of which is also
10  incorporated herein by reference, describes and claims methods for the
stereccontrolled synihesis of five-member ring Gabapentin analogues that are pure

stereoisomers of compounds of formulae shown below and to salts thereof.



2 8 DEC 2004 WD 02/00584 PCT/GBA /02900 -5- (i) Ethylcyanoacetate, -amoni a
then H30}: (ii) H2SO4; (iii) Ac2Q (iv) MeOH (v) Curtius Readt8DEC Q00h
HCl, H20 then ani on exchange. General Schene 4 HO2C CO2H OSQ2C6H5 COH O -,
N, ,O00- N ,,,OR5 (i) Ethylcyanoacetate, ammonia then H3O+; (ii) H2SO4;
(iii) Ac2 ' H2NOH,  (v) PhSQ2Cl; (vi) Et3N, MeOH,_(vii) HC, H2O then
ani on excﬁgﬂ g&logsz 8 DEC 2004 -6- General Schene 5 V\D’tﬁ‘f‘ﬂ’@gé?ﬂp“

PCT/ GB01/ 02900 NC- CO2Et (v) (i) Ethyl cyanoacetate, piperidine (Cope et
al., 1. Ont. Chem Soc., 1941;63.3452), (ii) NaCN, EtOH/ H2O (iii) BnOH,
HCl; (iv) HROH+; (v) H2, R/ C, MeCOH 5 Internediates disclosed in WO
99121824 include the following: 0 (3S,4S)-3,4-D nethyl -cycl opent anone

(R) - 3- Met hyl -cycl opent anone 0 and

COH COH COH

|
( 5 NH, \NHZ \NHz }( j NH,
",R ".-R e 3

wherein R represents C1-Cyg alkyl and C3-Cqq cycloalkyl. The synthesis starts

5  with the Knoevenagel condensation of a 3-substituted cyclopentanone of the kind

described above with ethyl cyanoacetate and proceeds via the key intermediates

A method for preparing a compound of formula (@) in the following

10 reaction scheme and pharmaceutically acceptable salts thereof comprises:

a) adding ethyl cyanoacetate to a mixture of a chiral cyclopentanone of formula
(1) in a solvent to which a C1-Cg carboxylic acid and an amphoteric catalyst
were added, and stirring the mixture to produce the alkene of formula (2);
15 b) adding the product of Step a) above to a mixture of benzylmagnesium
chloride in a dry solvent to produce the addition product of formula (3);
c) adding the product of Step b) above to a mixture of a base in a solvent and
stirring the mixture to produce the carboxylic acid of formula (4);
d) contacting the product of Siep ¢) above with (8)-o-methyl-benzylamine in a
20 solvent, and recrystallizing the salt so formed to produce the enriched
diastereomer of formula (5) as the (S)-a-methyl-benzylamine salt;
e) adding the product of Step d) to an inorganic acid dissolved in a solvent and

stirring to produce the carboxylic acid of formula (6);



(3R 4R) -3, 4- D net hyl - cycl opent anone Qur US Patent Application 60/ 169602,

t he disclosure of which is also 1o incorporated herein by geaq]@(ﬂeﬂk
descri bes and clains nmethods for the stereocontrolled synthesis of
five-nenber ring Gabapentin anal ogues:‘that ‘are pure . stereoi somers of
conpounds of fornul ae shown bel ow and to salts thereof 2 d DEC 2004 WO

02/ 00584 7% BS81COH COH COH PCT/ GBO1/ 02900 wher ei n RGTEGRWEEMN: s C1- C10

al kyl and C3-Cl O cycl oal kyl. The synthesis starts- 5 with the Knoevenagel
condensation of a 3-substituted cycl agentanone of the kind described above
with ethyl cyanoacetate and proceeds via the key internediates h Ph
~C(c)2H C2H R A nethod for preparing a conpound of formula (I) in the
following 109Dr eaddingthe predveind Stend) olarxon eficdapeettioge ing edyntibl e sal ts t her eof

conprises: a) addi t vyl ] i xt %ﬁﬁ%'ral
cy(r:rlpopent ano)ne o?&h?bgrl%%m%?ﬁgﬂﬁgﬁg% '3%3?gpg%%ha?%eﬁ’ %ﬁ 1- gﬂocar boxylic

acid and an anphotadpéechergiendfyamulaf®s e added, and stirring the mixture to

produce the ajkengy : . ?ﬂ.g[l ct of Step a)
above to a m E)fur edlﬁém%%%%(ﬁr;g% st?t%%“mcrﬁ orlbglgte%l%ﬁlgﬁgﬁékispl vent to produce
t he additi én pr odestanittle ¢ wiich water( SYliumeyricddtdi and ruthsaivpBichdridof St ep b) above
to a mxture of i . LRk | i%ture to produce

t he carboxylic a?‘fe%aaggedf %ﬁ?r%rﬁgé t}[)%}h ul ca&BMlE m‘gﬁ%}ﬁm@@’

h) adding the product of Step g) to a mixture of an amine base and a solvent to

which diphenylphosphoryl azide (DPPA) was added, and stirring o produce
the isocyanate of formula (9);
10 1) adding the product of Step h) to a solvent to which methanol was added, and
stirring to produce the carbamate of formula (10);
) adding the product of Step i) to a solvent to which aqueous hydrochloric acid
was added, and stirring to produce a compound of Formula Ia;
k) converting the product of Stepj)toa coinpound of Formula I, and fiwther
15 converting, if desired, to a pharmaceutically acceptable salt by knowa

means.



d) contacting the product of Step c) above with (S)-a-nethyl-benzylamne in
a 20 solvent, and recrystallizing the salt so forned to prng FE@W@UQ
enriched diastereoner of formla (5) as the (§)-a-methyl-benzylan ne salt;
e) adding the product of Step d) to an inorganic acid dissolvedin a
solvent and stirring to produce the carboxylic acid of fornula (6); 2 8
DEC 2004 \WBC8%4%¥s584 PCT/ GS01/ 02900 f) adding the protfdét®4P*8iep e) to a
m xture of iodomethane in a solvent to which

1, 8- di azabi cycl o[ 5. 4. 0] undec- 7-ene (DBJ) was added, and stirring to

produce the ester of formula (7); g) adding the product of Step f) to a

m xture of carbon tetrachloride and 5 acetonitrile to which water, sodium
peri odate, and g@ut henj un(| INC '-ﬂﬁflde h addedth and stirring to produce
the carboxylic Jaci dcof ~dmemul @ (8% the agdyct of Step g) to a
m xture of an ne—base—anc so nyPghosphoryl azi de
(DPPA) was added! i to produ the |so ate of fornula (9);

10 i) adding the Broduct of Steg h) to a sglvent to which methanol was
added, and stigying to produgg the carbgyyate of for@pla (10); j) adding

t he product of Step i) to a solvent to which aqueousLhydrochIoric acid was

added, and stirring to produce a conpound of Formul ajla; k) converting the

product of Step j) to a conmpound of Forrmula I, and f ’HEMH 15 converti ng,
if desired, to a p@arnaceutlcalIymacqﬁﬂhable | t cfy known neans: 2 8 DEC
2804 WO 02/ 00584 CT/ GB01/ 02900 R T !
7 Scome " A
2 -~ - Ph” NHgt
\‘ \‘R ‘\.R
© &)
0
NCO
~ Mde\NH
U CoM -
— 2 & — E\CO zMe
R R \
R
@) ®) l (10)
NH, NH2 -HCl
K\\G%H ‘”\rqﬁ
\‘R ‘!R
0 (1a)

Preparation of a compound of formula /7 can proceed by a method which
involves following the above-described sequence of steps (a) to (e) to produce the

5  intermediate of step (6), and thereafter following the further steps indicated below:

f)  adding the product of Step e) to a mixture of an amine base and a solvent o
which diphenylphosphoryl azide (DPPA) was added, and stirring to produce
the isocyanate of formula (11); ' '



(4) Ph--NH2 R 1 R CObCO2Me H NCO bCO2Me ~R (9) R (5) 0 MOANH I
Preparation of a conmpound of formula if can proceed by a nethod which
i nvol ves follow ng the above-descri bed sequence of steps (Q)BtﬂEQ ik o

produce the 5 internediate of step (b), and thereafter foliowing the -~

further st%ps i ndi cat ed bel ow. f) adding the product of Step e) to a

m xture of YA M¥¥he base and a solvent to which di phEW‘F‘iﬂl(g? oryl azide
(DPPA) was added, and stirring to produce the isocyanate of fornmula (11);
2 B DEC 2004 WO 02/00584 PCT/ GB01/02990 10 g) adding the product of Step
f) to a solvent to which nmethanol was added and stirring to produce the

carbamate of formula (12); h) adding the product of Step g) to a m xture of
car bon t et rachl omnrides thaproduct of Step £) to a solvent to which methanol was added and

stirring to produce the carbamate of formula (12);

h) adding the product of Stepg) to a mixture of carbon tetrachloride and
acetonitrile to which water, sodium periodate, and ruthenium(IIT) chloride

5 were added, and stirring to produce the carboxylic acid of formula (13);

i}y adding the product of Step h) to a solvent fo which aqueous hydrochloric
acid was added, and stirring to produce a compound of Formula Ila;

k) converting the product of Step i) to a compound of Formula II, and further
converting, if desired, to a pharmaceutically acceptable salt by known

P% I
“Nco \ﬂ OMe
—_—

10 means:

R R R
© 11 (12) l
' co.
CO,H 2 )‘L
B
. -~ N7 ToMe
wmy, Ha H
. \ \R
a® () R (3)

An alternative route to the compounds of formula (71, also proceeding

15 from compound (6) above involves the further steps of:

D) adding oxalyl chloride to a mixture of the product of Step ¢) and a solvent
to which N,N-dimethyiformamide (DMF) was added, and stirring to
preduce the acid chloride of formula (14);
20 g) adding the product of Step f) to a mixture of /ert-butyl alcobol in a solvent
to which an amine base was added, and stirting to produce the ester of
formuia (15); '



acetonitrile to which water, sodium periodate, and rutheniun(l11) chloride.
5 were added, and stirring to produce the carboxylic acid of forrrula (13);

i) adding t he product of Step h) to a solvent to vvhrcthr rochl orrc_.
orrrulal o

acid was added, and stirring to produce a conmpound of K .
converti ngwt he product of Step i) to a compound of Formula Il, and further
converting™O%¥%%Wsired, to a pharmaceutical |y accept dBIT&BH®®y known 10
means: Ph (6) cO2H R CO 5N1OV H NH2 -HC CO2H | 5NAOMe H An alternative
route to the conpounds of fornula (I) ;also proceeding 15 from conpound

(6) above involves the further steps of f) adding oxalyl chloride to a. - O

m xture of the product of Step e) and a solvent to which '
NN- di met hy| f dpnanadiéng( Bh/pyodwetof Stkgep fo amdxfsl'prqfrcﬁnbgl tegachjsrideltnde t he aci d

chloride of for rruLl t%}ﬂﬂ m%ﬁc %at@ndga'dﬁgx%\lﬁgdaﬁr e am Bl @%Bmfxée to a mxture

of tert-butyl alco na so venf se was added, and
stirring to produvercafdedomt stfring to pfoduarthesapalic acdd f (@B 204

i) adding the product of Steph) to 2 solvent to which methanol and
5 (trimethylsilyl)diazomethane were added, and stirring o produce the
bis ester of formula (17); |
i} adding an acid to a mixture of the product from Step i) and a solvent and
stitring to produce the carboxylic acid of formula (18);
k) adding the product of Step j) to a mixture of an amine base and a solvent to
10 which diphenylphosphoryl azide (DPPA) was added, and stiming to
produce the isocyanate of formula (19);
h adding the product of Siep k) to a solvent to which methanol was added
and stirring to produce the carbamate of formula (20);
m)  adding the product of Stepl) to a solvent to which aqueous hydrochloric
15 acid was added, and stirring to produce a compound of Formula Ia;
n) converting the product of Stepm) to a compound of Formuia /7, and
further converting, if desired, to a pharmaceutically acceptable salt by

known means; _



WO 02/ 00584 PCT/ GB01/ 02900 -11 h) adding the product of Step g) to a
m xture of carbon tetrachloride and acetonitrile to which V\B.t% i@ium
periodate, and rutheniunm(l1l) chloride were added, and std b i |E§ produce

the carboxylic acid of formula (16); adding the product of Step: h) to a’ S

sol vent to which methanol and 5 (trinethylsilyl)di azonet hane were added,
and stirriW§%¥S¥roduce the bis ester of fornula (175CT¢B0AW ng an acid
to a mxture of the product fromStep i) and a solvent and stirring to .
produce the carboxylic acid of formul_ gy(18); k) adding the product of Step
j) to a mxture of an am ne base and a solvent to 10 which

d| phenyl phosphoryl azi de (DPPA) was added, and stirring to produce the.

i socyanat e of P or?@,ﬂ,}g (19) ;pnl) cggdi ngPk he product @hHStep Ic) to a solvent.
to which neth was added, and stirnng~{ g qudu e the carbamate of
formula (20); addl ng the Pp¥oduct of ep 1y \CefﬂButO whi.ch _
aqueous hydro as add and st stl rr| to produce a corrpound
of Formul a Ha; n)~converting tThe product f Step m conmpound of
Formula |1, andﬁ) fRUrt her cony I‘Rtl ng, if SI red, to @ lp;l?r maceutical ly
accept abl e Sac':o by known rre(a 2 8 C 2004 WO 02; 05 12 Ph r Ph (19)

RR pMe /IcJ)\ COZMe 0,Me 0,Me
4 \ﬂ OMe < Neo Sco.q COzt-Bn
——— 2

R
l 20) 19) R (18) R
CO.H CO,H
/‘\Nﬂz . '/\Nﬁz
HCi
R by
% a

Compounds of formula (I} can be prepared by processes that invelve the
same steps as those for the compounds of formula (I), for example by following

5  the sequence of reactions set out below:



(11) NH2 Conmpounds of fornula (111) can be prepared by processes that

I nvol ve the sane steps as those for the conpounds of forguFaD@) ,Ior
exanple by following 5 the sequence of reactions set out DBelow (@)ql_l CoC1

2 8 DEC 2004 WO 02/00584 PCT/ GBO1102900 13 - 0 NC _, -, CO2Et NC~~CO2Et R o

|
(21) It (22),BaMycl R (23) 00 (28) R (27) RCOZMe R (29) NH

~13 -

5 Similarly, compounds of formula (7¥) may be made by a sequence of

reactions analogous to those described above:



2 Co2Me ~ ,, -.,- *,,, CO2HR (25) NH2 HO CO2H 5 Simlarly, conpounds of

formul a nmay be made by a sequence of reactions anal OQOés tﬁ éhose
~ described above: 2 8 DEC 2004 WO 02100584 PCT/ GB01/ 0290 818E Zmﬂ‘tR 02Et R
7 CO2Me (35) C02t-Bu (36) R1,, (25) e
: WO 02/00584 PCT/GB01/02900
-14-
CO,Et Th
CO E h,
& 22 BriMgCl COBt _ ('j\cozﬂ
R
21 (24)
lPh/'\NH2
fl’h cocl
- - Ph/kNH3+
R
(34) @5
]ih COzH CO,Me
é\cozt-su Q\Cozt-Bu a\cozt-Bu
R R
(33) (36) (35')
— Q\“C (f
39) (38)

c02}1
Q\ -
HCl

(IVa)

It will be noted that the synthetic methods disclosed in both WO 99/21824
5 and USSN 60/169602 rely on 3- or 3,4-substituted cyclopentanones.



C2H -C2t-Bu ?K -CQ2t-Bu R 2Me C OVt ') "NCO (39) R (38) CO2H R It will
be noted that the synthetic nmethods disclosed in both W09 /ggg%@g s and
USSN 60/ 169602 rely on 3- or 3,4-substituted cycl opentanones. C 2004
WD 02/.00584 PCT/ GB01/ 02900 - 15 SUMMARY OF THE | NVENTION This invention is
-concerned with the problemthat the cycl opentanones 5 available up to now
have been WPA#P%%¥ in their range of stereoi somers andPSVH#PPent s because
- they have been derived fromnatural sources, or have been conplex. For
exanpl e, . (R)-3-nethyl -cycl opentanone .ijg_a conpound that is readily
avai l'abl e commercially fromnatural sources, whereas (S)-3-nethyl-
cycl opentanone is not. It is an object of the invention to provide a sinple
10 stereospecific synthetic route to 3-substituted or 3,4-disubstituted

cycl opent anones that pernltgmﬁg%g@g?gﬁé%ﬁgﬁg@ﬁgnﬁﬂbst|tuents to be

-introduced and a range of desi be made. That problem
is solved, according to the invention, by a process nethod of

This invention is concerned with the problem that the cyclopentanones

5  available up to now have been limited in their range of stereoisomers and
substituents because they have been derived from natural sources, or have been
complex. For example, (R)-3-methyl-cyclopentanone is a compound that is
readily available commercially from natural sources, whereas (S)-3-methyl-
cyclopentanone is not. It is an object of the invention to provide a simple

10 stereospecific synthetic route to 3-substituted or 3,4-disubstituted cyclopentanones
that permiis a range of desired substituents fo be introduced and a range of desired

stereoisomers to be made.

That problem is solved, according to the invention, by a process method of

15  making an epantiomerically pure compound of the formula (I) or (X):

O O

e o R

R R R

wherein R and R' represent Cq-Cqq alkyl, Cy-Cyo alkenyl or C3-Cyg
cycloalkyl and the wedges signify (S)- or (R)- stereochemistry, the substituents in

compound (I1) being frans, which method comprises:

20 conjugate addition of an organometallic nucleophile that provides a group
R as defined above to a compound of the formula (II) or (IV):

0 8]

O

X @ X



15 maki ng an_enantiorrerically pure conpound of the formula (1) or (11): O
(n or Rwherein Rand R represent Cl-Cl10 al kyl, C2-C10 aIfeB:)UEco%ﬂ[p;?,- C10
cycl oal kyl and the wedges signify (S)- or (R - stereochem sttry, the :

““substituents in - -conpound (1) being trans, which method conprises: 20

conjugate addition of an organonetallic nucl eophile that provides a group

R as defi n¥®%PB%¥e to a conpound of the formula (111 )PQJKGF@FIWPU 2 8 DEC 2004
WD 02/ 00584 PCTI GB01102900 wherein X represents a |leaving group (e.g. an
acetoxy group as in (R -4- acetoxycycligpent-2-en-1-one or (9S)-
4- acetoxycycl opent-2-en-1-one) to give a trans 3,4-disubstituted addition
product of forrmula (V) or (VI) in which Rand X are as previously defined;
5 el i m nat i ngwherein| 2 agpiresepiy rolegvify enonnt lieg. aahd adetoay) gorupdascir @)-4f ornul a (V) or

VI) 't [ - - I - .- 2-en-| - f
Fortul a (v 1 Fssttnind ot 8 10 ket BLitRR LY SR A P 00 e
conmpound of f trensfldedigahatifuedadditian prbduct of forimuta (¥) oyd) iopérchdhodel of fornul a
(1) or (ii) C%@a&’ﬂ%&@ﬁ%&ﬁ;w of a second organonetal | i c nucl eophil e that

0 0
X R -
X R
5 \ VD

eliminating the leaving-group from the addition product of formula (V) or
(V1) to give an (R)- or (S)- 4-alkyl or 4-alkenyl cyclopent-2-en-1-one of formula

(VI or (VIID)
O 0
Q or é ; and either
R ‘R
(VL) (Vi)

10
(i) hydrogenation of the compound of formula (VH) or (VIII) to give a
cyclopentanone of formula (I) or
(i) conjugate addition of a second organometallic nucleophile that
provides a group R' as defined above to the compound of formula (VII) or (VIII)
15 to give a trans 3,4-disubstituted addition product of formula (IT).

While conjugate addition to conjugated cyclopentenones is known for soft
nucleophiles such as enolates, sulfides and bromides, such reactions have not been
carried out with carbon-based nucleophiles with a view to producing chirally pure

20  ketones. The group AcO- in the starting material brings about stereospecific
addition of the group R during the first Michael addition, and where a second
Michael addition is carried out, the group R that is already present in the
compound of formula (VII) or (VIII) brings about stereospecific addition of the
group R'. The enantiomeric purity of the resulting compounds of formuta (f) and



provides a group R as defined above to the conmpound of formula (VII) or
(M) 15 to give a trans 3,4-disubstituted addition product of ' ba
(I'l). Wiile conjugate addition to conjugated cycl opentenones 2s8 bor
soft nucl eophiles such as enol ates, sulfides and brom des, such reactions
have not been carried out wth carbon-based nucl eophiles with a viewto
producing chirally pure 20 ketones. The group AcO- in the starting nateri al
bri ngs about stereospecific addition of the group R during the first

M chael addition, and where a second "'f1 chael addition is carried out, the
group Rthat is already present in the conmpound of formula (VII) or (V1)
bri ngs abqut - stereospecific . addition, of the roup. R . The i oneric
purity o?’ t H gstﬁftfaﬁﬁﬁ' LA AR oty 5’F’n‘?ﬁy31"?qt7° Sied syciy %Eg}g%hz’-'ﬂ (11)
can be t éstaeeditiyto pigaah ianetalt Haemgwintaridainnal sgymeketric cetreih tisaumbleadie (24r, 3R) - 2, 3-
but anediol to give an acetal having an additional asymetric centre in the
mol ecul e, e.g or and gbtaining the NVR spgctr of the resulting chiral
acetal. If the startin'g"——ﬂélerial is an enant{ioneric mxture, then the two
resulting cyclic acetabs wi |l be diastere ®c and give distinguishable
peaks in the NWR spectr provi ded that th na(gf(iorreric inpurity is
present in an anmount of\_2% ©Or abov& No su edks have been observed in
the materials that we ha made, and we gheref ore believe that the nethod
of the invention gives desired enantionmers with a purity of at |east 98%
According to a further aspect of the invention, there is provided a nethod
of  pr odaod pigaiaingdmpEbRpetiron ef e réddtinbahimllagetak favsstheihgmatérial isBh R R R

L Xlénéﬂﬁo&%% &"&Mre, then the two resulting cyclic acetals will be diastereomeric and give
distinguishable peaks in the NMR spectrum provided that the enantiomeric impurity is
present in an amount of 2% or above. No such peaks have been observed in the
materials that we have made, and we therefore believe that the method of the invention

gives desired enantiomers with a purity of at least 98%.

- According to a further aspect of the invention, there is provided a method of
producing a compound of one of the formulae shown below:

(l:021~1 CO H CI!OQH
"R . R R " R
oy am - xiv)

in which the substituents R and R' and the wedges have the meanings indicated above,
which rcomprises:

producing a compound of formula (I} or (Il} using a method as defined above,

converting said compound in manner known per se to a compound of formula (X1), (Xll),
{XHE} or (XIV), and

optionally further converting said compound into a pharmaceutically acceptable salt.



in which the substituents R and R and the wedges have the meani ngs.

i ndi cat ed above, which conprises: producing a conpound of f%rq.lpgcm or
(I'l) using a method as defi ned above, converting said conpou : A
known per se to a conpound of formula (XI), (XIl), (Xill) or (XIV), and
optionally further converting said conpound into a pharmaceutically
acceptable salt. 2 8 DEC, 2004 -18 Conversion to a conpound of formula (XlI)
- (XIV) may, for exanple, follow one of the-general schenes disclosed in
WD 99121824, or it may follow the Knoevenagel additiorm route disclosed in
USSN 60/ 169602 c(dnoavsidStEarcembomﬂf@.a{ula)(xl Qﬂﬁi(}\%ﬁ&ﬁ%kambte follGw ohebit er
case, thertéae e P uced th I nb@ﬁ qé XVI11) shown

bel ow. g, . g%('}?\ﬁ f(c?&/“ "Wn & %fbst‘?rt u'énl"éayR ¥y Rtheand t he
wedges ha\Kaoe\kBBag@aaddmgs rowtehcﬂmtoeeld db OSSN dliesasad t(ﬁdiw U eatent PubTREEGH € . of

formula ( ) onvert 0 f or.nul Xl),
(301, e Roer 8, by Pten e e i b8 R B rTrierb il B ocec
in USSN Wih@‘mbeiow (|) transformng the phenyl ring to a carboxylic
acid and then to an amre; (ii) tr form ng he carboxy'c acid group
into an am ne and oxi di ziRg~the phe?tf roup aQ aci d, i)
protecting the carboxyli CI d*Ogif oup i2in ethHenyI y N§°#o a
second carboxylic acid grsuR, protecp t he s@cdnd carbo c acid group,
sel ectively de- prot ectll*hg the firsk camboxylk'c aei d group, t® ansf or ni ng
the first carboxylic acidayyoup to anxviam ne, aashpde- pr ot egiiang t he second
car boxyl I c:na'm":h BeaupsitesitaiRagf Rt ARl BERRIGEks hBlS tHEBALANIRS MiRak8labsved to

e T o IR, 5 B R e S A

formu!a (XD, (Xi), (XHi) or (XIV) by one of the three principal strategies disclosed in

USSN 60/169602, i.e. (i) transforming the phenyl ring to a carboxylic acid and then to an
amine; (ii) transforming the carboxylic acid group into an amine and oxidizing the phenyl
group to an acid, or {iii) protecting the carboxytic acid group, oxidizing the phenyl ring fo a
second carboxylic acid group, protecting the second carboxylic acid group, selectively de-
protecting the first carboxylic acid group, transforming the first carboxylic acid group to an
amine, and de-protecting the second carboxylic acid group.

Certain of the present intermediates are believed to be new. In a further aspect,

therefore, the invention provides compounds having an enantiomeric purity of at least

98% and of the formula:
o
o
R R

wherein R and R' represent C,-Cq alkyl, Co-Cyg alkenyl or C3-Cyp cycloalkyl and the
wedges signify (S)- or (R)- stereochemistry, the substituents being trans, but excluding
the following 3,4-disubstitutions: dimethyl; methyl, ethy!; methyl, i-propyl;



wherein R and R represent Cl-Cl0 al kyl, C2-C10 al kenyl or C3-Cl0 -

cycl oal kyl and the wedges signify (S)- or (R)- stereochemsZ@[]EChgﬂﬂl;
substituents being trans, but excluding the follow ng 3,4-disubstitutions:
di met hyl; nmethyl, ethyl; nmethyl, i-propyl; 2 '8 DEC 2004 -18a nethyl,
t-butyl; ethyl, ethyl; ethyl, n-hexyl qgzhexyl, n-hexyl. In particular, the
foll ow ng conpounds are new. (3S, 4S)-3-ethyl-4-propyl- cycl opentanone; and

bescr pri P aE RS R OREL B Bl 98 o pr evi ousl y stated, the

conpounds of the invention can be prepared in chirally pure formfrom

(R) - 4- aceet oxygyc n S o i
acet oxycycl opeﬁ%‘Zbée)rﬂﬁ{Pé Oﬁtgi%‘j"o‘g@s 8&%)%”8 % )ﬂf&céezw 2) 31?'he8)r3e%{g¥l_4d)rﬁc§pyl

4- Ox0- 2- cy¥FlepRaaNeng anddair 3(%VA&@[QW&¢YZLOF>@V§M@]§enten | -one) have been
reviewed by M Harre, P. Raddatz, R Walenta and E. Wnterfeldt, Angew
Chem Int._1d. .Engl., 1982, 21, 480. It has been 15 synthesi sed in
enantionerically pure formusing two rmain approaches: Acetyl ation of
chirally pure 4-ydroxy 2-cyclopenten-|l-one, see K Qgura, M



Yamashita and G Tsuchi hashi, Tetrahedron Letters, 1976, 759. For exanpl es

of approaches to chiral 4-hydroxy-2-cycl openten-1-one see tzeg [P]mlm%ng and
20 references therein: S.R GChorpade, K B. Bastawade, D.V. K

‘Shi'nde, VA I\/ahaj an; U R- Kal kote and -T. -Ravindranathan, Tetrahedron
Asynmmet ry, © 1999, 10, 4115 “S.P. Khanapure, N. Najafi, S. Manna, J-J. Yang
and J. RokHER20uss4or g Chem, 1995, 60, 7548; E. MezziHd/CBOUR2¥8yoia, E.
Tagliavini;, C Tronbini and A  Unmani-Ronchi, J Chem Soc. Perkin Trans. 1,
251989, 845 M Kitanura, _K Manabe q%/ld R Noyori, Tetrahedron Letters,
1987, 28, 4719; R Noyori, |. Tom no, Yamada and M Ni shizawa, J Am
Chem Soc., 1984, 106, 6717, M Suzuki, T. Kawagishi, T. Suzuki and R
Noyori, Tetrahedron letters, 1982, 23, 4057; R Noyori, Pure & Appl. Chem,
2 8 DEC 2004 WO 02/00584 -20 PCT /GB01102900 1981, 53, 2315; T.J.N
Watson, T.T. Curran, D.A Hay, R S. Shah, D.L. Wnstrup and ME. Wbster,
Organi ¢ Process Research & Devel opnent, 1998, 2, 357; S.R Ghorpade, K B.

Bast awade, D.V. Gokhal i j U R Kal kote and T.
Ravi ndr anat han, Tet rah@WWTI§W@m¥%ﬁ?%W§115-4122) . Oxidation
of 3-acetoxy-5-hydroxycycl opent-1|-enes, for exarrpl e see:. M Korach, D. R
Ni el sen and WH. R deout Mol 197 414; DR
Deardoff and D. C AWe Ouglb%tgd’gif"yct"ﬁp{’mi‘og%%&e glyennﬁ%n bIfe)]F’Fipmi‘ngeardorff,
C.Q Wndham@hdh(:pbre ﬁilmnﬁm @)-g-acchypisiclopent2@h-1-018, (1291 (§)-RE- Johnson and

S.J. Bis, Tetr hed 992, 33, 7287. The follow ng reactions may
be used to na’ri?%mg(? t% %dgr(%l ng to the invention:

0 0
Acd‘ AcO

10 (1

The reactions of 4-Oxo-2-cyclopentenyl Acetate (4-Acetoxy-2-
cyclopenten-1-one) have been reviewed by M. Harre, P. Raddatz, R. Walenta and
E. Winterfeldt, Angew. Chem. hu. Ed Engl, 1982, 21, 480. It has been

15 synthesised in enantiomerically pure form using two main approaches:

»  Acetylation of chirally pure 4-hydroxy-2-cyclopenten-1-one, see K. Ogura, M.
Yamashita and G. Tsuchihashi, Tetrahedron Letters, 1976, 759. For examples
of approaches to chiral 4-hydroxy-2-cyclopenten-1-one see the following and

20 references therein: S.R. Ghorpade, K.B. Bastawade, D.V. Gokhale, P.D.
Shinde, V.A. Mahajan, UR. Kalkote and T. Ravindranathan, Tefrahedron
Asymmetry, 1999, 10, 4115; S.P. Khanapure, N, Najafi, S. Manna, J-J. Yang
and J. Rokach, J Org. Chem., 1995, 60, 7548; E. Mezzina, D. Savoia, E.
Tagliavini, C. Trombini and A. Umani-Ronchi, J. Chem. Soc. Perkin Trans. 1,

25 1989, 845; M. Kitamura, K. Manabe and R. Noyori, Tetrahedron Letters,
1987, 28, 4719; R. Noyori, I. Tomino, M. Yamada and M. Nishizawa, J. 4Am.
Chem. Soc., 1984, 106, 6717, M. Suzuki, T. Kawagishi, T. Suzuki and R.
Noyori, Tetrahedron letters, 1982, 23, 4057; R. Noyori, Pure & Appl. Chem.,



1S A) Conjugate addition to a cyclopent-2-en-l-one (1) or (2) can be
carried out wusing an organo-Gignard reagent in the presence,0

di methyl zinc giving a trans 3,4-disubstituted internediate eZgé.Qﬁc 2004
-addi ti'on product of fornula(3)or: (4): In particular; the chiral .

cycl opentenone of fornmula (1) or (2) nmay be 20 added to the organo-Gignard
reagent or VO8¥¥ ¥organ-lithiumreagent in the preserf@@OVEY; al kyl zi nc or
zinc chloride or a copper (1) salt or a trialkylalumniumin a solvent,
for exanple, tetrahydrofuran, 1,4-dig§€pe, n-. heptane, toluene, diethyl
ether or tent-butyl nmethyl ether at atenperature from -100 Cto O Cto
produce said addition product. 25 B) Addi ng the product of step A) above to

i gié;urebpf b?EBi,ﬂg?SEX&ﬁpNeum&?ﬁinﬁjamﬂ?igygu?ﬁfR$~®%ﬂpFHn-7-ege (DBU)

, 5-di azabi cyc . 0].npn- 5- LA, 1, -tetra uani di ne
(TM3), lithium %m%?)%lémg&'go%ﬁ’ ﬁ%?”f’d%"?eﬁ ﬁesg%f%(/én ?Vegé’?e”gxarrpl e,

di crlﬂ Zr gnet hanel99dj Bt33y; SRt Gl&:lipafl@(l;.B.e?ﬁsaﬂw_ (i1: 4 (D}(Ejmr(ajkht alf é,]fmm Shiﬂdy,l( S;ret hyl( 6;at hgr
or 1, 4-dioxane pt pduce m na raduct o r a or :

8 DEC 2004 WO g%'o o U Rkeablkefsos 1o &?‘g%&ﬁ%g T?’Ff’gy%?’bduct of step
B) above tD a misyimmery, 0999010041164 gnard reagent or organ-lithiumreagent

in the presence of a dialkylzinc or zinc chloride or a copper (I) salt or
a trialkylalumniumsalt in a solvent, for exanple, 5 tetrahydrofuran

1, 4- di oxane, «-bOgipitafeof 3-et@Ps-hydbaicitidpeatingts, Gbr bRkiptebstby M. Met hyl et her
at a tenperaturg fro -ﬁaq C HP 0_C can bhe %isg to produce an addition
oroduct of  f or TAPELh PR Sielegymd WEL Ridéout, Urg. ik, Collect Vol. 5, 1975,
414; D.R. Deardoff and D.C. Myles, Org. Symth., 1989, 67, 114; D.R.
10 Deardorff, C.Q. Windham and CL. Crancy, Org. Synth., 1995, 73, 25; CR.

Johnson and S.1. Bis, Tetrahedron Leiters, 1992, 33, 7287.

The following reactions may be used to make compounds according to the
invention:
13
A) Conjugate addition to a cyclopent-2-en-1-one (1) or (2) can be carried out
using an organo-Grignard reagent in the presence of dimethylzine giving a
trans 3,4-disubstituted intermediate e.g. an addition product of formula (3) or
(4). In particular, the chiral eyclopentenone of formula (1) or (2) may be
20 added to the organo-Grignard reagent or to an organo-lithium reagent in the
presence of a dialkylzinc or zinc chloride or a copper (I) salt or a
trialkylaluminium in a solvent, for example, tetrahydrofuran, 1,4-dioxane, »n-
heptane, toluene, diethyl ether or tert-butyl methyl ether at a temperature from
—100 °C to 9 °C to produce said addition product.
25
B) Adding the product of step A) above fo a mixture of base, for example, 1,8~
diazabicyclo[5.4.0jundec-7-ene  (DBU), 1,5-diazabicyclof4.3.0lnon-5-ene
(DBN), 1,1,3,3-tetramethyl guanidine (TMG), lithium hydride or sodium
hydride in a solvent, for example, dichloromethane, diethy! ether,
30 tefrahydrofuran, fert-butyl methyl ether or 1,4-dioxane to produce an
elimination product of formula {5) or (6).



D) Adding the product of step B) above to a hydrogenation cat al yst for
exanmpl e, 10 palladiumon charcoal, platinum oxide, Raney nic né; Rhodi um
on alumna in a solvent, for exanple, ethyl acetate or netha 18 @E&efﬂﬂd}
hydrogen atnosphere :at |- to 30 atnospheres pressure: and-at:.a tenperature
in the range 0-60C, can be used to make a product of formula (9) or (10).
15 The aboV¥@8¥%dri bed reactions are illustrated in tHEG8VEHR ng schenes:

| WD 02/00584 5 AcO (1) Scheme 1 AcO~ (3) R Scheme 20 O AcO (2) 0 2 B DEC
2004 PCT/ GBOL/ 02400 6 (10) R 2 8 DEC,2004 WD 02/00584. PCT/ GB01/ 02900 -23
An exanple of the utility of the above reactlon scherre is - shown bel ow. AcO

C) Adding the product of step B) above to a mixture of organo-Grignard reagent

or organo-lithium reagent in the preseﬁce of a dialkylzinc or zinc chloride or a

copper (I) salt or a irialkylaluminium salt in a solvent, for example,

5 tetrahydrofuran, 1,4-dioxane, n-heptane, toluene, diethyl ether or fert-butyl

methyl ether at a4 temperature from 100 °C to 0 °C can be used to produce an
addition product of formula (7) or (8).

D) Adding the product of step B) above to a hydrogenation catalyst, for example,
10 paliadium on charcoal, platinum oxide, Raney nickel, Rhodium on alumina in
a solvent, for example, ethyl acetate or methanol under a hydrogen atmosphere
at 1 to 30 atmospheres pressure and at a temperature in the range 0-60°C, can
be used to make a product of formula (9} or (10).

15 The above described reactions are illustrated in the following schemes:



EtMdA, Me2zZn THF, -78 C! AGO DBU, Et20 Et 'MeMyCl, Me2Zn THF, -78 C O Et
Et Corrpounds that can be nmade by the present process are sh2wg ﬁgtm and -
5 the follow ng are believed to be new (38 4S) 3 4 d| et hyI I g’hone
(3R 4R) - 3, 4-di et hyl-- cycl opent-anone; - . -
(3S, 4S) - 3-et hyl - 4- et hyl - cycl opent’ anone; R SR

(3R 4R) - 3- &OyPosat net hyl - cycl opent anone; 10 (38 4S) BCT#@}'IM)}%M
propyl - cycl opent anone; (3R, 4R)- 3-nethyl - 4 propyl cycl opent anone
(3S, 4S) - 3-et hyl - 4- propyl - cycl opent ano 3 and (3R 4R)-3-ethyl - : o
propyl - cycl opent anone. WO 02/ 00584 - 24*“(S) - 3- th hyI cycl opent anone 0
(S)-3-Propyl -cycl opentanone 0 6 .

Scheme 1

=]

Scheme 2
o}
& o
R R
() o QO
AcO (2) AcO ( 4) ’R [6) 34



(R) - 3-Propyl -cycl opentanone 0 (3R 4R)-3,4 D nethyl-cycl opentanone 0

(3R 4R) - 3Et yl - 4-net hyl -cycl opent anone || ~ :

(3R, 4R) - 3- Met hyl - 4- propyl - cycl opent anone 0 2 8 DEC 2004

(3R 4R) -3, 4-Di et hyl -cycl opentanone 0 (3 S, 4S)-3-n-Pr-4-Et: cycl opent: anone
PCTI GBOI / 02904 (S)-3 Ethyl -cycl opentanone 0 (R)-3Ethyl-cycl opentanone 0 (3
S, 4S) - 3, 4- Bpr%f?"ﬁiﬂl -cyci opent anone 0 PCT/GBO01/62900

(3S, 4S) - 3- Et hyl - 4- net hyl - cycl opent anone (3 S

S, 4S) - 3- Met hyl -4- propyl - cycl opent anon%o

(3S,4S)-3, 4-Di et hyl - cycl opent anone (3R, 4R)-3-n Pr-4-Et- cycl opent anone

An example of the utility of the above reaction scheme is shown below: .

MeMgCl, Me,Zn
THF, -78°C

0 0
(5 EtMgCl, Me,Zn DBU, EtZO
e
3 THF, <78 °C

-

AcO AcQ

Q
l Catalys
Q,

Compounds that can be made by the present process are shawn below, and

5 the following are believed to be new:

(35,48)-3,4-diethyl-cyclopentanone;
(3R, 4R)-3.4-diethyl-cyclopentanone;
(38,48)-3-ethyl-4-methyl-cyclopentanone;
(3R AR)-3-ethyl-4-methyl-cyclopentanone;

10 (35,48)-3-methyl-4-propyl-cyclopentanone;
(3R,4R)-3-methyl-4-propyl-cyclopentanone;
(38,45)-3-ethyl-4-propyl-cyclopentanone; and

(3R 4R)-3-¢ethyl-4-propyl-cyclopentanone.



0 (R -3-Mthyl-cycl opentanone 2 8 DEC 2004 WD 02/ 00584 -25 PCT/ GB41/ 02900 
Q her leaving groups may be present in the starting materials enployed in -
the above process in place of the acetoxy conpounds, and in general any

conmpound that is available in optically pure formand that. has.a .. e

4-substituent that s permts stereospecific addition to the en one . -~
conj ugat edW&f¥PEM and can then undergo elimnation cBAV/GWRM. Exanpl es

of such | eaving groups are halides and sulfonic acid ester groups. '
Exanpl es of alternative starting naterjsals include: O cl For preparation

see T.Hrao, S. Mkam, M Mori, Y. Chshiro, Pet. Jett, to 1991, 32(14),

1741-4. For stereospecific preparation of R and S enantioners see R
Gerdil, H Liu, G Bernardinebli, Rely Chim Acta., 9999, 82(3), 418-34. O
81" For preparation see: F. Cavina, A Costero, A zalez, S. Luis, J.
Org. Chem, 1987, 52(14), 2997-9; C. H DePuy, M ks, K L. Eilers, G
F. Morris, J. is Og. Chem, 1964, 29, 3503-10; J.A Ml oodworth, H J.

Eggette, | Chem Soc. (E)%tl\iﬁﬂ@l-c;&d?s&ﬁnon;’ 1981, 1@_%%&%;‘%@39%(3% 0=S=0 0

0“ 0
‘4” /
(S)~3-Propyl-cyclopentanone (R)-3-Ethyl-cyclopentanone
0[[ o]
"’z/\ /‘ "'o,,
(R)-3-Propyl-cyclopentanone (38,45)-3,4-Dimethyl-cyclopentanone
o 0
(3R,4R)-3,4-Dimethyl-cyclopentanone (38,48)-3-Ethyl-4-methyl-cyclopentanone
0 O
(3R,4R)-3-Ethyl-4-methyl-cyclopentanone (38,4S)-3-Methyl-4-propyl-cyclopentanone
0 0
(3R,4R)-3-Methyl-4-propyl-cyclopentanone (38,48)-3,4-Diethyl-cyclopentanone
0 0
(3R,4R)-3,4-Diethyl-cyclopentanone (3R,4R)-3-n-Pr-4-Et-cyclopentancne
O

Vel &

%,
K

(35,458)-3-0~Pr-4-Et-cyclopentanone {(R)-3-Methyl-cyclopentanone



0=5=0 For preparation of the above two conpounds or the class of corrpounds
of the third fornmula, in which R = straight or branched al gﬁﬁg%@]

see A 20 Mnarnii, Y. Ueda, JP 62116537 (JP 85 262204), JP nd M
M namii;o Y. Ueda EP- A-0170506. Y 0 2 8 DEC 2004 WD 02/ 00584 .

PCT/ GBO /02900 -26 The invention will now be further described in the

fol | owi ng ERAHMSYs. EXAMPLE 1 5 Enantionerical ly pur ePCT/GBIW2500
(S)-3-n-propyl -cycl opentanone (3). k-" 3 55 psi H2 10% Pd/C Et OAc ACO
Me2Zn n--Pr MyCl THF, -78 C AcO | DBUpsEt 20 -40 aC

(3R, 4R) - 3- acet oxy- 4- n- propyl - cycl opentanone (1). O

Other leaving groups may be present in the starting materials employed in
the above process in place of the acetoxy compounds, and in general any
compound that is available in optically pure form and that has a 4-substituent that

5 permits stereospecific addition to the en-one conjugated system and can then
undergo elimination can be used. Examples of such leaving groups are halides and

sulfonic acid ester groups. Examples of alternative starting materials include:
0O

0

Cl

For preparation see T. Hirao, S. Mikami, M. Mori, Y. Ohshiro, Tet. fett,
1o 1991, 32(14), 1741-4. For stereospecific preparation of R and S enantiomers see

R. Gerdil, H. Liu, G. Bernardinelli, Helv. Chim. Acta., 1999, 82(3), 418-34.
O

O

Br

For preparation see: F. Gavina, A. Costero, A. Gonzalez, S. Luis, J. Org.

Chem., 1987, 52(14), 2597-9; C. H. DePuy, M. Isaks, K. L. Eilers, G. F. Morris, J.

15 Org. Chem., 1964, 29, 3503-10; I.A. Bloodworth, H. J. Eggelte, J. Chem. Soc.
Perkin Trans. 1, 1981, 12,3272-8.

0=§=0
R
For preparation of the above two compounds or the class of compounds of
the third formula, in which R = straight or branched alkyl of C;-Cg, see M.
20 Minamii, Y. Ueda, JP 62116537 (JP 85-262204), JP 85-167970 and M. Minamii,
Y. Ueda, EP-A-0170506, | -



2 n-Propyl magnesi umchloride (15.7 m of a 2Msolution in ether, 31.4 10
mol ) was added slowly to a stirred solution of dinethylzinc?2( 85DEC r200ef a
2M solution in toluene, 31.4 nmol) in THF (80 m ) under argon at O T. After

£-730 -minutes, the mxture was cooled to -78 C and

(R) -4-acet oxyC}/cI opent-2-enone (4.0 g, 28.5 mmol) in THF (45 m) was added -
dropwi se oV&02A%5kHbur . The reaction mxture was stirr @UEBHAYE yrt her 20

m nut es and then quenched by the addition of 15 saturated amoni um chl ori de
solution (20 m). The reaction mxturggewas allowed to warmto room
tenperature, diluted with IN hydrochloric acid (100 m) and extracted with
ether (3 x 200 m ). The organic |ayer was washed with brine (200 m),
dried (MgS™) and the sol vent was renoved under reduced pressure to yield

t he acetoxy cycl J e.l a ol uti.on, .i. uene_which was used
without 20 furt E%?ﬂ%%rg?‘?‘u’“@ °W§%ﬁ‘|"§°rtdﬁ5§nﬁ%x‘{’ ﬁ’%%"ﬂﬁ@%ﬁﬁ%"ﬁﬁ m/cm 1740
(CO. 2 8 DEC 2004 WO 02/ 00584 PCT/ GB01/ 02900 -27 SH(400 MHz; CDC 3) 5.08
(111, in, CHOAc), 2.70 (1H, dd, J %15519), 2.59 (1H, dd, J 8.1, 1.2),
2.34 (1H, m, 2.23 (1H, dd, J 19.512‘, .6), 2.07 (3H, s, O0OCOw), 1.98 (111,
dd, J 18.4; OCEdinfiotherSehllf pidre (B)3-n-propgl-dycperftmdne@®., 0.94 (3H t, J7.1, Me).
5 (R)-4-n-propyl -cycl opent - 2-enone (2). The acetoxy cycl opentanone 1
(approx. 28.5 mmmol) in ether (40 m) was added dr@pw se over | hr to a
stirred solution of DBU (4.27 m, 28.5 mmol) in er (50 mM) at -40 C
under argon. The m xture was allowed to warmto - C._and stirred for 30
m nut es before being quenched with dilute hydrochl 8r c acid (20 10 mM). The
reaction m xture was partitioned between ether (100 m) and IN HC

55 psi H,
10% PdIC
EtQAc
0 o) o
Me,Zn - DBU, E,O
R r-br MgCl S -40°C :
AcO THF, -78 o¢ ACO . R

(3R AR)-3-acetoxy-4-n-propyl-cyclopentanone (1}

n-Propylmagnesium chloride (15.7 m! of a 2M solution in ether, 31.4

10 ' mmol) was added slowly to a stirred solution of dimethylzinc (15.7 ml of a 2M
solution in toluene, 31.4 mmol} in THF (80 ml) under argon at 6 °C. After 30
minutes, the mixture was cooled to —78 °C and (R)-4-acetoxycyclopeni-2-enone

(4.0 g, 28.5 mmol) in THF (45 mi) was added dropwise over 1 hour. The reaction
mixture was stirred for a further 20 minutes and then quenched by the addition of

15  saturated ammonium chloride solution (20 mi). The reaction mixture was allowed
to warm to room temperature, diluted with IN hydrochloric acid (100 ml) and
extracted with ether (3 x 200 ml). The organic layer was washed with brine (200

mnl), dried (MgSO4) and the solvent was removed under reduced pressure to yield

the acetoxy cyclopentanone 1 as a solution in toluene which was used without

20  further purification in the next step.

Vmax(film)em™ 1740 (C=0).



(150 m). The organic | ayer was separated and the aqueous | ayer was further
extracted with ether (2 x 100 m ). The conbi ned ether |ayers V\fl’$ Dﬁfzgﬂ
with brine, dried (MJSO4) and the sol vent was evaporat ed unde educ

opressure; - The residue was chromatographed (Si @, pentane-ether, 1:0 to -

' 8:2) to give the is propylcyclopentenone 2 (2.4 g, 68%from
(R) - 4- acet BY¥YEHopent - - 2- enone) . vmax(filn)/cna x 17DEUVERIEP0 SH( 400 MHz;
CDd 3) 7.64 (1H, dd, J5.6, 2.4, CH-CRC=O, 6.14 (1H, dd, J 5.6, 2.0, CH
=CHC=0), 2.75 (1H, m, 2.53 (1H, dd, },18.8, 6.4, CHAHBC=0), 2.00 (1H, dd,
J 18.8, 2.0, CHAHBC=0)1.60-1.20 (4H, , 0.96 (3H, t, J6.8, Me). 20 (9)
3-n-propyl cycl opentanone (3) A mxture of 2 (1.2 g, 9.7 mmol) and 10 %
pal | adi um on char ég@b0 MEzaCBCY} $.68 (lint, IGHOA), 2. 78t (I8 ddacgasat £9)Y 30 m ) was

shaken in. hy | t, 30 for hour §. reaction

m xture was %%@?‘egéa’g@ﬁ?& i%ﬁdﬁ}éﬁflgﬁa% (lgvg‘gc{rlgtle%ghz%;&iéduced
pressure. TheOCOak) 168 (\Rdd,oNB8ed4)pysafited), ( 36021 (3HDent ag3Hiher, 1:0 to
9:1) to gi vez}g? propyl cycl opentanone 3 (1.07 g, 88%. vm (filnfi )/cm1l
1744 (C=0. ’ 2004 PCTI GB01102900 -28 6H(400 MHz; CDCI3) 2.29 (1H,
ddd, J 16.0, 8.4), 2.38 (1H, dd, J 18.8, 7.6), 2.21-2.09 (2H, m,1.79 (1H,
dd, J 18.0; 9RgH:1popgl-c3dogedi-R-emipe (2. 93 (3H, t, J 7.2, Me). 5 Enantioneric
purity by conversion to acetal (7) The ketone 3 (0.12 g, 0.95 nmol),

(2R, 3R -(-)-2,3-b L 296 I uenesul phoni c
acid (0.018 g. o.%@%n%f%yc&g?“g&rz_%ﬂ ﬁ%%%gtzgjg‘?ﬁ%%eggﬂfg%%( 10 M) for 3
hours usi ng adieddromsyisg quet } bpto apiged exdetion of DBU (4.27 ml, 28.5 mmol) in

cther (50 mi) at —40 °C under argon. The mixture was allowed to warm to —30 °C
and stirred for 30 minutes before being quenched with dilute hydrochloric acid (20
10 ml). The reaction mixture was partitioned between ether (100 ml) and 1N HCl
{150 ml). The organic layer was separated and the aqueous layer was further
extracted with ether (2 x 100 ml). The combined ether layers were washed with

brine, dried (MgSO;) and the solvent was evaporated under reduced pressure. The
residue was chromatographed (SiO,, pentane-ether, 1:0 to 8:2) to give the
15 propyleyclopentenone 2 (24 g, 68% from (R)-4-acetoxycyclopeni-2-enone). -

Vaax(film)/em? 1708 (C=0).

dr(400 MHz; CDCL3) 7.64 (1H, dd, J 5.6, 2.4, CH=CHC=0), 6.14 (1H, dd,
J 5.6, 2.0, CH=CHC=0), 2.75 (1H, m), 2.53 (1H, dd, J 18.8, 6.4, CH,HzC=0),
2.00 (1H, dd, J 18.8, 2.0, CH,HzC=0) 1.60-1.20 (4H, m), 0.96 (3H, t, J 6.8, Me).
20
(S)-3-n-propyleyclopentanone (3)

A mixture of 2 (1.2 g, 9.7 mmol) and 10 % palladium on charcoal

(catalytic quantity) in ethyl acefate (30 ml) was shaken in hydrogen at 55 psi and

25 at 30 °C for 6 houss. The reaction mixture was filtered and the solvent was
evaporated under reduced pressure. The residue was chromatographed (SiQ,,

pentane-cther, 1:0 to 9:1) o give the 3-propyleyclopentanone 3 (1.07 g, 88%).

Vmax(film)/em™ 1744 (C=0).



m xture was allowed to cool, taken up in ethyl acetate (100 nl) and washed

with saturated sodi um bi carbonate solution, brine, dried (I\%S@m:_;a g]‘l
concentrated in vacuo to give a single diastereoisoneric acetal ? .12 g,

2o 65%  15:614(400. MHz; CDC13) 3.61-3.57 (2H, n), 2.1-1.76 (5H, n), 1.47-1.40
(211, n¥, 1.35-1.20 (10H, n), 0.88 (3H, t, J6.8, M); 6¢c(CDC3) 117.2,

78.-3, T78.1W0A%%884 38 4, 37.6, 37.2, 30.1, 21.3, 17.2pCTIGBO1A29GM 2. EXAMPLE2
20 (3R 4R) 3-nethyl -4-n-propyl -cycl opentanone (4) 2 Methyl magnesi um

chloride (7.1 m of a 3Msolution in ether, 21.3 mvl) was added slowy to
a stirred solution of dinethylzinc (528-m of a 2Msolution in 2 8 DEC 2004

WD 02/ 00584 PCT/ GB01/ 02900 -29 toluene, 10.6 nmol) in THE (80m ) under

-.argon at. 0 C. After i i xt I to -78 Cand 2 (1.2
g; 9.7 mol) in Tﬁg@g@ﬂlﬁ%ﬁ(ﬁggagm&é ﬁ%"p&?ié%g@‘éfg% Jﬁé&r?-@i'he reaction
m xture was s2.2¥-2.69i(2Hom), 209 (TH) 44, 09 8.0/9k)] hsg1.3406ENE) 093 by, £ heg 2addi ti on of
saturated a e' umchloride solution (20 m). The .reaction m xture was
allowed to warmto roomtenperature, diluted with IN hydrochloric acid
(100m ) and extracted with ether (3 x 200 m). The organic |ayer was
washed wit ine (200 dried SA) _and the solvent was renoved
under redugegé%arnggéﬂ?ceputr#%@P&erﬂoég%ﬁe@glmti on in tol uene which was
purified by col um chromatography (Si 2, pentane-ether, 1:0 to 9:1 to give

the 10 cycl opentanone 4 (0.86 g, 63%. vm (CDC13)/cmr 1733 (C=0. SH(400
MHz; CDCl 3) 2.49-2.42 (20H, m, 1.87-1.80 (3H, ;x)_( 1.79-1.61

(2R, 3R)(-)-2,3-butanediol 0.0
p-TSA, benzene, reflux Q/\

3 7

The ketone 3 (0.12 g, 0.95 mmol), (2R,3R)~(-)-2,3-butanediol (0.087 ml,

10 0.96 mmol) and p-toluenesulphonic acid (0.018 g, 0.095 mmol} were refluxed
together in benzene (10 ml) for 3 hours using a Dean-Stark trap. The reaction
mixture was allowed to cool, taken up in ethyl acetate (100 ml) and washed with
saturated sodium bicarbonate solution, brine, dried MgSQj) and concentrated in

vacio to give a single diastereoisomeric acetal 7 (0.12 g, 65%).

15 8(400 MHz; CDCls) 3.61-3.57 (2H, m), 2.1-1.76 (SH, m), 1.47-1.40 (2,
m), 1.35-1.20 (10H, m), 0.88 (3H, t, J 6.8, Me); 5o(CDCL) 117.2, 78.3, 78.1, 44.6,
38.4,37.6,372,30.1,213,17.2, 17.1, 14,2, '

EXAMPLE 2
20  (3R4R)-3-methyl-4-n-propyl-cyclopentanone (4)

Me,Zn
MeMgCl
&A THF, -78°C  §
2 4

Methylmagnesium chloride (7.1 ml of a 3M solution in ether, 21.3 mmol)
was added slowly to a stirred solution of dimethylzine (5.3 ml of a 2M solution in



(ZH, m, 1.80-1.43 (3H, m), 1.12 (3H, d, J 6.1, M), 0.93 (311, t, J 7.3,
Me); 8c(CDC13) 220.0, 48.1, 46.2, 45.5, 38.4, 37.0, 232.1, 197¢6§ DEE 200415
Enantioneric pur| ty by conversion to acetal 8 (2R 3R)(-)-2, 3-butanedi ol

G p=TSAw benzene, refl.ux-The ketone 4 (0.12 g, 0.86 mmol),
© 2R 3R)-(-)~-2,3-but anediol (0.086 n, 0.94 mmol ) and p-tol uenesul phoni c
acid (0. omgoqooss; 086 mMmol ) were refI uxed t oget her 1¥CTHEEea® (10 m ) for

3 hours using:.a Dean-Stark trap. The reaction 20 m xture was allowed to

- cool , taken up in ethyl acetate (100 ml ), washed with saturated sodi um
" bi carbonate solution, brine, dried (N%9504) and concentrated in vacua to

give 8 (0.08 g, 44%. SH(400 MHz; CDC13) 3.61-3.58 (211, nj, 2.51-2.39,

2. 27, 2192 1 0. Q ] 98(3HdJ
6.6 e 0. 40 s 1ft ) 8L b age el ot 06, AR 30 e he
PCT/ GB03/ OZQOEXWWOOW ~180C¥89 2 (1.3 28).7 Mol jn T (#5 ndywa, addﬁl 1 45. 0,
38.4, 36.5, % ﬁ #I
(R -3-n-pr opéjﬂn %sg%g%gn}%oﬁoﬁgg%%m]ﬁ%% 3@ %ﬁ gérrz;ct % n pr opyI cyclo- 5
pent anone ( 6)que edS)YKi@EtEtddl@Qn &f sainiteg amoelumdibnd@sohlyom (28 nslanEhepr ocedur es as
l( g) t zeagét Oxycé)gg? gfﬁ%ﬁé g’ﬁ a.l?)\ged 34 %\ra}ﬂa ) réo[}no{gnperature diluted with IN
ydrochlonc acid {1 OOmI) and extracted with ether (3 x 200 ml) The organic
~ layer was washed with brine (200 ml), dried (MgSO;) and the solvent was

removed under reduced pressure to yield 4 as a solution in toluene which was

purified by column chromatography (SiO,, pentane-ether, 1:0 to 9:1 to give the
10 cyclopentanone 4 (0.86 g, 63%).

Vuud CDCl)em™ 1733 (C=0).

8u(400 MHz; CDCL) 2.49-2.42 (2H, m), 1.87-1.80 (3H, m), 1.79-1.61
(2H, m), 1.80-1.43 (3H, m), 1.12 (3H, d, J 6.1, Me), 0.93 (35, t, J 7.3, Me);
8c(CDCls) 220.0, 48.1, 46.2, 45.5, 38.4, 37.0, 232.1, 19.6, 15.8.

15 Enantiomeric purity by conversion to acetal 8

0 /am
o._ .0
(2R, 3R){-)-2, 3-butanediol Q/\
§ p-TSA, benzene, reflux $
4 8

The ketone 4 (0.12 g, 0.86 mmol), (2R,3R)~(-)-2,3-butanediol (0.086 ml,

0.94 mmol) and p-toluenesulphonic acid (0.0163 g, 0.086 mmol) were refluxed

together in benzere (10 ml) for 3 hours using a Dean-Stark trap. The reaction

20 mixture was allowed fo cool, taken up in ethyl acetate (100 ml), washed with

saturated sodium bicarbonate solution, brine, dried (MpSO,) and concentrated in
vacuo to give 8 (0.08 g, 44%).

85(400 MHz; CDCls) 3.61-3.58 (2H, m), 2.51-2.39, 2.27, 2.19-2.06, 1.90-
1.60 (6H, m), 1.60-1.04 (10K, m), 0.98 (3H, d, J 6.6, M), 0.89 (3H, 1, /7.3, Me);



o foregoir

~ Enant i orrerl C purity by conversion to chiral acetals 9, 10.

(2R, 3R) (-)-2, 3-but anedi ol p-TSA, benzene, reflux. 10 The enanti om@rﬂcnwgﬂw
of ketone 5 was confl rmed by meking acetal 9 wusing the procedure of
"-"-i'_exarrpl es.: SH( 400" MHz; "CDC13) 3.60-3.48 (2H,:nm), 2.45-1.76 (5H,
‘), 1.44-1. gZH n, 138114(101 m, 0.88 (3H, t, J7.1, nE),

. 8c(CDCL. 3) Wi’?’z@ 8478.2, 78.1, 15 44.9,38.2,38.0, 37. 7,B0/aBges 17 0,
16.9;14.2.°0- (2R 3R) (-)-2, 3-butanedi ol , I~ p-TSA, benzene, reflux 6 2 8
-DEC 2004 V\D 02/ 00584 .-31 PC. 1'1GBOL/ 02900 The enantionmeric purity of ketone

6 was confl rmed by neking acetal 10 -8%ing the procedure of the above

‘exanpl'es.. 8n(400 MHz; CDCI3) 3.56-3.49 (211, m), 2.49-2.22, 2.13-2.04,

LYt i M AU a8t o sed Bt 089,31

-21 4,18.2,16.93(x2)1484. 4. EXAMPLE 5 Enantionerically pure
(3S, 4S) 3, 4-di met hyl cyel opent anone (13) 0 AcO MMC}, Me2Zn

EXAMPLES3 &4

(R)-3-n-propyl-cyclopentanone (5) and (38,4S)-3-methyl-4-n-propyl-cycle-

O
I‘ %™
6

Ketones 5 and 6 were made using the same procedures as in the preceding

5  pentanone (6).

examples, but starting from (8)-4-acetoxycyclopent-2-enone.,

Enantiomeric purity by conversion to chiral acetals 9, 10.

0 7
? (2R, 3R)(-}-2,3-butanediol 0.0
[ p-TSA, benzene, reflux é
A N N
10 8 9

The enantiomeric purity of ketone 5 was confirmed by making acetal 9

using the procedure of the foregoing examples.

5u(400 MHz; CDCly) 3.60-3.48 (21, m), 2.45-1.76 (5H, m), 1.44-1.41
(2H, m), 1.38-1.14 (10H, m), 0.88 (3H, t, J 7.1, mE), 5c(CDCl3) 117.2, 78.2, 78.1,
15 44.9,382,380,37.7,30.5,21.3, 17.0, 16.9, 14.2.

-
¢/
",
'+,
“,

o0
(2R,3R)(-)-2,3-butanediol
“, .~ P-TSA, benzene, reflux o~

6 10




DBU, DCM sf 12 mcMyCl, Me2Zn THF, -78 C 14 The acetoxy cycl opentanone 11
- 13 10 Met hyl magnesium chloride (11.3 m. of a 3Msolution in TbJF E‘;:%Bﬁ
nknol) was added slowy to a stirred solution of dinet hyIzizn QFN o of

Ciivas 2Mesolutionteinstol uene, -34:0 mol). i:n THE (80 'm:) at- 0 C under - argon.
“After 20 m nutes, the "m xture was cooled to -78 C and

(S) - 4- acet WP Hopent - 2-enone (4.33 g, 30.9 mmol) iPCHFEBLEEY n) was
-added dropwi se over 1 hour. The reaction mixture 15 was stirred for a
~further 20 minutes and then quenched by the addition of saturated amonium
chloride solution (20 m). The reactidh nmixture was allowed to warm to
roomtenperature, diluted with IN hydrochloric acid (100m) and extracted
with ether (3 x 2 : ' M ine (200 m),
dried (MySH) . an%%ﬁ%oﬁ%gﬁﬁmk%g%% cun@e%&ﬁ%&%ﬁd&%dsur e toyield
the acetoxy Tisimgtheppeaiyeof thepbovgeramples0 C  AcO 11 pTSA, Benzene 2 8 DEC
2004 WO 02/ 00584 32 PCTYGBO /02900 cycl opentanone 11 as a solution in

tol uene whi ch wasgyspovokt Goct) 1483880, m), 2.49-2.22, 2.13-2.04, 1.90-1.62
(6H, m), 1.60-1,02 (10H, m), 0.97 (3H, d, J 6.1, Me), 0.89 (3H, t, J 7.3, Me):;
5 5c(CDCls) 115.7, 78.1, 47.6, 45.5, 45.2, 38.6, 36.0, 21.4, 18.2, 16.9 (x2), 14.4.

EXAMPLE 5

Enantiomerically pure (35,45)-3,4-dimethyleyclopentanone (13)

0 8] O
ﬁ MEMQCF. MeZZn é DBU, DCM
THF, -78 °C . -40°Cto-30°C é,
AcO AgO ks %
11 12
l MeMgCl, Me,Zn
THF, -78
’ o HF,-78°C
}"‘( *l/ 0
0.0 OH
e — .
Q pPTSA, Benzene .
14 3
The acetoxy cyclopentanone 11
10 Methylmagnesium chloride (11.3 m! of a 3M solution in THF, 33.9 mmol)

was added slowly to a stirred solution of dimethylzinc (17.0 ml of a 2M solution
in toluene, 34.0 mmol) in THF (80 ml) at 0 °C under argon. After 20 minutes, the
mixfure was cooled to —78 °C and (S)-4-acetoxycyclopent-2-enone (4.33 g, 30.9
mmol) in THF (45 ml) was added dropwise over 1 hour. The reaction mixture
15 was stirred for a further 20 minutes and then quenched by the addition of saturated
ammonium chloride solution (20 m!). The reaction mixture was allowed to warm
0 room temperature, diluted with IN hydrochloric acid (100ml) and extracted
with ether (3 x 200 ml). The organic layer was washed with brine (200 ml), dried

(MgSOy) and the solvent was removed under reduced pressure to yield the acefoxy



purifi_catioh in the next step. vmax(filmlcnfl 1737 (C=O . &H(400 MHz;
CDC13) 5.01 (1H, in, CHOAc), 2.72 (1H, dd, J 19.0, 6.6), 5 2.59 (1H, m,
2.46 (1H, n), 2.24 (1H, dd, J 19.0, 4.6), 2.07 (3H s, ocodep, DEC 204 (1H,

coddy 318060 5.0 7). 1013 (314, d, - 370, CHVe) < < The-met-hyl-.cyel opent.anone 12

Acet oxy cycl opent anone 11 (approx. 30.9 mol) 'in dichloronethane (40 m)
was added WOSHMWSEe over 1 hour to a stirring sol uti onP@EFCHIBBY®4. 6 nl, 30.9
10 mol ) in dichioronmethane (50 nml) at -40 C under argon. The mi xture was
allowed to warmto -30 C and stirred for 30 m nutes before being quenched
with dilute hydrochloric acid (20 m-$2-The reaction m xture was
partitioned between ether (100 mM) and IN HO (150 ml), The organic |ayer

was separ at ed . r d M’th ether (2 x
100 nl). The ?Qﬁ%”?ﬁ‘gﬁ’eeﬁgﬁ@“ gyyg‘r?mm%’r Té"ﬂ{\ﬁgs%ﬁéﬁ ?ﬁﬁ‘%‘?u he. dried (MygSO4)
and the sol verwifigeion vbgrsrtsiepd under reduced pressure. The residue was

chromat ographed (Si 2, pentane-ether, 7:3) to give nethylcycl opentenone 12

(1.51 g, 51%from, aﬁﬁ%@qb%%eml opent- 2-enone). vm (filmlcm' 1715
(C=O. 20 $4400 ; 3) 7.59 (1H, dd, J 5.6, 2.4, CHCHC=0O, 6.14 (1H,

dd, J 5.6, 2.0, CH=CHC=O, 3.02 (1H, 2.60 (1H dd, J. 18.8, 6.3,
CHAHBC=0), 1.95 pu(#00 Mz GDGl) 01 GHpm, ﬁm)a:%@%iﬂildd(éi%), 6P: J7.1, CHWe).
The di net hyl cys) @nRsp, 20808y, 43 Mgiwd&ﬁﬂfﬁﬁ;hﬂﬂ‘z.@ﬁ'(ﬁ, sd5cds) 298 of a 3M
solution in ether, 15.6-nrnol 5 was added " slowmy to a Stirred solution
of di met hyl zi A ddaJ b8.¢45.7pf1.13 ( 1-4CH%)-i n toluene, 7.8 mml) in THE (20
m ) under argon at OC. After 30 mnutes the mxture was cooled to 78 C and
12 (0.67 g, T7TH nietBldyclofentidonéid n) was 2 8 DEC 2004

Acetoxy cyclopentanone 11 (approx. 30.9 mmol) in dichloromethane (40

ml) was added dropwise over 1 hour to a stirring solution of DBU (4.6 ml, 30.9

10 mmol) in dichloromethane (50 ml) at —40 °C under argon. The mixture was
allowed to warm to ~30 °C and stirred for 30 minutes before being quenched with
dilute hydrochloric acid (20 ml). The reaction mixture was partitioned between
ether (100 mi) and IN HCI (150 ml). The organic layer was separated and the
aqueous layer was further extracted with ether (2 x 100 ml). The combined ether

15  layers were washed with brine, dried (MgS0O4) and the solvent was evaporated
under reduced pressure. The residue was chromatographed (SiO,, pentaﬁe-ether,

7:3) to give methylcyclopentenone 12 (1.51 g, 51% from (8)-4-acetoxycyclopent-

2-enone).
Vamdfilm)em™! 1715 (C=0).

20 31(400 MHz; CDCly) 7.59 (1H, dd, J 5.6, 2.4, CH=CHC=0), 6.14 (1H, dd,
J 5.6, 2.0, CH=CHC=0), 3.02 (1, m), 2.60 (1H, dd, J 18.8, 6.3, CH\HzC=0),
1.95 (1H, dd, J 18.8, 2.2, CHAH;C=0) 1.21 (3H, d, J 7.1, CHMe).

' The dimethyleyclopentanone 13

Methylmagnesium chloride (5.2 ml of a 3M solution in ether, 15.6 mmol)

25 was added slowly to a stirred solution of dimethylzinc (3.9 ml of a 2M solution in
 toluene, 7.8 mmol) in THF (20 ml) under argon at 0°C. After 30 minutes the
mixture was cooled to —78 °C and 12 (0.67 g, 7.0 mmol) in THF (10 ml) was



WO 02/ 00584 PCT/ GBOL/ 02900 -33 added dropmnse over 1 hour. The reaction
mxture was stirred for 20 mnutes and then quenched by the adlch EEn 2604
sat urated anmoni um chl oride solution (10 m). The reaction m xture was

al-l oned t-o .warm to room:tenperature, di but.ed . wi-th AN: hydrochl ori:c aci.d-: (40;;;

m) and extracted with ether (3 x 50 m). The organic'layer 5 was washed

W th brinewW039003%4) , dried (MgSH). and. t he sol vent wasPaTEGRIVEd0 under
reduced pressure to yield 13 as a solution in toluene which was purified by
col um chronmat ography (Si @2, pentane-ether, 95:5) ‘to give the

di net hyl cycl opent anone 13 (0. 45g, 52683-v, (filmicmz 1732 (C=0). 10
8u(400 MHz; CDCl 3) 2.50-2.39 (2H, m, 1.89-1.72 (4H, m, 1.12 (6H, d, J

5.6, 2xMe). E t
ccetal 1 TACSHLGRERs Gud bl T%%fe*%°*ﬁ%&m?%ﬂé¥§ﬁz%nﬁ%‘¥ﬁés'3°But anedi ol
(0.23 m, 1%3hep augcheddy)thendition efotaireated atiivm closidé splytion (Wanly, 0. 22 Mol )
were ref UXG%&%&MM%@M@& gl:-)mJuP m? I futdg Wit (/ Dean- Stark

trap. The reaction mxture was allowed to coo aken up |n et hyl acetate

(100 m ), wadbiéachigricigeid 40 mb andeatrasisd WitiheBier@rei9ma). The ofganic byer bri ne, dri ed

S04 5 20
gg(g CDC)133le ??SQ‘%QQ%M %ﬁ’dbﬂne (Syﬁ?u&jédogﬂf’% il tg@s‘g‘%&'?? %é(), MBrr 709 The

acetal made f“F‘éﬁfoqu‘%?émeéS“{@RﬂeWRS)ﬁs Qsﬂuﬁﬁnn@tolhyn«@hl@hwasmaﬁﬁ@bgnal s as shown
bel ow. 2 8 DithnfO%hromatography (8i0,, pentane-cther, 95:5) to give the

dimethylcyclopentanone 13 (0.45g, 52%).
Vax(film)em™ 1732 (C=0).

10 81(400 MHz; CDCl3) 2.50-2.39 (2H, m), 1.89-1.72 (4H, m), 1.12 (6H, d, J
3.6, 2 x Me).

Enantiomeric purity of 13 was established by conversion to acetal 14.

-

0_0

j =,
,
4

14

The ketone 13 (0.25 g, 2.23 mmol), (2R,3R)~(-)-2,3-butanediol (0.23 mi,

15 245 mmol) and p-toluenesulphonic acid (0.042 g, 0.22 mmol) were refluxed

together in benzene (10 ml) for 3 hours using a Dean-Stark trap. The reaction

mixture was allowed to cool, taken up in ethyl acetate (100 ml), washed with

saturated sodium bicarbonate solution, brine, dried (MgS0,) and 6oncentrated in
vacuo to give 14 (0.21 g, 51%). '

20 8c(CDCly) 115.5, 78.0, 47.8, 40.1, 17.7, 16.9.
m/z (CT%) 185 (MHH, 70%)

The acetal made from racemic (3RS,4RS)-3,4-dimethylketone has signals

as shown below:



WD 02100584 PCT/ GB01102900 -34. Sc(CDC13) 115.6, 115.5, 78.2, 78.1, 47.8,
47.5, 40.2, 40.0, 18.1, 17.7, 17.3, 16.9 EXAMPLE 6 Enantio |Bc§gty @Ere
(S)-3-net hyI cycl opent anone (16) McwCl, Me2Zn 17. THF, -78 Cl2 30

C AcOAMO 5 DBU,:- 0CM OH pTSA,--Benzene: The et hyI cycl opent enone: 15, Corrpound
15 was prepared using the same nethod as 12. "~ The nethyl cycl opent anone 16 A =~

16 A mi xtuM@WPOS¥5 (1.17 g, 12.2 mmol) and 10 % pal | aBGBYMR%Nar coal - 10
(catalytic quantity) in ethyl acetate (30 m) was shaken at 55 psi Hydrogen
at 30 Cfor 6 hours. The reaction mxture was filtered and the solvent was
removed under reduced pressure. The -Pési due was chr omat ogr aphed (Si C2,.

pentane-ether, 9:1) to give the 3-nmethyl cyclopentanone 16 (1. 09 g, 91%.

el g”‘ié(g@gcéc?r"ylu%s%?'f(@%ozw?gqgg%g%a?éagzld%é;% ), 1.78

EXAMPLE 6

Enantiomerically pure (S)-3-methyleyelopentanone (16).

0 0 Q
é MeMgCl, Me,Zn DBU, DCM
—— e R
THF, -78 °C 8 -40°C10-30°C

AcO‘ AcO

— O

) OH
O/__( /kl/

o OH
[ T —
Q pTSA, Benzene

17 16

o

The methylcyclopentenone 15.
Compoun& 15 was prepared using the same method as 12.

The methylcyclopentanone 16

A mixture of 15 (1,17 g, 12.2 mmol) and 10 % palladium on charcoal

10 (catalytic quantity) in ethyl acetate (30 ml) was shaken at 55 psi Hydrogen at 30

°C for 6 hours. The reaction mixture was filtered and the solvent was removed

under reduced pressure. The residue was chromatographed (8i0,, pentane-ether,
9:1) to give the 3-methyleyclopentanone 16 (1.09 g, 91%).

Vas(film)/em™ (C=0) 1731.

15 5(400 MHz; CDCly) 2.42-2.08 (SH, m), 1.78 (1H, ddd, J 16.8, 9.3, 0.7),
1.51 (1H, m), 1.13 (3H, 4, J6.8).



2 8 DEC 2004 WD 02/00584 PC /@GB0OL102900 -35 The acetal 17 The ketone 16
(0.25 g, 2.55 mol), (2R 3R)-(-)-2,3-butanediol (0.26 m, 2%&;@ )2 @nd
p-tol uenesul phonic acid (0.05 g, 0.255 mmol) were refluxed t P
~benzene (10 m) for 3 hours using a Dean-Stark trap.:: The: reaction 5 nexture:.
was allowed to cool, taken up in ethyl acetate (7100 n1) washed with

sat ur at ed Y88YWHbi car bonat e sol ution, brine, dried. (WS@Q}’”Z%‘M
concentrated in vacuo to gi ve the acetal 17 (0.20 g, 47% . 6H(400 MHz;

Cbd 3) 3.59 (2H, m, 2.08-1.17 (13H, , 1.01 (3H, d, J 6. 8, Me);
8C(CDC13) 117.4, 78.3, 78. 0 46.4, 38'¥-32.1, 20.6,17.2,17.1 10 The acet al
of the racemc 3- nethylcyclopentanone has S|gnals as shomn . ‘bel ow

3c(CDC13) 11ﬁh§a“;§1$ 78.1 (x2), 78.0, 46.7, 46.4, 38.5, 38.0, 32.5, 32.1,
20.6, 20.2, 17.2, 17.1, 16.9 (x2). EXAMPLE 7 15 Enantionerically pure

(Tﬁg ) 83C6tA@g 18%%%@%992'_5253%%35}33{’ IR S et to96 i, B =
2.80 mmol) and p-toluenesulphonic acid (0.05 g, 0.255 mmol) were refluxed
together in benzene (10 mil) for 3 hours using a Dean-Stark trap. The reaction
5 mixture was allowed to cool, taken up in ethyl acetate (100 ml), washed with
saturated sodium bicarbonate solution, brine, dried (MgSOs) and concentrated in
vacuo to give the acetal 17 (0.20 g, 47%).

85(400 MHz; CDCl;) 3.59 (2H, m), 2.08-1.17 (13H, m), 1.01 31, 4, J 6.8,
Me); 8c(CDCls) 117.4, 78.3, 78.0, 46.4, 38.0, 32.1, 20.6, 17.2, 17.1

10 The acetal of the racemic 3-methyleyclopentanone has signals as shown

. below:

8c(CDCL3) 117.4,78.3,78.1 (x2), 78.0, 46.7, 46 .4, 38.5, 38.0, 32.5, 32.1,
20.6,20.2,17.2,17.1, 16.9 (x2).

EXAMPLE 7
15 Epantiomerically pure (35,45)-3-ethyl-4-methyl-cyclopentanone (20)
0 0 o}
ﬁ Me,Zn ;5 bBU, EL,0 é
EtMgCl “ -40°C ”
AcO - A
c THF 780G AcO 18 19
Me,Zn
MeMgCl
THF, -78°C
0

;E% v

20
The acetoxy cyclopentanone 18

Ethylmagnesium chloride (19.6 ml of a 2M solution in THF, 39.2 mmol)
was added slowly to a stirred solution of dimethylzinc (19.6 ml of a 2M solution
20  intoluene, 39.2 mmeol) in THF (80 m!) at 0 °C under argon. After 20 minutes, the



19 Me2Zn
Et hyl magnesi um chl orlde (19.6 M of a 2M solution in THF, 39.
added slowy to a stirred solution of dinmethylzinc (19.6 m o

\Yo

MyCl  THF, 78 C O 20 The acetoxy cycl opentanone 18

~.solution 20 in toluene, 39.2 mmol) in THF (80 ):.at 0 Counder:-argon.:
the 2 B DEC 2004 WO 02/00584 PCTI GB01102900 -36 mi xture was

20 m nutes,

¢ gOEQ 200

After

cool ed to WPg2@®sEhd (S)-4-acetoxycycl opent - 2- enone (5POEBI8RBIG7 Mol ) -

THE (45 nm) was added dropwi se over 1 hour. The reaction m xture

was

stirred for a further 20 m nutes and t3hen guenched by the addition of ..

saturated anmonium chloride solution
allowed to warm5 to room tenperature,

(100m) and ezﬁsca@ecﬁvﬁsdmwa &@-ﬂst %%d(@)h-gac%%yd%z

entl36hoBE EAN

20 mM). The reaction m xture was
diluted with IN hydrochloric acid -
c3gAayer was

washed with brine (200 m dried ( dpthe sol ven% was renoved.

under reduced™PPR#sTHE (45oml)|“@$ afideh dropwise evey | beye | Bp appetigronitias as a

solution in twsYens

CHOAC) ,
2.32-2.20 {2Ho rbdm tefuprhtutel dinisd wilEENEydrohlBR acfalithonl) andle@deib?H M,

(3H,

t,

2.70
J7. 2,

gmppgnigychloyidg splugion R07yl).

Ve
"with éther (3 x 200 ml). The organic layer was washed with brine (200 mt), dried
(MgS8Oy,) and the solvent was removed under reduced pressure to yield the acetoxy

cyclopentanone 18 as a solution in toluene which was used without further

~ purification in the next step,

10

15

20

25

Viax(film)em™ 1741 (€=0).

85(400 MHz; CDCL) 5.10 (1H, m, CHOAG), 2.70 (1H, dd, J 19.3, 6.7),
2.57 (1H, ddd, J 18.5, 8.3, 1.2), 2.32-2.20 (2H, m), 2.07 (3H, s, OCOMe), 2.00
(1H, m), 1.62 (2H, m), 0.98 (3H, t, J 7.2, Me).

The ethylcyclopentenone 19

Acetoxy cyclopentanone 18 (approx. 35.7 mmol) in dichloromethane (45
mi) was added dropwise over 1 hr fo a stirring solution of DBU (5.34 mil, 35.7
mmol) in dichloromethane (100 ml) at —40 °C under argon. The mixture was
allowed to warm to —30 °C and stirred for 30 minutes before being quenched with
dilute hydrochloric acid (30 ml). The reaction mixture was partitioned between
ether (100 ml) and IN HCI (150 mi). The organic layer was separated and the
aqueous layer was further extracted with ether (2 x 100 ml). The combined ether
layers were washed with brine, dried (MgS80,) and the solvent was evaporatéd
under reduced pressure. The residue was chromatographed (Si0,, pentane-ether,
8:2) to give ethyleyclopentenone 19 (3.4 g, 86% from (S)4-acetoxycyclopent-2-

enone).
Vmae(filmYem™ 1713 (C=0).

8(400 MEz; CDCls) 7.65 (1H, dd, J 5.6, 2.4, CE=CHC=0), 6.16 (11, dd,
J 5.6, 2.0, CH=CHC=0), 2.88 (1E, m), 2.54 (18, dd, J 19.0, 6.3, CHyHzC=0),

0 fatthe w@mﬂﬁﬁyanwtﬁehahgmﬁeu 'B§ he e hdaidil §a'uﬁﬁéd on in the
next step. 10 vrru(fllr'r)Icnf 1741 TI)? 5.10 (1H, m

rwﬁqnmxtw aljov_ﬂ@é tqswalsl 3, 1.2),

0. 98



The et hyl cycl opentenone 19 15 Acetoxy cycl opentanone 18 (approx. 35.7 nmmol)
in dichloronmethane (45 mn) was added dropwi se over 1 hr to a QtBrlﬂE@gQ[][]q
solution of DBU (5.34 m, 35.7 nmol) in dichloronmethane (100 m) at -
~under -argon. The m xture was allowed to warmto.-30-C and stirred for. 3@
m nut es before being quenched with dilute hydrochloric acid (30 ni). The" o
reaction nvROuEs4was partitioned between 20 ether (10ETABpIERAW | N HCl (150 -
m ). The organic |ayer was separated and the aqueous |ayer was further '
extracted with ether (2 x 100 m). The conbined ether |ayers were washed"
with brine, dried (MJSO4) and the sot¥ént was evaporated under reduced
pressure. The residue was chromatographed (Si 2, pentane-ether, 8: 2) to

gi ve ethyl cy t an opent - 2- 25
enone) . vmx%@ﬁﬁ?’l@’n{am %%1@ %@0)%%3%%8&?@(1%?%@% J(lH dd J5.°6,
2.4, CH=CHC=(6,Msg).16 (1H, dd, J 5.6, 2.0, CH=CHC=0), 2.88 (111, m, 2.54
(1H, dd, J 19.0, 6.3, CHAHBC-O) 2 8 DEC 2004 WO 02/ 00584 PCT/ GBO /02900

-37 2.02 (1HT1Q(1 cloped@néhe 28- 2, CHAHBC=O) 1.63 (1H, m), 1.47 (1H nm, 0.99
(3H, t, K/b The cycl opent anone 20 Met hyl magnesi um chloride (22.5

ol 1t gnB(I\)/:‘ 53! P S5 oA b SR o %53 3oy et
in THE (1060 a} amdabw@rtga@tm sOKstion’ it dixhetiBQzid (D619 &5 of HEM shliidnUr € was cool ed
CRCRCETCHE O e DN M e M e T R
by the addit infiauefwas abdlédtoeds 0RO 19 (BT, 80.6 dend)Oh IHO@S (dpwil ) -
‘ added dropwise over 1 hour. The reaction mixture was stirred for 20 minutes and
then quenched by the addition of saturated ammonium chloride solution (25 ml).
10 The reaction mixture was allowed to warm to room temperature, diluted with 1N
hydrochloric acid (100 ml) and extracted with ether (3 x 100 ml). The organic
layer was washed with brine (50 ml), dried (MgS0y) and the solvent was removed
under reduced pressure to yield 20 as a solution in toluene which was purified by
column chromatography (SiO,, pentane-ether, 95:5) to give the cyclopentanone 20
15 (24 g, 62%).

Vaex(film)em™ 1738 (C=0).

3u(400 MHz; CDCls) 2.50-2.40 (2H, m), 1.92-1.60 (6H, m), 1.12 (3H, d, J
6.1, Me), 0.93 (3H, 1, J 6.5, Me).

Conversion to an acetal

-
1

ﬁ (2R,3R)(-)-2,3-butanediol Oy P
“” p-TSA, benzene, reflux "y

20
24

20

The ketone 20 (0.22 g, 1.74 mmol), (2R,3R)-(~)-2,3-butanediol (0.18 ml,

1.91 mmol) and p-toluenesulphonic acid (0.033 g, 0.174 mmol) were refluxed
together in benzene (10 mi) for 3 hours using a Dean-Stark trap. The reaction

- mixture was allowed to cool, taken up in ethyl acetate (100 ml), washed with



10 The reaction mxture was allowed to warmto roomtenperature, diluted
with IN hydrochloric acid (100 m ) and extracted with ether (? Erm;_(t{t) @'I)
The organic |ayer was washed with brine (50 m), dried (MpSO4 IZ

tol uene which was purified by colum chromatography (Si 2, pentane-ether, "= "

95:5) to gWVP&2B\¥ cycl opentanone 20 15 (2.4 g, 62% .PCAGRAPIN) /cm 1738
(CEO . SH(400 MHz; CDC13) 2.50-2.40 (2H, m, 1.92-1.60 (6H, in), 1.12 (3H,
d J 6.1, M), 0.93 (3H, t, J 6.5, Ng% Conversion to an acetal O

(2R, 3R)(-) 2,3-butanediol 5 p-TSA, bénzene, reflux 20 20 24 The ketone 20
(0.22 g, 1.74 mol), (2R 3R -(-)-2,3-butanediol (0.18 mM, 1.91 nmol) and

p- t ol uenesul pheRiE saind bldRnBRe: Glutibh, bife, ARRI M) anti 8bdcki¥Gfla #f 0get her in

benzene (10 m ) for, 3 hours using a Dean- St ark trap. The reaction mxture
was al | owed t¥eHodReve #4W0dAs: 8" n. ethyl acetate (100 m), washed with 2 8
DEC 2004 WO 02/ 00584 PCT/ GB01/ 02900 -38 saturated sodi um bi carbonate

sol ution, brine, siCedL M33OM.1 804 48neenunal &b a2, MAC 18.99i Ve 24
(0.19g, 55%, 8c(§DC13D3£ 115.6, 78.1 (x2), 47.6, 47.1, 44.9, 38.2, 26.2,
19.3, 18.2, 19%m=Gl) 399 MF.686) 109 (MH 82%.

5 EXAMPLE 8

Enantiomerically pure (R)-3-ethyleyclopentanone (21)

9 55 psi H,
———e——
é 10% PdIC [
e EtOAc o
19 21

A mixture of 19 (3.4 g, 30.9 mmol) and 10 % palladium on charcoal

(catalytic quantity) in ethyl acetate (50 ml) was shaken at 55 psi in hydrogen at 30

10 °C for 6 hours. The reaction mixture was filtered and the solvent was removed
under reduced pressure. The residue was chromatographed (Si0Os, pentane-ether,

9:1) to give the 3-ethyleyclopentanone 21 (3.4 g, 98%).
Vaadfilm)em™ 1737 (C=0).

8(400 MHz; CDCls) 2.38 (1H, dd, J18.1, 7.3), 2.29 (1H, dd, J16.1, 8.8),
15 2.31-2.04 (4H, m), 1.79 (1H, ddd, J 18.1, 9.8, L.1), 1.47 (2H, m), 0.95 (3H, t, J
7.6, Me). :

Conversion to acetal 25

? (2R,3R)(-)-2,3-butanediol 0.0
4 p-TSA, benzene, reflux é
Y, >

21 25



5 EXAMPLE 8 Enantionerically pure (R)-3-ethylcyclopentanone (21) 0 V 19 55
psi N2 10% Pd/C ~/ EtQAc A mi xture of 19 (3.4 g, 30.9 mmol) an &ﬂﬁé b
pal | adi um on charcoal (catalytic quantity) in ethyl acetate (50 \ZQQ

wwi-shaken at: 55 psi in hydrogen at 30 10 C for 6 hours. The reaction ‘mixture ..

" “was filtered and the sol vent was renoved under reduced pressure. The

‘resi due wa¥O@HWstat ogr aphed (Si 2, pent ane-ether, 9:AGT/GRHIBINe t he
3-ethyl cycl opentanone 21 (3.4 g, 98% . vrmax(film/ent'' 1737 (C=0 . SH( 400
-~ MHz; CDC13) 2.38 (1H, dd, J 18.1, 7.3), 2.29 (1H, dd, J 16.1, 8.8), 15

2.21-2.04 (4H, m, 1.79 (IH ddd, J 181, 9.8, 1.1), 1.47 (2H, nm, 0.95
(3H, t, J 7.6, Me). Conversion to acetal 25 0 (2R 3R)(-)-2, 3-butanedi ol

SP p-TSA Denzeff i iPlooly $7# o BEGRR0% Y3 ARkORF 44 ofCT/ GBOL/ 02900
: ml, 0.96 mmol) and p-toluenesulphonic acid (0.017 g, 0.087 mmol) were refluxed

together in benzene (10 mf) for 3 hours using a Dean-Stark trap. The reaction

mixture was allowed to cool, taken up in ethyl acetate (100 ml), washed with
5  saturated sodium bicarbonate solution, brine, dried (MgS0O,) and concentrated i

vacue to give 25 (0.12 g, 73%).

8c(CDCls) 117.2, 78.2, 78.1, 44.5, 39.8, 38.0, 30.1, 28.6, 17.0, 16.9, 12.5;
m/z (CI) 185 (M+H, 75%)

EXAMPLES 10 & 11

10 (3R,4R)-3 ethyl-4-methyl-cyclopentanone {22) and (S)-3-ethyl-cyclopentanone

(23
O o]
) 22 23
Compounds 22 and 23 were made using the procedure of the previous
examples.

15 Conversion to acetals 26,27

o v, (
(2R, 3R)(-}-2,3-butanediol 00
—————— e R
F p-TSA, banzene, reflux h
2 ”
0

. O
N X]\
[o]

(2R, 3R){-}-2,3-butanediol
————————————e
' p-TSA, benzene, reflux

23



The ketone 21 (0.098 g, 0.874 mml), (2R 3R)-(-)-2,3-butanediol (0.088 m,
- 0.96 mmol ) andp-t ol uenesul phonic acid. (0.017 g, 0.087 mmuol) gegq]ﬁffzhwed
together in benzene (10 nl) for 3 hours using a Dean-Stark trap: e

sopeactionsomoxture was call owed to- cool, taken up in ethyl acetate (100 m).

Washed with 5 saturated sodi um bi carbonate solution, brine, dried (MSO4)
and concenWPa¥¥®4in vacuo to give 25 (0.12 g, 73% . BEWEHOOIBY 117.2, 78. 2,

78.1, 44.5, 39.8, 38.0, 30.1, 28.6, 17.0, 16.9, 12.5; mz (Cf) 185 (MH,

75% EXAMPLES 10 & 11 0 23 Conpounds 22 and 23 were made using the

~procedure of the previous exanples.-49-(3R 4R)-3

‘et hyl - 4- et hyl - cycl opent anone (22) and (S)-3-ethyl-cycl opentanone (23) 15

benzens, ref Ly 20 SR et ity EReod 228 Ll B BRIACTCT 8, 5% oec

2004 WO 02/ 00684 tir@reviaBdl daaibedprocedure.

8c(CDCls) 115.7,78.2,78.1, 47.3, 46.9, 44.6, 38.0, 26.6, 19.3, 18.8, 17.3,
17.2, 14.2; m/z (CT) 199 (M+H, 80%)

5 The enantiomeric purity of ketone 23 was also confirmed by making acetal
26 using the previously described procedure,

8c(CDCl) 117.2, 783, 78.1, 44.2, 39.3, 37.6, 29.7, 28.8, 17.2, 12.5; m/z
(CT") 185 (M+H, 78%).



-40- The enantioneric purity of ketone 22 was confirnmed by nmaking acetal 26
using the previously described procedure. 3c(CDd 3) 115.7,78?2, ég 1 ﬂ7.3,
46.9,44.6, 38.0, 26.6, 19.3, 18.8,17.3, 17.2, 14.2; mz (C) §9 Fmﬁﬂ,
+80/:99 5. The"enanti-oner.i-c .purity.of -ketone 23 was al so-confirmed by nmaking
acetal 26 using the previously described procedure. & (CDO 3) 117.2, 78.3,
. 78.1, 44.2wW039003%4 37.6, 29.7, 28.8,17.2,12.5; nmz (CCACB®BRMH 78% . 2
8 DEC 2004 WO 02/00584 PCT/ GB01/02900 -41- CLAIMS 1. A nethod of making an
enantiomerically pure conmpound of the formula (f) or (IL): mor 5 wherein
R and R represent C1-C10 al kyl, C2-¢ib-alkenyl or C3-C10 cycloal kyl and
‘the wedges signify (S)- or (R - stereochem stry, the substituents in
~conmpound - (11) being trans, which nethod conprises: conjugate addition of
an organonetal I i c nucl eophile that cpapygdes a group R as defined above to
a .conpound of the formula (I1l) or (IV): 10 wherein X represents a | eaving

_group to give a trans 3,4-disubstituted addition product, of formula (V) or
V) in which R ahd x A metad Shmakpe i il v gmeomnd of the
' - formula (I) or (ID):
0 0
d @ or ﬁ 0y
R R R

5 wherein R and R' represent Cj-Cyg alkyl, Cy-Cjq alkenyl or C3-C1( cycloalkyl
and the wedges signify (S)- or (R)- stereochemistry, the substituents in compound

(II) being trans, which method comprises:

conjugate addition of an organometallic nucleophile that provides a group
R as defined above to a compound of the formula (TI) or (IV):

Q 0
" | X @m xj av)

wherein X represents a leaving group to give a trans 3,4-disubstituted addition
product of formula (V) or (VI) in which R and X are as previously defined;

Q 0

eliminating the leaving-group X from the addition product of formula (V)
15 or (VD to give an (R)~ or (S)- 4-alkyl or 4-alkenyl cyclopent-2-en-1-one of
formula (VII) or (VIIT)




ellnlnatlng the | eavi ng-group X fromthe addition product of formula (V)
15 or (M) to give an (R - or (S)- 4-alkyl or 4-alkenyl 8
-cycl opent - 2-en- 1- one of formula (M1) or (M11) 28 DEC 20(;4 9@0@%0584
rg5011029®o ‘or:~42.and. either. (i).-hydrogenation of the conpound of
formula (V1) or (\/ ||) to give a cycl opentanone of fornula (1) or (ii)
..‘conjugat e WO@®ESHN of a second organonetal | i c nucl eoptiTIGBOI#8A® Sprovi des a
- “group R "as defined above to the conmpound of formula (VIl) or (VIIl) to
-.give a trans 3, 4-disubstituted addition product of fornula (Il). 2. The
"~ method of claim1, when used to nmake-&h- (S)- conpound of formula M 3.The
.~ -method of claim1, when used to make an (R)- conpound of fornula 10(1).
~+4, The method of claim 1, when used to nakea (3S,4S)- conpound of formul a
“ . (11). 5. The nmethod of ¢l aim1, when used make a (3R, 4R)- conpound of
formula (I11).. 15 6. Thiﬁt hod @f any pre| ng cl.ahiimehen used to nmeke a
conmpound in which R a (if present) réptesent nethyl, ethyl or

-~ .n-propyl. 7. The net hOdQ‘E‘? claim1l1, when U&ﬁﬂ to make any of the follow ng
compounds: (' S) - 3-net hyl | opent anone;

(i) hydrogenation of the compound of formula (VII) or (VIH) to give a
cyclopentanone of formula (I} or

(i) conjugate addition of a second organometallic nucleophile that
5 provides a group R' as defined above to the compound of formula (VII) or (VIII)
to give a trans 3,4-disubstitnted addition product of formula (H).

2 The method of claim 1, when used to make an (S)- compound of formula
@.

3. The method of claim 1, when used to make an (R)- compound of formula
10 (@

4. The method of claim 1, when used fto make a (38.48)- compound of
formuia (IT).

5. The method of claim 1, when used to make a (3R,4R)- compound of
formula (TE).

15 6. The method of any preceding claim , when used to make a compound in

which R and R’ (if present) represent methyl, ethyl or n-propyl

7. The method of claim 1, when used to make any of the following

compounds:
(8)-3-methylcyclopentanone;
20 (R)-3-methylcyclopentanone;
(8)-3-ethylcyclopentanone;

(R)-3-ethylcyclopentanone;




0 (3RAR)

20 ('R')_- 3- et hyl cycl opent anoné; (S)-3-ethyl cycl opent anone;
(R) - 3-ethylcycl opentanone; | 5 - 43 (S)-3-n-propyl cycl opent anone;

(R) - 3-n-propyl cycl opentanone; (3 S,4S)-3,4-di methyl-cycho ;
“di-nethyl - cycl-opent:anone; (.38, 45)=3,4-di et hyF @?«ﬁ%g gg}fano ne;

(3R 4R)- 3, 4-di ethyl -cycl opentanone;

- (3S,.48) - 3-WOK3S4- net hyl - cycl opent anone; PCT/GB01/02900
(3R 4R)-3-et hyl-4-nethyl -cycl opent anone,

(3S,4S5)-3-net hyl - 4-propyl -cycl opent anone; 10
" (3R 4R)-3-net hyl -4- propyl - cycl opent.antthe;

(3S, 49) - 3-ethyl -4-propyl -cycl opent anone;

(3R 4R).- 3- et hyl - 4,k - none. PCT/ GB01/ 02900 8. The met hod of
~-any preceding cl a$%3q%§?yﬁhﬁgﬁﬁg€%nj ugate addition is 15 carried out by
addi ng the chiral cyclopentenone of formula (I1l1) or (IV) to an
organo- Gri gnard r@ﬁééhfmﬁﬂc}’f’lape&ﬁ“‘éﬂegan-l ithiumreagent in the presence of a
di al kyl zinc or zinc chloride or a copper (1) salt or a trialkylalumniumin
a solvent at a t@SESy AL dnetlyl-OflopenkbheC to 0 C. 20 9. The nethod of claim
8, wherein the solvent is selected from tetrahydrofuran, 1,4-dioxane,

n- hept ane, tol uen&R,&i)_ghbd\{tlnetgﬁ_%acriopg&gm}l&but yl methyl ether.

5 (38;48)-3 ;4-diethyl-cyclopentanone;
(3R,4R)-3,4-diethyl-cyclopentanone;
(35,485)-3-ethyi-4-methyl-cyclopentanone;
(3R,4R)-3-ethyl-4-methyl-cyclopentanone;
(3S,48)-3-methyl-4—propy1—cyclopentanone;

10 (3R,4R)-3-methyl-4-propyl-cyclopentanone;
(385,48)-3-ethyl-4-propyl-cyclopentanone;

(3R,4R)-3-ethyl-4-propyl-cyclopentanone.

8. The method of any preceding claim, wherein the conjugate addition is

15  carried out by adding the chiral cyclopentenone of formula (TX) or (V) to an
organo-Grignard reagent or to an organo-lithium reagent in the presence of a
dialkylzinc or zinc chloride or a copper (1) salt or a trialkylatuminive in a solvent
at a temperature from ~100 °Cto 0 °C.

20 9. The method of claim 8, wherein the solvent is selected from
tetrahydrofuran, 1,4-dioxane, n-heptane, toluene, diethyl ether and #-butyl methyl
ether.



s product s

2 8 DEC . 2004 WD 02/00584 PCT/ GB01102900 -44 10. The nethod of any
preceding claim wherein the elimnation product of forrmula (VII) or
(MI11) is produced by treating the trans 3,4-disubstituted agdDECoi04
P tooof whormulba (V)or (V) wit-h a:strong:.organic:base-or-w-ith a netal. .
“hydride “i'n a solvent. 5 11."The nethod of -cl'aim 10, wherein the base or
hydri de i sweoet/essied from 1, 8- di azabi cycl o[ 5. 4. 0] undeT7=B81E900 DBU) |
1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene (DBN), 1,1,3,3 tetranethyl guanidine
(TM3, :lithium hydride and sodi um hydride. 10 12. The nethod of claim 10 or
11, wherein the solvent is selected fAm dichl oronmethane, diethyl ether,
tetrahydrofuran, t -butyl nethyl ether and 1,4- dioxane. 13. The nethod of
any precedi ngjcl at i -e| lym. nat i : orrmula (VII)
or (MII1) is ltofcealrgadmﬁ@ﬁgﬁ%r%%g%@a?%’ %}%@glﬁ&%@@% O%'fcr?r%fspher es at a
t enper at ur e i formuie(VilR 0y &VI0D 60@dused by teativethe trans @, 4-disubftigriqdraddiionce of a

hydr ogenati o &E:Hfa L\ : fﬂéér}ﬁ f r I The net hod of
claim 13, wh .rrgc%ﬂ{f%e yg‘r/ggre@ﬁl%%r%a a %/agltc blgés% 58 tgg%ug%d hy%def rom pal | adi um
on charcoal , ipe&lve®tim oxi de, Raney nickel, and rhodiumon alumna. 15. The
met hod of g¢laim 13 or 14, wherein in the solvent is ethyl acetate or

nmet hanol . 25 16. The nethod of any of clains 1-12, wherein the conjugate
addition is Yarr Feomegbed ofplaim && mibergin thechags| or hydride isselegedfhuc .8 0of formul a

VII) or (VI 1 | hth a second an
E)r ga)no- | i E hi udrlr%?lye%a?ggk%'(l)]ﬁlﬁdt%ﬁzgn&mﬁ’or’%%&&o[Hg'aﬁgl%-e% Ot
1,1,3,3-tetramethyl guanidine (TMG), lithium hydride and sodium hydride.

10 12, The method of claim 10 or 11, wherein the solvent is selected from
dichloromethane, diethyl ether, tet'ahydroﬁuan, t-butyl methyl ether and 1.4-

dioxane.

13.  The method of any preceding claim, wherein the elimination product of
15 formula (VII) or (VIII) is treated with hydrogen at a pressure of 1-30 atmospheres
at a temperature in the range 0-60°C in a solvent and in the presence of a

hydrogenation catalyst to give a compound of formula (I).

14.  The method of claim 13, wherein the hydrogenation catalyst is selected
20 from palladium on charcoal, platinum oxide, Raney nickel, and thodium on

alumina.

15.  The method of claim 13 or 14, wherein in the solvent is ethyl acetate or
methanol.
25
16.  The method of any of claims 1-12, wherein the conjugate addition is
cartied out by treating the elimination product of formula (VII) or (VII) with a
second organo-Gr‘ignard reagent or with a second an organo-lithium reagent in the
presence of a dialkylzinc or zinc chloride or a copper (I) salt or a
36 irialkylaluminium in a solvent at a temperature from —100 °C to 0 °C to produce a
compound of formula (IF).



presence of a dialkylzinc or zinc chloride or a copper (1) salt or a 30
trialkylalumniumin a solvent at a tenperature from-100 C tgn&ﬁ gmb
produce a conpound of formula (11). 2 8 DEC 200# -45 17. TRe (2 f
claim 16, wherein the solvent is selected fromtetrahydrofuran, 1,4-

di oxan, n-heptane, toluene, diethyl ether and t-butyl nethyl ether. 18. The
met hod of any preceding claim wherein thet¥-eaving group X in the conpound
of formula (111) or (IV) is acetoxy. 19 The nethod of any of clainms 1-17,
wherein the leaving group X in the conpound of formula (111) or (LV) is
hal ogen or sulfonic acid ester group. 20. An enantionerically pure conpound
made by the nethod of any of clains 1-19. 21. The conpound of claim 20,

whose enanti ri uri i s 98% or .abqve. 2. A nmet hod of producing a
conpound of g S 019r *F%e‘%? Hﬁ?'ﬁ'@ i@?dﬂ}?rﬁ%ﬁﬁ/ﬁj‘(‘a}aﬁﬁsi ﬁr;r'?‘?ﬂtﬁ‘gfl‘io'f‘ ﬁé’ag'ﬁ%gﬂrg%e%‘f‘s
R and R and didxenwetggand)aclaertd) distiphaiegsand risitglabettylietherl aim 1, which
conpri ses producing a conpound of formula (1) or (11) produced by the

nmet hod of any of clainms 1- 19, converting said conpound in nmanner known per
se to a conpdénd ofhefraethod af ¥ precéditd glaim, (Wiietdin) therle@vithd/groupidin dip campdung
further conv J j ¢ i,nto a pharmaceutically acceptable salt. 2
8 DEC 2004 -?E%.gla?ﬂggﬂgtqﬁgg’uggx%l aim 22, wherein said conversion
conprises converting said conpound of formula (1) or (I1) by Knovenagel

addi tion in mannerThenaYhod BEanBE daimdM-I NiviHIBA RS Rabit)groud XYh tHe) corhiivihd

bel ow. )
of formula (ill) or (IV) is halogen or sulfonic acid ester group.

20. An enantiomerically pure compound made by the method of any of claims 1-19.

21. The compound of claim 20, whose enantiomeric purity is 98% or above.

22. A method of producing a compound of one of the formulae shown below:
| CO,H

. L”r:,

-

gy R.
x1)

in which the substituents R and R' and the wedges have the meanings indicated in claim
1, which comprises

producing a compound of formula {I) or (If) produced by the method of any of claims 1-
19,

converting said compound in manner known per se to a compound of formula (XI), (XlI),
{XIII) or (X1V), and

optionally further converting said compound into a pharmaceutically acceptable salt.



CO2H in which the substituents R and R and the wedges have the meani ngs
I ndi cat ed above; and further converting said internedi at% DM" known
per se to a conpound of formula (XI), (XI), (XII1) or ( \ﬁ?
(XVIT) (XVil1) 24. The nethod of claim 23, wherein the internediate of
formula (XV) - (XVII1) is converted to a conmpound of fornmula (XI) - (XIV)
by transformng the phenyl ring to a cafBoxylic acid and then to an am ne.
25. The nmethod of claim 23, wherein the interrredi ate of formgla (X\/)f-
XVII1) is onverted to und of formula (XI) - (XI'V) by transformng
Ehe caz boxylz(F:j grh tB‘EPpgfchngg ARG VEIRIoRiC2MRESSShe phenyl group to
an acid. 2acoﬁ¢wmge4d|mcbmpﬁomua:r forddla omhﬁr(g) nay]( K?@vdnﬁ?@ rﬁ??ﬁﬁm?ﬁ?'ﬁ%w}ﬁ

- (XVI un ormul a - y
é?%/% ecting Itnégselctg)r oxy %&aag(%ﬂ %egﬁg QT B E‘f’hg the phenyl ring to a
second carboxylic acid group, protecting the second carboxyllc acid group,
sel ectively de-protgcting the f iBhst car boxyP‘I‘c acid gro “transform ng
the first carboxyli t he second
carboxylic acid gro

(XV) - (XVI11) sho ) ( 4 -
t he substituents Refnd R and tfae adlges hgate the neani gos I'mdicated in

claim &v) &V v @vim

in which the substituents R and R' and the wedges have the meanings indicated above;
and

further converting said intermediate in manner known per se to a compound of formula
(X1), (XH), (X1 or (XIV).

24. The method of claim 23, wherein the intermediate of formula (XV) - (XVIII) is
converted to a compound of formula (XI) — (XIV) by transforming the phenyl ring to a
carboxylic acid and then to an amine.

25, The method of claim 23, wherein the intermediate of formula (XV) - (XVIII) is
converted to a compound of formula (Xi) — (XIV) by transforming the carboxylic acid group
into an amine and oxidizing the phenyl group to an acid.

26. The method of claim 23, wherein the intermediate of formula (XV) - (XVII)) is
converted to a compound of formula (XI) — (XIV) by protecting the carboxylic acid group,
oxidizing the phenyl ring to a second carboxylic acid group, protecting the second
carboxylic acid group, selectively de-protecting the first carboxylic acid group,
transforming the first carboxylic acid group to an amine, and de-protecting the second
carboxylic acid group.

27. A method of producing a compound of the formula (XV) - (XVHI) shown below:




1, which conprises producing a conpound of formula (1) or (Il) by .the

met hod defined in any of clains 1-19; and converting said om M
Knovenagel addition in manner known per se to a conpound o? ornu?g\mzlxv) -

(XVI11). 28. A conmpound having an enantddbneric purity of at |east 98% and
of the formula: 0 wherein R and R represent Cl-Cl O al kyl, C2-C10 al kenyl
or C3-Cl0 cyrcivhish ki subsiituse R aveidgemdthg wietiyes(iBveatie (akninge meatee skalny ,

t he substi tl,fev%ig bgrinn%et rans, but excluding the follow ng

3,4-disubstitu ||?)ﬁs:p Chet hyl ; methyl, ethyl, nmethyl, i-propyl; methyl,
t-butyl; et pidducingaippmpoetdholf formuladh i {Il)daydhe reghogl definedh awxgity. of ZGima\riy1 9o f
the follow ggd conpounds (3S, 4S) - 3-et hyl -4-propyl -cycl opent anone; WO

02/ 00584 -48.. (3R 4R)-3-ethyl -4propyl-cycl opentanone. 2 .8 DEC 2004

PCT/ GB01/ 02aonyeriing said compound by Knovenagel addition in manner known per se to a

compound of formula (XV} - (XVHI).
28. A compound having an enantiomeric purity of at ieast 98% and of the formula:
O
A,
R R
wherein R and R' represent C4-Cyo alkyl, C>-Cyp alkenyl or Cz-Cqp cycloalkyl and the
wedges signify (S)-or (R)-stereochemistry, the substituents being frans, but excluding the
following 3,4-disubstitutions: dimethy!; methyl, ethyl; methyl, -propyl; methyi, f-butyl; ethyl,
ethyl; ethyl, n-hexyl; and n-hexyl, n-hexyl.

29, Any of the following compounds

(35,48)-3-ethyl-4-propyl-cyclopentanone;



2 8 0EC 24

WO 02/00584 - " PCT/GBOLO2900
48

(3R,4R)-3-ethyl-4-propyl-_cyclopentanone. '






