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(57) Abstract: A method is provided for making
an enantiomerically pure compound of the formula:
in whick R and R’ represent C1?C10 aikyl, C27C10
alkenyl or C37C10 cycloalkyl and the wedges
signify (S)- or (R)- stereochemistry, the substituents
in compound (I} being trans. Conjugate
addition is camied out between an organometailic
nucleophile that provides a group R as defined
above and (R)-4-acetoxycyclopent-2-en-1-one,
(3)- 4-acetoxycyclopent-2-en-l1-one or a similar
compound in which acetexy is replaced by another
leaving group to give, e.g. in the case of the acetoxy
compound, a trans 34-disubstituted addition
product of formula HI or IV, The acetyl group is
eliminated from the addition product to give an (R)-
or (S)- 4-alkyl or 4-alkenyl cyclopent-2-en-1-one
the compound of formula is then to be hydrogenated
to give a cyclopentanone of formufa (I) or conjugate
addition of a second organometallic nucleophile
that provides a group R’ as defined above to the
compound of the above formula may be carried out
o give a frans 3,4-disubstituted addition product
of formula (II). One of the above compounds may
be converted e.g. via an intermediate (XV)-(XVHI)
(in which the substitnenis R and R’ and the wedges
have the meanings indicated above) to a gabapentin

analogue of one of the formulae shown below: in which the substituents R and R’ and the wedges also have the meanings indicated

above.
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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

10 relates to methods for the synthesis of gabapentin analognes using these

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

15 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

20 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

25  thiosemicarbazide; protective action against cardiazole cramp; the cerebral



NH2 R (b) CO2H (XM al kenyl or C3?Cl10 cycl oal kyl and the wedges signify

(S)- or (R - stereochem stry, the substituents in conpounq QIDFFbﬂng

trans. Conjugate addition is carried out between an organonetallicC

nucl eophil e that provides a group R as defined above and

(R) -4-acet oxycycl opent-2-en-1-one, (S)- 4-acetoxycyclopent-2-en-l1-one or a

simlar cgﬂégﬁﬁ% in which acetoxy is replaced by anotHé&BOWa%ing group to

- give, e.g. in the case of the acetoxy conpound, a trans 3, 4-disubstituted
addition product of formula Il or LY. The acetyl group is elimnated

fromthe addition product to give an (R)- or (S)- 4-al kyl or 4-al kenyl

cycl opent - 2-en-1-one_ the conpound of forrmula is then to be hydrogenated

to give a cyclispent@Hense fHintiesy gitdcks, (lypokinesiz.oprjdy grariel trapmeist pdh of a second
organonet al | i; | ' . . ined above to
g ﬁg#&U&ﬁeﬁﬁH*aérL@ai ff%ﬂreﬁzmsgfh%ﬂ@}dg R4 IBgerﬁﬁltch:feh@.

the conpound oOf the above ) ott give a trans
3, 4- di subst i tThedisclamss of thnaboyeiig patentpire hessbincarppiatell by Bfeened. t he above

conpounds may be converted e.g. via an internmediate (XV))-(XVII1I)

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:



(in which the substituents R and R and the wedges have the neani ngs

i ndi cat ed above) to a gabapentin anal ogue of one of the formyl m
below. in which the substituents R and R and the wedges a|23m§ ﬁg@ m
meani ngs i ndi cat ed above. 2 8 DEC 2004 WO 02/ 00584 PCT/ GB01/ 02900 CYCLIC
KETONES, HEI PARATI ON AND THEIR USE I N THE SYNTHESI S OF AM NO ACI DS 5
FIELD OF T NTI ON The present invention rel ates YHNSYs for the
synthesis of alkyl- and al kenyl- and cycl oal kyl -substituted

cycl opent anones that are useful interzalia as internmediates for the

synt hesi.s of anal ogues of gabapentin (Neurontin(r)). It also 10 relates to
~nmethods for the synthesis of gabapentin anal ogues using these

i nternedi at es® SEHISEo 1 othe epublished rmeseedurd foerthie divathasis plr3-axes  BACKGROUND
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that is useful in the atnment o epsy that has recently been

shown to be a p#ekdiied C@%d???eﬁﬁwzf( D‘ﬁ@lﬁﬂt@@eﬁlsc pain. It is
| - th 20
(ami nomet hyl) s yfe QRESANSafh! by ASfindl SLL UL Glren HABRNA:

Gabapentin is o of a series of ‘conp oun C- CH2- COOR1

(CH2)n i n5whi CHSRD%lgS,hsﬁdr GereQffay 2,é11L69WeUSéJ1ﬁ%s$25) &Qéveml Seheglen is 4, 5, or
6. These conpoy y,are descri bed US-A-4,024,175 and its divisional

US- A- 4, 087, 544. hél r disclosed uses are: protective effect against cranp
i nduced by 25 t by aoewaputizned bi®.déiffithy < tle Selv\(Eim cleiapl¥9 B iRl 8 $Geneal di azol e

cranp; the cer e@cﬁl@ﬂae 5).

Geperal Scheme 1

CO, Bt
iS i§
OFt 0Bt
(m) Cg/ v QY
HN HCIH,N
) (W) 8

(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

10



2 8 DEC 2004 WD 02/ 00584 PCT /GB01/02900 2 di seases, epi | epsy, faintness
attacks, hypokinesia, and cranial traumas; and. ingzgﬁﬁgfnﬁ in cerebral
functions. The conpounds are useful in geriatric pat U e disclosures

- of “‘the above two patents are hereby incorporated by reference. 5 WO

99/ 21824, whose disclosure is also incorporated by reference, discloses
further cy™A%%H no acids that are useful in the treBtHEHOBI epil epsy,

fai ntness attacks, neurodegenerative disorders, depression, anxiety, panic,
pai n, - neur opat hol ogi cal di sorders, gastrointestinal disorders such as
irritable bowel syndronme (13S) and inflammation, especially arthritis. The
conpounds di sclosed 10 include those of the fornmula: and salts thereof, in
which: 15 R is hydrogen or a | ovésneml Joh¢me R1 to R8 are each i ndependently
sel ected from hydrogen, straight or branched alkyl of from1l to 6 carbons,
phenyl, benzyl, fluorine, chlorine, 0 roxy, hydroxynethyl,

br ningiN
am no, am nonethyl, triflugronethyl, Codp iRy - 5 -CH2CO2H , -
20 branched al kyl of from1

CH2ORR15, - OR15 wherein R15 is a dtraight

to 6 carbons, phenyl, or nzyd . RLG# o are not simultaneously
hydr ogen. The conpounds o §M0'99/21 4 may besynthesized: 25 wusing a
general strategy (Ceneral Schenme 1) outlined b§ G Giffiths et at., Helv.
Chita Acta, 1991; 74 :309; 2 8 DEC 2004 WD 02/ 00584 PCT/ GB01/ 02900

0
HN HCWHN  COH
(i) (iv) } :
R

R

(i} PhgP=CHCOpMe; (ii) MeNO;, 1,1,3,3-tetramethylguanidine; (iii) Raney nickel, EtOH/H50;

(iv) HCL
5 General Scheme 3
i
o 0. _N._ .0 "HO,C  COH
[&g i hijigF;N (i) E:j
R
R R

(iii}

MeQ,C  NCO  MeO, O,H 03 0.0
_ ) ()
——— ————
R



3 .anal ogously to t he publ i shed procedure for the synthesis of 3-oxo-
2, 8-di azaspiro[ 4, 5] decane-8-carboxylic acid tert-butyl ester, E’ W
Smth- et al., J Med. Chem, 1995; 38:3772 (Ceneral Schene 2§;Bﬁ m

~“met hods -out l'ined by G  Satzinger et al., (Ger Ofen 2,460,891, 5 US

4,024,175, and Ger Offen 2,611, 690; US 4,152,326) (General Schenes 3 and
4); by a MO utiined by G Giffiths et al., Hel FCHGROMPRY 1991;
74:309 (General Scherme 5). General Schene | NC-CO2Et (1), R CREt (v) 10
(i) Ethyl cyanoacetate, piperidine (Cgpe et al., J. Am Chem Soc., 1941,
63:3452);. (H) NaCN, EtOH4 H2O (in') EtOH, HA; (iv) HAH+; (v) 112, Rh/ C
MeOH, (vi) HO. 2 8 DEC 2004 CO2Me 02N HCO H2N CORH (iii) ° X (iv) -4- '
Gener al - Schene @ EWBYORLaa58doRRch BR0NORIMOEH] ALO;RMIROEHDEBRNE: (i) MeNCQ2,
1, 1, 3, 3-tetramet hyl guani di ﬂe%éﬁonﬁdvbhé],lﬁ@ﬁ?x%niﬁﬂe%ﬁa%ez Et OH H2G,

General Scheme 4

0

0=_N.__O HO,C  CO,H
&' D NCECN (i) 5
R

R

R

(iif)
?SOZCGHS

OH
O N.__.0 0._N._.0 0.0, .0
v) g i) E{
el —rre—— e
R . R

R \(vi)
MeO,C CO)Me HO,C
.
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.



(iv) HC. 5 General Scheme 3 (i) MeQ2C NCO (VI) HORC NH2 2 8 DEC 2004 WO
02/ 00584 PCT/ GBA /02900 -5- (i) Ethylcyanoacetate, anmoni a zkﬁrzngctagiq# (1)
H2SO4; (iii) Ac20 . (iv) MeOH (v) Curtius Reaction; (vi) HC, ani on
~exchange. Ceneral Scheme 4 HR2C CO2H OSQ2C6H5 OH O--, N, ,00- N ,,,OR 5
(1) Ethylcyanoacetate, ammonia then H3O+;, (ii) H2SO4; (%lj i ié{ Ac20 (iv)
H2NOH; (v}". . (vi). Et3N, MeOH, (vii) HO, H20 YH&EP'YMP¥n exchange. 2
8 DEC 2004 -6- Ceneral Schene 5 WO 02/00584 PCT/ GB01/ 02900 NC- CO2Et (v) (i)
Et hyl cyanoacetate, .pi peridine (Cope-gt al., |I. Ont. Chem Soc., 1941;
63.3452); (ii) NaCN, =

General Scheme 5

NC._-CO,Et
i NC
R R

HN,,__OBn

CN

R

OZBH
NC NC

(i) (v

(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.



EtOH H2G, (iii) BnOH, HC; (iv) H2O H+; (v) H2, Rh/C, MeOH 5 Internediates
di scl osed in WD 99121824 include the foll owing: 0 | 2 8 DEC 2004
(3S,4S) -3, 4-Di et hyl -cycl opent anone (R)-3-Methyl -cycl opentanone 0 and

(3R 4R) -3, 4-Di met'hyl - cycl opent anone Qur " US Patent Application 60/169602,

t he di scl ogﬁrg‘m?& which is also - 1o incorporated herein by reference,
describes 3Nd“®r%i ms net hods for the stereocontrol | e FFPHEYs of
five-menber ring Gabapentin anal ogues that are pure stereoisoners of
conmpounds of fornul ae shown bel ow and;to salts thereof 2 d DEC 2004 WO
02/00584 7 z 2 z COH COH CCH PCT/ GB01702900 wherein R represents Cl1-C10

al kyl and C3-ClI O cycl oal kyl. The synthesis starts 5 with the Knoevenagel
condensati on of a 3-substituted cycl opentanone of the kind described above
with ethyl cyanoacetate and gsgceeds vigyt he key.d gternedi ates h Ph
~C(c)2H CO2H R A [nathod for 6repari ng s corrpoun?zof formula (1) in the

follow n
9 f “NH, { \NHZ N \NHZ /_< “NH,
R R

R R

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);



10 reaction schene and pharmaceutically acceptable salts thereof conprises:
a) adding ethyl cyanoacetate to a mixture of a chiral cyclopeptBE®380ipf
formula (1) in a solvent to which a Cl-C6 carboxylic acid and an
anphoteric catal yst were added, and stirring.the m.xture to produce the
al kene of formula (2); 15 b) adding the product:of Step a) above to a

m xture of M9 Phagnesi um chloride in a dry sol \/_e-ntP(%éGl%?F’%?j’ce t he

addi tion product of fornula (3); c) adding the product of Step b) above to
a mxture of a base in a solvent and _gatirring.the m xture to produce the
carboxylic acid of formula (4); d) contacting the product of Step c) above
wth (S)-a-nethyl-benzylamne in a 20 solvent, and recrystallizing the
salt so formed teddirgibepreductyd Stepe) iohanxtungobiodwrederedn agdlviiioul a (5) as the
(S)-a-nethyl -ben Py . ing t : d) to an

i norganic acid d@sﬁg%m?eq%&?%&y%bgﬁ'@%%g& ggnfégw&%g%%ﬁpro Ce the
carboxylic acid @fodpesrithagsier gf@rmul2 (8; DEC 2004 WO 02100584 PCT/ GS01/ 02900 f)

addi ng the products i ' . in.a solvent to
whi ch 1, 8-di a%b%@%%ﬁsﬁ{% E{negéﬂo -eneg%%{?fﬁ%g%ﬂggﬁ,g and stirring to
p_rosluce tpé esLelacQﬁmtflbﬁleidl_\(lﬂt)rgSsgymmdng@ﬁgﬂfmmﬂﬂlch@hﬁ@t el[o f) tod_a

m xture of carbo C E s G e ch water, sodium
peri odate, and rlr}{ehe:a%% P?ﬂ %Hﬁ)or}l eﬂ?ec%?gmgé%eﬁ,f&%n g)fi rring to produce
t he carboxyl il) aeddngshe froduidf Step 8) to am)ixtuud df mgumitedaggrandiypiventfio Step g) to a
m xture of an amge

(OPPA) was added " ShaPREy e Qe nrls e A Lo B pROREEP T 00y
10 i) addi ng t he therispdysotte offor8ubad9h) to a sol vent to which net hanol was
added, and, s} 1 L thOpPhRAEEED WG 2 SAVRRTRIEEN Mendult T Aadal B
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.



J) adding the product of Step i) to a solvent to which aqueous hydrochl oric
acid was added, and stirring to produce a conpound of For gc
converting the product of Step j) to a conpound of Fornula I an further
15 converting, if desired, to a pharnaceutically acceptable salt by known
means: 2 8 DEC 2804 WD 02/ 00584 PCT/ GBO1/ 02900 R (4) Ph--NH2 R 1 R
cobceMe HYREFBBR2Me ~R (9) R (5) 0 MeOANH | Prepaf@HFHHBY a corrpound
of formula if can proceed by a method which involves follow ng the
above-descri bed sequence of steps (a).g¢.0 (e) to produce the

CO,Et
COzEt BagCt

&y

0
NCO
. MeO/u\NH
CO,M -~
— 2 ¢ — 6\ CO zMe
b R \
R
(8 ® l (10)
NH2 NH2 -HCl
"’\COZH \C 0,8
R "R
@ (I2)

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); ' '



5 intermedi ate of step (b),

and thereafter followng the further steps

I ndi cated bel ow. f) adding the product of Step e) to a m xture of  an am ne

base and a solvent to which di phenyl phosphoryl azide (DPPE)B

stirring to produce the isocyanate of formula (11); 2 B DEC-2004 WD '~ -

02/ 00584

whi ch met h¥YdP*%8% added and stirring to produce theP¢

vBEC 208ed, and

PCT/ GB01/ 02900 10 g) addi ng the product of'St%@?%Q to a solvent to

Hit% of fornula

(12); h) adding the product of Step g) to a mixture of carbon tetrachloride
and acetonitrile to which water, sodijgm peri odate, and rutheniun(l11)
5 were added, and stirring to produce the carboxylic acid of

chl ori de

formula (13);

I ) adding the product of Step h) to a solvent to which

aqueous hydr oghl afdies thappdsctyd Stendide 8l soleenido which mietigpol wagmdésdaee a conpound of

Formula Il a; k) %&%E{ofpk. gcettﬁbectaﬂéﬂgé’gi‘fgﬂfu%a%ép i) to a compound of Formula
|

I, and further conve

ting, esired, to phar maceut i-cal

salt by knownh) 1@ddiggts:preducy &) Stem@HoR oOtENDOVRborHteRhlorilCan

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
—_—

R R R
© an ) l

| co.
CO,H 2 /ﬂ\
N

- ~ N7 ToMe
wmy, Ha H

10 means:

. \ \R
a R (m) R (13)

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); '

accept abl e
H I



5NAOVEe H An alternative route to the conmpounds of fornula (1), also
proceeding 15 from conpound (6) above involves the further steps of f)
addi ng oxalyl chloride to a mxture of the product of Spep DEC 20§, a sol vent .

to which NN-dimethyl formani de (DVMF) was added, and stirring to produce: thet_--'- a

acid chloride of formula (14); 20 g) adding the product of Step f) to a.
m xture of VP& Hutyl al cohol in a solvent to which '@ Hase was: 7
added, and stirring to produce the ester of forrmula (15); 2 8 DEC 2004 V\O"

02/ 00584 PCT/ GB01/02900 -11 h) addingijhe product of Step g) to a mxture .

of carbon tetrachloride and acetonitrile to which water, sodium peri odate v

and rutheniun(l1l) chloride were added, and stirring to produce the .-

carboxylic adbd o#ddingr thelpeodeda)X Stepapith mepixitie of cadiore tetraghlogdeendh) to a

sol vent to which prihamnol @E%Qatgrt goldmt L@e Xdcﬁ)rgﬂh jeVer e added,
FEE A 5T e

and stirring to pro I's éster o aédlng an aci d.
to a mxture of tWeredemﬂSﬁmmsméWe caphrekydic eaid ofderulakd); stirring to
produce the cgrbo cnxac oduct of Step
j) to a mxt u? %‘MM teltl% fr’fgd‘@gé’%%g a so?%veeﬁ%t()“t g’ﬂ%%%ﬁa hid

di phenyl phsphor y(rimethysilyDbarethares werd daslded, zand| stitringr o ngyoduce ther oduce. t he

i socyanat e of forgyg&er()}%m&hﬁaddi ng the product of Step Ic) to a sol vent

to which net hanol
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; _



and stirring to produce the carbamate of fornmula (20); m adding the

product of Step 1) to a solvent to which aqueous hydrochl or| C t id was
added, and stirring to produce a conmpound of Formula Ha; (DIE ng t he _
product of Step m to a conmpound of Formula ||, and further converting, if oo

desired, to a pharmaceutically acceptable salt by known neans: 2 8 DEC =
2004 WO 02VOEE®48%4. 12 Ph r Ph (19) R R (11) NH2 ConpoRfriésBoyP29¢0or nul a (111)
can be prepared by processes that involve the sanme steps as those for the
conpounds of formula (1), for exanple;py following 5 the sequence of
reactions set out below. OOH | COC1L 2 DEC 2004 WO 02/ 00584 PCT/ GB01102900
13 - 0 NC _, - COZEt NC~~C02Et R (21) It

?OOH Ph coct h

(5)
SN oMe co
H . ol
l (20) (19) R
CO,H CO,H
S Nm "
2 — 2
HCI
R R
(1) @

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:



(22) Bnl\/gCI R (23) 00 (28) R (27) R COZMe R (29) NH 2 Co2Me ~ ,,

,,, CO2H R (25) NH2 HO CX2H 5 Sinmilarly, compounds Eomgbgg@? may be
nade by a sequence of reactions anal ogous to those descr?b

DEC 2004

WO 02/00584 PCT/GB01/02900

~13 -

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

reactions analogous to those described above:



WD 02100584 PCT/ GBO1/ 02900 -14 (26) R 02Et R CO2Me (35) CO02t-Bu (36) R I,
(25) CORH - CCRt-Bu ?K -CRt-Bu R C2Me C Ove ') " NCO ( 39) Rbéf) CO2H R It

~ will be noted that the synthetic nmethods disclosed in bdt 9290@1824
WO 02/00584 PCT/GB01/02900
-14.-
CO,Et Th
CO Et ‘s,
& 2 BuMgCl COBt _ ('j\cozﬂ
R
(21) (24)
l Ph/‘\NH2
fl’h coct
- - Ph/kNH3+
R
(34 @3
]ih COzH CO,Me
é\cozt-su Q\Cozt-Bu a\cozt-Bu
R R
(33) (36) (3;’)
- Q\“C (f
(9 ¢G5

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.



s and USSN 60/ 169602 rely on 3- or 3,4-substituted cycl opentanones. 2 8 DEC
2004 WD 02/ 00584 PCT/ GB01/ 02900 -15 SUMMARY OF THE | NVE IQBDEWQ@Panention
is concerned with the problemthat the cycl opentanones vall able up to
“now-have:béen limted in their range of stereoisomers and substituents
-because they have been derived fromnatural sources, or have been conpl ex.
For exanpl WO OUM¥843_ et hyl - cycl opent anone is a conpounBEHEBAOPYW  (eadi|y
~available commercially fromnatural sources, whereas (S)-3-nethyl-
cyclopentanone is not. It is an objecfsof the invention to provide a sinple
10 stereospecific synthetic route to 3-substituted or 3,4-disubstituted
cycl opentanones - that permts a range of desired substituents to be
introduced and a range of desired stereoisoners to be nmade. That problem
is solved, according to the | j met hod of 15 nmking an
-enantionerically pure conpou%@M§£h$ﬁgn¥€#$gﬁiﬁ or (I1): 0 (nor R
wherein R and R represent Cl1-Cl0 al kyl, C2-Cl10 al kenyl or C3-Cl10
cycl oal kyl and th Lagn r - eQchenistry, the
substituents in ?%%g%%ﬁ%m?%g&%%¥ﬁé§%%g%§?&§%?g%&ﬁ%fﬁ%‘E%%%%%?ses: 20
conj ugat e addavrilable wf tanow hgeenbseet lihited cinnibieil empdiof etetehmomeys end des a gr oup

R s def i ned goued 9.8 LHNBIMIhRL abha hh Tk khbed, Pl 2 8 DEC 2004

WD 02/ 00584

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]

0

X X



wherein X represents a leaving group (e.g. an acetoxy group as in (R)-4-

acet oxycycl opent-2-en-1-one or (S)- 4-acetoxycycl opent-2- ePdr ? 40 gi ve
a trans 3,4-disubstituted addition product of formula (V) E@ I'n which

R and- X are-as previously defined; 5 elininating the IeaV| ng- group from

the addition product of formula (V) or (VI) to give an (S)-

4- al kyl . or WR93PR¥ny| cycl opent - 2-en-1-one of formul a PER 1?0}""%39" (MI11) 10
=16 or or ; and either (i) hydrogenation of the conmpound of forrmula (VII)
or (MIIl) to give a cyclopentanone ofigf.ornula (1) or (ii) conjugate
addition of a second organonetal lic nucleophile that provides a group R
as defined -above to the conpound of forrmula (VII) or (VIIl) 15 to give a
‘trans 3, 4- di swberintX repeserdtl iat leoiing o ¢¢.g. ofn ﬂmomalgepuplaS)in Wit e conj ugate

addition to c n n g cl eophi | es such
as enol ates, gﬁ#ﬁ'g&@aﬁ%&{ﬁg% é’e@ gﬁ““%&ﬂé@ﬂw‘éms to%Uébéeen carried
out with car b@w@a‘s@@bwn@d@dﬁhoﬂ produgt Qﬂfmmubﬂl(ﬂ\mwlbmo’dmbl&@déhl rally pure
20 ket ones. aglgf ?‘%“F g.n the starting material brings about
st er eospeci f| C diti the group R during the first Mchael addition,
and where a second M chael addition is carried out, the group Rthat is
already present in the coffpound of fornmula (MIQ or (VIII) brings about
st ereospecific addition o he group R. The epantioneric purity of the
resulting conpounds of fokmila (I) an®f
X R i
s ™) X (VI)R

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



2 8 DEC 2004 -17 (11) can be tested by reacting themw th an asymetric
di ol such as (2R 3R)-2,3- butanediol to give an acetal having_an i tional
asymmetric centre in the nolecule, e.g or and obtaining the NER8 s t2f of
the resulting chiral acetal. If the starting material is an enantioneric
m xture, then the two resulting cyclic acetals will be diastereoneric and
give distinguishable peaks in the NVMR spectrum provided that the
enantioneric inpurity is present in an anmount of 2% or above. No such
peaks have been observed in the mat ef{-al s that we have made, and we
therefore believe that the nmethod of the invention gives desired

enantio s wth a rity of at |east 98% According to a f r_aspect of
Che i nveld 1t bPHERBY 1Y foBindidnr itk AB AU TG ATLIHG o RbIRHRoF  one
of the f butmedie tshivenn hedtavhaving anRiddRofl aBymmetric CXdtje iOfhd fdleCXd) 4.8 Whi ch

t he substituents R and R and the wedges have the neani ngs indicated above,
whi ch conprises: prodycing,a conpound of 4£or a (1y or (Il) using a method
as defined above, convéﬁ-‘g'ng sai d conmpound;ii. manner known per se to a
conmpound of formula (Xb),o(XI1), (XII1l) & (X V), and optionally further
converting said compou { n a pharmaceut pCal ly acceptable salt. 2 8 DEC,
2004 -18 Conversion to o{%ound 6t fornu (xﬁf‘} - (XI1V) may, for exanple,
fol |l ow one of R : R R

and obtaining the NMR spectrum of the resulting chiral acetal. if the starting material is an
enantiomeric mixture, 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:
CO,H CO,H

|

e,
vty

- &
&

'R." R . Rl\e‘
. & X
in which the substituents R and R' and the wedges have the meanings indicated above,

CO,H

L' i,

R’

g - w

which comprises:

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.



t he general schenes disclosed in WD 99121824, or it may follow the
Knoevenagel addition route disclosed in USSN 60/ 169602 (now Lglﬂsgggn §
Publ i cati on 20030069438). In the. latter case, there may be e Bthe
key internediates (XV) - (XVIII) shown below. g,. -. (XVI} (XVIl) EXIII in
whi ch the substituents R and R and the wedges have the neani ngs indicated
above- Thereafter, the internediate of formula (XV) - (XVIII) may be
converted to a conmpound of forrmula (Xl), -@8-1), (XII11) or (X V) by one of
the three principal strategies disclosed in USSN 60/169602, i. (i)

t ransf or ni ng t [Bonpéreio ito élcampbzﬁhcﬁof(?@’ﬁhﬂﬁwdl)' —qxﬂﬂ)ln@byﬂﬂﬁ e&&ﬁﬁtet @:l@mon@m ne;
(1) tran? ormn the carbo>|é¥| &@ q%o an am ne and oxidi zing the
phenyl rb%pg?'b An KoPges S(zois?‘f Bt o RE1ERE Ar bbxnave oW Hreoup,
oxi di zi ng Knhevephgelyddditiongodte c%cfose@(imdFssalr@DXﬁQGDB (AsW AU Patent PPBlica|M | NG

t he secon , I rotectln t.he rst
car boxyl |% amoggﬁg& f tﬂ%r‘%tr?g é(%’rl?t1ﬂr11égrgtrﬁeyt ff’ u‘éeoldr xi§ﬂy| 'Ete%%ﬁat‘(j“f Qg\b to an
ami ne, an&lx‘élﬂ)?immé@!q\'\hg t he second car boxyl ic acid group Certain of the
present internedi ates aréabelieved tas be new #n a furtheg aspect,
therefore, the invention wrew des cogp ds haw _pg._an ena Yeric purity
of at |east 98% and of tfcﬁ%‘ﬂla r &bt 'ﬁ' F@zﬁrepréﬁoﬂl C10

al kyl, C2-C10 al kenyl or £34Cl10 cycl galtkyl and)tde wedges gnify (S)-

(R - stereochemistry, tHeé substituests i ng #Tans, but excl W®ling the
follow ng 3, 4-disubstitutgons: di nethyn net hyl gvet hyl ; nmegay , 1 -propyl; 2
'8 DEC 2001 whidtatheriubyituerits Buand R' @itk welgBy |hav@iHéYﬂnealﬁln§ke%MtEateﬂ'aB6¥é’ I

? 326\2%') 3| ﬁ'ﬁ%%rfg ﬂqtﬁl? %We%ew% 8} ngflgme n&gm}d ayabeecc?n%erted to a compound of
(3R 4R) - 3-fetrmgtd (XHp XDy (XIHY of XI¥hbgroeeof 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;



2 8 DEC 2004 WO 02/ 00584 -19 DESCRI PTI ON OF PREFERRED FEATURES :

PCT/ GBOL/ 02900 As previously stated, the conpounds of the i dgnDEEN2004n be
prepared in chirally pure formfrom (R)-4-aceetoxycycl opent 2-en-|-one (1)
or (S)- 4- acetoxycycl opent2-en-1-one (2). F 10 AcO (t) AcO (2) The
reactions of 4-Oxo-2-cyclopentenyl Aceijgie (4 Acetoxy 2- cyclopenten-I-one)
have been reviewed by M Harre, P. Raddatz, R Walenta and E. Wnterfeldt,
Angew. Ch I A ) I 82.1. 2 480. |t has been 15 synthesised
in enanti g”rr%ﬂ@éﬁ% eg"‘dr"& ygremyllj;n?nr%yltn- e’%ti”ﬁ eé%lpr oaches: Acetyl ation of
chirally pure 4-ydroxy 2-cyclopenten-1l-one, see K Ogura, M Yamashita and

G Tsuchi hashi |, Tgikahgdr S 739, . 1€ f )r oaches
to chiral 4-hy ?0%@2- cycﬁﬂg gcﬁl%)‘;evﬁélfz%ﬁg&@gg ?%e '@g{'l gWI ng ﬁ%@lgdjr%?erences
t herei n: SYRoPegRIopaRRd (FRAR)-Batiivhdaawy-eycigpetarengt e, P.D.  Shinde, V. A
Mahaj an, U R Kal kote and T. Ravi ndranathan, Tetrahedron Asymetry, 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

Tronmbi ni and A. Umani - Ronchi, J Chem Soc. Perkin Trans. 1,



25 1989, 845; M Kitanmura, K Mnabe and R Noyori, Tetrahedron Letters,
1987, 28, 4719; R Noyori, |. Tonino, M Yanmada and M Nislzi REDEC Zgnﬁm
Chem Soc., 1984, 106, 6717; M Suzuki, T. Kawagi shi, T. Suzukl an X
Noyori, Tetrahedron-.letters, 1982; 23, 4057; R. Noyori, Pure & Appl. Chem,
2 8 DEC 2004 WD 02/00584 -20 PCT /(GB01102900 1981, 53, 2315; T.J.N.

Wat son, “T. WOOAWW¥Man, D. A Hay, R S. Shah, D. L. WenstRGH$BIHEYM E. Webst er,
Organi ¢ Process Research & Devel opnent, 1998, 2, 357; S.R Ghorpade, K. B.
Bast awade, D.V. Gokhale, P.D. Shinde,_;qV. A Mhajan, U R Kalkote and T.
Ravi ndranat han, Tetrahedron: 5 Asymretry, 1999, 10,4115-4122). xidation
of 3-acetoxy-5-hydroxycycl opent-I|-enes, for exanple see: M Korach, D R
Ni el sen and WH. Rideout, Og. Synth., Collect. Vol. 5, 1973, 414; DR
Deardoff and D.C.. Myles, Org. Synth., 1989, 67, 114; D.R 10 Deardorff,

C Q Wndhamand C. L. Craney, Og. Synth., 1995, 73, 25; C. R Johnson and
S.J. Bis, Tetrahedron Letters, 1992, 33, 7287. The foll ow ng reactions my

be used to nake conpou i (W)Y, iLan: 1S A) Conjugate
addition to a cycl openpﬁmb&n@fwmgﬁm carried out using an
organo-Grignard reagent in the presence of dinmethylzinc giving a trans
(4. I parti oul af P RAPRar (& SaBRer ok uvewst SR rated o (5) iy be
20 added to tdhiralyr gareofoEni Goar @)-deegexpitycperit-G-casl-oné gdn-ot i(BRi 44m reagent in
t he

acetoxycyclopeni-2-en-1-one (2).

0 0
Acd‘ AcO

10 (4) @

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:

s 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.,



presence of a dialkylzinc or zinc chloride or a copper (1) salt or a
trialkylalumniumin a solvent, for exanple, tetrahydrofuran, ;thﬁ:l ?mne,
n- heptane, toluene, diethyl ether or tent-butyl methyl et her2 :
‘tenmperature from- -100:C t'o"0-C:to produce said addition product. -25 B)

Addi ng the product of step A) above to a mi xture of base, for exanple, 1, 8-
di azabi cycV8[’&¥%%840] undec- 7-ene (DBU), 1, 5-di azabi cyc|S[B00§HBn- 5-ene
(DBN), 1,1,3,3-tetranethyl guanidine (TM3, lithium hydride or sodium
hydride in a solvent, for exanple, di 611 or onet hane, diethyl ether, 30
tetrahydrofuran, tern butyl nethyl ether or 1,4-dioxane to produce an
elimnation product of fornmula (5 or (6). 2. 8 DEC 2004 WD 02/00584 PC

[ GB01102900 - 2198C) 53:Addifdr.rMewasadULT. Odiran] PR\ BlayaRv Shihp DaL.mi Xt ur e of

or gano- Gri gnar eagent n-Lithj reagent i he, presence of a

di al kyl zi nc ord%eﬂsg‘%%ﬁ%?‘ﬁ%e%%%& ’@8@6?}]"‘(‘31“) Sereh g’rb‘é"e{"ﬁ'f’%ﬁt’kyl al umi ni um
salt in a sol velfiog, 1,357;eXRnGhoepady K.lBIBath)ﬂﬁdle?w.&hﬁbkha]s,@:msnmae, n- he]E)t ane,
t ol uene, diethyl, et .Of t - but et her at enperature from
-100 Cto 0 Cc ﬁ"b@%@@d pgpﬁ%&e%‘a%wm{bﬁ?of@e "formula (7) or
(8). D) Addi ng dpempndens; 10041154e2)B) above to a hydrogenation catal yst,

for exanple, 10 palladiumon charcoal, platinum oxide, Raney nickel,
Rhodi um on alumina in a solvent, for exanple, ethyl acetate or nethanol

under a hydr ogenxiditisn SEFhBh®oxRb-hfdrbcafopait TRSEY) 66:€ SxapipRS ey #1.and at a
emperature 1Nkl B udin Wil kit GiE o, TG RPLOBHE! ©f Tormula
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 Letters, 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).



15 The above described reactions are illustrated in the foll ow ng schenes:
| WO 02/00584 5 AcO (1) Scheme 1 AcO- (3) R Scheme 2 0 O AcQ (2). 0 2 B DEC
2004 PCT/ GBOL/ 02400 6 (10) R 2 8 DEC 2004 WO 02/ 00584 _PCT/GBZ)JB(@E@ONO‘}- 23
An exanpl e of :t-he utility. of -the above reaction:schene: s shown below AcO . .
Et pC, Me2zZn THF, -78 C'! AR DBU, Et20 - .. ¢ o ' '

WO 02/00584 .P_CTIGBDIIOZQBU

;21- '

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:



Et 'MeMgCl, Me2Zn THF, -78 C O Et Et Conpounds that can be nmade by the
present process are shown below, and 5 the followi ng are beI ﬁvﬁﬁ:tﬂﬂ?e
new. (3S, 4S)-3, 4-di et hyl -cycl opent anone; _

(3R 4R) - 3, 4-di et hyl-- cycl opent-anone; = . o uoied e

(3S, 4S) - 3- et hyl - 4- net hyl - cycl opent'anone; R SR o

(3R, 4R) - 3- &OYPusas 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- Met hyl -icycl opent anone 0
(S)-3-Propyl -cycl opentanone 0 6 (R)-3-Propyl-cyclopentanone 0 (3R 4R)-3,4
Di net hyl - cycl opent anone o S

Scheme 1

0
N
R ( R
& .‘. & ‘ &
0
& o
R
5
Scheme 2
0
& o
Y R
() é QO
AcO (2) AcO ( 4) ’R [6) 34



0 (3R 4R)-3Et yl-4-nethyl-cycl opentanone |1~

(3R, 4R) - 3- Met hyl - 4- propyl -cycl opent anone 0

(3R 4R)-3,4-Di et hyl -cycl opentanone 0 (3 S,4S)-3-n-Pr- 4 Et - ozycal Qggnz&%one
PCTI GBO /02904 (S)-3 Ethyl-cycl opent anone 0 (R)= 3Et hyI cycl opent anene . 0 (3
S, 4S) - 3, 4-Di net hyl -cyci opentanone 0 2

(3S, 4S) - 3- BOW¥YPUS3. et hyl - cycl opent anone (3 PCT/GBOIM”“ _

S, 4S) - 3- Met hyl - 4- propyl - cycl opent anone 0 '
(3S,45)-3,4-Diethyl-cycl opentanone Q43(3R 4R)-3-n Pr-4- Et - cycl opent anone
0 (R)-3-Methyl-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.



2 8 DEC 2004 WD 02/ 00584 -25 PCT/ GB41/ 02900 O her |eaving groups may be
present in the starting materials enployed in the above process in place'
of the acetoxy conpounds, and in general any conpound that

optically pure formand that has a 4-substituent that s permts = vy

stereospecific addition to the en one conjugated system and can then .

under go el MA%8%on can be used. Exanpl es of such | eab¥HeBWPBUbs are

sul fonic acid ester
O cli

hal i des and
mat eri al s incl ude:

gr oups.

For preparatiop _see T.Hrao,

Exanpl es of alternative startlng
S. Mkam, M Mori,

Ohshiro, Pet. Jett, to 1991, 32(14), 1741-4. For stereospe0|f|c
preparation of R and S enantioners see R Gerdil, H Liu, G
Bernardinelli, Rely Chim Acta., 1999, 82(3), 418-34 O 81' For

preparation see: F. Gavina, Costero

, A. Gonzal ez . is, J. .
. M | saks, L. Eilers, G F.
29, 3503-10; J.A Bladdworth, H J.

Luis, J. Og

is avail abl e |n o

Chem, 1987, 52(14), 2997-09; H. DePuy,
Mrris, J. is Og. Chem, 1
Eggette, | Chem Soc. (5%&%%@h§&$9&mm;’ 1981’1%ﬂ§%ﬁ&kﬁmpﬁm8m 0=S=0 0 0=5=0
o 0
’\/ N, X e
(S)~3-Propyl-cyclopentanone (R)-3-Ethyl-cyclopentanone
& So}
%N i3
(R)-3-Propyl-cyclopentanone (38,45)-3,4-Dimethyl-cyclopentanone
0

3
> i\
A

{3R,4R}-3,4-Dimethyl-cyclopentanone
0

> Z -
2
Ky

(3R,4R}-3-Ethyl-4-methyl-cyclopentanone

0

&
>
\‘Q\

' (3R,4R)-3-Methyl-4-propyl-cyclopentanone

0

{3R,4R)-3,4-Diethyl-cyclopentanone
0

V‘ eV N

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

O
5 '.,'/

(38,48)-3-Ethyl-4-methyl-cyclopentanone

O

(38,48)-3-Methyl-4-propyl-cyclopentanone

0

\5 "v,’/

(38,48)-3,4-Diethyl-cyclopentanone

0

\§32Vf\

(3R, 4R)-3-n-Pr-4-Et-cyclopentanone
0

%,
K

{(R)-3-Methyl-cyclopentanone



For preparation of the above two conpounds or the class of corrpounds of
the third formula, in which R = straight or branched al kyl 2 (ﬂﬁcﬁ see A
20 Mnarnii, Y. Ueda, JP 62116537 (JP 85 262204), JP 85-167 1)) ﬂﬂ

M nam i ; Y Ueda, EP-A-0170506. Y 0 2 8 DEC 2004 WO 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 MgCl 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’“@ °‘|"’§%ﬁﬁ“§eﬂdﬁ5§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 19.5‘, .6), 2.07 (3H, s, OCOw), 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 gric acid (20
55 psi H,
10% PdIC
EtOAc
0 o} o
é MeZn CE\/\ DBU, EL,0 Qf\
< PrMgCl & 0 :
ro' G o oo

(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).



10 mM). The reaction m xture was partitioned between ether (100 m) and IN

HO (150 m). The organic | ayer was separated and the aqueouszl@(ch m
further extracted with ether (2 x 100 m ). The conbi ned et her™layers re

ciowashed wi'th: brine, dried (MgSO4) and the sol vent was evaporated under -

" reduced pressure. The residue was chromatographed (Si @2, pentane-ether,
1:0 to 8: 20" §¥ve the is propyl cycl opent enone 2 (2PLI/gBIIBIY f r om
(R) - 4- acet oxycycl opent --2-enone). vmax(filnm/cna x 1708 (C-0). SH(400 MHz;
CDA 3): 7.64 (1H, 'dd, J5.6, 2.4, CH-CRg=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, CHAHBC=0), 2.00 (1H dd,
J 18.8, 2.0, CHAHBC=0)1.60-1.20 (4H, m, 0.96 (3H, t, J6.8, Me). 20 (9S)
3- n- propyl cycl open:@dbNelz( BPCKY 5O (1T, e, AIHFCA], 2.7 (U, &, 7 190p5.9), and 10 %

pal | adi um on | talyti u it i yl a (30 M) was
shaken in hya?%%gﬁ?gg Jséﬁ;a)lsﬁ %#dﬁggmg’trg%aoag 9‘gﬁ%qh6@’ 22%17%%%0“ on

m xture was fOCORR I8N, ddo 18.9) aONL.SIEH, mE\ APAR2A (3] myoer(3Heguced
pressure. The J{}@}, ue. was chromatographed (Si 2, pentane-ether, 1:0 to
9:1) to give '{ “pr opyl cycl opent anone 3 (1.07 g, 88%. vm (filnfi )/cm1
1744 (C=O . 2 8 DEC 2004 PCTI GB01102900 -28 6H(400 MHz; CDCI3) 2.29 (1H,
ddd, J 16.98, @®)-#Hn-p2p@Sy¢lopint-2enong (8.8, 7.6), 2.21-2.09 (2H, m,1.79 (1H,
dd, J 18.0, 9.6),156-1.34 (6H, n), 0.93 (3H, t, J 7.2, M). 5 Enantioneric

P 0y P50 BB Rl Tt A e oy 5 1)
added dropwise over 1 hr to a stizred solution 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).



10 0.96 mmol ) and p-tol uenesul phonic acid (0.018 g, 0.095 Mol ) were
refl uxed together in benzene (10 ml) for 3 hours using a Dea? @WZB W2p.
The reaction mxture was allowed to cool, taken up in ethyl acetate [{100
sy randawashed wi-th- “satur at ed sodi um bi carbonate sol ution, brine, dried
o (MgSO4) and concentrated in vacuo to give a single diastereoisoneric
acetal 7 (WOr20§84 65% . 15 614(400 MHz; CDC13) 3. 61- 3PGI7GRIPI00NT), 2. 1-1.76
(5H,  m, 1.47-1.40 (211, n}, 1.35-1.20 (10H m, 0.88 (3H, t, J6.8, M),
6c(CDbC 3) 117.2, 78.3, 78.1, 44.6, 38.4, 37.6, 37.2, 30.1, 21.3, 17.2,
17.1, 14.2. EXAMPLE2 20 (3R, 4R) 3-nefByl - 4- n- propyl - cycl opent anone (4) 2
~ Met hyl magnesium chloride (7.1 m of a 3Msolution in ether, 21.3 mol) was
-added slowy to a.st,i d i f,, di yl zi .3 of a 2M sol ution
in 2 8 DEC 2004 W@%&%ﬁ%@é@%z@@= g'ﬂizéj?g]l}ggﬂ’eflmf&'@mml) in THE
(80m ) under 2220 @H,K), €79 A, ed, /38.0)0.6)UL. 5651.34GH ) D98 ey 7@00l ed to -78 C
and 2 (1.2 g, e.7 nmmol) in THP (45 m ) was added dropw se over 1 hour. The
reaction m xture was stirred for 20 m nutes and then quenched by the
addition of saturated ammoni um chloride solution (20 ml). The .reaction
m xture wags aﬂa% 0d to ré?to raonﬁegge ature, diluted with IN
hydr ochl ori ¢ 2CHa CTHRHYY BrdrekePaeseal’d h ether (3 x 200 m). The
organic |layer was washed with brine (200 m), dried (MgSO4) and the
solvent was renoved under reduced pressure to yield 4 as a solution in
tol uene which was purifjed by colum chromat c’fg»c-(phy (SIi @2, pentane-ether,

1:0 to 9:1 to give the (2R, 3R)(-)-2,3-butanediol c_.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



10"cy'cl opentanone 4 (0.86 g, 63%. vm (CDC13)/cmr 1733 (C=0). SH(400 Miz;
CDCl 3) 2.49-2.42 (2H, m, 1.87-1.80 (3H, m, 1.79-1.61 (2H n}, 8 DEO20043
(3H, m, 1.12 (3H, d, J 6.1, M), 0.93 (311, t, J 7.3, Me); 8c(CDCL3)

L0920:0, 48,1, 46,2, 45,5, 38.4, .37.0, 232.1, 19.6, 15.8. 15 Enantioneric
Cpurity by .conversion to acetal 8 (2R 3R)(-)-2, 3-butanediol p-TSA
benzene, r@®PIYWSPhe ket one 4 (0.12 g, 0.86 mmol), PCT/GB01/02900

(2R, 3R)-(-)-2,3-butanediol (0.086 m,. 0.94 mmol) and p-tol uenesul phonic
~aci.d (0.0163 g, 0.086 nmol) were refluxed together in benzene (10 m) for

"3 hours using a Dean-Stark trap. The-#2action 20 nmixture was allowed to

cool, taken up in ethyl acetate (100 m), washed with saturated sodium
gi ve B (0. op g Bb miph BRI HioER ki £9°c° EEH I 4 15150, °
2.27, 2.19- 2 nygturemwsg gooletl t6078(°6pad 216).2 £.19. 5Bme!) OUTHR G mD) wys addedd8 (3H, d, J
PCT) B3 02000 "8ET 258 'WET Tpedijon ity Wi igetyaifer [0 1o
38.4, 36.5, Xuenghedity th: addition ofsuiRjptetl4mmoniExiabieti&SsoBitign 0 ml). The
I(O R-3-n- g%?gg%aﬁ&ﬁ%&ﬂﬁ@%@?%%& 2 vARE § St BhipdadR! Btledotn Riopy! - cyclo- 5

hydrochloric acid (100m!) and extracted with ether (3 x 200 ml). The organic

- layer was washed with brine (200 ml), dried (MgSQy) 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%).

Vad CDCls)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 I
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);



C(2RBR) (2

- O 5 Ketones 5 and 6 were nmade using the sanme procedures as in the

precedi ng exanples, but starting from (S)-4-acetoxycycl opent-2-erBegEC 2004

Enantioneric purity by conversion to chi raI acetals 9, 10. '

= 2,3~hutanedi.ol: p-TSA/ - ‘benzene; reflux 10 :The enantioneric purity
‘of ketone 5 was confirmed by maki ng acetal 9 wusing the procedure of the

. foregoi.ng. WQ&H&S% SH(400 MHz; CDC13) 3.60-3.48 (2H PGHGBOPO2AY- 1. 76 (5H,
M, 1.44-1.41 (2H, m, 1.38-1.14 (101, n) 0.88 (3H, t, J7.1, nE),

. .8c(cbd 3) 117.2, 78.2, 78.1, 15 44.9,38.2,38.0,37.7,30.5,21.3,17.0,
16.9,14.2. 0 (2R 3R)(-)-2, 3-butanedird¥- ../~ p-TSA, benzene, reflux 6 2 8
'DEC: 2004 WO 02/ 00584 - 31 PC ' I GBOL/ 02900 The enantioneric purity of ketone

6 was confir 1 t r f he above
exampl es. 8n(F gISQng% gfﬁ&s%& 28435?2%11 Qﬁg%ﬁﬁig%ﬁfg 183, 13-2. 04,
1. 90-1: 62 (61H3(n$);143 60-1.02 (10H, m, 0.97 (3H, d, J 6.1, NE), 0.89 (3H,
t, J 7.3, Me); 5 Sc(CDC13) 115.7,115.7,78,1,47.6! 45.5, 45.2, 38.6, 36.0,

21.4,18.2,16.9 (x2),14. 4. EXAMPLES 3 & 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




EXAN_PLE_' S Enantionerically pure (3S, 4S)-3, 4-di net hyl cyel opentanone (13) O
- AcO eMyC}, Me2zZn DBU, DCM sf 12 McMC, Me2Zn THF, -78 C 1ﬁ @é{fsﬁﬁ’ﬁt OoXy
cycl opentanone 11 13 10 Met hyl magnesi um chloride (11.3 ni 012 tion

Civibns TUR; 3809 mknol )+ was added st owl'y to-a stirred sol ution of dinethylzinc
(17.0 M of a 2Msolution in toluene, 34.0 mol) in THE (80 m) at 0 C

under ar goWCWP®B¥r 20 minutes, the mixture was cool e¥CHEBNPBOC and

" (S) - 4- acet oxycycl opent - 2-enone (4.33 g, 30.9 nmol) in THE (45 m) was
~added dropw se over 1 hour. The reaction mixture 15 was stirred for a
further 20 ninutes and then quenched-BY-the addition of saturated amonium
chloride solution (20 mM). The reaction m xture was allowed to warm to
room t enperature, gl ] . | ' 00 d extracted
with ether (3 x 23%4 %&%%5@%%%&1@%%%%2%%% B e (200 n),
dried (MySOsing# progeduesfthenbovgaxamplesoved under reduced pressure to yield
the acetoxy THF, -78 Cj-- -40 Cto -30 C AcO 11

8u(400 MHz; CDCls) 3.56-3.49 (2H, 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 8c(CDCly) 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



pTSA, _Benzehe 2 8 DEC 2004 WD 02/00584 32 PCTYGEBA /02900 cycl opent anone 11
as a solution in toluene which was used w thout further purlflcatlon I n
the next step. vmax(filmlcnfl 1737 (C—O) &H( 400 MHz; cDCZ3f BED12004H, in,

. CHOAC), 2,72 (1H “dd,J 19.0, 6.6), ~5:2.59: (1H n), 2,46 (1H ), 2.24

(1H, dd, ‘3 19.0, 46) 2.07: (3H 'S, OCOVE) 1.95 (1H dd, J 18.6, 5.7),
1.13 (314 W@”’!’!"?S“l CHwe). The net _hyI cyel opent anone 1E3TAB@UQ¥R%9

cycl opent anone 11 (approx. 30.9 nmol) in dichloronethane (40 nl) was added
dropw se over 1 .hour to a stirring solution of DBU (4.6 m, 30.9 10 nmol)
in dichioromethane (50 nml) at -40 C uddler argon. The mxture was al | owed
to warmto -30 C and stlrred for 30 m nutes before being quenched with

dilute hydroc | £y h ;] qi titioned

bet ween et hewzég%% and Iﬁ“ﬁ?&m%g%g %109 e%%%glﬁ?ag?m%{ was

separ at ed and? @atlog_ se@yer was further extracted with ether (2 x 100
m ). The conbi ned ether 15 Iayers were washed with brine, dried (MpgSO4) and

t he sol vent was ey B@r@kﬁﬂ 1781@LD). reduced pressure. The residue was

chr omat ogr aphed (S| pent ane- et 7. 3) to give nethyl cycl opentenone 12
(1.51 g, 51%from (S -acet oxycycl op ent- 2-enone). vm f| Imlcm*' 1715
(C=0). 20 $4400 MPp4 @3@!285333@3 l((iﬁ, deHOAOEZé’Z( 144, ), 6.14 (1H,

gﬁlAHBé_g) 65 22@(1@1&92*%@}1,1@ 4 ((EHd, Moo, 3655906@151 sQSbOfb}e) g% 8, 6.3,
(1H, dd, J 18.6, 5.7), 1.13 (3H, 4, J 7.1, CHM®).

The methylcyclopentanone 12

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



1.95 (IH, dd, J 18.8, 2.2, CHAH$C=0O)1.21 (314, -d, J7.1, CHW). The
di net hyl cycl opent anone 13 Met hyl magnesi um chloride (5.2 m of 7.} BUELO P04 on
in ether, 15.6 nmrnol) 25 was added slowy to a stirred sol ution of

di-met hyl zinc (3.9 .nm " of -a:2M solutien:in t.eluene, 7.8 mol ) in THE (20..n) . -

under argon at OC. After 30 m nutes the mixture was cooled to 78 C and 12
(0.67 g, 7WwO%RMMS#) in THE (10 nl) was. 2 8 DEC 2004 WROZREOHSW
PCT/ GBOL/ 02900 -33 added dropwi se over 1 hour.. The reaction ni'xture was

stirred for

20 minutes and then quenched by the addition of saturated

amoni um chl oride solution (10 m). -“Fhe reaction nixture was allowed to
warmto roomtenperature, diluted with 1IN hydrochloric acid (40 m) and

extracted wi %ﬁﬁh%%sggg%éﬁgﬁgﬁécﬁeﬂﬁ&ﬂﬁﬂﬁg% Weﬁfm% Seygghed with brine

(50 m), dried (MySO4

olvent was renove under reduced pressure

to yield 13 dienguewhediiydbe addition P setretediAmpboniverschivuidé salusian KiY mB.ol um

chr omat ogr ap bifda mipgat . i t .
di et hyl cycl gﬁgﬁ%t%ne 13 %%@%@%5‘5%}%%\?30%%@%’@?%% 11(\IC=C)) . 10

8u(400 MHz;
5. 6, 2X|VE) .5
acetal 14.

(0.23 m,

djortp agid (40 mi) andzepiractyyl with efhgr (B x739 ) The ojganid Jayer (6H, d, J

. ; > : : . AR,
T pGER b Rl GYmBLaked ARSORSLANN SN e SRR SLOD 2 edi o
1 3der meiugeprepsugate visldt1d |25 a priutisingh toliene wdthowas@uoti® by, 0. 22 ol )

were ref | uxedohiet HeimadirBRNZ 486, ( 1Penbind b Is5BPUNS UsINIuR Dean- Stark

trap. The reaction

10

15

20

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

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,
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 (021 g, 51%). '

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:



m xture was all owed to cool, taken up in ét_hy'l acet ate' (100 M), washed
with saturated sodi um bicarbonate solution, brine, dried (%%Oék ‘aﬂﬁ
concentrated in vacua to give 14 (0.21 g, 51%. 20 8 CDCl g é 0,
47.8, 40.1, 17.7,16. 9. -z (CH) 185 (MtH, :70% The:acet al-nmade: frem

racenic (3RS, 4RS)- 3, 4- di met hyl ket one has® signal's -as shown below 2 8 DEC"'

2004 WO 02VWOIZEUSHCT/ GB01102900 - 34. Sc(CDC13) 115. 6PCHIGEP1890078. 2 = 78. 1,
47.8, 47.5, 40.2, 40.0, 18.1, 17.7, 17.3, 16.9 EXAVPLE 6 Enanti'or_reri‘cally
pure (S)-3-net hyI cycl opent anone (16) MeMgCl, Me2Zn 17. THF, -78 C -40 Cto
-30 C AcOAMO 5 DBU, OCM OH pTSA, Benzdhe The et hyl cycl opentenone 15
Conmpound 15 was prepared using the same nethod as 12. The :

met hyl cycl opent angRepdf fs., 1155, 78.2, 78.1, 47.8, 47.5,402, 40.0,18.1,17.7, 173,
169

EXAMPLE 6
Enantiomerically pure (S)-3-methyleyelopentanone (16).

0 o) 0
é MeMgCl, Me,Zn DBU, DCM

- . it Rl
g THF, -78 °C s -40°C to-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).



16 A mixture of 15 (1.17 g, 12.2 mml) and 10 % pal | adi um on charcoal 10
(catalytic quantity) in ethyl acetate (30 m) was shaken at 52 @gﬁgf%@ﬁ ogen
at 30 Cfor 6 hours. The reaction m xture was filtered and th

- removed - under reduced pressure. :The-residue was: chronatographed SioR
pentane-ether, 9:1) to give the 3-nethyl cyclopentanone 16 (1.09 g, 919@
vie( i | m) / WAOAQOE840) 1731. i5 8H(400 MHz; CDC13) 2;42J2303m@§PP m, 1.78
(1H, ddd, J 16.8, 9.3, 0.7), 1.51 (1H, m, 1.13 (3H, d, -J6.8). 2 8 DEC
2004 WD 02/00584 PC /GB01L102900 -35 The acetal 17 The' ketone 16 (0 25 g,
2.55 mol), (2R 3R)-(-)-2,3-butanedid?®{10.26 m, 2.80 mol) and |
p-tol uenesul phonic acid (0.05 g, 0.255 muol) mere refluxed together in
benzene (10 rip) 2fpd113 hours using a Dean-Stark trap. The.reaction 5 mixture
was allowed to cool, taken up in ethyl acetate (100 m), mashed W th

sat urated sodi um arbonate solution, brine, drie

concentrated in ﬂ?ﬁi‘fﬁm? 628] 3B Liva rpalh &R,ﬁ -0 32}61@@3‘1'}87(%3 m@}H( 400 MHz;
CDA 3) 3.59 (&b, mMdl) ard aohlenlsﬁpﬁaﬁd"aclﬂ(} 05l g,0d2§53iﬂmo ,wei’e Boflfxed M) ;
8C(CDC13) 117. 32.1, 20 17.1 10 The aceta

of the racent Qge‘@“n‘ﬁt%’ﬁ%zﬁgpéﬂéﬁf grﬁ‘.‘}ﬁ‘é ubing ageﬁhﬁt@é‘ tap. gﬁ%\’iﬁ‘i“’“‘m bel ow:

3¢(CDCL3) 511 tidkure Abs Sllowddh th o laken’ B, etﬁ’s@aietate“@%‘ﬂﬂf’&’aﬁwd &m0, 32.5, 32.1,
20.6, 20.2, jéa\?mr%ted %o7d1u]in bi%a?'bonatg scﬁﬁuon,E@(A (kwd (MgS304) 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



15 Enantionerically pure (3S,4S)-3-ethyl-4-nmethyl-cycl opentanone (20) 0 AcO
Me2Zn 0 EtMCl !'-=.,, THF, -78 C ACO 18 DBU, Et20 -40 C 0 19 %/e% &»IYP%CI
THF, 78 C O 20 The acetoxy cycl opentanone 18 Et hyl magnesi um c riae

- of ‘a 2M solution in THF, 39.2 mol) - was added. sl owly to a stirred:
sol ution of dlrrethyIZ|nc(196n1 of a 2M solution 20 in tol uene, 392 :
mmol) in THMO®EE3 ) at 0 C under argon. After 20 m nPEEEBIIPHE 2 B DEC 2004
WO 02/ 00584 PCTI GB01102900 -36 m xture was cooled to -78 C and
(S)-4-acetoxycycl opent -2-enone (5.0 g, 35.7 mol) in THE (45 m) was added
dropwi se over 1 hour. The reaction mxfure I

mixture was cooled to —78 °C and (S)-4—acetoxycyclopent—2—enone (5.0 g, 357
mmol) in THF (45 ml) was added dropwise over 1 hour. The reaction mixture
was stirred for a further 20 minutes and then quenched by the addition of saturated
ammonium chloride solution (20 ml). The reaction mixture was allowed to warm
5 to room temperature, dituted with IN hydrochloric acid (100ml) and extracted
with ether (3 x 200 ml). The organic layer was washed with brine (200 ml), 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 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

15 Acetoxy cyclopentanone 18 (approx. 35.7 mmol) in dichloromethane (45
mi) was added dropwise over 1 hr to a stirring solution of DBU (5.34 ml, 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

20  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-

25  enone).
Vmax(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),



was stirred for a further 20 m nutes and then quenched by the addition of
saturated anmoni um chloride solution (20 m). The reaction m 2t grBEQeRH04
allowed to warm5 to roomtenperature, diluted with IN hydrochloric aci d
~(100m-) and extracted wth ether (3 x 200 nil).- The organi.c:l-ayer: was:-
washed with brine (200 m), dried (MySO) and the sol vent was rermved
under redu¥ed>Prssure to yield the acetoxy cyclopemt@naeons® as a
solution in toluene which was used without further purification in the
next step. 10 vrmu(filmlcnf' 1741 (CO. SH(400 MHz; CDCI3) 5.10 (1H m
CHOAc), 2.70 (1H, dd, J 19.3, 6. 7) @757 (1H, ddd, J 18.5, 5.3, 1.2),

2.32-2.20 (2H, n), 2.07 (3H s, 2.00 (1H, m, 1.62 (2H n), 0.98
3H, t, J7.2, h c t C | ppent anone 18
(appr ox. 35 IR dnfh 2, € %""’Q%‘%@?ﬁﬁ%%ﬁ 5 S8 e b se over 1.
hr to a stl rr7+6nl}ﬂeiol ution of DBU (5.34 nl, mol ) in dichl oronet hane

(100 mM) at -40 C under argon. The mxture vvas allowed to warmto -30 C
and stirred i cpQopthiatib20bef ore being quenched with dilute hydrochl ori ¢
acid (30 mM). The reaction m xture was partitioned between 20 ether (100

m) and I N HCl The r separated _and_the aqueous
| ayer was furt herwpgﬁ@te ﬁﬁ?‘ﬁ‘?gﬁ%fnﬁ%&%ﬁ% Prﬁ‘)etheii'ﬁg 5E6Md ned et her
| ayers werse was adidd wowly tbeismesd sd]htaﬁdoi(cﬁs’ﬂs%’s}ﬁn o619 o 6f 5 PM4elBkonas evapor at ed
under reduced [ess chro g d.(Si
pent ane- et her® U§n§?§ ?@mﬁﬂﬁ&ﬁfﬁ@ﬁ ﬂé"ﬁﬁoﬁ @ ﬁg‘g’g@ nﬁ“‘lﬁes%ts% from
(S)- 4-acet oxyjﬁmejeommbolé& to298 8D ane)9 (3\/3793< 60.5 i JICENTHF 47 1d) whs O . 8u(400
MHz; CDCl 3) 7@%%@%? 1%5 6,. 2. CH=CHC=Q éG 1H, dd J 5.6, 2.0,
CHECHC=0), yise PPFI mgﬂﬂiﬁawaamvﬁww%mﬂsd
then quenched by the addition of saturated ammonium chloride solution (25 mi).
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

‘ (2R,3R)(-)-2,3-butanediol Oy P
“” p-TSA, benzene, reflux "y
20
20 24

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



2 8 DEC 2004 WO 02/ 00584 PCT/GBA /02900 -37 2.02 (1H, dd, J 18.8, 2.2,
CHAHBC=0 1.63 (1H, m, 1.47 (1H, m, 0.99 (3H t, J 7.6, M): Em 4
cycl opent anone 20 Met hyl magnesi um chloride (22.5 m of a 3M so?u i rzplﬂ

~cether, 67.5 mml) 5 was added slowly to a stirred solution of di-methytzinc:: -

(16.9 m of a 2Msolution in toluene, 33.8 nrnol) in THE (100 m ) under

argon at O®OOXPSHr 30 minutes the nixture was cool edPERCEIYEI® and 19 (3.37 |

g, 30.6 mmol) in THE (45 nl) was added dropw se over 1 hour. The reaction
m xture was stirred for 20 mnutes and_ then quenched by the addition of
saturated amoni um chl ori de sol ution @%5 m). 10 The reaction m xture was
allowed to warmto roomtenperature, diluted with IN hydrochloric acid

(100 ni) and maeeagsﬁﬂn\mcm&&mm(ﬁ bﬁné@ﬁedm SOI)heﬁ&d QbRafafed i AYEr Was

washed with brine (50 dried e 'sol vent was renmoved under
reduced pr ess‘lﬁ’f"é’t‘?@"%‘%@d%é 23 a sol ut| on |n t ol uene which was purified by
col um chromat ography (Si 2, pentane-ether, 95:5) to give the

cycl opent anone ZOSC(GEC(;)ZII‘S 6378.6 284, 476 f, lﬁgjigmmiﬂ@% (@@)59 SH(400 MHz;
CC13) 2. 50-2, 49 60 (6H, 'in), 1.12 (3 d. 3°6.1, M),

0.93 (3H, U‘Zsm% M@g%ﬁ;&%}on to an acetal 0 (2R 3R)(- )
2, 3- but anedl ol 5 p-TSA, benzene, reflux 20
5 EXAMPLE 8

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

55 psi H,

e e

10% PdIC /
EtOAc W
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%).

Vaax(film)/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 2.21-2.04 (4H, m), 1.79 (1H, ddd, J 18.1, 9.8, 1.1), 1.47 (2H m), 0.95 (35, t, J
7.6, Me).

Conversion to acetal 25

o g \/
? (2R,3R)(-)-2,3-butanediol 0.0
, p-TSA, benzene, reflux é

, / ‘4" /
21 25




20 24 The ketone 20 (0.22 g, 1.74 mol), (2R 3R)-(-)-2,3-butanediol (0.18

m, 1.91 mmol) and p-tol uenesul phonic acid (0.033 g, 0.174
refluxed together in benzene (10 m) for 3 hours using a Dean
s Thereacthon.- m xture was allowed to cool, taken up in. ethyl

“m); washed with 2 8 DEC 2004 WO 02/ 00584 PCT/ GB01/ 02900 -38 saturated

inich R 20,

acetate: (100 s

~sodi um bi CHPB¥WEHe sol ution, brine, dried (MpSO4) andPEFRO&P¥at ed i n

vacuo to give 24 (0.19g, 55%, 8c(CDCl13) 115.6, 78.1 (x2), 47.

44.9, 38.2,

26.2, 19.3, 18.2, 16.9, 14.2; mz (Cl) 199 ( M+H,

6, 47.1,
82% . 5

"EXAMPLE 8 Enantionerically pure (R)-383thylcycl opentanone (21) 0 V 19 55
psi- N2 10% Pd/C ~/ EtQAc A mi xture of 19 (3.4 g, 30.9 mol) and 10 %

pal | adi um on chargg, etogggggﬁb%g{g,g)gq%eagz); PR AR budlifh1 8 20 M) vas

shaken at 55 psi 1In

uf's.

e reaction m xture

‘was filtered mindo%muok erdzetolucysssphosivndid @0.017red 0,08 muiol werepefser . The
resi due was Q&&B&%BQB&%%??%:%§g§%3§@§Q£ﬁE%T%%ES&&AH%Zlﬁmﬁ&w e the

3- et hyl cycl opent anone

5

{1}

15

mixture was allowed to cool, taken up in ethyl acetate (100 ml), washed with
saturated sodium bicarbonate solution, brine, dried (MgSO4) and concentrated in
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

(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.

Conversion to acetals 26,27

)
{2R,3R){-}-2,3-butanedicl
———— i B
F p-TSA, banzene, reflux
22

O

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

23

s, (@] c-“‘\
< Oj\

26

. O
N X]\
[o]



vmax(film/em" 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, ?d Bﬁ?ﬁ‘fl’ ‘
9.8, 1.1), 1. 47 (2H m, 0.95 (3H, t, J 7.6, Me). Conversion @ 25
st @ (2R 3R)( )=2;.3-butanedi ol-- ~lp- p-TSA, benzene, reflux 21 25 2 0 DEC--
.'2004 WO 02/ 00584 PCT/ GBO1/ 02900 39 The ketone 21 (0.098 g, 0.874 mmol),
(2R, 3R) - (-WVO22/8584ut anediol (0.088 mnl, 0.96 nmol) andpc¥enweHRtsul phonic

acid. (0.017 g, 0.087 movl) were refl uxed together in benzene (10 m) for

3 hours using a Dean-Stark trap. The reaction mixture was allowed to cool,

‘taken up in ethyl acetate (100 nl), wa@hed with 5 saturated sodi um

‘bi carbonate solution, brine, dried (MgJSO4) and concentrated in vacuo to

0% 220 12, FibuiglRii Bebaclioblf el & 200,501

- Conpounds 22 }aﬂaﬂ@@e\mnéydmd‘é)emmwgur@he procedure of the previous

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%).



~exanples. 10 (3R 4R)-3 ethyl-4-nethyl -cycl opentanone (22) and
(S)-3-ethyl-cycl opentanone (23) 15 Conversion to acetals 26,227B DEC fﬂ%‘l 0
23 (2R 3R)( )-2, 3-but anedi o! p-TSA, benzene, reflux 26

£ 2R:BRY () 2535 but anedi-ol.. p~TSA; -benzene, reflex 2 8 DEC 2004 WO 02/:00584
PC 7/ GB01/ 02900 -40- The enantioneric purity of ketone 22 was confirmed by
- maki ng aceW& 02884 usi ng the previously descri bed procEJeER103 CDC 3)
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; mz (CI) 199 (M+H, 80/9% 5 The enantioneric purity of ketone 23 was
al so confirmed by nmaki ng acetal 26 udl ng the previously described
"procedure. & (CDA 3) 117.2, 78.3, 78.1, 44.2, 39.3, 37.6, 29.7,
-28.8,17.2,12.5; mlz (C+) 185 (M+H, 78% . 2 8 DEC 2004 WO 02/ 00584

PCT/ GB01/:02900 CLAIMS

1. A method of making an enantiomerically pure compound of the

~formula (I) or (TI):
o]
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):

sR<)

10 X @

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)




-41- CLAIMS 1. A met hod of maki ng an enantionerically pure conpound of the
“formila (f) or (IL): mor 5 wherein R and R represent Cl- gl% %ﬁyﬂmq@ C10
al kenyl or C3-Cl1l0 cycl oal kyl and the wedges signify (S)- = '
e_re@chem EY the ‘substituents.in.conpound. (11) being trans, which"
t hod conprises: conjugate addition of an organonetallic nucl eoph| le that
. ‘provi des  aW@dmMss4 R as defined above to a conpound ofPGTHEBOIAAGeUl a (I 11) or

2 (1V): 10 wherein X represents a leaving group to give a trans

.3, 4- dlsubstltuted addition product of forrmula (V) or (VI) in which R and X
~are-as previously defined; O or elinrffating the | eaving-group X fromthe
. addi tion-product .of forrrula (V) 15 or (M) to give an (R - or (S)- 4-al kyl
~.or 4-al kenyl cyclopent-2-en-1-one of formyla (VII) or (VIII) 28 DEC 2004
- \WD 02100584 PCTI GB011029%00 or -42 ; and eifher (i) hydrogenation of the

: ..corrpound of formula (VI or (Vigki) to gi \Q cycl.qhégignone of formula (I)

or ,

Lo o '
(VIi) (Vi)

(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;




(ii1) conjugate addition of a second organonetal lic nucl eophile that
S5provides a group R as defined above to the conpound of fornula (VII1) or
(VI I I) to give a trans 3, 4 di substituted addition productzoﬂ UE;UP’U i (11).
e hod:« 1?*7: clal-m 1; - when: used t:o:make..an:( S).- .conpound 0 ormula M
3y The met hod of claimi, when used to .make an (R - corrpound of fornula
10( 1) . 4. THe 'Hf¥iod. of cI aim1, when used to nmake a (F¥E/GBEYR2%onpound of
formula (11). 5. The nethod of claim 1, when used to make a (3R 4R) -
corrpound of fornula (I1). 15 6. The nethod of any preceding claim, when
~ used to make a conpound in which R afftr R (i f present) represent met hyl ,
ethyl or n-propyl. 7. The method of claim 1, when used to nake any of the

fall ovvi.ng' .compou ycl opent anone; 20
- (‘R) - 3-net hyl.cycl otp}g a&@#ﬁd@%&g’t hyl cycl opent anone;

(R) - 3-et hyl cycl opent anone; 5 (S)-3-n-propyl cycl opent anone;
(R) - 3- n- propyl cyc(feéémrawécﬁrelozaentasons 4S) -3, 4-di met hyl - cycl opent anone;

(38,45)-3,4-dimethyl-cyclopentanone;
(3R,4R)-3,4-dimethy!-cyclopentanone;

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.



(3R 4R) - 3, 4-
(3R 4R) - 3, 4-
(3S, 4S) - 3- et

- (3R.4R)~3-et:

di met hyl - cycl opent anone; (3 S, 4S)-3, 4-diethyl-cyc
di et hyl - cycl opent anone;

hyl - 4- met hyl - cycl opent anone; 28
hyl:- 4-met-hyl--cycl opent-anone;. A AT R

| opent anone,;

DEC 2004
net hod of
ried out by

(3S, 4S)-3-nethyl -4- propyl - cyclopentanone 10

(3R, 4R) - 3-wetkgss44- pr opyl - cycl opent anone; PCT/GB01/02900

(3S, 4S) - 3- et hyl - 4- propyl - cycl opent anone;

(3R 4R)- 3- et hyl - 4- propyl - cycl opent anone. PCT/ GB01/ 02900 8. The

‘any preceding claim wherein the conjd$ate addition is 15 car

addi ng.the chiral cyclopentenone of formula (111) or (I1V) to an

or gano- Gri gn
di al kyl zi nc

a sol vent

8, wherein t
n- hept ane, t

gz i
iR § T605RhoP bt 4 e 000 Wil B GRG0 bk B
at fopnula(Ygl paf‘(lﬂé isfprasipged by G@h@ tho tréns G, 4-digbgituicHadditiont

OB RV

presence of a
lal um niumin
hod of claim

di oxane,

8 DEC . 2004

WO 02/ 00584 P@Iﬂ@B@&lOZQOO -44 10. The nethod of any preceding claim

wher ei n thﬁ
treatlng t he

10

15

20

25

36

el imnation product of formula (M1) or (MII) is

produced by

trans 3,4-disubstituted addition product of formula (V) or

(M) with a st on@hfofr-l@}hﬁ o clabm &0, owhergin e baserps hydrida soseleeted from 1.8 sol vent. 5

diazabicyclo[5.4.0]undec-7-ene (DBU), 1,5-diazabicyclof[4.3.0]non-5-ene (DBN),
1,1,3,3-tetramethyl guanidine (TMG), lithium hydride and sodinm hydride.

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
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
from palladium on charcoal, platinum oxide, Raney nickel, and rthodium on

alumina.

15.  The method of claim 13 or 14, wherein in the solvent is ethyl acetate or

methanol,

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
irialkylaluminium in a solvent at a temperature from —100 °C to 0 °C to produce a
compound of formula (IF).



11. The method of claim 10, wherein the base or hydride is selected from
1, 8- di azabicycl o[ 5. 4. 0] undec-7-ene (DBU), 1,5-d|azab|cycloé4 ﬁg&igﬁ -5-ene
(DBN), 1,1,3,3 tetranmethyl guanidine (TM3, lithiumhydrid 8

hydride. 10 12. The nethod of claim 10 or 11, wherein the solvent is

sel ected from dichloronethane, diethyl ether, tetrahydrofuran, t -butyl
met hyl ether and 1, 4- dioxane. 13. The net#ed of any preceding claim,
wherein the elimnation product of 15 forrmula (VII) or (VII1) is treated
with hydrogen at a pressure of 1-30 atnospheres at a tenperature in the
range 0-60C in a solvent and in the presence of a hydrogenation catal yst
to give a conpound of formula (I). 14. The nmethod of claim 13, wherein the

hydr ogenat i on cat ect 20 from pal | adi charc | atj num
oxi de, Raney ‘h Ickglll"}/ ?ﬂgﬁl I’f"heé‘?"ﬂlm o ‘SsﬁY@?FEfF V@PB'IOW? 1%%or
14, wherein nmxah,ev-beﬂ;tamttolumeetimﬁhyl attet afckt- lﬁljtyl mghyiatiodr, 25 16. The net hod
of any of clains 1-12, wherein the conjugate addition is <carried out by
treating the elimnation product of formula (VI1) or (MIIl) with a second
organo- Gri gndid r egemethod olwmipracedingelainawheragatie- lbaihg groupetig dim compdunel
presence of @fﬁhﬁhgxhgbpg egaéagg chloride or a copper (1) salt or a 30
trialkylalumniumin Y ent at” a tenperature from-100 Cto 0 Cto
produce a conpound of formula (11). 2 8 DEC 200# -45 17. The nethod of

claim 16, whegei n THaansBbd enhny & éﬁh@cf-ﬁd WHeREh ted re@bma g{?&hﬁ Rltn th?e é’ampounci

h h h
di oxan, n- eg} t% Ula (I?Ik N) |sg||al%tge or g&lfoﬁ:rc a%%dester%llj'(t)l}/p e

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.



18. The nmet hod of any preceding claim wherein the |eaving group X in the
conpound of formula (111) or (IV) is acetoxy. 19 The metz;cgd gtnami of
claims 1-17, wherein the |eaving group X in the conpound f p (111
or (IV) is halogen or sulfonic acid ester group. 20. An enantionerically
pure conpound nmade by the nmethod of any of clains 1-19. 21. The conpound
of claim20, whose enantiomeric purity i$698% or above. 22. A nethod of
producing a conpound of one of the fornulae shown below (XMin which the
substituents, R ag.g R E‘?Fg t he \g%d es have the neani ngs_ indicated in claim
1, which cofffri seS'e YN IRFIA 2CoRpRIBRF2E CONYPRIMNLOPPISes (11) produced by
t he met hod ebnwningofaic t@hpmind-of &ﬁmummvar(tljwa?%e:ﬁ??@rmei(u?(ﬁ\ig maﬁn%m@,bwknovm
er seto a Xl | [ or , an

gpt i onal Iy ngﬁtg%%g%t%%%ﬁélt% éi((g{lﬁlaﬁé%%%e'f’% 0 a pharmaceutically
acceptable salt. 2 8 DEC 2004 -46 23: The nmethod of claim22, wherein said
conversi on conprise¥y* converting ®ai d conpoulfd of fornul ll(.I) or (1) by

Knovenagel addition™Npsranner kneyws~per se qQ~aQ internegd e (XV) -
(XVI11) shown bel ow: HFQH whi h&9%gUbstiTyent&GHR an &t he wedges

have the neanings in ated abovg and furthef converti sai d
i ntermediate in maeher known peg se'#o a cefipoipd of fogfrulae (XI), (X1),
(XIT1) or (X1). O, e o covmy

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:




(X) (XVI1) (XVI1l) 24. The nethod of claim 23, wherein the internedi ate of
formula (XV) - (XVIII) is converted to a conpound of forrm%aq](@@c) M(XIV)
by transform ng the phenyl ring to a carboxylic acid and theh to 39} am ne.
25. The method of claim 23, wherein thedinternediate of formula (XV) -
(XVI'1l) is converted to a conpound of formula (XI) - (XIV) by transform ng
t he car boxyin whigie tiik gubsiitlents Rt andoRr zmial the wetgbsthdveitie Mgahings parawd igeRinp t o
an acid. 26,1 Tﬁghggr%hr?s% of claim 23, wherein the internediate of fornula
(XV) - (XVII1‘5" FLOWerted to a conmpound of forrmula (XI) - (XI'V) by

prot ecti ng ptheuciag laoeyipoandiof fdrmgula @l or (Ihtiydhe meghadidefipbe myanyr éfrotpimns 1a9;
second carbgg&lic acid group, protecting the second carboxylic acid group,
selectively de-protecting the first carboxylic acid group, transformng
the first capmHERig said csanpeudd on Knavenageihedditiond inlengnet deewhRgPerhee decand
car boxylic %hgoﬂfd%ﬂ)rm%%-(xﬁbﬂwmq of producing a conpound of the fornula
(XV) - (XVI11) shown below. Ph (XV) (An) (XVI1) 2 8 DEC 2004 -47 in which
the substituents R and R and the wedges have the neanings indicated in
claim 1, whsch @agpiposf®hdimfaeemtiomendpaitner Aleds008%dland of he@brmiuld:) by
the nethod defined in any of clainms 1-19; and converting said conpound by
Knovenagel addition in manner known per§se to a conpound of fornula (XV) -

(XVIT1). @
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;



28. A conpound having an enantioneric purity of at '|east 98% and of the
formula: O wherein R and R represent Cl-Cl O al kyl, ‘C2- C10 al n;s/é

C3- C10 cycloal kyl and the wedges signify (S) or (R) stereoch E@ Zﬂﬂ‘he
substi tuents-bei ng trans, ‘but excluding the :follow m : ; g
di ret hyl ; net h%l ethyl, methyl, i-propyl; net hyl, t=butyl : etfh-yl'-,, et hyI
ethyl, n-h&QP®Ehd nhexyl, n-hexyl. 29. Any of the P&V W??@P corrpounds
(3S, 4S) 3-et hyI 4- propyl - cycI opent anone; WD.02/ 00584 -48. :

(3R 4R) - 3-et hyl - 4pr opyl - cycl opent anong, 2.8 DEC 2004 PCT/ GBOl/O24OO

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




