18 Cctober 2005 WO 021085839 PCT/ 1B02/ 01146 1 FUSED BI CYCLI C OR TRI CYCLIC
AM NO ACIDS . FIELD OF THE INVENTION 5 This invention rel&fetobirdotfovel
cyclic am no derivatives useful as pharnaceutical agents, to processes for
their production, to pharmaceutical conpositions containing then1 and to
their useghgtiodssy ? treatnment of the conditions set out al so
relates to blcyc ic and tricyclic ketones useful as e ates in the
production of the aforesaid conmpounds. 10 BACKGROUND TO'THE INVENTICN
Gabapentin (Neurontin(r)) is an anti{convul sant agent that is useful in the
treatnment of epilepsy and that has recently been shown to be a potenti al
treatnent 15 for neurogenic pain. It i-s 1-(am nonethyl)-cycl ohexyl acetic
acid of structural FosrEnBCYCRIRERTRIOYCEIOARISID ACHIg | es of conpounds of
formula 20 O H2ZN-CH2- C-CH2-00081 T ) (CH2)n in which Rl is hydrogen or a

| ower al kyl radical and nis 4, 5 or 6. These conpounds are descri bed

US- A- 4024175 and its divisi ﬁa%%g%whel r disclosed uses are:
protection agai nst thiosem car - anp; 25 protection agai nst
cardi azol e cranp; the cerebral di seases, epilepsy, faintness attacks,
hypokin ia, and.,cranial. and |narovenent .h cerebr functlons 18

Oct ober 005 WO 0% 485854 ﬁ%‘t‘%é;ﬁzt“ﬂf&ﬁ ¢ amino  derivatives use

pharmaceutical agents, to processes for their production, to pharmaceutical

compositions containing them, and to their use for the treatment of the conditions
set out below. It also relates to bicyclic and tricyclic ketones useful as
intermediates in the production of the aforesaid compounds.
10
BACKGROUND TO THE INVENTION

Gabapentin (Neurontin®) is an anti-convulsant agent that is useful in the

treatment of epilepsy and that has recently been shown to be a potential treatment

15  for neurogenic pain. It is 1-(aminomethyl)-cyclohexylacetic acid of structural
formuia:

NH, COH

Gabapentin is one of a series of compounds of formula

H.,N-CH.,,-C-CH,-COOR
oN-CH,-C-CH, ]
f\

20 (CHZ)n -

in which R; is hydrogen or a lower alkyl radical and n is 4, 5, or 6. These
compounds are described US-A-4024175 and its divisional US-A-4087544. Their
disclosed uses are: protection against thiosemicarbazide-induced cramp;
25  protection against cardiazole cramp; the cerebral diseases, .epilepsy, faintness

attacks, hypokinesia, and cranial traumas; and improvement in cerebral functions.



The conpounds are useful in geriatric patients. The disclosures of the
above two patents are hereby incorporated by reference. 13\0c@8420824, whose
di sclosure is also incorporated by reference, 5 discloses further cyclic
am no acids that are useful in the treatnment of epilepsy, faintness
attacks, ‘@guﬁ@gg?enerative di sorders, depression, anXIﬁ%MHmﬂ@th pai n,
neuropathologlc di sorders, gastrointestinal disorders such as irritable
bowel syndrome (I1BS) and inflammation, especially arthritis. The conpounds
di scl osed include those of the fornéila: 10 and salts thereof, in which: R
is hydrogen or a lower alkyl; and Rl to R8 are each independently selected
from hydrogen, straight or branched alkyl of froml to 6 carbons, phenyl,
benzyl, fl udhe I&&mp@hlki@ﬁﬂem@eﬁﬂbﬁ(gﬁitam&; pduiynts. R disalodurexyfiteé kyolve tweam no,
am nonet hyl, trifl math %@szl—% -CO2R15, -CH2CO2H, 15 - CH2CO2R15,

- OR15 whereﬁﬁeﬁfﬁmi Y§FP °5ﬁ? relFFB%ched al kyl of fromlto 6 carbons,
phenyl, or benzyl, R3 to R8 not being sinultaneously hydrogen.

I nternational Patent Application Publication No. WO0128978, correspondi ng
to US Patent ApMOCQ?’Qb%‘*NOVhOEB dwlosee 7125 alsel dnearpaseied obys gefbrarceof 20 novel

or ot ugs of Pt Eer R brRd o RTRY s Bl YLAS R o681 5846 '3 whor ei n

nis an i ntihgaress)ﬁtta‘cksymehroﬂegeﬂerawaahmrddmrdepmgmnsmletg,cpmd@sm each center

may be |nd ende I preferred ppounds eln For mul ae
-1V abov ]é’g‘ 5 &‘é"r FSi gﬂsg@gyestmaffl}sgmegs ?‘{9 gﬂ@& }WSLnds are

di scl osed 3s§rnd1’9ﬁle RIBYY 284 HHﬂairﬂlahB@%tsﬂe@ﬁllf‘ aMAitisSTie éﬁmﬁﬂuﬁd&r #H&lcked Ncl udi ng

epi | epsy, faintness attacks, hypoki nesi a, crani al disorders,

neur odegenendﬂd%owlﬁﬁwd@mmﬂa depr ession, anxiety, panic, pain,

neur opat hol ogi cal disorders, and glkee (fksorders Certain of the conpounds
di scl osed in that patent have hi gl;j actfi w ty as neasured in a

R’T R2
Ré R3

10 Re
and salts thereof, in which: R is hydrogen or a lower alkyl; and R1 to RS are each
independently selected from hydrogen, straight or branched alkyl of from 1 to
6 carbons, phenyl, benzyl, fluorine, chlorine, bromine, hydroxy, hydroxymethyl,

amino, aminomethyl, trifluoromethyl, -COH, -CO9R, -CHpCO»H,
15 -CHZCOQRH, -OR" wherein R" is 2 straight or branched alkyl of from 1 to

8
6 carbons, phenyl, or benzyl, Rl to R not being simultaneously hydrogen.

International Patent Application Publication No. WOQ0128978,
corresponding to US Patent Application No. US 60/160725, describes a senes of
20 novel bicyclic amino acids, their pharmaceutically acceptable salts, and their

prodrugs of formula:

H,N CO,H H,N HyN
(CHZ)n

(CHo)n (CH2)n
I



radi ol i gand bi ndi ng assay using [3H] gabapentin and the a26 subunit derived
from porcine brain tissue (Gee N. S., Brown J.P., D ssand§ékebd200XK. ,
Oford J., 10 Thurlow R, Wodruff GN., J Biol. Chem, 1996;
271:5879-5776). Results for some of the conpounds are set out in the

foll ow n - JTABLE 1 ConpoundStructurea26 binding M (I

a, 3a, 5(x) §3239ﬁ%ﬁ33m hyl - NH2 bi cycl o[ 3. 2. 0] hept - 3-yl ) - aEé{’tB@@ﬁ“(o 038 aci dO
(*/ 1-(1(x,5(3)(3-O0 OH Am nonet hyl -2.86 NH2 bicycl o[ 3. 2. 0] hept-3-yl)-acetic
acid ((1(x, 33, 5a)(3-An nonet hyl - HO2C3NH2

bi cycl o[ 3. 2. 0] hept-3-yl)-acetic0.332 acid 18 Oct ober 2005 WO 02/ 085839 4
PCTI 1 BO2/ 01146 Patent application nunber EP 01400214.1 discl oses the use of
conpounds  of wheéifulifan inte@er! o¥ RROV R 4, %eﬁrtﬁéféﬂlre'sféﬂao@ﬁﬁe&r af slapgy of visceral
pain, and gastrointestinal disorders. 5 SUMVARY OF THE I'NVENTI ON Certai n.
anal ogues ofm@hke @%@@e@%@u&dﬁewmﬁmmdﬁé@ng thgse ¢frE§mnﬂ1ae 191%

(am nonet hy t d fysi nmenbered ring
to the cyolssEif MARR BARTGER Reahts B4, 1R BRaplad® % 18R &F "ror o

subst i t uent being useful in treating a variety of disorders including epilepsy, faintness attacks,

5 hypokinesia, cranial disorders, neurodegenerative disorders, depression, anxiety,
panic, pain, neuropathological disorders, and sieep disorders. Certain of the
compounds disclosed in that patent have high activity as measured in a

radioligand binding assay using {3H]gabapentin and the 070 subunit derived from

porcine brain tissue (GeeN.S., BrownJ.P., Dissanayake V.U.XK., Offord].,
10 Thurlow R., Woodruff GN., J. Biol. Chem., 1996;271:5879-5776). Results for

some of the compounds are set out in the following table:

TABLE 1
Compound Structure 026 binding
affinity (pM)

(1o, 30,50)(3-Aminomethyl-
bicyclo[3.2.0]hept-3-yl)-acetic 0.038
acid
(+/-) -(10,5B)(3-
Aminomethyl- 2.86
bicyclo[3.2.07hept-3-yl)-acetic
acid
(1o, 3B,5a)(3-Aminomethyl-
bicyclo[3.2.0]hept-3-yl)-acetic 0.332
acid




10 exhibit simlar high activity. Al so, amno acids based on
bi cycl o[ 3. 2. 0] hept ane, bicyclo[4.2.0] octane and bi cycl dp®cb&]20ehane in
whi ch the am no and carboxyl npieties are attached to /ﬁ%2@ﬂ§ at ons of
the f o2 MeKst ed ring exhibit high activity. 15 An enb § the
present invention may provide bicyclic amno acid analogues and their
derivatives, prodrugs, and pharnaceu#ically acceptable salts and solvates
useful in the treatnment of a variety of disorders including epilepsy,
faintness attacks, hypokinesia crani al disorders, neurodengenertive
di sorders, depr o] 145! orgler
osteoarthrltlsfﬁ&%t A b%r???ghga%g 5%Iﬁ§u?§§§§%%|39?c§? éﬁéorders
The corrpouaﬁl@omlidsvmfdﬁxﬂmnmyi ada ¢ dbevedef pleventingend ttreatherenif wscevilscer al
pai n, functional bowel disqQrders such as gastro-esophageal reflex,
dyspepsi ®aim, apd gagroantsgipel disgidgFone and functional abdoni nal pain
syndrone, and inflammatory bowel diseases such as Crohn's disease, ileitis,
and wulcerative colitis, and other types of visceral pain associated with
dysneforrheal, 25 pe|VICSuﬂl“ ' AENANONeatitis. They may al so be
used for the treatnent of prenenstrual syndronme. WO 02/085839 5 H2N111 H2N
Accordingly, a first aspect of the present invention provides a conpound of
eg!?y 3n|e of Hg?ér%ﬁ%é‘l%gﬁes o atfobk ddaipduRAbs whibiDQeNvedHRAC M 2 j 2 RL R2
a
(V )(a:mnomethyl)-cyclopentaueacetlc acid by fusion of a 3- or 4-membered ning to

the cyclopentane ring and which are substituted with one or more substituents
10 exhibit similar high activity. Also, amino acids based on bicyclo{3.2.0]heptane,
bicyclof4.2.0]octane and bicyclo[5.2.0]nonane in which the amino and carboxyl
moieties are attached to one of the atoms of the four-membered ring exhibit high

activity.

15 An embodiment of the present invention may provide bicyclic amino acid
analogues and their derivatives, prodrugs, and phamlaceutically acceptable salts and
solvates useful in the treatment of a variety of disorders including epilepsy, faintness
attacks, hypokinesia, cranial disorders, neurodengenertive disorders, depression,
anxiety, panic, pain, sleep disorders, osteoarthritis, rheumatoid arthritis, and

20  neuropathological disorders. The compounds provided may also be useful in the
treatment of visceral pain, functional bowel disorders such as gastro-esophageal
reflux, dyspepsia, irritable bowel syndrome and functional abdominal pain
syndrome, and inflammatory bowel diseases such as Crohn’s disease, ileitis, and
ulcerative colitis, and other types of visceral pain associated with dysmenorrheal,

25  pelvic pain, cystitis and pancreatitis. They may also be used for the treatment of

premenstrual syndrome.



(X) H2 HRC NH2 R1.. S\ -R2 (X 11) HRC NH2

(
XVII1 XIX HC 1, H2 HO2CNH2 I,,'. 'R RLRR RL R (I11 QMR2C .
2

(XI'1) g®Og%09R3P' 46 HO2C H2 NH2 HO2C NH2 HQO2

5

Accordingly, a first aspect of the present invention provides a compound of
any one of the formulae I - XXV:

HO,C IFHZ

U n

AN
R1 R2

(X xXvy
xviy
HOzc E{ Y HOLC. EO j O3 cv;:o
HoC. E)Hoc EO VDDHOC\’]\E:O

XXII-
wherein R1 and R? are each mdependently Selected from hydrogen, straight

or branched alkyl of 1-6 carbon atoms, cycloalkyl of from 3-6 carbon atoms,
s phenyl and benzyl, subject to the proviso that except in the case of a tricyclooctane
compound of formula (XVII), R! and R? are not simultaneously hydrogen; or a

pharmaceutically acceptable salt or solvate thereof.

Suitable compounds (including salts, solvates and pro-drugs thereof) can be:
((1R,5S5)-3-Aminomethyl-1,5-dimethyl-bicyclo[3.2.0]hept-3-yl)-acetic
10 acid;

XI'V) H2N H2N HOC, HoC
(|



(XV1) H2N H02C XX H2N >, HOCy HOC CHO2 2N~ 2N \ 1 A R

R2 (XVI1) H2ZN HO2G_ XXI H2N HOR2C 11 _~ XXI| =11 M/ XXV 18 October 2005

WO 02/085839 PCT/IB02/01146

((18,5R)-3-Aminomethyl-1,5-dimethyl-bicyclo[ 3.2.0]hept-3-yl)-acetic
acid;

((1R,58)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic

actd;
5 ((1S,5R)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic
acid;
((18,28,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
{(1R,28,58)-2- Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
10 acid;
{(15,2R,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
{(1R,2R,5S)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
i5 ((1R,5R,68)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;

((1S,58,68)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;
((1R,5R,6R)-6-Aminomethyl-bicyclo] 3.2.0]hept-6-yl)-acetic acid;
((18,58,6R)-6-Aminomethyl-bicyclof3.2.0]hept-6-yl)-acetic acid,
cis-({1S,2R,48S,5R)-3- Aminomethyi-2,4-dimethyl-bicyclo[3.2.0thept-3-yl)-
20 acetic acid;
trans-({1S,2R,4S,5R)-3-Aminomethyl-2,4-dimethyl-bicyclo[3.2.0}hept-3-
yl)-acetic acid;
(1 S,SR,GS,7R)—3-Aminomethyl—6,7-dimethyl;bicyclo[3 .2.0%hept-3-yl)-
acetic acid;
25 ((1S,5R,6R,7S)-3-Aminomethyl-6,7-dimethyl-bicyclo[3.2.0]bept-3-y1)-
acetic acid;
((1R,28,58)-7-Aminomethyl-3,3-dimethyl-tricyclo[ 3.3.0.0]oct-7-yl)-acetic
acid;
((1R,6R,7S)-7-Aminomethyl-bicyclo[4.2.0]oct-7-yi)-acetic acid;
30 ((1S,GS,7S)-7-Aminomethyl~bicyclo[4.2.0]oct-7-y1)-acetic acid;
((1R,6R,7R)-7-Aminomethyl-bicyclof4.2.0Joct-7-yl)-acetic acid;



wherein RI and R2 are each independently sel ected from hydrogen, straight
or branched al kyl of 1-6 carbon atoms, cycloal kyl of frol$@cebgaPton atons,
phenyl and benzyl, subject to the proviso that except in the case of a

tri cycvomeol/assess conpound of fornmula (XVI1), R and R2 ampethgbyorigs

si mul t aneously hydrogen; or a pharmaceutically acceptable salt or solvate
t hereof. Suitable conpounds (i ncl udimgg salts, solvates and pro-drugs
thereof) can be: ((1 R, 5S)-3-Am nonethyl -1

, 5-di et hyl - bi cycl of 3. 2. 0] hept-3-yl)-acetic 10 acid; 18 Cctober 2005 WO
02/ 085839 PCT/1B02/01146 6 ((1 S, 5R)-3-Am nonethyl-1,5 -dinethyl-bicyclo
[ 3. 2. 0] hept - 3- yi(}S.88R) - ém:@m@hylrldpycloHZO]oct-? yl)-acetxc acid;

e

S, 25, 5%) - 2- A (88FEL80)-Soafrimbu@h MlioRise] Ohdn 5.4 aﬁeic%cyd) aceti ¢ Oaci d;
((I R2 S 58)@2§Am n}g}g’?fpg%l -di mt%Z%I]CyC o) dex d2 yl)-acetic
acid; acid; (( Wﬁ%ibwp non-8-y aCCth acid; an
6- di na&t hyl - bi c
((1 Ing)R )518) I2 rﬁS 2§fr3eRt]) Sgwﬁ%‘aﬁ‘ &ré?lﬁg‘ﬁ%rbl C@@Po%iyli'.aﬁ?%e%“ﬁ yl)-acetic
((1R 5R, 6S) - 6- Am nomet hyl - bi cycl o[ 3. 2. 0] hept - 6-yl) -acetic acid,
1% 5% 5 ARl 6 S St B

1S, 5S, 6R) - 6- FRES) oG & acid; cis-((l
(S( 2R, 4S, SRg 3- %&Rnomet hMFA’g‘U dlt%?]hé @%B%@P%Ttyd %']%ﬁ%ﬁ‘éﬁg‘ds yl ) 20a((:<(at I C
aci d: [(1S,58,6R)- 6 (Ammomethyl)blcyclo[B 2.0]hept-6-yljacetic acid;

10 {(1RS,5RS,6R8)-6-(Aminomethyl)bicyclo[3.2.0Thept-6-yl]acetic acid:
[(1IRS,6RS,7SR)-7-(Aminomethyl)bicyclo[4.2.0]oct-7-yljacetic acid; and
[(1RS,6RS,7RS)-7-(Aminomethylbicyclo[4.2.0)oct-7-yljacetic acid.

A particularly preferred compound (including salts, solvates and pro-drugs

15 thereof) is [(1 R,5R,65)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid.

The present compounds can exist in unsolvated forms as well as solvated
forms, including hydrated forms. In general, the solvated forms, including
hydrated forms, which may contain isotopic substitutions (e.g. D20, d6- acetonc

20 d6-DMSO), are equivalent to unsolvated forms and are encompassed within the

scope of the present invention.

Certain of the compounds of the present invention may possess one or more

chiral centers and each center may exist in the R(D) or S(1.) configuration. The

25 - present invention can include all enantiomeric and epimeric forms as well as the
appropriate mixtures thereof. Separation of diastereoisomers or cis and trans
isomers may be achieved by conventional techniques, e.g. by fractional
crystallisation, chromatography or H.P.L.C. of a stereoisomeric mixture of a
compound of the invention or a suitable salt or derivative thereof. An individual

30  enantiomer of a compound of the invention may also be prepared from a

corresponding optically pure intermediate or by resolution, such as by HP.L.C. of



trans-((l S, 2R, 4S, 5R) 3- Am nonet hyI 2, 4-di net hyl - bi cycl o[ 3. 2. 0] hept - 3-

yl)-acetic acid; ((1 18 October 2005
S, 5R, 6S, 7R) - 3- Ani normet hyl - 6, 7- di met hyl - bi cycl o[ 3. 2. 0] hept-3-yl)- acetic
aci d; YHQ 0083839 PCT/IB02/01146

S, 5R, 6R, 7S) - 3- Am nonet hyl - 6, 7-di net hyl - bi cycl o[ 3. 2. 0] hept-3-yl)- acetic
acid; ((1 8

. R 2S,5S) - 7- Ami nonet hyl -3, 3-di nethyl -tricycl o[ 3.3.0.0] oct-7-yl)-acetic
Oacid; ((1 R 6R 7S)-7-Am nonet hyl -bicyclo [4.2. 0] oct-7-yl)-acetic acid,
((1S,6S,7S) - 7- Am norret hyl - bi cyclo% 2.0]oct-7-yl)-acetic acid;

((1R 6R.7 ¢ GOTIGTPORSIRS eI am?btﬂféwl surpoTterdut frectigppld: 18 Oct ober

2005
(15, 65 TR TR YRR sy formed by peastigp of e
((1IR 7R, %Mpewmmmmhtplwwl a cyatdbdd @t&anjr activeBacyd pr Bawe] b aci d,
((1S, 7S, 8S5) - 8- Ami nonet hyl - bi cycl o[ 5. 2. 0] non-8-yl)-acetic acid; ((1
R 7R, 8R) - PR RS et hyl -b icycl o[ 5.2.0] non-8-yl)-acetic acid; and 5
(1S, %S, 8R) - 8- Am nonet hyl - bi cycl o[ 5. 2. 0] non- 8-yl )-acetic aci d Preferred

onpounds (|nclud|n salts, solvates and pro-drugs, thereof)
R 5R, 6S) - 6- B fﬁ?’lﬂ) bf b PHTSIND inyPRdMHR n@-wrﬂjsacléﬁueea%l awtable
S,

1

1S, 5S, 6 |

Te sroRuicdid RTRAOR M b okBbO ot M Ghenliok bECE bt dticdfl

| RS, 6RSac7:Sﬁ)1bl73- fafnibeooudt hyil iptopiclaiafior ob hawinpduyd jofi clet 1m/eﬂ;mmc,r and [(1
RS, 6RS, 7RS) - 7- (A t hy] ) bi 4. t-7-vyl d

parti cul alil‘aﬁmﬁﬁ(’eé‘fryéf}'l O%r}%emﬁ%%&ﬁl%g?f%ﬁ lﬁuéFg‘]&%gaél “‘t"’?%n]é’gf&élf“g@gsglﬁ&e Alos dr ugs
15t hgr €0fy)replicdd(Hy P ﬁls%as @f@s’ﬁﬁl@%tt(g}ﬂlc)ﬁ'rﬁiép bed zh gtUQI]l(bﬁﬁES @fﬁé}éﬁcet I C

acid. The present corrpo can exi st 1n unsolvated forns as wel
sol'vat ed frowr the, atomod udsmglsmlu»r &umd inonatere. Emagpleephlisotepve thal :m]t bd forns,
i ncl udi ng contaln i sotopi c substitutions (e.qg.

% t ed fornms, F
D20, d6- JBEPBARICd Y 6’03986)“15 af e firepugm and pharpacsidisaiby ascspibleand are
enconpassggs ‘tﬁetréﬂfrlnélﬁﬁe isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus,

sulphur, fluorine and chlonne such as 2H, 3H, 13 C, 14C, BN, 17'O, 180, 3 'p, 32P, 35S,

(
c
[ (
((
[(
[(

15 'F and *C), respectively. Certain isotopic variations of the compounds of the
invention and pharmaceutically acceptable salts thereof, for example,.those m
which a radioactive isotope such as H or "*C is incorporated, are useful in drug
and/or substrate tissue distribution studies. Tritiated, i.e., °H, and carbon-14, i.e.,
"C, isotopes are particularly preferred for their ease of preparation and

20  detectability. Further, substitution with isotopes such as deuterium, i.e., *H, may
afford certain therapeutic advantages resulting from greater metabolic stability, for
example, increased in vivo half-life or reduced dosage requirements and hence
may be preferred in some circumstances: Isotopic variations of the compounds of
the invention and pharmaceutically acceptable salts thereof of this invention can

25  generally Bé;' prepared by conventional procedures such as by the illustrative

| methods or by the preparations described in the Examples and Preparations

hereafter using appropriate isotopic variations of suitable reagents.

Since amino acids are amphoteric, pharmacologically compatible salts can
30 besalts of appropriate non-toxic inorganic or organic acids or bases. Suitable acid

addition salts are the hydrochloride/chloride, hydrobromide/bromide,



scope of the present invention. Certain of the conmpounds of the present

i nvention may possess one or nore chiral centers and ead¢hOctebdr@f0may exi st
in the R(D) or S(L) configuration. The 25 present invention can include all
enant i swieed/assged epinmeric fornms as well as the appropr iraraBm/ ity es

t her eof Separation of diastereoisoners or cis and trans isonmers nmay be
achi eved by conventional techniques, g€ 9. by fractional «crystallisation,
chromat ography or HP_L.C. of a stereoisoneric mxture of a conpound of
the invention or a suitable salt or derivative thereof. An individual 30
enanti omer of a compound of the invention may al so be prepared froma

-cor r espondiyArpieride/tadids, syiphete, Mswdphatelindraeqrhosyhate dutlragen phosphats, as by
H P.L. C 0 02{ 085839 8 /] BO2/ 01146, t he, correspondi ng
racemat e 8‘%?%%’ ;ﬁ %‘w %{éﬂg‘% peagt(%he?’/\?éffsy fsauepgbcrafgboé'ﬁ%?nélg ’ic(?ﬁrbslylatt%i)yas cgl li sation
of the dik$dictatedd andirtafirats| ddisylne, Thehyhie,  ®alnkRotatt Buaptatgspondi ng
racemate with a suitable optically active acid or base, as appropriate 5

One enbodPfBHisuiphatenhgeypieseincueRBA-nensylats: tegydaie.libenzate. BicPtiralg.t abl e

| SOt OB C MahisAtd ' i rpaceutically
ncoept bl S0 mofeP AL I GRTRALRE shlcoh i, SRl e R e

i nvent i oresplatea ang hamiraic salts. alidalyle basepiiablrefemed flohebaes whichdefraned as one

in which at | east,one,atom.,10 i s repl aced by. an at om havi t he sane atom c:
nunber bUiPMaR*ESaHF A0 RAMRiPT a8 ﬁPQ‘W’Wﬁgﬁ%?&W%‘%ﬁpﬁ%ﬁal ly found in

nature. Byxagkiing zidc ShARRSdibR#iInG dMarkife, ArPhdid @hRIRd rbRehafRiounds of the
i nvention and pharmaceutically acceptable ~salts thereof include isotopes

of hydr odenzatbmeblysineninegliogens andsdresbplampiosabtsoBalts, witls giigsermasy 1 uori ne and

chl orjisne as. ; H .13 14C, 15N, 170,180, 31p,. 32 35s, 15 15F and
361, es%g% I|nvg'\ éﬁgé??la? ﬁé PSBES i“gﬂbi?riemhesﬁgef[e&ﬁ%b@é" ounds of the

i nvent i onanamdniphaion Gdidicbepbliydsataapinaditns@by aisé Befeaied @r exanpl e, those
In

Zwitterion.

A suitable salt of compounds of the present invention is the hydrochloride

15  salt. For a review on suitable salts see Berge et al, J. Pharm. Sci., 66, 1-19, 1977.

Also may be included within the ﬁresent scope of the compounds of the

invention are polymorphs thereof.

20 Prodrugs of the above compounds can be included in the scope of the instant
invention. The effectiveness of an orally administered drug is dependent upon the
drug’s efficient transport across the mucosal epithelium and its stability in entero-
hepatic circulation. Drugs that are effective after parenteral administration but less
effective orally, or whose plasma half-life is considered too short, may be

25 chem_itally' i}iodiﬁed into a prodrug form. A prodrug is a drug which has been
chemically modified and may be biologically inactive at its site of action, but
which may be degraded or modified by one or more enzymatic or other in vivo
processes to the parent bioactive form. This chemically modified drug, or prodrug,
should have a different pharmacokinetic profile to the parent, enabling easier

30  absorption across the mucosal epithelium, better salt formulation and/or solubility,



whi ch a radi oactive isotope such as 3H or 14C is incorporated, are useful
in drug and/or substrate tissue distribution studies. Tit$Octabeed05 .e., 3H,

and carbon-14, i.e., 14C, isotopes are particularly preferred for their
ease of preparati on and 20 detectability. Further, substitution with

i sot opes g deuterium i.e., 2H may afford cert Lapeutic
advant ages ressgfs?r ng fromgreater netabolic stabili ty,ﬂf‘ﬂm‘]ﬂ@x‘gﬁorrpl e,

increased in vivo half-life or reduced dosage requirenents and hence nmay
be preferred in some circunstances. RF8otopic variations of the conpounds of
the invention and pharmaceutically acceptable salts thereof of this

i nvention can 25 generally be' prepared by conventional procedures such as
by the ill ua'hipﬁiviad/eystdilfﬁé Iamﬁmuorfmbyn imtfafy BPsladiad RNSlifdese rekiragle). n t he

Exanpl es anq?g rat hereafter using appropriate isotopic variations
of suitable ﬁﬁ% %maﬁVﬂﬁﬂﬁbrds are anphoteric, pharmacol ogically
conpati bl e gl t%sﬁé?rbr §91d99de§1%tiv%s Qi/hlépﬁr'iagpbé Q:Tléivélp'ﬁyt ot Exahﬁsw gani c or
organi ¢ aci ds or bases. Suitable acid ition salts are th

hydr ochl ori de/ ctesleraeseor Ima@hSometh!edenW@Wﬁﬂethe viteroR/ ggs8ik o tblE?T/ 1B02/ 01146

hydr oi odj de/ i odi te bi-sul phat ydr ogen
phospha'(tjée acet g{f)bxﬁﬁua%a ?lgty Oglba Tl %160 §(Iell'gia‘l Wn%ﬂr car@é g/ car bonat e,
cansyl at e, D andleritativas; tiat nidOmante Heﬂw&dtﬁ’oﬁi the catloBylicatid, mcrrasyak at e,

mal onate, orotate, gluceptate, ,nmethylsulphate, stearate, glucuronate,
2- napsyl at e, toé@%{? enﬁretrefrﬁ%&%ugmoéarlr RXKBOWILIEATSt hi onat e, nal at e,

mal eat e, crgrat Peplided MM Bay BHEEdAREE b %ﬁ&mr%ﬁspeaﬁ%ﬁ%@ases esyl ate, and
panoat e sal SU| tabl e base salts are ?orrre frombases which form

non-toxic salts Anpeptidg anap be soupied torﬂ@@wmlepulpmaa@gdmbqndébmnhm um cal ci um
magnesi zi nc, i m
tronmet hlzLaUnT‘]l ne, benza{E ﬁﬂ% 0Sjlcjg/)rlls)g"x h@%mdc}?ﬁ%%g’t%n [bﬁulf%w(%!é‘nlgal ts. Salts

W th quaternaryrﬂ:ﬁnam‘mnl umions can aI so be prepared vvlth for exanpl e,
the tetrane anmoni m ion. The co ounds f the invention nmay al so. be
formed as a&? zwqetné’?tr“@ﬁ apaceypmplaig|aba sug ¢f agtio @WBS&H’&‘%‘ bEfe FHEFUAR es ent

invention is therhyefdap Yo bitBodified prodrug form.
(4j Any combination of 1 to 3.

15
It will further be appreciated by those skilled in the art that certain
moieties known to those skilled in the art as "pro-moieties”, for example as
described in "Design of ‘Prodrugs” by H Bundgaard (Elsevier) 1985, may be
placed on appropriate functionalities when such functionalities are present in
20  compounds of the invention also to form a "prodrug". Further, certain compounds
of the mvention may act as prodrugs of other compounds of the invention. All
protected derivatives, and prodrugs, of the compounds of the invention are included

within the scope of the invention.

25 Res'e‘ai'ch has shown that the oral absorption of certain drugs may be
increased by the preparation of “soft” quaternary salts. The quatemary salt is

termed a “soft” quaternary salt since, unlike normal quaternary salts, e.g.,
R-N*(CH3)3, it can release the active drug on hydrolysis. “Soft” quatemary salts

have useful physical properties compared with the basic drug or its salts. Water
30 solubility may be increased compared with other salts, such as the hydrochloride,

but more important there may be an increased absorption of the drug from the



}

15 salt. For a review on suitable salts see Berge et al, J. Pharm Sci.,

66, 1-19, 1977. Also may be included within the present $&6pebef0dShe
conpounds of the invention are polynorphs thereof. 20 Prodrugs of the
above ®wopoesist® can be included in the scope of the inseamuBsznysnti on. The
effectiveness of an orally adm nistered drug is dependent upon the drug's
efficient . transport across. the rruco§iil epitheliumand its stability in
entero- hepatic circulation. Drugs that are effective after parenteral

adm nistration but less effective orally, or whose plasma half-life is
considered too short, may be 25 chemcally nodified into a prodrug form A
prodrug i snigstiheugnateesdd Absonpiesn 1s ghiehmbbalduy topdicf fed datl they 'sol”

bi ol ogi cal |y, i nactive at It ite of acti.on t i ch may.be degraded or
o £ ed SPHsHBRE sl Bl Tand o oees 3 SempBl o P BRRLES pF e e e
bi oact i veurfigfified bl fairg MAH Bidd hotdsee_fwigidh dfdighle tPperdtQY ®e intesth@ul d have a
di fferent pharnmacokinetic profile to the parent, enabling easier 30

absor pti cpitheiwsdnensetieadwinl Thepprodais afier Beewsipnsiairepidby hydrabreh and/ or
rafggggmm 34085839 PCTI | B02101146 10 i nproved

sol ubisl i ty.
system c ‘gftt%ﬁ)eﬁ?%;%’?ﬁ%o an'increaSe in plasma half-life, for exanple).
These chem cal nodifications may be (1) Ester or am de derivatives which

may be cl eaved, by, for ex esterases or ases. For ?ster

exanpl e lip
derivatives, thERcyrelycoligepnd slchc GFFF‘ESh@e_lﬂ‘O@_%f‘r %mqregsae_ AR ety of the
drug ol eise( WYk RO G @RSmisHY oA K8uH5T 1198bia8213 54 henardaoniRy be

derived fromthe carboxylic acid noiety of the am ne noiety of "the drug
mol ecul e gsguk ndthe amiesacidPyarPbptestdefedvhiy dnowaympansr Eowlmgszad! ft specific

or nQpspegific Rprotei.ngses. epti de b oppl ed ] drug nol ecul e
o a2 el treMoBi PIRE St Qafitin &5 e 2D pckiuts P 3B doIS: oty o
t he drug Iu8).emtiel 18sthyvo k1ONGhs AHBBASbY (MRhrplelitd/@ tef@enddrat accunul ate at a
site of action through nenbrane selection of a prodrug formor nodified

prodrug form
One embodiment of the invention can also relate to therapeutic use of the

present compounds as agents for treating or relieving the symptoms of
15  neurodegenerative disorders. Such neurodegenerative disorders include, for example,
Alzheimer’s disease, Huntington’s disease, Parkinson’s disease, and Amyotrophic
Lateral Sclerosis. The present invention can also cover treating neurodegenerative
disorders termed acute brain injury. These may include but are not limited to: stroke,
head trauma, and asphyxia. Stroke refers to a cerebral vascular disease and may also
20 be referred to as a cercbral vascular accident (CVA) and includes acute thromboembolic
stroke. Stroke includes both focal and global ischemia. Also, included are transient
cerebral ischemic attacks and other cerebral vascular problems accompanied by
cerebral ischemia. These vascular disorders may occur in a patient undergoing
_ carotid endarterectomy specifically or other cerebrovascular or vascular surgical
25  procedures m general, or diagnostic vascular procedures including cerebral
| angiography and the like. Other incidents are head trauma, spinal cord trauma, or
“injury from general anoxia, hypoxia, hypoglycemia, hypotension as well as
similar injuries seen during procedures from embole, hyperfusion, and hypoxia.
The instant im)ention would be useful in a range of incidents, for example, during
30 cardiac bypass surgery, in incidents of intracranial hemoithage, in perinatal

asphyxia, in cardiac arrest, and status epilepticus.



(4) Any conmbination of | to 3. 15 It will further be appreciated by those
skilled in the art that certain noieties known to thosel8Kktbedddsn the art
as "pro-nmoieties", for exanple as described in "Design of -Prodrugs"” by H
Bundgadl 8 *¢B¥¥&i er) 1985, may be placed on appropri at ePSTHROGHEI i ti es
when such functionalities are present in 20 conpounds of the invention also
to forma "prodrug”. Further, certain2conpounds of the invention may act
as prodrugs of other conpounds of the invention. Al protected
derivatives, and prodrugs, of the conpounds of the invention are included
within the scope of the invention. 25 Research has shown that the ora
absorption of certain drugs may be increased by the preparation of "soft"
quat ernary sal t A.skilled phyaicennailybes able to detetrpingrble appropfihte sjuatiad fary sal t
since, unlik n%rnal uat ernary salts,_e.%., R—N+(CH%%3, it can rel ease
the acti v@’hb‘i?h B DISGARIDIC tasgr b righ e forapxAnRle: 8ok oe Widletw

physi cal ey QNPRY : ' ' . Water 30
solubiIitsﬁnaygggﬁﬁﬁ%reasegégﬁk%gﬁgﬂ%vﬁﬁﬁhﬁFﬁgﬁg%gﬁ?sﬁﬁgﬁ%EEES t he

hydrochl oride, but nore inportant there may be an increased absorption of

the drug fromjhe 18.0Oct ober 2005 WO. 85839 |1 PCT/|.B02/ 01146 intestine.
| ncreased absd Bffnéﬂdl%eng?l(‘%ﬁéf) e(ﬁ’ﬂ%v“?eé/ tgﬁggff ‘é‘?:‘flp(f‘ﬁ‘%o%ﬁ@ nhggfen can

quat er narbe welill ffabe Geithat ANdcult QEhEIRSpANIA bifie pARIPLKANT shaH-Ti &P

m celles and unionized ion pairs with bile acids, etc., which are able to

penet r at etdrg assaeiatediwith hynepictinidy plithesympatbetienenvoe systeThExpmplisaeg  af t er

absorpti | -api dl: rqly, . | el.ease of t.he.act,jv ar ent

dr ug. Am%r?ggj?éﬁaglg?y%%i g%gngé q%gg}v}n% \éﬁs?%lrt{g ggtgacﬁiﬁgvﬁmgéa“ﬁ olber‘r’l “of ani no
aci ds1q Warigerhimalnétiral glahindi s lodynianChionidusii 16, ushIBP ddfad4d Dhain Jdisiseay bony|
group of the_am no acids, can be esterified by known neans, Prodrugs and
soft 10. dfgs taﬁénwﬁgwq ckudes sgrpatogsaicamnind psyghoggaicprinshgxample e, 1990;

15(4) : 361y chronic pain include pain associated with musculo-skeletal disorders such as
rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, sero-negative (non-
rheumatoid) arthropathies, non-articular rheumatism and peri-articular disorders,

15 and pain associated with cancer, peripheral neuropathy and post-herpetic
neuralgia. Other pain is nociceptive. Still other pain is caused by injury or
infection of peripheral sensory nerves. It includes, but is not limited to pain from
peripheral nerve trauma, herpes virus infection, diabetes mellitus, éausalgia,
plexus avulsion, néufoma, limb amputation, and vasculitis. Neuropathic pain is

- 20 also caused by nerve damage from chronic alcoholism, human immunodeficiency
virus infection, hypothyroidism, uremia, or vitamin deficiencies. Neuropathic pain
includes, but is not limited to, pain caused by nerve injury such as, for example,
diabetic pain. Psychogenic pain is that which occurs without an organic origin
such as low back pain, atypical facial pain, and chronic headache. Other types of

25  painare: inﬂidmmatory pain, osteoarthritic pain, trigeminal neuralgia, cancer pain,
diabetic neuropathy, restless leg syndrome, acute herpetic and postherpetic
neuralgia, causalgia, brachial plexus avulsion, occipital neuralgia, g_éut, phantom
limb, burn, and other forms of neuralgia, neuropathic and idiopathic pain
syndrom_e.

36



368). The last two citations are hereby incorporated by reference One
enbodi nent of the invention can also relate to therapeut igOuskradost he
present conpounds as agents for treating or relieving the synptons of 15
neur od¥Yeme8asi%ve di sorders. Such neurodegenerative di s®}d@B82/9nd¢ ude, for
exanple, Al zheinmer's disease, Huntington's di sease, Parkinson's disease,
and Anyotrophic Lateral Sclerosis. {ghe present invention can also cover
treati ng neurodegenerative disorders terned acute brain injury. These nmay
include but are not limted to: stroke, head trauma, and asphyxi a. Stroke
refers to a cerebral vascul ar di sease and may also_20 be referred to as a
cerebral vasdapter gabiodurant mmuayisa IoYiHe |cqaWweUads PE then My BLPE . stroke.

Stroke 'u?éi:lllljlqe(ﬁ Hgétnxehp(ﬁlgdﬁ%gmgl @%ﬁéssiogc%lﬁ h@e"’lhe ﬁésﬁlg of fn%ihi‘éqg&a?er, e

transi en ceérebral T'sc ¢ attacks an er cerebral “vascul ar probl ens
acconpaned@idity tocaeebisadciiisd hethi gersohhebes, vasididpathidinsongier Therays eccur in a

patient undergqing _carotid endarterectony, speci.fically or other

cer ebr oPHeR fRACRSY Fadeitiy ngew? _zssmsrfaeﬁﬂ af é‘§l°’ieﬁ“féb AKFEEF NG P

di agngst infe UAREH Jhudd’ GEINESt isBnk UG S£TdePFeakion ANBEOGAARINs 3pd t he
like. Qther Incidents are head trauma, spinal cord trauma, or injury from
gener al aapxssion sy pesde arickaydy §lyypentificatipppof alerhdensam patientshgnoask i | ar

i njuries.seen durin ocedures fr e erf usi.on . oxia. The
i nst ant iﬁ'\?@%?‘f‘%‘ﬁ“\?ﬂﬁ Bg “boé’%uag‘élgﬁ'i’er%w 8%‘&‘1‘5‘%“ E?Qi élhé'lg ics?kean 3 {it{g'oﬂ?llﬂéx anpl e,
during 3@yCarshudspshViRASSstS usigLr validaedi Atinge Bdalespfsucht dsactica Magliltbenor r hage,
in perinatal asphyxia, in cardiac_ arrest, and status epilepticus.

! St ,. 18
Qct ober  2BDEsHondtegsSaleorthegBne DR suebiattic Radpe Sale. DHBeernathi | | be abl e
to degerni t ORL| sj.t ' ' | ] ceptible
to or%at Iar:flngi h%?? atfe%? g%(‘}ae% %g,{oskirﬁgo:&gg}agﬂdv\e Sgge %ggff%%%ng?ﬁpggﬁffst roke for
adm ni st aftefa@ondyinnphirads witht depressemensuchneeniisomnidy Aiffierthodviient nay
al so be provided that the compoynds aqf t i nventi pn ca be yseful for the
treat mnfoﬁ?e“géﬂ?‘éqé?ﬁogﬁ?%’ g:fe‘%@igﬁ .O?R(HH eS5aTSY ?‘gpﬁg‘&am S@Hg? flived and
:E>S< aslsoc 65 &t b IMepRIsa6h bY e a9hiitRGciSNitR i ABI0kE A8 YRt HSheM
anpl es are
i Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) referred to
15  as the DSM-IV-R manual published by the American Psychiatric Association,

1994.

The compounds disclosed herein can also be useful in the treatment of

visceral pain, and gastrointestinal disorders. The viscera encompasses the

20 organs of the digestive system. These organs include the sex organs, spleen
and part of the digestive system. Pain associated with the viscera can be divided

into digestive visceral pain and non-digestive visceral pain. Commonly
encountered gastrointestinal (GI) disorders include the functional bowel disorders
(FBD) and the inflammatory bowel diseases (IBD). These GI disorders include a

25  wide rangé“'of discase states that are currently only moderately controlled,
including — for FBD, gastro-esophageal reflux, dyspepsia, the mritable bowel
syndrome (IBS) and functional abdominal pain syndrome (FAPS), and — for IBD,
Crohn’s disease, ileitis, and ulcerative colifis, and all regularly produce visceral

pain. It has been shown recently in these pathologies, in particular the irritable

30 bowel syndrome and dyspepsia, that the visceral pain threshold is decreased,



postoperative pain, such as follow ng a dental extraction, mgraine,
headache, 10 trigemi nal neuralgia and allodynia. Chronicip@ctnber80sual |y
defi ned i ersisting from3 to 6 nonths and includ eni c
pai ns an B@@%ﬁ%ﬁenlc pai ns. Exanples of chronic pain |nc€ @%&%E?%

associ ated wi th nmuscul o-skel etal disorders such as rheumatoid arthritis,
osteoarthritis, ankylosing spondylitisi4 sero-negative (non- rheumatoid)

art hropat hies, non-articular rheumati smand peri-articul ar disorders, 15
and pain associated with cancer, peripheral neuropathy and post-herpetic
neural gi a- ChiehnPAl Psleal *ﬁﬁ'm%ﬁahw el i pdt f¥eichA mnpa@ hetsednoy injury
or infection of periphera sensory lerves |nc Is not limted
t o pai n fr grain pspoiatedrwith desmenotuhas,ye]vib paipesysiitis asd paofogedtiton, di abet es

mel litus, causal gia, plexus avulsion, neuroma, |inb anputation, and
vasculitis. Neuropathic pain is 20 al so caused by nerve damage from chronic

al cohol i sm hungg 'd%‘%@ﬁ(%efldx%rﬁn@y actV k&itdiviely @pbh 001 YRAENNILiHea M
urema, or -vitam n deficiencies. Neuropathic¢ pain includes, but is not

limted tohymmswuydﬂmblyﬂgéﬁﬁe(h%ﬁhmmlIargl) ffwallekbntpﬁszérnenfalqibetl C

Be Tow bachanaih inge e el Gloelinth OF Sedletich - ABaBBRDY ke {ypos

of 25 pai nugsdao tichf mAAHAN byit REbE theapaARIsB it linfte@ BYIGI ddviegBffeals
neur al gi a, cancer pai n, diabetic neuropathy, restless |eg syndronme, acute

herpetic a ﬁﬁ'@s?ﬂ?éloﬁetﬂeﬁtlc i afogmatwreamﬂamgmonb?%&m dnogersmysngdy ul si on,
S
nour al o1 o, SSEHR B Tno@Ritic alRRLATReibl &S00 T AP thoBbliEh o] B0EG Biin. 5005 vo

02/ 0858B9 bt WEGbkd Bﬁé’fkﬁéﬂt{tﬁ uémi Hé:mtam@d uﬁmﬂ;iralmysﬂb seff@to\indedingnmpounds
of the invention.to be. useful in the treatment of depression. Depression
can be thec?lggla?qmbfes(gllr@%yéeﬂp%éolerag%@ﬁﬁgpgsetp@t?gﬂa ss associated wth
personal |oss, or idiopathic in origin. There is a strong tendency for
famlial occurrence of some forns of depression suggesting a

The compound disclosed can also be useful in the treatment of anxiety

and of panic as demonstrated by means of standard pharmacological procedures.

15
Thus, according to a second aspect of the present invention, there is
provided the use of a compound according to the first aspect for use in
medicine.
20

As a third aspect, there is provided the uwse of a éompound according to the
first aspect in the manufacture of a medicament for the treatment of a disease selected
from epilepsy, faininess attacks, hypokinesia, cranial disorders, neurodegenerative
disorders, depression, anxiety, panic, pain irritable bowel syndrome, sleep disorders,

25 osteoarthritis, rheumatoid arthritis, neuropathological disorders, visceral pain,
| functional bowel disorders, inflammatory bowel diseases, pain associated with

dysmenorrheal, pelvic pain, cystitis, pancreatitis and neuropathic pain.

A fourth aspect of the present invention provides a process for the preparation
30 of a compound according to the first aspect comprising: (i) Acid treatment of the

corresponding isocyanate / alkyl of 1-6 carbon atomsh carboxylic acid ester derivative;




5 mechani stic cause for at |east some forns of depression- The di agnosis of
depression is made primarily by quantification of alteratsOasbhdraosati ents'
nood. These eval uations of npod are generally perforned by a physician or
gquantified by a neuropsychol ogist using validated rating scales, such as
the Hamilton Depression Rating Scal el4ar the Brief Psychiatric Rating
Scal e. Nunerous other 10 scal es have been devel oped to quantify and neasure
the degree of nobod alterations in patients with depression, such as

insomia,  difficulty wi.th concentration,.|gack of ener feeli of
wor it e s IR Pt 1 the rRREPRMIAB S lico nost Ry Had) SXobetishr 6eaion as
wel | as alcbrrRSuaih@hit, diRONRmevaiaP kg Seethiighalty s PREROSE () aNd

Statistical nual “of Mental D sorders (Fourth Edition) referred to 15 as

t he DSM | Refugiienue] the udskiespradingynitioe/ Pemyl oardipteypyimethyli estefsdeoiative, on,

1994. The }fﬁpouq%§ gi5ﬁ osquhqyiin can al so be useful in the treatnent of
vi scer al Er‘:fn%% %P¥%$ HR%2E¥§'H% di sorders. The viscera enconpasses the
20 organs of the digestive system These organs include the sex organs,

spl een and paTherefmiyalsei gepiovided Sy sletivd Baitkafss acdindaes sllettbd tiven Vi scer a
can be divided into digestive visceral pain_and non-digestive visceral

pai n. ConfRHAPRYY. dHBmes: epierkgadvmpekinesat jorial( disprdprs o mgeiodeganstative t he

functi onaly; | di (FBR): .and t L.nfl tory: | di es .
(1BD). Thggg ’disggggggﬁ?nclgg%e > 25 &%ﬁg raﬁ%e’of |se§§e sﬂ%ﬁ%@ t hat

are currently only noderately controlled, including -- for FBD,

gastro- esophageal reflex, dyspepsia, the irritable bowel syndrone (IBS)
and functional abdom nal pain syndrome (FADS), and - for IBD, Crohn's

di sease, ileitis, and ulcerative colitis, and all regularly produce
visceral pain. It has been shown recently in these pathologies, in
particular the irritable 30 bowel syndrone and dyspepsia, that the
'visceral. pain threshold is decreased, 18 QOctober 2005 WD 02/ 085839 14 PCTf
MD2/ 01146 indicating a visceral hypersensitivity. O her types of visceral
pai n include the '




pai n associated with dysnmenorrhea, pelvic pain, cystitis and pancreatitis.
Few drugs are known to act selectively upon G disorder-assoebatees 5
hypersensitivity (Farthing M 3. (1998) Drugs 56:11-21) Available '
treatnments of pain fall into two main categories: (1) nonsteroidal

anti-infl drugs, wused to treat mld pain, but erapeutic
use is Ilﬁ?@%‘%y G adverse effects (gastric erosion H@@gﬁ?liﬂm cer
formation, inflammation of the duodenum and colon); (2) norphine and
rel ated opioids, used to treat noderdte to severe pain 10 but whose

therapeutic use is |imted by undesirable side effects including
constipation, respiratory depression, tolerance, and abuse potential 15 20

The conpoundsyfirsme, dBicA §QedifhiiBhimAtbidtanaritid, @aliBMolqicannXi ety  and
of panic as denonstrated by means of standard phar nacol ogi cal procedures.

Thus, accor dlispidersy avisesedrppitasfyaetiongf bawel é‘ﬁ@@@m inflapaearprbowehere i s
provi ded th&?séﬁet%h]? nQSsSéchf%ﬂ?ﬁgs%g%ﬁjﬂeQ %Eﬁﬁ t{fstqt&tanﬁ ClagfiOr use in

medi ci ne. aspec I'S p’r use a conmpound
accordi ng tcnm;imsmgf adnsihisleAfpe at thlempédnmilyaeﬁﬂécami wmeunf ofy arradmpbambnt for the
treat men |seaesel fromepile i nt ness attacks,

hypoki nedi as Iet‘:"?egﬁiog} HP%K@@’%%W&J?%& %QPF%‘?%“&Wders depr essi on,
anxiety, panic, pain irritable bowel syndrone sl eep dlsorders, 25
osteoarthritis, rheumatoid arthritis, neuropathol ogi cal disorders, visceral
pain, functi onalhepbigisigical sefiviter ef thenﬁqrmmgwﬁ tb@m\renums@webe pai n

assomated wth dysnenqrthe el vi c pain, S, creatitis and
neur opat hi cMEsHEd * §oa Aa‘ﬁ ‘ﬁb #5589t UtR& [pﬁi@&m" %@E‘ﬂt of2brovi des a
process for he repar t| on onpo di n t he rst aspect
conpri si ng: ":b ‘%% tpr%cme Btfmt%sénﬁ)e g@?"‘r@ép% gP’O%EVBW % | alkyl of
1-6 carbpn €PKRE @@drb@xﬂ"hhﬂoxﬁq{ Owesdreff GBI, ABVANGEABY ANUBPin/2005 14a (ii)
Hydr ol ysi s of t he corres;) ng cyclic | act am él i1) Reduction of the

Chem., 1996;271:5879- 5776) Results may be expressed in terms of pM or nM

a26 binding affinity.

The compounds of the instant invention may be administered in
15  combination, either separately, simultaneously or sequentially, with one or more
other pharmacologically active agents. Suitable agents, particularly for the

treatment of pain, include:

§3] opioid analgesics, e.g. morphine, heroin, hydromorphone, oxymorphone,
20 - levorphanol, levallorphan, methadone, meperidine, fentanyl, cocaine,
codeine, dihydrocodeine, oxycodone, hydrocodone, propoxyphene,
nalmefene, nalorphine,'naloxone, naltrexone, buprenorphine, butorphanol,
nalbuphine and pentazocine;
(i)  nonsteroidal antiinflammatory drugs (NSAIDs), e.g. aspirin, diclofenac,
25 diflusinal, etodolac, fenbufen, fenoprofen, flufenisal,
flurbiprofen,ibuprofen, indomethacin, ketoprofen, ketorolac,
meclofenamic acid, mefenamic acid, nabumetone, naproxen, oxaprozin,
phenylbutazone, piroxicam, sulindac, tolmetmn, zomepirac, and their
pharmaceutically acceptable salts;
30 (i) | barbiturate sedatives, e.g. amobarbital, aprobarbital, butabarbital, butabital,
mephobarbital, metharbital, methohexital, pentobarbital, phenobartital,



corresponding nitro / acid derivative, which nmay be optionally unsaturated;

or (iv) Reduction of the corresponding nitro / benzyl o138 Ocphengdiret hyl

ester derivative, which naybe optionally unsaturated. There may al so be

provi ded a nmethod for treating a di sease selected from epilepsy,

fai nt nes s, hypokinesia, cranial disorders, n rative

di sorderéyogﬁér‘é)sgé:e%si on, anxiety, panic, pain, irritabl :wb@\%ggﬁ?@ Cct ober

2005 WO 02/085839 PCTI 1 B02/ 01146 15 syndrone, sl eep disorders,

osteoarthritis, rheumatoid arthritis!®neur opat hol ogi cal di sorders,

vi sceral pain, functional bowel disorders, inflanmmatory bowel diseases,

pai n associated with dysnenorrhea, pelvic pain, cystitis and pancreatitis

conpri si ng aotaitstak talgal AhéangiabpkiopencA bhd/theit pledinhocati@lipudteptale a conpound

5 selected fromfornula (1)-(XXV) to a manmal in need of said treatnent.

The bi ol ogi cHiSact i vi ty of the conpounds of the invention may be neasured

in a radiol [igandydahiRRineS SRAYinkS N Gedadivt 9attRRENE LN cﬁ[bﬁ’di&%ﬁoﬁ@ég subuni t

deri ved fro%]g);orci ne brain ti sélge a( Goe N. S. . Br OWIg] J.P., ssanayake 10

V.U K, Oford Jelorazupatel gigzepam, \Ryeniepait, ICraxgpamARANPEADANGEam, Bi ol .

Chem, 1996; 271: - . RBesults. ressed in terms of .Mor nM

a28 bi nd?ng affi%?%@?éﬁag%%%%o %cggtlcgﬁy?%gptgggg agt'réi’t i nvention nmay be

admi ni st er e@)i n Hilintaponisishating o sedeatiteletiors egadiphehydraging)gytiknge)s| y or

sequentially, with one or re other pharmacol ogjcally actiyve agents.

Sui t abl e agent s,prB’QP'?‘?%WP ﬁﬁg?ﬁ?“bﬁamf’ﬁe&l?rfz ‘ﬁ‘EFﬂ“J @F“ B%ﬁ“ﬁf‘ce}“i‘ﬁ‘}p&de: (i)

opi oi d anal gesi Cgcepftatle salf®r Phi ne, heroin, hydronorphone, oxynorphone, 20

| evor phanol, |eval |l orphan, nethadone, neperidine, fentanyl, cocaine,

codei ne, di fyXr ostseiangous oxseddiven e, subly dr a5c o dbrethinpdes poseyprplamate, nahnef ene,

nal or phihe, nal ty (e]all rHh nal buphi ne
8 ot ne: Aeaguald GEHShonae FHERE BEmdhllly BBente

and pentazoci ne; nonst er ol Ds), e.g.
aspirin, diclof enals,

(vit) skeletal muscle relaxants, e.g. baclofen, carisoprodol, chlorzoxazone,

U

cyclobenzaprine, methocarbamol, orphrenadine and their pharmaceutically
acceptable salts,

15 (vii) NMDA receptor antagonists, e.g. dextromethorphan ((+)-3-hydroxy-N-
methylmorphinan) and its metabolite dextrorphan ((+)-3-hydroxy-N-
methylmorphinan), ketamine, memantine, pyrroloquinoline quinone and
cis-4-(phosphonomethyl)}-2-  piperidinecarboxylic acid and their
pharmaceutically acceptable salts;

20 (ix) alpha-adrenergic active compounds, e.g. doxazosin, tamsulosin, clonidine
and 4-amine-6,7-dimethoxy-2-(5-methanesulfonamido-1,2,3,4-
tetrahydroisoquinol-2-yl)-5-(2-pyridyl} quinazoline;

(x) ' tricyclic antidepressants, e.g. desipramine, imipramine, amytriptiline and
nortriptiiine;

25 (xi) anticldnvulsants, e.g. carbamazepine, gabapentin, pregabalin and valproate;

(xil) serotonin reuptake inhibitors, e.g. fluoxetine, paroxetine, citalopram and
sertraline;

(xi11) rmxed serotbnin—noradrenaline reuptake inhibitors, e.g. milnacipran,
venlafaxine and duloxetine;

30  (xiv) noradrenaline reuptake inhibitors , €.g. reboxetine;



25 diflutinal, etodolac, fenbufen, fenoprofen, flufenisal,
fl urbi profen,ibuprofen, indonethacin, ketoprofen, ketorol&octobdretdsof enam c
acid, nmefenam c acid, nabunetone, naproxen, oxaprozin, phenyl butazone,

pi roxi cam sulindac, tolmetin, zomepirac, and their pharmaceutically

accept abl - 30 (iii) barbiturate sedatives, e.g. i tal,
aprobarbi‘?%??mg%&%?abarbi tal, butabital, nephobarbital P‘%@%ﬁ%ﬁ’ﬁéﬁt al ,
met hohexi tal, pentobarbital, phenobartital, 18 Cctober 2005 WO 02/ 085839
PCTI | BO2/ 01146 16 secobarbital, tal bufal, theanylal, thiopental and their

pharmaceutically acceptable salts; (iv) benzodi azepi nes having a sedative
action, e.g. chlordiazepoxi de, clorazepate, diazepam fl urazepam

| orazepam qxayze Bl 1 ki thgidr rgraceutically
accept abl e ga?)tzsfq%?%/y)kan, an?‘g{ggg%?lg%’tgaﬁg@igﬂgmégggga?i vengJg%irggﬁ, e.g.

di phenhydr ami ne, apggonisniaRIR)-piHbbistiefuoremetoyl)wnpie&ipifdine,

chl orcyclizine and.,t heir rampceutical | ceptable salts; (vi)

n scel | aneous sé%@f@?'@%@ﬁ'a gF YIB}?W%’]@AE@WSEQ%?& 10

nmet haqual one, dighl QaphdhenssonadiarRdTARS37), 3 @(Izm?at[tmm[s,saccept abl e
salts; (vii) skeletal nuscle rel axants acl oren, carisoprodol,

chl or zoxhzone, W@if@g@ﬁ@ﬁlﬁ})ﬂﬁé}’u%W&@S%%M?M@rﬁﬁr enadi ne and their
C.'a. " dext r omet her B R e BB 1 ot abol 1 e
dextrorphan ((+)a®pitantcdepijeniandBef{Pypiettorphit nan) , ket ani ne, nenantine,
OO e DR L RBRIBA A 8 b e s o
(xvi} Muscarinic antagonists, e.g oxybutin, tolterodine, propiverine, tropsium
10 chloride and darifenacin;
{xvii) PDEV inhibitors such as sildenafil, vardenafil and Cialis (Trade Mark);
{xviii) COX-2 inhibitors, e.g. celecoxib, rofecoxib and valdecoxib;
{xix}) Non-selective COX inhibitors (preferably with GI protection), e.g.
nitrofturbiprofen (HCT-1026);
15 (xx) coal-tar analgesics, in particular, paracetamol;
(xxi) neuroleptics, such as droperidol;
(xxit) Vanilloid receptor agonists, e.g. resinferatoxin;
(xxin) Beta-adrenergic compounds such as propranolol;
(xxiv) Local anaesthetics, such as mexiletine;
20  (xxv) Corticostenods, such as dexamethasone
(xxvi) serotonin receptor agonists and antagonists;
{(xxvii} cholinergic (nicotinic) analgesics; and

{(xxviii)miscellaneous agents such as Tramadol®;

25 Cofﬁbinations of the compounds of the present invention and other
therapeutic agents may be administered separately, sequentially or simultaneously.
Thus, the present invention extends to a kit comprising a compound of formula
(D-(XXV), one or more other therapeutic agents, such as those listed above, and a

suitable container.
30



20 (i x) al pha-adrenergic active conpounds, e.g. doxazosin, tansul osin,
clonidine and 4-am no-6, 7-di met hoxy- 2- ( 5- met hanesul f onans detobsr20®, 4-

t et rahydr oi soqui nol -2-yl)-5-(2-pyridyl) quinazoline; (x) tricyclic
antidepressants, e.g. desipranine, inmpramne, anytriptiline and
nortripti (xi) anticonvul sants, e.g. carbamaz apent| n,
pr egabal |vkbgzﬁﬂ 55\%/% proate; (Xii) serotonin reuptake i ﬁﬁ?@@?%@g&

fl uoxeti ne, paroxetine, citalopramand sertraline; (xiii) m xed

ser ot oni n- nor adrenal i ne reuptake inhi®itors, e.g. mlnacipran, venlafaxine
and dul oxetine; 30 (xiv) noradrenaline reuptake I nhibitors, e.g.

reboxetine; 1 8 COctober 2005 WO 02/ 085839 PCT/|1B02/ 01146 17 (xv) Tachykinin
(NK) ant agoni st s mhpahjdhtcrn Nenfion 1 oilhodalnetbut wiilt agoni st.s,

(aR, 9R)-7-[ 3, 5- bls(trlfluororrethyl)benz l]-8,

t et r ahydr o- EeREelhyhe adminjstered inan sk S[ultabla,pha@mmmaho[ 2, 1-

gl [1, 7] naph )-I-[3,55
bis(trifl uoér)%ir "Q‘@r?ﬁﬁg‘ﬁ;ﬂf Qf{iﬁ%rfy]pg (?‘iz% Teggrg%%gér%ﬁg@ﬂ%&é%

nmor phol i nyI jdmatiltydtion an®stahidandphemBickuticd placticd. Hzpproprista @uxilidfic8 64) ,

| anepi t nt..and 2- met hox

(tri 71 uo onke ROR LRGP PRt A RO miret Favghisecglonene Biess) (xvi)
Muscar i ni c SOMPAGRT b IhSinvention ey BeIbf BambdRdté-ddsicRe moRlfRRI, VildiRg. tropsium
10 chlori de&d@darlérec{llggl n; q(ﬁ;l i) PDEV i nhi bitors such as sildenafil,
vardenafi | CE ALY -ggieas %); (xviii) COX-2 inhibitors, e.g.

cel ecoxi b, rofecoxib and val decoxi b; (xix) Non-sel ective COX i nhi bitors
(preferably with G protection), e.g. nitroflurbiprofen (HCT-1026); 15
(xx) ecoal -tar ari‘é)legespmmds ofinyeation culbardminstack farimple bubdio) neur ol epti cs,
such asl(gr

Olnmxtedqo the following route: orally, buccally or sublingnally in the form of
tablets, capsules, multi-and nano-particulates, gels, films (incl. muco-adhesive),
powder, ovules, elixirs, lozenges (incl. liquid-fitled), chews, solutions,
suspensions and sprays. The compounds of the invention may also be
administered as osmotic dosage form, or in the form of a high energy dispersion

15  oras coated particles or fast-dissolving, fast -disintegrating dosage form as

descnibed in Ashiey Publications, 2001 by Liang and Chen. The compounds of the
invention may be administered as crystailine or amorphous products, freeze dried
or spray dried. Suitable formulations of the compounds of the invention may be in
hydrophillic or hydrophobic matrix, ion-exchange resin complex, coated or

20 uncoated form and other types as described in US 6,106,864 as desired. Such

pharmaceutical compositions, for example, tablets, may contain excipients such as
microcrystalline cellulose, lactose, sodium citrate, calcium carbonate, dibasic
calcium phosphate, glycine and starch {preferably com, potato or tapioca starch),
mannitol, disintegrants such as sodium starch glycolate, crosscarmellose sodium

25 and certaiil‘_(':omplex silicates, and granulation binders such as

polyvinylpyrrolidone, hydroxypropylmethylcellulose (HPMC), triglycerides,
hydroxypropylcellulose (HPC), bentonite sucrose, sorbitol, gelatin and acacia.
Additionally, lubricating agents may be added to solid compositions such as
magnesium stearate, stearic acid, glyceryl behenate, PEG and talc or wetting
30  agents, such as sodium laury} sulphate. Additionally, polymers such as

carbohydrates, phospoholipids and proteins may be included.



(xxii) Vanilloid receptor agonists, e.g. resinferatoxin; (xxiii)
Bet a- adr ener gi ¢ conpounds such as propranolol; (xxiv) Lo88kiocher2683 heti cs,
such as nexiletine; 20 (xxv) Corticostenods, such as dexamet hasone (Xxxvi)
serotonin receptor agonists and antagonists; (xxvii) cholinergic

(nicotini ;) esics; and (xxviii)m scellaneous age
Tr amadol (‘& ;Of}%é%onbi nati ons of the conpounds of the p?é@lgw&lq%vent I on and

ot her therapeutic agents may be adm nistered separately, sequentially or
si mul taneously. Thus, the present ih¥ention extends to a kit conprising a
conmpound of . forrmula (1)-(XXV), one or nore other therapeutic agents, such
as those listed above, and a suitable container. -30 IS Cctober 2005 WO
02/ 085839 PCTI 1 B02101146 18 The conpounds of the invention can be

admi ni stered alone but will _generally be adninistered in an_adm xture with
sui t abl e phar nacdastidisaprsing eedipsobingdesage domulatiopssFOEFshiay qoglais el ect ed wit h

regard to t fd%}"g‘%j‘ﬁ eﬂlgﬁﬂ%%s mgqg%smfﬁﬁ{s&geg@gg%cs&%dard phar maceuti cal

practice. app te auxiliaries can Auxiliaries are
preservati vergscaamliosmsodmantmpGMdamdmszodncmiﬂ@ﬂryhamﬁateTé'ulafl conpound of the
| at e nodi fi.ed-, sust pul sed-

o cont 7o) 1 ERluloge. St Ty Ba Doy A b e SR GRSt R G i Pl st or d.

for exanpl embtuil lﬁahacrﬁﬁle,lmm f8Quring, hdlgethydde@¥coy ﬁﬁ@é&tsﬁ:cagﬂ&bhy, buccal I'y or
sublingually in the formof tablets, capsules, nulti-and _nano-particul ates,

gels, fil nsxlemﬁasodlm@@r@cab@gl%ao rmTpﬁmﬂrﬁmemﬂ webitod py ilifad. Thegzenges
(i nCl . liqu eﬂn{] i ﬂe?s%) or(alik@c\ﬂﬁn §§+SU& h@&ﬁ 1o %e@&ﬁ:ﬂ:%l% @éﬂgnd%ﬂr ays. The

conpounds o e nvent i on ma SO0 m ni stered as osnotic dosage
form or i nupodndhd sptubilisy ofthédgh sehstnepyusell, $ pevisrothe drug substance is
10  insoluble a fast dispersing dosage form can be prepared and where the drug

substance is soluble a fast dissolving dosage form can be prepared.

The solid dosage form, such as tablets are manufactured by a standard
process, for example, direct compression or a wet, dry or melt granulation, melt
15  congealing and extrusion process. The tablet cores which may be mono or multi-

layer may be coated with appropriate overcoats known in the art.

Solid compositions of a similar type may also be employed as fillers in

capsules such as gelatin, starch or HPMC capsules. Preferred excipients in this

20  regard include lactose, starch, a cellulose, milk sugar or high molecular weight

polyethylene glycols. Liquid compositions may be employed as fillers in soft or

hard capsules such as gelatin capsule. For aqueous and oily suspensions, solutions,

syrups and/or elixirs, the compounds of the invention may be combined with

various sweetening or flavouring agents, colouring matter or dyes, with

25 emulsifying ._a‘ndfor suspending agents and with diluents such as water, ethanol,

propylene glycol, methylcellulose, alginic acid or sodium alginate, glycerin, oils,

hydrocolloid agents and combinations thereof. Moreover, formulations containing

these compounds and excipients may be presented as a dry product for
constitution with water or other suitable vehicles before use.

30



15 or as coated particles or fast-dissolving, fast -disintegrating dosage
formas described in Ashley Publications, 2001 by Lianglafdobirenos The _
conmpounds of the invention may be adm nistered as crystalline or anorphous
products, freeze dried or spray dried. Suitable formnulations of the
conpounds,,Af invention may be in hydrophillic or ic matrix,
ion-exchzwggm@gg?n conpl ex, coated or 20 uncoated forﬁgéﬁégggﬁgi types as
described in US 6, 106,864 as desired. Such pharmaceutical conpositions,
for exanple, tablets, may contain ex2@pients such as nicrocrystalline
cellul ose, lactose, sodiumcitrate, calciumcarbonate, dibasic calcium
phosphate, glycine and starch (preferably corn, potato or tapioca starch),
manni tol , di sint eQy@A tEermSHERArADnSRMEN RIS NusPelGots 24 entil@sscar mel | ose
sodi um 25 and certain. conplex silicates, and granul ati on binders such as

pol yvi nyl pyrieotxamplee waley o watorremyenee yop| scdutions.d9e pupRigee) injeackeny| yceri des,

hydr oxypr opyl. G all | tin and
avaci o AR bisHieists phf e fonAREO T (R EHT Ao Bl Nehiine BfE0D

conposi t i onshtisahAqeoussaltias suitabdd Paval wse cai bapregarald ydlissglvingdhe/l  behenat e,
PEG and talc or wetting 30 agents, such .as .sodju Iaur%$.sulgggte.

Addi ti onal | FAVHSPURATFY IR T a‘@éﬂ'go%‘ﬂ%? splgants Hlayors, MaPAPEa S nd pr ot ei ns
may be i ncl ihetfehingl Spdit RRREiIred0 Aquddhl QpBRRAS ninielt 10BRZ Qid é6 89 Fast

di spersing or dlssp%vhng dosage fronul ations (FDDFs) may contain the

fol | owi ng i Madeely dispessing thefinebneividsd estivef empopet is ialemWity) Yifqons aci d,
croscarnel | -50(| i . i -Di i Y, yl ate, ethyl
5 cel | ul osef,ﬁﬁgg atgillér}:l%gg r ogéﬁrsgﬁgﬁﬁe y ’qggelﬁﬁ’ﬁpgg%%llr?&é%eiﬁdﬁﬁ stearate,
manni tol , cahdxyinethplcéihdosy,l2ad ethemwell-kifowasospendigg agentsy et hyl ene gl ycol , funed
silica, &ilicon di oxi de, sodium starch glycol ate, sodium stearyl fumarate,
sorbi t ot or xylitol. The terns dispersing or dissolving as used herein to
describe FDDFs' ang coapamdestihe poRnt ihh@iis@talitdoite ¥dmfnisidiead 6l ug subst ance

used, i.e. where the drug substance is 10 insoluble a fast dispersing
dosage f or mnisatiory thabis dptapverpusiydintrreyssulafly igfragatancously,

intraduodenally, or intraperitoneally, intraarterially, intrathecally,

intraventricularly, intraurethrally, intrasternally, intracraniatly, intraspinally or

15  subcutaneously, or they may be administered by infusion, needle-free injectors or
implant injection techniques. For such parenteral administration they are best
used in the form of a sterile aqueous solution, suspension or emulsion (or system
so that can include micelles) which may contain other substances known in the art,
for example, enough salts or carbohydrates such as glucose to make the solution

20  isotonic with blood. The aqueous solutions should be suitably buffered
(preferably to a pH of from 3 to 9), if necessary. For some forms of parenteral
administration they may be used in the form of a sterile non-aqueous system such
as fixed oils, including mono- or diglycerides, and fatty acids, including oleic
acid. The préparation of suitable parenteral formulations under sterile conditions

$25  for examplé :lyophilisation is readily accomplished by standard pharmaceutical

techniques well-known to those skilled in the art. Alternatively, the active
ingredient may be in powder form for constitution with a suitable vehicle {e.g.

sterile, pyrogen-free water) before use.

30 Also, the compounds of the present invention can be administered

intranasally or by inhalation. They are conveniently delivered in the form of a dry



substance is soluble a fast dissolving dosage formcan be prepared. The
solid dosage form such as tablets are manufactured by algODamwbar2d05 process,
for exanple, direct conpression or a wet, dry or nmelt granulation, nelt 15
congeal i ng and extrusi on process. The tablet cores which may be nono or

mul ti- | r be coated with appropriate overcoatsg&cqﬁm in the art.
Solid coarr?:‘)@solzﬁgl%gsﬁs of a simlar type may al so be enpl oye 2'rbll‘ltf'ﬁl lers in

capsul es such as gelatin, starch or HPMC capsul es. Preferred excipients in
this 20 regard include | actose, star@h, a cellulose, mlk sugar or high

nol ecul ar wei ght pol yet hyl ene gl ycols. Liquid conpositions may be enpl oyed
as fillers in soft or hard capsules such as gelatin capsul e. For -aqueous

and oi ly suspeet Rither 3¢leUbd & RitxtureS Ik RN 8/dBY bRhd ¥ithSlactddi€oicpMPOUNds  Of
the invention may be conbined with various sweetening or flavouring
agent's, col ouixedgompanertrpagiclel fersxample vithophesphiblinids)ifrag aday pywdsuspendi ng
agents and w i 4 | ene col ,

met hyl cel | u}é%raslgr, &J(ﬂl gﬁﬁ%"g Slgrgf Ere%e?xta\;i@%ﬁ{ijmmaﬁ%%%de?mg liegé)ru?l ’,Spg%ylx’/s,

hydr ocol | oi elomipen{pseferablycmndiomatr wing dévavieaiodyhimieo vwe prodicer anfihat i ons

cont ai ni pg th,gse cgﬁfound and exci pjents gag/ be lgresen ed as a dry
product for ™HoNE PSP Vi (W WHIWE 18T USE 1dr @ SU1Hble RIORFUAc fds bef ore use.
30 18 Cct obe&m%ﬂﬁﬁm%%ﬁé%&%?&iﬂ&&%&ihﬁé1{!1@111%90&&@1&5#&1'&1%[“ preparations

i ncl ude sol utions, suspensions, and emul sions, for exanple, water or water

propyl ene ghydrefluosesikans siel as tdsl Higtratucseathang (s t3bMh [tradequark]) 5F epar at i ons
can be formlat R ! i I e e ol ution.
Aqueous som’tl?bzﬁglgﬁ?@%#@p? (ﬁ)rahé(;l(ai ?gzé %gﬁg%e&g%bpg%g%k ﬁ‘g’g{?ﬁs%m ving the 5
active conptmthat perfluovatatd ayddocardbdn rsgels s Paiflubrono(taadanhark) bt avder s,
stabilizjng and thickening agents as.desired. Aqyeous suyuspensions suitable
for oral%bu.s%u?léglﬁ e ’E‘aﬂi‘g ‘%f/e g??p@fef’ taﬁfé’sgli’ ﬁ@ a"%‘]‘g@i“&@dﬁﬁ’cf’?ve conponent
in water W Hdleriifed HBySproviBing al vhllve 16 Welived S M@értd ot SHR!R&kIfseduUNs, resins,
met hyl cel | ul ose, sodi um ) ) )

container, pump, spray, atomiset or nebuliser may contain a solution or

suspension of the active compound, e.g. using a mixture of ethanol (optionally,

aqueous ethanol) or a suitable agent for dispersing, solubilising or extending

15  release and the propellant as the solvent, which may additionally contain a

lubricant, e.g. sorbitan trioleate. Capsules, blisters and cartridges (made, for

example, from gelatin or HPMC) for use in an inhaler or insufflator may be

formulated to contain a powder mix of the compound of the invention, a suitable

powder base such as lactose or starch and a performance modifier such as 1-

20  leucine, mannitol or magnesium stearate,

Prior to use in a dry powder formulation or suspension formulation for
inhafation the compound of the invention will be micronised to a size suitable for
delivery by inhalation (typically considered as less than 5 microns).

25 Micronisati():ﬁ could be achieved by a range of methods, for example spiral jet
milling, fluid bed jet milling, use of supercritical fluid crystallisation or by spray
drying.

A suitable solution formulation for use in an atomiser using
30 electrohydrodynamics to produce a fine mist may contain from 1pg to 10mg of

the compound of the invention per actuation and the actuation volume may vary



car boxymnet hyl cel | ul ose, and ot her well-known suspendi ng agents. 10 The

conpounds of the present invention can al so be adm ni st erni@achyer 200§ ecti on,
that is, intravenously, intramuscularly, intracutaneously,
i ntraduodenal |y, or intraperitoneally, intraarterially, intrathecally,

I ntraventgi y, intraurethrally, intrasternally, i I ally,
intraspiﬁgbﬁy&§%%15 subcut aneously, or they may be adnphﬁﬂﬁéﬁﬁﬁ;by

i nfusion, needle-free injectors or inplant injection .techniques. For such
parenteral adnministration they are b@8t wused in the formof a sterile

aqueous sol ution, suspension or emulsion (or system so that can include
m cell es) which may contain other substances known in the art, for exanple,

enough. sal t e, £ HOCTRLATerd UsknAoRlHEPBmbRRSmiRR Al ML on 20

i sotonic with bl ood. eous solutions should be suitably buffered
(preferably inventiopHpodpyfenenglgcol,0 s@dile whteneethsixdr ygnd Bodiumowrkofide: ns  of

par ent er al dm nistration they be used in.the.fo of a sterile
non- aqueous ptg Slvgnts may ¢ |ex‘§$§? |P§‘,°ei° JTORYIRS %WEJ[T}O YR yceri des,

and fatty agjygéioldf@gjyg@@]agegw@ﬂ_c acid. The preparation of suitable
parenteral tornul ations under sterile conditions ~ 25 for exanple

| yophi | i 3ation is readil y acconpl i shed by standard pharnmaceuti cal

techni ques vel |- kifghiivk0, hROSEM diak ihvbalioe il be afhkiislay | vely, the

active ingredient may be 1n po formfor constitution with a suitable
vehi cl e (e. tppically ®rthé skin, pyucopedermalbeoransseymablyf frexample, iBthe Mmoo, t he

conpounds of .th nesent ..invention can.be adm nistered ,intranasally or by
el at | on. Ot HPREEIvem<aRE Caar JARSAt P PR GRS ary 18’ ot ober
2005 WO 02/ @5 &fin, Rh/phRA 24 dfdrd Afp Rt PRWES! fikres, bhelagd hidréemidlsiom m xture, for
exanple a dry blend with [actose, or a m conponent particle, for

exanpl e i t AdsospeEPrshegol. fhos ik aHE’l:S¢3‘|if{§n\ﬁ:fgg componadsett thsnnventicfer osol  spr ay
L L S

following: mineral oil, liquid petrolatum, white petrolatum, propylene glycol,

polyoxyethylene polyoxypropylene compound, emulsifying wax , fixed oils,

including synthetic mono- or diglycerides, and fatty acids, including oleic acid,

15  water, sorbitan monostearate, a polyethylene glycol, liguid paraffin, polysorbate

60, cetyl esters wax, ceteary! alcohol, 2-octyldodecanol, benzyl alcohol, alcohols

such as ethanol. Altematively, penetration enhancers may be used. The following

may also be used polymers, carbohydrates, proteins, phospolipids in the form of

nanoparticles (such as niosomes or liposomes) or suspended or dissolved. In

20  addition, they may be delivered using iontophoresis, electroporation,

phonophoresis and sonophoresis.

Alternatively, the compounds of the invention can be admmistered
rectally, for example in the form of a suppository or pessary. They may also be
25 administeré(i by vaginal route. For example, these compositions may be prepared
by mixing the drug with a suitable non-irritant excipients, such as cocoa butter,
synthetic glyceride esters or polyethylene glycols, which are solid at ordinary

temperatures, but liquefy and/or dissolve in the cavity to release the drug.

30 The compounds of the invention may also be administered by the ocular

route. For ophthalmic use, the compounds can be formulated as micronised



5

e.g di chl orodi fl uoronet hane, trichlorofl uoronethane, 18 October 2005
di chl orot etrafl uoroet hane, a hydrofl uoroal kane such as
1,1,1,2-tetrafl uoroet hane (HFA 134A [trade mark]) or

1,1

, 1, 2, - taf | uor opropane (HFA 227EA [trade mar rbon di oxi de,
a furthgyégéwgﬁgorinated hydr ocar bon such as Perflubr%%h??ggag;nark) or
other 10 suitable gas. In the case of .a pressurised aerosol, the dosage
unit may be determ ned by providing2a valve to deliver a netered anount.

The pressurised container, punp, spray, atom ser or nebuliser may contain
a solution or suspension of the active conpound, e.g. using a m xture of

et hanol ~(optsheRadidng in isBRHROMS adhdhal) Stbrile Q4ling, GrlrbRiMbE;, &0RMkioA di sper si ng,
sol ubi |l i si ng or _extendi ng 15 rel ease and the propell’ant as the sol vent,
whi ch may ad#fitenie Rk adipstea steailesatine. Anplyrees may b@.agr.?edmlbasmssqdri ol eate.

Capsul es, bti rin X . | elatin or
HPMC) for %dek%? ﬁ&g%ﬁ‘{r]%hagﬁéé&Wﬁgﬂﬁ?ﬂg%%{owﬁgfﬁb%%#’ g’rs it F%[Rgg to contain a
powder m x (@fg. bydzoxypropgimethybdellilbse, hyiventihplelldossunéthidlcellulge)er base such
as Iactosse or starch %nd a performnce rmdifiler sugyh as |-.20 |eucine,

manni t al® or? MAGARYSAeRbeTds holmer (g5 igglan gym); s Altpmatively, heX BB or nul at i on or
suspensi on fofthiildedin @rvidtient sucHaIpeirdlOnt drenis@ERAUREoBbrated entd BiveNnt i on wi | |
be micronised to a size suitable for delivery by inhalation (typically
consi der ed $pgradable (a5 ghsothahiegelonanges, zsllager) gmosdiadseradable (Bgbe achi eved by a

range of 3 : I pj et ok L ng: ' jet mlling,
use of sur[;gs'trll?.:h;B |gt§)i Iglgﬁh%s%iﬁg‘g’ccrﬁgéf gﬁ%lk Sgﬁllgﬁﬂ%k’ia@@%ﬁlﬁd{g& Irq%g?c?}lgﬁg. A suitable
sol uti on f csystemasichns hivsommser liposamesat Romasletionsshaydbe opfommllgct r ohydr odynani cs

to prodyce a fin L, Sst._may contajn from1.Vg 10.10 ..t he conpound of the
i nventi on p‘ﬁ)@b&eﬁﬁ‘ﬁ 'a(ﬂ{esﬁﬁ'an‘f%ﬂ‘chéf %W%W“ngcm&?@.a%m}l’ ?@'Oct ober 2005
WO 0210858 38ayeldeliBited (stdhibntdphokdsBN eyt Baylddd be abminiRbed@in thoamu! at i on may
conprise a conpound of the _invention, propylene glycol, sterile water,

et hanol andisEdpisRamplediuf ppt limited to the drops.

The compounds of the invention may also be used in combination with a

15 cyclodextnn. Cyclodextrins are known to form inclusion and non-inclusion
complexes with drug molecules. Formation of a drug-cyclodextrin complex may
modify the solubility, dissolution rate, taste-masking, bioavailability and/or
stability property of a drug molecule. Drug-cyclodextrin complexes are generally
useful for most dosage forms and administration routes. As an alternative to direct

20 complexation with the drug the cyclodextrin may be used as an auxiliary additive,
€.g. as a carrier, diluent or solubiliser. Alpha-, beta- and gamma-cyclodextrins are
most commonly used and suitable examples are described in W0-A-91/11172,
WO-A-94/02518 and WO-A-98/55148,

25 The t‘_erm ‘administered’ includes delivery by viral or non-viral techniques.
Viral delivery mechanisms include but are not limited to adenoviral vectors,
adeno- associated viral (AAV) vectors, herpes viral vectors, retroviral vectors,
lentiviral vectors, and baculoviral vectors. Non-viral delivery mechanisms include
lipid mediated transfection, lipsomes, immunoliposomes, lipofectin, cationic

30  facial amphiphiles (CFAs) and combinations thereof. The routes for such delivery

m st) or nebuliser, with or without the use of a suitable propellant,



Al ternative solvents may be used in place of propylene glycol, for exanple
gl ycerol or polyethylene glycol. 5 Alternatively, the conmpoubs 2065 t he

i nventi on maybe admi nistered topically to the skin, nucosa, dernmally or

t r ansd®o81/08p835%f or exanple, in the form of a gel, hydrogeiasokoiiden,
solution, cream ointnent, dusting powder, dressing, foam film skin
patch, wafers, inplant, sponges, fibpgs, bandage, m croemulsions 10 and
conbi nati ons thereof. For such applications, the conpounds of the invention
can be suspended or dissolved in, for exanple, a mxture with one or nore
of the follow.ng: mneral oil, liquid petrolatum white petrol atum

propyl ene aypms inglyde hut arempt dratcdde pniepsrlorprle REALRATEIERY, enul si fyi ng

wax, fi xe(%amdi&esﬁdalp’%[g{gjlm sai @l idudgono- or diglycerides, and fatty
acids, including oleic acid, 15 water, sorbitan nonostearate, a

pol yet hyl ene glycol, liquid paraffin, polysorbate 60, cetyl esters wax,
cetearyl al cohgl, .2-octyl.dqgdecanol., benzyl .al cohol,. al cohols_ such as
cthanol . Al er{i PERGEEHER ATt Bterety SRAR GeShEemThLSieB | ow ng
may akso fafmUgRd pRYaiiBRSis Gabdiofedr &it6Sunipr 8set NSontBHRFP AbpRbASE N the
formof nanoparticles (such as niosones or |iposones) or Suspended or
di ssol vediuaptiigsoohighei agteys, campancpiny Thise ugd| Josage doms icay heontmpkagedsi s,

el ectrop i r esi d;: p S| S. ernatively, the
corrpoundggrgédr% e |tﬁ€g’%@§%§ C%Z‘klﬁ%@ga(ggn&%s e'n“(rngI e & r%?zfrj"} ,'oq’osrucéxaérrpl ein

the for mmkkaed ugias] taisylesy apegRawvders Theyalsay ahpoulee Akoadné Ringt er ed by
vagi nal route._ For exanple, tlhes conpositions may be prepared by m xing
the drug 49588¢ forecandi & caplssy fatlefnrachehqsilarnge isglhondt emcemthsut t er

synt hgt i er I e I I LGE id at
o di gy y PPSHESIS HEmES’ Of Sn ol R FapeAirEs, The bRy ULaAR T,
rel ease tdeenponeng. in30uifih dosopepanatien ofayt be vanedkot adjnsted frah 01 e to

For mul at ok s oo oty PatSRiRs oarmIBHSh i D SO RIS Pel RB0BDEL 4
component. In medical use the drug may be administered three times daily as, for
example, capsules of 100 or 300 mg. In therapeutic use, the compounds utilized in

15  the pbarmaceutical method of this invention are administered at the initial dosage
of about 0.01 mg to about 100 mg/kg daily. A daily dose range of about 0.01 mg
to about 100 nig/kg is preferred. The dosages, however, may be varied delﬁending
upon the requirements of the patient, the severity of the condition being treated,
and the compound being employed. Determination of the proper desage for a

20  particular situation is within the skill of the art. Generally, treatment is initiated
with smaller dosages which are less thanrthe optimumn dose of the compound.
Thereafier, the dosage is increased by small increments until the optimum effect
under the circumstances 1s reached. For convenience, the total daily dosage may
be divided and administered in portions during the day, if desired.

25

The pharmaceutical composition according to the present invention can, if
desired, also contain one or more other compatible therapeutic agents. In
- particular, the composition can be combined with any one or more compounds

useful in the treatment of pain, such as those listed above.



23 suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as
solutions in isotonic, pH adjusted, sterile saline. A pofgoeber2eds be added
such as @SRy nked pol yacrylic acid, polyvinylal cohol pcloymizren i c aci d,
a cellulosic polymer (e.g. hydroxypropyl nethyl cellul ose,

hydr oxyet hyl cel | ul ose, nethyl cellul os }’ or 5 a heteropol ysacchari de
polymer (e.g. gelan gun). Alternativelg, they may be formulated in an

oi nt nent such as petrolatumor mneral oil, incorporated into bio-
degradabl e (e. gThafs@ritfablagp@elofsthongesnt to¥dntigrprovidenanphirodegradhbl e
(e.g. silicone) inplants, wafers, drops, |enses or delivered via

parti cul at €OBPORIEEN ceABPrising st etsTapaetcally giTeetbrR smpnt | ofo 2o fe@poUnd

Formul ati o b [ I 0,,.qonbj | t S as
benzal koni gsRRiney fosdht | 92 gifeef i H bileHalluisafty MEGRANR! bficr 596

i ont ophor e ghsrmadeeycalreyngositionemagrlsi sérepest bue tonener pharmscolggitaly exanpl e
but not limted to the drops. The conpounds _of the.invention nmay al so be
used in cofSlivaigdts audRors thamopg phamaceitically ascePERLSEFTIHS are known to
forminclusion and non-incl usion i igégug nol ecul es. Formati-on
of a drug-cyclodextrin conplex ma Z ubility, dissolution
rate, taste-masking, bioavailability and/or stability property of a drug
mol ecul e. Drug-cycl odextrin conpl exes are generally wuseful for nost dosage
forms and adm ni Jheabioun composnds pan bp santhesisedt from the kiterast (120 (12)

conpl exati on . wi th th i u he cygl odextrin. may be u .as an auxiliary
addi ti ve, Q"fl‘é".v’ lgsw}élgllg‘r P\q%lrp‘ %af%lﬁlgﬁ?mgpe%nﬁﬁl‘y’f é’gra.gg‘%l‘pha-, beta- and
gama- cycl odextrins are nost comonly used and suitable exanples are
described in WO A-91111172, WD A-94/02518 and_ WO A-98/55148. 25 The term
“adnini stered' includes delivery b{ viral or npn-viral techniques. Viral

del i very nmechani sns include but a not limt to adenoviral vectors,
adeno- associated viral (AAV) vectlef%2 herpes ral vectors, retroviral

vectors, lentiviral vectors, and "bacul ovirakrgetors. Non-viral delivery
mechani sns include lipid m&*diatedﬁransfectiqfég,S | i psonmes, i nmunol i posones,
| i pofectin, cationic 30 facial anphlphiles ( ) and ¢pnbi nations thereof.
The routes for such deliwgry 18 Cctober 2005 9
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Intérmediates of formulae (1) to (6) above are believed to be novel and
constitute a further aspect of the present invention. Parficularly suitable

intermediate ketones according to the present invention are selected from:

G o]
| * (a) O™ (4a) and (5a)

15



WO 02/ 085839 PCT/ 1B02/ 01146, 24 mechani sns include but are not limted to
mucosal , nasal, oral, parenteral, gastrointestinal, topilgéktobée 200tbl i ngual
routes. The pharmaceutical preparation is preferably in unit dosage form
In such 5 formthe preparation is subdivided into unit doses containing
appropri ities of the active conponent. The unj form can be
a packaggggozg‘ltég%gr ation, the package containing discr 2‘%@“3@’2“2%% es of
preparation, such as packeted tablets, capsules, and powders in vials or
anpoul es. Al'so, the unit dosage for@fcan be a capsul es, tablet, cachet, or
| ozenge itself, or it can be the 10 appropriate nunber of any of these in
packaged form The quantity of active conponent in a unit dose preparation
may be varied or adjusted fregmé@ 1 ngy tq | g according to the particular
application and the potency ofthe actige conponent. In nedical use the
drug may be administered thr inmes d as, for exanple, capsul es of
100 or 300 ng. In therapeutic 3 t he gﬁ%ﬁ utilized in 15 the
pharmaceutical method of this in @tion are inistered at the initial
dosage of about 0.01 ng to about 100 ng/kg daily. A daily dose range of
about 0.01 to about 100 ng/ kg is preferred. The dosages however, may
be vari ed dg??éﬁ@ﬁ rﬁgthomferrmﬁéﬁrﬂ%ﬁhﬁ pROYE KENeS e SSEOYB BEP®Nt . t he severity of
the condition being treated, and the conpound bei ng enpl oyed.

Det erm nati on of the proper dosage for a 20 particular situation is within
the skil$ oA. tSyntheses of Ketomesdtl2y, treatnent is initiated wth smaller
dosages which are less than the opti num dose of the conpound. Thereafter,
the dosage is increased by snmall increments until the optinmum effect under
t he circunstjam e&§ﬁﬂﬁﬁﬁﬁ§@ﬁyﬁq1)convenience the total daily dosage may
be divided and adm nistered I n portlons during the day, if desired. 25 30
The pharnmaceutical conposition accorq ng to the present invention can, if
desired, also contain one or nore o conpati bl e therapeutic agents. In
particular, t he conposition can q%"" hged wi th any one or nore conpounds

nl

For Example:
10
0
}—OMe OH —OMs
Jr-OMe 0o : — OMs
13 © 14 15

MeO,C HO,C
B ] - —————
MeO,C - HO,C =

- MeO,G




useful in the treatnent of pai n, such as those |isted above. 18 Cctober

2005 WO 02/085839 PCTI EBO2/ 01146 25 Thus,

i nvention provides a pharmaceutical conposition conprising a
t herapeutically effective anount of a conmpound according to the first
har maceutically acceptable carrier. The gharnaceutical

aspect ar;bg
conposi ti

ﬂ%ﬁ&?%gl so conprise one or nore pharnacol ogi]c)
and nore than one pharmaceutically acceptable carriers.

The above conpounds can be synthesis2d fromthe ketones (1) - (
in which R and R2 have the sane neani ngs as give above: R11-f-

(3) (7) R

10

15

20

25

30

R2 (4) 8(6) (20 R R R R2 (5 (6) RL R2 (9) (10)
(a) The known diester (13) is reduced to diol (14) e.g. by lithium aluminium
hydride m an organic solvent e.g. tetrahydrofuran or diethyl ether at a

temperature of 0°C to reflux.

(b) The diol (14) is added to methylsulfony! chloride in pyridine or triethylamine

in dichloromethane a -60°C to 40°C to produce a dimesylate of formula (15).

(c) The dimesylate (15) is added to a solution of lithium aluminium hydride in a
solvent such as tetrahydrofuran or diethyl ether at a temperature of from 0°C to

reflux to produce an alkene of formula (16).

(d) The alkene (16) above is added
¢ to a mixture of carbon tetrachloride or ethyl acetate and acetonitrile to
which water, sodium periodate and ruthenium (I1I) chloride were added,
and stirred at a temperature from —40 °C to 80 °C to produce carboxylic
acid of formula (17); or
* to a mixture of potassium permanganate in water and dichloromethane in
the presence of a phase transfer catalyst such as tetrabutylammonium

bromide to produce (17).

(e) The carboxylic acid (17) is added to a mixture of an alcohol such as methanol
and a concenirated acid such as sulphuric acid or hydrochloric acid at a

temperature of room temperature to reflux to produce diester of formula (18),

(f) The diester (18) above is added to a strong base such as sodium hydride or
potassium fert-butoxide in a solvent such as tetrahydrofuran at reflux

temperature to give ketone (19).

(g) The ketone (19) above is added to a mixture of dimethy! sulphoxide and water
at a temperature of 100-180°C to produce ketone of formula (20). '

a fifth aspectsoktoblieops esent

TW”O]&%(’[ I ve agents
GENERAL METHODS 5

12) bel ow,
,-R2 (1) O



(12) 10 Intermediates of fornulae (1) to (6) above are believed to be novel
and constitute a further aspect of the present inventiongORabdri2gasl arly
suitable internediate ketones according to the present invention are
selected from 0O (I a) /--\ (4a) and (5a) 15 18 Cctober 2005 WO 02/ 085839
26 Me (6 ) PCTI1B02/01146 Various net hods for lL.zing the
above ke%%g@sésr%g set out below. 5 A Syntheses of Kef%frzfggﬁ -"_fflz (D)

Synt hesis of Ketones of ,type (1). | For Exanple: 10 Me02C HOC MQ2C'
HO2C 18 14 16 17 19 18 Cctober 2005280 02/ 085839 PCT/ 1B02/ 01146 27

(2) Synthesis of ketones of type (4) and (5).

é ﬁ
r1° Rz Rt” 'Rz
4 5

For Example:
OH 0
& “, &y "
P &,
21 22 23

ﬁ 0

_ g 25 g

5 (a) Theknown alkene (21), see B.D. Kramer, P.D.Bartlett, J. Am. Chem. Soc.,
1972, 94, 3934, is mixed with an organoborane such as disiamylborane,
thexylborane or 9-BBN in a solvent such as diethyl ether or tetrahydrofuran at a
temperature of 0°C to room temperature. The resulting organoborane is mixed

with a solution of concentrated sodium hydroxide and hydrogen peroxide to give
10 an alcohol of formula (22).

(b)  The alcohol (22) is oxidized, e.g. with an oxidising agent such as
chromium trioxide, pyridinium dichromate or pyndinium chlorochromate in a
solvent such as dichloromethane or acetone to give the ketone of formula (23).
15
A similar process can be used for ketone (25) except that the starting
materia) is the known alkene (24), see B.D. Kramer, P.D.Bartlett, supra.

(3@vnthesis of ketones of type (3)



(a) The known diester (13) is reduced to diol (14) e.g. by lithium
alum nium hydride in an organic solvent e.g. tetrahydrofigiDaoberogh et hyl
ether at a tenperature of OCto reflex. 5 (b) The dial (14) is added to
met hyl sul fonyl chloride in pyridine or triethylamne in dichloronmethane a
-60C to oduce a dinesylate of fornula (15). ( i mesyl ate
(15) is gggg%a?%ba sol ution of Iithiun1a|uniniun1hydrigénﬁﬂ§gghgglvent such
as tetrahydrofuran or diethyl ether at a tenperature of fromOCto 10
reflux to produce an al kene of fornul2d (16). (d) The al kene (16) above is
added to a mxture of carbon tetrachloride or ethyl acetate and
acetonitrile to which water, sodi um periodate and ruthenium (I M chloride
were added, 15 and stirred at a tenperature from-40 Cto 80 C to produce
carboxylic acid of fornula (17); ®r ~t&2a m xture of potassium
per manganate in water and dichl orone ne in the presence of a phase
transfer catal yst such as tetrabutyl nium brom de to produce (17). 20
(e) The carboxylic acid (17) is addedsto a m xture of an al cohol such as
met hanol and a concentrated acid such as sul phuric acid or hydrochloric
acid at a tenNP@PR{%re of roomtenperature to reflux to produce di ester of
formula (18). 25 (f) The diester (18) above is pdded to a strong base such
as sodi um hydride or potassiumterk-butoxide iip a solvent such as
t et rahydr of uran at refluﬁé?téﬁﬁ@?a{iré'to—gii" et one (19). (g) The ketone
(19) above is added to a lmixture of jdi net hyl spljphoxi de and water 30 at a
tenperature of 100-180C tg produce ,ketone of fggnula (20). WO 02/ 085839 28
(2) Synthesi s of ketones of type (4) and (5). 0 e -,,

{2) The known ketone (27) see patent application US 60/160725, is added to a

5 strong base such as lithium diisopropylamide or lithium hexamethyldisilazide
followed by a methylating agent such as methyl iodide in a solvent such as
tetrahydrofuran or diethyl ether at a temperature of between —100°C and room

temperature to give the ketone of formula (28).

10 (b) The ketone of formula (46) above is further methylated with a methylating
agent such as methyl iodide in the presence of a strong base such as lithium
diisopropylamide or lithium hexamethyldisilazide in a solvent such as
tetrahydrofuran or diethyl ether at a témperature of between —100°C and room
temperature to give the product ketone of formula (29).

15

(4). Synthesis of ketones of type (9) and (10).

N

8

AL,

0] o)

9

These ketones are known compounds, see L.Y.Chen, L.Ghosez,

Tetrahedron Letters, 1990, 31, 4467; C. Houge, A.M.Frisque-Hesbain, A.

2_0 Mockel, L. Ghosez, J.P.Declercq, G.Germain, M.Van Meerssche, J. Am. Chem.
Soc., 1982, 104, 2920.

These ketones may also be prepared from the known unsaturated ketone of

general formula (76)



Rl R2 4 For Exanple: OH PCTIIBO2/01146 A 26 0 5 (a) The known al kene (21),

see B.D. Kramer, P.D.Bartlett, J. Am Chem Soc., 1972, 196¢t08834p5is m xed
wi t h an organoborane such as disianyl borane, thexylborane or 9-BBN in a
sol vent such as diethyl ether or tetrahydrofuran at a tenperature of 0Cto
room tenperature. The resulting organoborane is m xed 1.t h ol ution of
concent r &Y 847458 um hydr oxi de and hydrogen peroxi de top(gé’{?gyﬁi an al cohol
of formula (22). (b) The al cohol (22) is oxidized, e.g. with an oxidi sing
agent such as chromumtrioxide, pyBldiniumdichromate or pyridinium

chl orochromate in a solvent such as dichl oronethane or acetone to give the
ketone of formula (23). 15 A simlar process can be used for ketone (25)
except that the starting material is _the known al kene (24), see B.D.
Kramer, P.D.Bartlett, supra. (3).Syn is of ketones of type (3) 18

Cct ober 2005 WO 02/ 085839 For Exanpl e7 29 3 28 29 PCT/ | B2/ 01146

O (76)

by reduction by hydrogenation with a suitable catalyst such as Pd/C in a

suitable solvent such as ethyl acetate.

5
(5). Synthesis of ketones of type (2).
o)
R1 R2
2
For Example:
Me. _Me
0%p7~0 ~Ho o Msox/K\«'OMS
30 31 32
Me._ _Me " Me. Me Me.__Me
Meo,c\Acoznne“ T HOZC\AC%H T N CN
35 34 33
Me._ Me Me._ .Me
-~$cozm é
-0 o
36 37
10

(a) The known carbamate (30), see W. Von der Saal, R.Reinhardt, H.M.
Seidenspinner, J. Stawitz, H. Quast, Liebigs Ann. Chem., 1989, 703; Z.
Cekovic, R. Matovic, J. Serb. Chem. Soc., 1988, 53, 595, is reduced using




(a) The known ketone (27) see patent application US 60/160725, is added to
a 5 strong base such as |[ithiumdiisopropylam de or |it g OBober 2005

hexanet hyl di si |l azi de foll owed by a nethyl ati ng agent such as nethyl iodide
in a solvent such as tetrahydrofuran or diethyl ether at a tenperature of
bet ween -100C and room tenperature to give the ketone of fornmula (28). 10
(b) The KEPSHEEY fornula (46) above is further nethyl ZEEHUHY a

met hyl ati ng agent such as nmethyl iodide in the presence of a strong base
such as lithium diisopropylam de or3Lithi um hexanethyl disilazide in a
sol vent such as tetrahydrofuran or diethyl ether at a tenperature of

bet ween -100C and roomtenperature to give the product ketone of formula

(29). 15 (4) h-tg?mr Mﬁiinﬁl_rreﬁygﬁig% mﬁss&@ﬁt sﬁch(a%)tetfeé?gdé#ggxp oFQicthyl dhGSe ketones are

known conpoun see , L.Ghosez, T on Letters, 1990, 31,
4467; C. Hougtemperalraafi0¥g trachostomive dich(3120 Mockel , L. Ghosez, J.P.Declercq,
G Germain, M Van Meerssche, J. Am Chem Soc., 1982, 104, 2920. These

ket ones may al so be prepared fromthe known unsaturated ketone of general

formul a (76]b)IeCibbl8Y) 20Q8ded0 @2/ Q&hHARApEdAYIPCHIoHES Z2h Opykinebyr r educt i on by
hydrogenation with a suitable catalyst such as Pd/Cin a sujtable solvent

such as &t hyl etlylapige nglighigromefh p fenpreraure pHE8 Glo 4L foproduesr  Exanpl e:

dimesylate of formula (32).

(c) The dimesylate (32) is added to sodium or potassium cyanide in a solvent such
as tetrahydrofuran, diethyl ether, dimethylsulphoxide or dimethylformamide at
10 a temperature of 0°C to reflux to give the dicyanide of structure (33).

(d) The dicyanide (33) is added to a concentrated solution of potassium or

sodium hydroxide at a temperature of 50°C to reflux to give diacid (34).

15 (e)  Thediacid (34) is esterified to diester (35) by addition:
¢ to a mixture of iodomethane in a solvent selected from dichloromethane,
chloroform, tetrahydrofuran, toluene or 1,4-dioxane to which a base such
as 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), triethylamine or 1,5-
diazabicyclo[4.3.0Jnon-5-ene (DBN) is added and stirred at a temperature
20 from-40°Cto 110 °C ; or
» to a mixture of methanol and a concentrated acid such as sulphuric acid or
hydrochloric acid at a temperature ranging from 0 °C to 100 °C; or
s to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from —40 °C to 100 °C; or
25 s to cii;'clzomethane in a solvent such as benzene, toluene, dichloromethane at

a temperature from —40 °C to 40 °C.

(f) The diester {35) is added to a strong base such as sodium hydride or potassium
fert-butoxide in a solvent such as tetrahydrofuran at reflux temperature to give

30 ketone (36).




Me, .M30 MOZG,.4-\.,G02MHOZC 35 0 36 to 0 2 M MHOOH 31 34 0 37

CX2H (a) The known carbamate (30), see W Von der Saal, R Beiotdpaoaht, H M
Sei denspi nner, J. Stawitz, H Quast, Liebigs Ann. Chem, 1989, 703; Z.
Cekovic, R Matovic, J Serb, Chem Soc., 1988, 53, 595, is reduced using 18
Oct ober 2005 WD 02/ 085834 PCTI 1B02101146 31 |ithium aluym nium hydride in a
sol vent s‘ﬁgﬂz"'?f§33?etrahydrofuran or diethyl ether at apqma?lé‘{ﬁure of OCto
reflux to give diol (31). (b) The diol (31) is added to methyl sul phonyl
chloride in pyridine or 5 triethylad2ne in dichloronethane at a
tenperature of -60C to 40C to produce dinesylate of formula (32). (c) The
dinesylate (32) is added to sodium or potassiumcyanide in a solvent such

as tet r ahydrof 4 ARetofl] Bleltbove! 8 fdedlo BhNLS RN s lihodiarahAy | f or mani de
at 10 ate ier at u?ce) o?tégétt)o 1r ep?euxot ohlgji“ve t he g#]gly%% 3e of structure
(33). water at a temperature of 100-180°C to produce ketone of formula (37). ‘

(6). Synthesis of ketones of type 7 and 8

0 0
¥, R d(R
&(
R R
5 7 8

Ketones of this type can be made using ruthenium complexes, see S-W.
Park, J-H.Son, S-G.Kim, K. H.Ahn, Tetrahedron: Asymmetry, 1999, 10, 1903.

For Example:
O
M Rul,
eMNZ —4>- @Me
Me O
_ 38 s9 Me
10 (I) Where L = ligand

The known alkene (38), seec H.Nishiyama, Y.Itoh, H.Matsumoto, S.B.Park,
Kl.Itoh, J. Am. Chem. Soc., 1994, 116, 2223, was stirred with a ruthenium catalyst
such as Cl;Ru(pybox-ip){CH,=CH;) in a solvent such as dichloromethane or

15 chloroform at a temperature of 0°C to room temperature to give ketone of

structure (39).
OH OH 0
O — O— O
(i) 40 41 42

20 (a)  The known alcohol (40), see M.Asami, Bull. Chem. Soc. Jpn., 1990, 63,
721; T.Sato, Y.Gotoh, Y.Wakabayashi, T.Fujisawa, Tetrahedron Letters,
1983, 24, 4123, is mixed with diiodomethane and an alkylzinc such as

dimethylzinc or diethylzinc or a zinc-copper couple in a sclvent such as



(d) The dicyanide (33) is added to a concentrated sol ution of potassium or
sodi um hydroxide at a tenperature of 50C to reflux to gi v&Odiob&i2dog 34). 15
(e) The diacid (34) is esterified to diester (35) by addition: to a

m xture of iodomethane in a solvent selected from dichl oronet hane,

chl or of or hydr of uran, toluene or 1, 4-dioxane to ' ase such
as 1, 8-di §%§%§%I0[5 4. 0] undec- 7- ene (DBU) trlethylaﬁﬁﬁgﬁg?ﬁré

di azabi cycl o[ 4. 3. 0] non-5-ene (DBN) is added and stirred at a tenperature
20 from-40 Cto 110 C; or to a m#Bure of nethanol and a concentrated
acid such as sul phuric acid or hydrochloric acid at a tenperature rangi ng
fromO Cto 100 C or to trinethylsilyldiazonmethane and nethanol in
benzene or tQLHRNG Bihzéhe & QMRRbhtdfCof 10T 1t offaxttd glf¥0arCalcstol 36 tO

di azonet hane in a sol vent such as benzene, toluene, dichloronethane at a
temperature a3 @b C to 40 C. (f) The diester (35) is added to a strong
base such as sodi um hydri de or potassium tert-butoxide in a solvent such
as tetrahydrofuran at reflux tenperature to give 30 ketone (36). 18

Cct ober 200(5)“\&@12¢l®$58&91n312 (ﬂ)ﬁ&:ﬂddb@ﬁﬂd:ﬂdﬂdﬁ@ingggenfhwhlaetlmmh@%) above is

added to. a nlxtur I phOXI e. and . rature of
100- 180C t 0 p )@‘f’ﬂ)‘ ¥hr?r8${f’n?lré’y{1 B CRpTOC WF El%so ?gjnget ones of
type 7 and 8 Quoﬁ'aKchIBr@nethane or acetone to give the ketone of formula (42).

(7). Synthesis of ketones of type (6).

0

R1 R2
G

il

The known ketone (43), see W.A.Wilczak, D.1Schuster, Tetrahedron
Letters, 1986, 27, 5331; D.LSchuster, J.Eriksen, J. Org. Chem, 1979, 44, 4254, is

10 For Example:

mixed with ditodomethane and an alkylzinc such as dimethylzinc or diethylzinc or
15  azinc-copper couple in a solvent such as toluene or benzene at a temperature of -

60°C to reflux to give ketone of siructure (44).

(8). _ Synthesis of ketones of type (11) and (12)
: o : 0
{11) (12)

20 - Preparation of (11) can be found in the following references:

¢ Ogino, Toshio. Preparation of bicyclo[4.2.0]octan-7-ones. Niigata
Daigaku Kyoikugakubu Kiyo, Shizen Kagaku Hen (1973), 15 26-33.



Ketones of this type can be made using rutheni um conpl exes, see S-W Park,
J-H Son, S-G Kim K H Ahn, Tetrahedron: Asynmetry, 1999, 140cto8&£Q805 For _
Exanple: Me / ~Nz M O 38 RuL4 Where L = ligand 39 Me Me The known al kene
(38), see H N shiyama, Y.Itoh, H Matsunoto, S.B.Park, K Itoh, J. Am Chem
Soc., 19 2223, was stirred with a rutheniumc ch as
012Ru(pyg‘§99€’%3$’{3&42:042) I n a solvent such as dichl orgﬁnﬁ@%’%n%érj 15
chloroformat a tenperature of OC to roomtenperature to give ketone of
structure (39). 40 41 42 20 (a) The Kfiown al cohol (40), see M Asani, Bull.
Chem Soc. Jpn., 1990, 63, 721; T.Sato, Y.Cotoh, Y.Wkabayashi,

T. Fuji sawa, Tetrahedron Letters, 1983, 24, 4123, is mxed with

di i odonet hane and an al kyl zi nc such as dinethyl zinc or diethylzinc or a

zi nc-copper couple in _a solvent such as 18 Qctober 2005 WD 02/ 085839

PCTI | B021 011%6 33Mukp.Jeikan Bensyans,diuno; Hespaindfrsgne ape Merie, I3gms; o ref |l ux to
give an al cohol g boidRa, (A EmbPhoalGrobt BRRL Rferh bl f2iof ) 15 added

to an oxi di sing agent ‘such as chroni um
cycloadditions of ketenes and keteniminium salts to olefins. J. Am.

5 Chem. Soc. (1985), 107(7), 2192-4.

¢ Chen, Lian Yong; Ghosez, Leon. Study of chiral auxiliaries for the
intramolecular [2+2] cycloaddition of a keteniminium salt to an olefinic
- double bond. A new asymmetric synthesis of cyclobutanones.
10 Tetrahedron Lett. (1990), 31(31), 4467-70.

Preparation of (12) can be found in Marko ef al., supra.

B. Conversion Of Ketone Starting Materials Into Amino Acids Of The Invention

15
The above ketones can be transformed into amino acids using one of the
following general methods A to E, as illustrated below for ketone (1) where
R'=R?=methyl.

20  Method A:

O,Et =~ %ND,
20 45a 45b

(2) The ketone (20) is converted to unsaturated ester (45a) by reaction with with a
trialkylphosphonoacetate such as triethylphosphonoacetate in the presence of a
base. Suitable bases include sodium hydride, potassium hydride, lithium- or

25 sodium- or potassium-hexamethyldisilazide, butyllithium or potassium

teri-butoxide. The reaction may be carried out in a polar aprotic organic



5 trioxide, pyridiniumdichromate or pyridiniumchlorochromate in a sol vent
such as di chl oronet hane or acetone to give the ketone of 1§ Oewdraod42). (7).
Synt hesi s of ketones of type (6): 10 For Exanple: 43 44 The known ket one

(43), see WA WIlczak, D.|.Schuster, Tetrahedron Letters, 1986, 27, 5331;

D. LSchustgr,, i ksen, J. Org. Chem 1979, 44, 4254, | ] W th
di i odonet gr?%aﬂ}gg%g an al kyl zi nc such as di net hyl zi nc orb@@%@ﬁ% nc or 15 a

zi nc-copper couple in a solvent such as toluene or benzene at a tenperature
of - 60Cto reflux to give ketone of 38tructure (44). (8). Synthesis of

ket ones of type (11) and (12) (> Q (11) (12) 20 Preparation of (11) can
be found in the follow ng references: QOgino, Toshio. Preparation of

bi cycl o[ 4. 2. Qivet afic - S ektralYdidti@hd  dRLBAIMMREK Ugiak b Ltk Y@r _Shi zen
Kagaku Hen (1973), 15 26-33. "18 Cctober 2005 WO 02/ 085839 34 PCT/ 1B02101146
Mar ko, | st vatimetRplagfoeids at Biemperatueiintiag rangerfrooy@’C m9°Gari e; Dumas, _
St ephane; Ghosez, Leon; Ernst, Beat; Geuter, Hans. Intranol ecul ar [2+2]
cycl oaddi tions of ketenes and ketenimniumsalts to olefins. J. Am 5 Chem

Soc. (1985) (b) Netfdmigthand 1O dddéd to Teihsatuia®d e¥Rn (¥5ab9 2eMichbe? @dditiGik udy of
chiral auxiliaries for the intranolecul ar {?{2;2] .cycloaddition of a
ket eni ni hi um SZFYEON & Wi pEFsEce Rl @ DagroRRe IR 2 POt 2pralic RRgenis yolre At € synt hesi s

of cycl obut angnesrantf of €0 APCLE! dive thd FRWesteSMsBY)Suit MO fastl-
include  tetrabutylammonium fluortde, tetramethylguamdine, 1,5-diaza-
bicyclo[4,3,0]non-5-ene, 1,8-diazabicyclo[5,4,0]undec-7-ene, a sodium or

potassium alkoxide such as potassium ters-butoxide, potassium carbonate,

10 sodium hydride or potassium fluoride. Suitable organic solvents include
tetrahydrofuran, diethyl ether, dimethylformamide, dimethylsulphoxide,

benzene, toluene, dichloromethane, chloroform or tetrachloromethane.

{c) Reduction of the nitro ester (45b) and ring closure by reaction of the resulting

15 amino group with the ester group gives the cychc lactam (45¢). Hydrogenation
may be in the presence of a catalyst such as Raney nickel, palladium on
-charcoal or rhodium catalyst or other nickel or palladium containing catalyst

in a solvent such as methanol, ethanol, isopropanol, ethyl acetate, acetic acid,
1,4-dioxane, chloroform or diethyl ether at a temperature in the range from

20 20°C to 80°C.

(d} Hydrolysis of the cyclic lactam (45c¢) e.g. using aqueous hydrochloric acid at a
concentration of from 0.01 M to 12 M and optionally in the presence of a
solvent such as 1,4-dioxane, acetic acid or water produces the amino acid (46).

- 25



Preparation of (12) can be found in Marko et al., supra. B. Conversion O
Ketone Starting Materials Into Amino Acids O The | nvent i®0Octdler Z005 above
ket ones can be transformed into am no acids using one of the follow ng
general nethods Ato E, as illustrated bel ow for ketone (1) mhere

nsat ur ot 98 F8 " (asa) by react on with wiih & trial EGTEREERono acetate

such as triethyl phosphonoacetate in the presence of a base. Suitable bases

i ncl ude sodi um hydride, potassium hydéide, |ithium or 25 sodium or

pot assi um hexanet hyl di sil azi de, butyllithiumor potassium tert-butoxide.

The reaction may be carried out in a polar aprotic organic 18 Cctober 2005

WD 02/ 085839\B6d4 BB02/ 01145 35 sol vent such as tetrahydrofuran,

di met hyl f or mam de, diethyl ether or dinmethylsulfoxide at a tenperature in

the range from-78C to:l00C. (b) N:trongjhane is.added to the unsaturated

ester (45a) by a Mch dd+t+en aéLLQn.lﬁlzg\gbresence of a base and

in a polar aprotic orgagbc sol vent ¢ 3l &N enper aty én - 20C to 100C to give

the nitroester (45b). Sditable bases include tetjabutyl anunoni um fl uori de,

t et ramet hyl guani di ne, 1, 5-di aza- blcyclo[4,3,0]n%n-5-ene,

1, 8-di azabi cycl o[ 5, 4, 0] undec- 7-ene, a sodi um or ypotassi um al koxi de such as

potassi um tert-butoxiide, potassiuntcarbonate, 10:sodi um hydride or

pot assi um fl uori de. ‘ [CxSYf veats i && tetrahydrofuran,

di et hyl ether, dineth 1 ! sul pho -co,Benzene, toluene

di chl or onet hane, chl of'of orm or tetr®chl or omet hane4® (c) Reducti on of the

nitro ester n r 15 am no

aroup v th (atLeBRE (I iPe BBkt Fidén 80T bl b M genat  on
cyanoacetate in an organic solvent selected from toluene, benzene, xylenes or

5 n-heptane to which acetic acid and pB-alanine or ammonium acetate, or
piperidine are added. The mixture is stirred at a temperature from ¢ °C to
150°C with removal of water by, for example, use of a Dean-Stark trap or

activated molecular sieves, to produce the cyanoester of formula (47).

10 (b) The cyanoester (47) is converted to dicyanide (48) by treatment with
potassium cyanide or sodium cyanide in water and ethanol or methanol. The
mixture is refluxed and water is removed by, for example, use of a Dean-Stark

trap.

15 (¢) The cyanomethyl group of dicyanide (48) converted to an
ethoxycarbonylmethyl group by reaction with ethanol in toluene or benzene
saturated with gaseous hydrochloric acid. The reaction temperature may be
from —30 °C to 40 °C.

20  {d) The cyano-group of the resulting cyanoester (49) is reduced by hydrogenation
in methanol, ethanol or ethyl acetate using a catalyst such as nickel, palladium,
platinam or rhodium at a temperature from 15 °C to 60 °C, after which ring

closure gives lactam (50).



may be in the presence of a catalyst such as Raney nickel, palladium on
charcoal or rhodium catalyst or other nickel or palladi uts Conbai2fsng
catalyst in a solvent such as nmethanol, ethanol, isopropanol, ethyl
acetate, acetic acid, 1,4-dioxane, chloroformor diethyl ether at a :
t enper at L. the range from 20 20C to 80C. (d) Hydrol sis of the cyclic

| act am (2@@)02@853;9 usi ng aqueous hydrochloric acid at af %’HWE’@H #¢ ati on of
from0.01 Mto 12 Mand optionally in the presence of a solvent such as

1, 4-di oxane, acetic acid or water prcéduces the amno acid (46). 25 18

Oct ober 2005 WO 02/ 085839 PCT/1B02/ 01146 36 Method B: (a) The ketone (20)
is condensed with an al kyl cyanoacetate, for exanple ethyl cyanoacetate in
an organi ¢ skl ephﬁdla&&ﬁrrsb)%ge Qﬁd%%‘ﬁydr&ﬁh&f&%%@%t% n- hept ane
to which acetlc acid and (3-al ani ne or a m acetate, or piperidine are
added. The nmacmt@tlpsogﬁmm P&t Mato @M@ntbeptmdhemfthmsem@ af@ sol8BC wi t h
renmoval of water el use. of n- St ar k p or activated
ol ecul ar st ovieh LBl A S o Be R pabfaia % ° 107y The
cyanoester (47) is converted to dicyanide (48) by treat msnt vvith pot assi um
cyani de aqr ég%lgéjd;&pyani de in water and ethanol or nethanol. The mxture is
ref | uxed-an *is renoved by, for exanple, use of a Dean-Stark trap.
15 (c) The cyanonet hyl group of dicyanide (48) converted to an

et hoxycar bonyl net hyl group by reaction with ethanol in toluene or benzene
saturated with gaseous ihydrechl ori g cig. The regactjon tenperature nay be
from-30 Cto 40 C 2 he*tyﬁﬁzzglggp—o'r E@\_ I'ting cyanoester (49)
is reduced by hydrogen&tworfoai n met*h If et hamo| or “ethyl acetate using a
catal yst such as nickel, palladium

EO\_ ED\_‘"“’*
CO, Me CO,Me I:D\-CO Me

|

: COH

57 *°

(2) Cyanoester (47) is added to a mixture of benzylmagnesium chloride, bromide
10 | or iodide, in a dry solvent e.g. tetrahydrofuran, 1,4-dioxane, n-heptane,
toluene, diethyl ether, or zerz-butyl methyl ether at a temperature from —100°C

to 110°C resulting in cyanoester of formula (52).

(b) The cyano group of cyanoester (52) is removed by means of a base e.g.

15 potassium hydroxide, sodium hydroxide, lithium hydroxide or cesium
hydroxide in a solvent e.g. ethylene glycol, 2-methoxyethy! ether, 1,4-dioxane

or diethylene glycol. The mixture is stirred at a temperature from 25°C to

250°C to produce the carboxylic acid of formula (53).

20 (c) The carboxylic acid group of acid (53) is protected by conversion to its alkyl
of 1-6 carbon atoms ester, e.g. its methyl ester (54). For this purpose, acid (53)

may be added
¢ to a mixture of iodomethane in a solvent selected from dichloromethane,

chloroform, tetrahydrofuran, toluene or 1,4-dioxane to which a base such



pl ati num or

rhodiumat a tenperature from15 Cto 60 C, after which ring

cl osure gives lactam (50). (e) Hydrolysis of the |actam ($0¥ptoergiOsusi ng
aqueous hydrochloric acid at a concentration of from0.01 Mto 12 M and

optionally

in the presence of a solvent such as 1,4-dioxane, acetic acid

or materaﬁﬁggygﬁgthe amno acid (51). 5 N@thod C. CN gy%ﬁ%ﬂ@i% : 'Ph T

CDZI\/E 6

~--COZ 52 NC, "NCO""COH
555 NH2 PGOH (a) Q/anoester (47) is added to a mxture of

benzyl magnesi um chl ori de, brom de 108o0r iodide, in a dry solvent e.g.

t et r ahydr of
tert-butyl
cyanoest er
removed by

10

15

20

25

30

uran, 1, 4-dioxane, n-heptane, toluene, diethyl ether, or
nethyl ether at a tenperature from-100C to 110C resulting in

(r)rjsea];l grstoﬂfﬂngl&ﬁ?%s mmndé@:vﬁe&a'a@s% OURify1 AR Oest €R 5(52) i's
diazabicyclo[4.3.0jnon-5- ene (DBN) is added and stirred at a temperature from —
40°Cto 110 °C; or
¢ to a mixture of methanol and a concentrated acid such as sulphuric acid or
hydrochloric acid at a temperature ranging from 0 °C to 100 °C; or
* to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from —40 °C to 100 °C; or

» to diazomethane in a solvent such as benzene, toluene, dichloromethane at

a temperature from —40 °C to 40 °C.

(d) The phenyl group of the resulting ester (54) is oxidized to a carboxylic acid
group by treatment with sodium periodate and ruthenium (III) chloride in 2
mixture of carbon tetrachloride or ethyl acetate and acetonitrile to which water
1s added. The mixture is stirred at a temperature from —40 °C to 80 °C to give
carboxylic acid (55).

(é) The carboxylic acid group of acid (55) is converted to isocyanate by addifion

e to 2 mixture of a base selected from triethylamine or
diisopropylethylamine and a solvent selected from toluene, benzene,
xylenes, tetrahydrofuran, diethyl ether or #-heptane to which
diphenylphosphoryl azide (DPPA) is added and stirring at a temperature
from 0 °C to 150 °C to produce the isocyanate of formula (26}; or

e to cthyl chloroformate or isobutyl chloroformate and a base such as
triethylamine or diisopropylethylamine in tetrahydrofuran or acetone or
diethy}l ether at a temperature of -40 °C to 78 °C followed by addition of
sodium azide in water and tetrahydrofuran or acetone followed by addition

of toluene or benzene and refluxing.

(f) The isocyanate and ester groups of compound (56) are simultaneously
hydrolysed to amino and carboxylic acid groups, e.g. by aqueous hydrochloric

acid at a concentration of from 0.01 M to 12 M optionally in the presence of a



15 pot assi um hydroxi de, sodi um hydroxide, |ithium hydroxi de or cesium
hydroxi de in a solvent e.g. ethylene glycol, 2-nmethoxyethybDcebdreo)s

1, 4-di oxane or diethylene glycol. The m xture is stirred at a tenperature
from25C to 250C to produce the carboxylic acid of formula (53). 20 (c)

The Carbqﬁﬁogﬁﬁéﬁ'd group of acid (53) is protected byFG?ﬁ%?ﬁﬁ' ntoits

al kyl carbon atons ester, e.g. its nethyl este or this
purpose, acid (53) nmy be added to a m xture of iodonethane in a sol vent
sel ected from dichl oromet hane, chloB8form tetrahydrofuran, toluene or

1, 4-di oxane to which a base such Ph 18 Cctober 2005 WO 02/ 085839

PCTI YB02101146 38 as 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU),

triethyl am neheft shelbas IJ4-dioRirer3celidcid & vidkdr@splad@ieahd 4B adig (Fjlded and
stirred at a tenperature from-- 40 Cto 110 C, or to a mxture of

met hanol and a concentrated acid such as sul phuric acid or 5 hydrochloric
acid at a tg@gﬁﬂ@iure ranging from0O Cto 100 C or to

trimethyl silyldi azonet hane and net hanol in benzene or toluene at a
tenperature from-40_.C to 100 C 01 to dlazonethane in a solvent such as

benzene, tol uene, E]]Ei ‘oFfbrrethan ht iresfwom -40 Cto 40 C. 10
(5

(d) The phenyl group_of tHe resul segter i«di zed to a
carboxylic acid group by treat nment vvlth sodi um péﬂ odate and rut heni um
(I'11) chloride in a mxture of carbon tetrachl OI‘IC{E or ethyl acetate and
acetonitrile to which water is added. The m xture ys stirred at a
tenperature from-4p C to 80 Cto give 15 carboxylic acid (55). (e) The

carboxylic acid gr b?c%ﬁd_&m@Mertem@gWanat e by addition
2

CO,t-Bu : CO,t-Bu
62 l 61 * 50

EQ— CO M& v-.cozH
NCO

5 (a) As a first stage in protecting the carboxylic. acid group of acid (53), it is _
converted to its chloride (58) by reaction at a temperature of from_-40°C to
110°C with e.g. oxalyl chloride or thionyl chloride in an aprotic organic
solvent e.g dichloromethane, chloroform, diethyl ether, toluene or zfers-butyl
methy! ether to which 0.01 mol percent to 10 mol percent of NN-

10 dimethylformamide (DMF) is added.

(b) The chloride (58) is converted to its tert-butyl ester, e.g. by reaction with fert-
butyl alcohol in an aprotic organic solvent e.g. dichloromethane, chloroform,
diethyl ether, toluene, or tert-butyl methyl ether to which NMN-

15 diisopropylethylamine (DIPEA) or triethylamine is added. The reaction
mixtufé: is stirred at a temperature from ~40°C to 110°C to produce the ester of
formula (59).

(c) The phenyl group of ester (59) is oxidized to a carboxylic acid group by
20 reaction with , sodium periodate and ruthenium (III} chloride in a mixture of

carbon tetrachloride or ethy] acetate and acetonitrile to which water is added.



to a mxture of a base selected fromtriethylamne or
di i sopropyl et hyl am ne and a sol vent selected fromtol ueneg Obezetis, 20
xyl enes, tetrahydrofuran, diethyl ether or n-heptane to which

di phenyl phosphoryl azide (DPPA) is added and stirring at a tenperature

fromO Cr‘ﬁr@{’%‘%g’f}g to produce the isocyanate of fornul %ﬁgaﬁpor to ethyl

chl orofo i sobutyl chloroformate and a base su et hyl ar ni ne
or diisopropylethylamne in tetrahydrofuran or acetone or 25 diethyl ether
at a tenperature of -40 Cto 78 C fohowed by addition of sodium azide in
wat er and tetrahydrofuran or acetone followed by addition of toluene or
benzene and refluxing. (f) The isocyanate and ester groups of conpound (56)

are si nul t angausloion AW ks o t%ﬁp@r%&%&ﬁ'%ﬁ(?zdf‘ RPZV/AC fo pRGdude O OUPS, €. g.

by aqueous hydrochloric acid at a concentrati from0.01 Mto 12 M
opti onal | y idartompliqucabafifersubf (66). WO 02/ 085839 FCT/ 1B02101146 39 sol vent
such as 1, 4-di oxane, acetic acid or water to produce the amno acid (57).
Met hod D: 53 .' " ~CO2H C02t-Bu 60 5 (a) As a first stage in protecting the
carboxyli c @iy iTte garbonyl gloupef @id((BG)is corivertedl to a0 et @ gk byaddition chl ori de (58)
by reaction at a tenperature of from-40Cto 110C with e.g. oxalyl
chlorided or tMi dAy mixpireef wdomethags i 3 splvent sglegiath fiem dighligramethanc,

di chl or onet hane, f keth & - - yl et hyl
cthor o ahi on GBI G GEMyah Rl Wik 0P ¢ SRR pEedeikh
di met hyl f or mani ds (BMijzabsyde[ddd]undbd-7-8he EMy i dethybBine rcdverted to its

tert-butyl ester, e g. (ﬁ reactld on '}qg.te t: butyl aLc hol in an aprotic
organi ¢ sol vent ‘Bazﬁb’%&il ﬁ?(ﬁ% i f%ﬁﬁh I’ﬁ%{d‘éq 8‘}%‘%”8@ ?ﬁempe@f'ﬁ r, tol uene,
or tert-butyl metdiyl4@tder1 10 eC WrsduchitY ester of formula (61); or
10 » to a mixture of methanol and a concentrated acid such as sulphuric acid or
hydrochloric acid at a temperature ranging from 0 °C to 100 °C; or
s to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from —40 °C to 100 °C; or
e to diazomethane in a solvent such as benzene, toluene, dichloromethane at

15 a temperature from —40 °C to 40 °C.

(e) The tert-butoxy group is removed from diester (61) by reaction with
trifluoroacetic acid in a solvent e.g, dichloromethane, chloroform, 1,4-dioxane,
tetrahydrofuran, diethyl ether, or fert-butyl methyl ether. The reaction mixture

20 is stirred from a temperature from -40°C to 110°C to give carboxylic acid of
formula (62).

(f) The ester group of acid (62) is converted to isocyanate {63) by addition
e to a mixture of a base selected from tricthylamine or
25 diis.o-p'ropylethyiamine and a solvent selected from toluene, benzene,
xylenes, tetrahydrofuran, diethyl ether or n-heptane to which
diphenylphosphoryl azide (DPPA) is added and stirring at a temperature
from 0 °C to 150 °C; or
¢ to ethyl chloroformate or isobutyl chloroformate and a base such as
30 tricthylamine or diisopropylethylamine in tetrahydrofuran or acetone or
diethyl ether at a temperature of -40 °C to 78 °C followed by addition of



15 diisopropyl ethylam ne (D] PEA) or triethylamne is added. The reaction
mxture is stirred at a tenperature from-40C to 110C tolpOodbs0@he ester
of formula (59). (c) The phenyl group of ester (59) is oxidized to a
carboxylic acid group by 20 reaction with , sodium periodate and rutheni um

(I11) chl@pidgsstss a m xture of carbon tetrachloride or tate and
acetonitr?l e to which water is added. 18 Cctober 2005 @@#’8@%’;39

PCTI | B02/ 01146 40 The reaction mxture is stirred at a tenperature from -40
Cto 80 Cto produce carboxylic acidliof formula (60). (d) The carboxyl
group of acid (60) is converted to an ester group by addition 5 to a

m xture of iodonmethane in a solvent selected from dichl oronet hane,

chl orof orm todivivalidy f witanandt tefralgo@fidin dr; deefbne fsllvevell ®yWadRRn @rbase such

as 1, 8-di azapj cycl %%%?4 gléﬁgﬁiec- 7-ene (DBU), triethylamne or 1,5-

di azabi cyc| oPHeHE ¢ nga PHEN) is added and stirred at a tenperature
from-40 Cto 110 Cto produce the ester of fornula (61); or 10 to a

m xture of nethanol and a concentrated acid such as sul phuric acid or

hydr ochl or i (8)admeltaaeous hydralysis of thedsoczangieragd esterrgr@ipeof com@P@nd(63r to

trimethyksilyld Jref. | e ar, e t a
t enper at Ere fr‘%r‘ngfQ@WT%BQE?%%I?%p?(%ml&?%@gl%?ﬂ%%} Ol(holg%gg? nt such as
benzene, tol ueméhe siesehtcooostatirand aadolvetbsugh tag rplediatdue cadetiodrid4® C to 40 T.
(e) The tert-butoxy group.is reppved fromdiester (61) by reaction with
trifluoroacet iv@tﬁéd’ﬂgﬂlﬁa‘g“@&f“’@é ~e.g. dichloronethane, chloroform
1, 4-di oxane, tetrahydrofuran, diethyl ether, or tert-butyl nethyl ether.
The reaction mxture 20 is stirred froma tenperature from-40C to 110C to
gi ve carboxMethedZeid of formula (62). (f) The ester group of acid (62) is
converted to isocyanate (63) by additi 09 R

H CN z o i

g R
s T Hueoa — CIOC
CO,Et ED\-"COZH : CoM
66

47 * NC 85 g

H = Y. R
[[:- S—NH, D: ~=CO,H EC: S
- —— Y p— o
H COZH Cone z COZME
T 67

10 o9 oo

(a) Cyanoester (47) is reacted with allylmagnesium chloride or bromide or 2-

butenylmagnesium chloride and a dialkylzinc such as dimethylzinc or a copper

(I) salt such as copper (I) iodide or copper (I) cyanide in a dry organic solvent

15 . eg. tetrahydrofuran, 1,4-dioxane, n-heptane, toluene, diethyl ether or tert-

butyl methyl ether at a temperature from —100 °C to 110 °C to give an
unsaturated addition product of formula {(65).

-' (b) The cyano group of addition product (65) is removed by reaction with a base,

20 €.g. potz.issium hydroxide, sodium hydroxide, lithium hydroxide or cesium
hydroxide in an organic solvent selected from ethylene glycol, 2-methoxyethyl

ether, 1,4-dioxane or diethylene glycol. The reaction mixture is stirred at a

temperature from 25°C to 250°C to give a carboxylic acid of formula (66).

25  {c) The carboxylic acid group of acid (66) is converted to an ester group by

addition



to a mxture of a base selected fromtriethylainine or 25

di i sopropyl et hyl am ne and a sol vent sel ected from tol uenag Coehaenes,

xyl enes, tetrahydrofuran, diethyl ether or n-heptane to which

di phenyl phosphoryl azide (DPPA) is added and stirring at a tenperature
fromO C or to ethyl chloroformate or isobut formate and
a base su@ 0}@%8§0 triethylam ne or diisopropyl ethyl anﬁ]]gﬁﬁ%{&lg
tetrahydrofuran or acetone or diethyl ether at a tenperature of -40 Cto
78 C followed by addition of 18 Octol@r 2005 WO 02/ 085839 41 PCT/|B02/ 01146
sodi um azide in water and tetrahydrofuran or acetone followed by addition
of toluene or benzene and refluxing. (g) Sinultaneous hydrolysis of the

i socyanate apd e%%rma&wmo&immwﬁmﬁﬁaelecéd% diBNoRFHRAkES
hydrochloric acid at a concentration of from0.01 Mto 12 Min the presence

or absence oﬁhlawﬁmhy@mhydmﬁnalaéolaemwdﬁme taodi¢lea base dudhras 1ifat er gi ves

the amino acid ( 0 P dl‘NC65/rC02H(a)
Cyanoester (47) ?alggarble Igép%mf%cal yI nﬁgnﬂggi um cﬁ%' Ge OF brbm de or 2-
but enyl magnesi urrnhaihlbmytld@:%ao]dorﬁs ciica (DBW) ziwae addetl asd dstiridhyt zenc or a

copper |) salt such as_coppe 1) di de_ or er cyanide in a dr
or ggni c O|) vent temlf;erature fro EB XC t(o 110 °8 tc! produce the eg er of fgrn)lula 8169) | | y

» to a mixture of methanol and a concentrated acid such as sulphuric acid or

hydrochloric acid at a temperature ranging from 0 °C to 100 °C; or
¢ to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from —40 °C to 100 °C; or
10 s to diazomethane in a solvent such as benzene, toluene, dichloromethane at

~ a temperature from -40 °C to 40 °C.
{d) The unsaturated group in ester (67) is oxidized by sodium peniodate and
ruthenium (IlI) chloride in a mixture of carbon tetrachloride or ethyl acetate
15 and acetonitrile to which water is added. The mixture is stirred at a
temperature from —40 °C to 80 °C to give a carboxylic acid of formula (68).

(e) Carboxylic acid (68) is converted to amino acid (69) as in method C.

20  The above ketones can also be transformed into amino acids using one of the

- following general methods F to G, as illustrated below for ketone of type (9).

CO,EL

Method F

(70) 71) 72)
25
(a) The ketone is converted to the nitro ester (70) according to the methods

described hereinabove.



15 e.g. tetrahydrofuran, 1,4-dioxane, n-heptane, toluene, diethyl ether or

tert- butyl nmethyl ether at a tenperature from-100 C t o 18 00woert2009i ve an
unsat urated addition product of formula (65). (b) The cyano group of
addi tion product (65) is renoved by reaction with a base, 20 e.g.

pot assi u i,de, sodi um hydroxide, |ithium hydroxi i um

hydr oxi demvp)rqggér%ggrgani c solvent selected from et hyl eneggT y(‘:%@?

2- met hoxyet hyl ether, 1, 4-dioxane or_diethylene glycol. The reaction
mxture is stirred at a tenperature®¥rom 25C to 250C to give a carboxylic
acid of formula (66). 25 (c) The carboxylic acid group of acid (66) is
converted to an ester group by addition 18 Cctober 2005 WO 02/ 085839

gCT %llBOZ 101 1@PNitd ésﬂ:lr QVODT}s)ﬁydfoq:seﬁ witlﬁdgﬁ@l?lh 81, Jubh as KPeos sddige! SCt ed from

i chl oromet hane, .. chl orof orm trahydraqf uran, t ene or 1, 4-dioxane to
whi ch a basgﬂygwa‘r#ea% giys gitro ﬂaﬁdéiﬁmf%%f E??B‘%cﬂ.%@]"ﬂﬁgl?ﬂly TOGHRUPHRE) ,
triethylam ne gionhpatadilindéabtostlyRl -2 3uitdbRORBvene Sikh 6PEMnoyR S vedded and
stirred at a tenperature from-40 Cto 110 C'to produce the ester of
fornul a (67); theramingasd G2kt ure of met hanol and a concentrated acid such as
sul phurig acid or hydrochloric acid at a tenperature ranging from0O Cto
100 C, or to trinmethylsilyldiazonethane and net hanol in benzene or toluene
at a tenpeMethod€& from-40 Cto 100 C, or 10 to diazonethane in a sol vent
such as benzene, toluene, dichloronethane at a tenperature from-40 Cto
40 C. (d) The unsaturated group in ester (67) is oxidized by sodium
periodate and rutheniyum (111) chloride in a m xture of carbon
tetrachloride or ethw facetate 1nd acetonitri to which water is added.
The m xture is stirredlat—aTe WAt ure—from - Cto 80 Cto give a
carboxylic acid of formyla (68). (&) NGarboxylic afithy68) is converted to
am no acid (69) as inR®ethod C. COR CO,H

(73) (74) {(75)

10 (a) The unsaturated ester (73), where R is benzyl or diphenylmethyl may be
prepared from the ketone according to any of the general methods described
above.

(b) The nitro ester (74) is converted to the amino acid (75) by reduction by

catalytic hydrogenation in a suitable solvent.

15

Compounds of the invention may alternatively be prepared from the known

unsaturated version of a ketone of type (8) as follows in Methods H and I:

Method H

e —- e rrrr—— B ——
Q it LN
0 A NO, NO, ""'\NH
ROIC COZR COZH COZH :
6

20 " 78 (79) (©0)

(a) Ketone (76) is converted to the unsaturated nitro ester (78) according to the

general methods described hereinabove.



20 The above ketones can also be transfornmed into am no aci ds using one of
the followi ng general nethods F to G as illustrated bel®®cthbs 280t one of
type (9). Method F (70) 25 NO, NHL COH COH (71) (72) (a) The ketone is
converted to the nitro ester (70) according to the methods described

her ei nab t ober 2005 WD 02/085839 43 5 PCTI I B b) Nitro
ester %Sng&%ygﬁol ysed with a suitable base, such agéa%é%@%&sodl um
hydrOX|de to give nitro acid (71) which is reduced by suitable
hydrogenation, e.g. H2 on a pall adi udftcarbon catalyst in a suitable

- sol vent, such as ethanol to give the amno acid (72). Method G NO2 RO2C
CO2R (73) (74) NH2 CO2H (75) 10 (a) The unsaturated ester (73), where Ris

benzyl or rﬁrmﬂéﬁ&&hbsb15@&roﬁ@ed@memaﬁﬁﬂlefbmm&h@sAqa&a@eomﬁordl ng to any
of the genera met hods descrjbed above he nitro ester (74) is

converted tdwdrpxidede giye airogcid {5 Whrléﬁélé‘fqd@ﬁ hydrogenation, e.g. H, on'a

palladiumycarbon catalyst in a suitable solvent, such as ethanol to give the

amino acid (80).

5
Method I
1— 8 — — . — g
i " NH
ROC CO,R COH
e &1 (82) {83)

10 (a) The unsaturated nitro ester (82) may be prepared from the ketone (76)
according to the methods generally described hereinabove.
(b) The nitro ester (82) is converted to the amino acid (83) by reduction by

catalytic hydrogenation in a suitable solvent.

15 A pharmaceutically acceptable salt of a compound of the invention may be
readily prepared by mixing together solutions of a compound of the invention and
the desired acid or base, as appropriate. The salt may precipitate from solution

and be collected by filtration or may be recovered by evaporation of the solvent.

20 Referring to the general methods above, it will be readily understood to the
skilled person that where protecting groups are present, these will be generally
interchangéaiﬁle with other protecting groups of a similar nature, e.g. where an

- acid group is described as being protected with an ethyl group, this may be readily
interchanged with any suitable alkyl group, suitably a C;.salkyl group.

25

| It will be readily understood to the skilled person that particular steps in

the general methods presented herein above may be suitably combined in any



catal ytic hydrogenation in a suitable solvent. 15 Conpounds of the

I nvention may alternatively be prepared fromthe known uwgeabwrated version
of a ketone of type (8) as follows in Methods H and I: Method H NH2 CO2H
20 (76) (77) (78) (79) (80) (a) Ketone (76) is converted to the unsaturated

nitro es according to the general nethods desgti ei nabove.
18 Cct obfa‘g{)%égg% 02/ 085839 PCT/ 1B02/ 01146 44 (b) N tg(éhgz?g%ﬁ&{ 78) is

hydrol ysed with a suitable base, such as aqueous sodium hydroxide to give
nitro acid (79) which is reduced by K¥$drogenation, e.g. H2 on a

pal | adi um carbon catalyst in a suitable solvent, such as ethanol to give
the amno acid (80). 5 Method 1 - 0 NO NH COHROCGCOR(76)

other manner not shown to provide a compound according to the present

invention.

Thus, in summary, the invention provides:-

Q) a compound of the formula I-XXV or a pharmaceutically acceptable salt,

10 solvate, polymorph or pro-drug thereof;

(i)  aprocess for the preparation of a compound of the formula I-XXV ora
pharmaceutically acceptable salt, solvate, polymorph or pro-drug thereof;

(iii)  apharmaceutical composition including a compound of the formula I-
XXV or a pharmaceutically acceptable salt, solvate, polymorph or pro-

15 drug thereof, together with a pharmaceutically acceptable excipient,
diluent or carrier;

(iv)  acompound of the formula I-XXV or a pharmaceutically acceptable salt,
solvate, polymorph, pro-drug or composition thereof, for use as a
medicament;

20 (v)  theuse of a compound of the formula I-XXV or of a pharmaceutically
acceptable salt, solvate, polymorph, pro-drug or composition thereof, for
the manufacture of a medicament for the treatment of any of the conditions
mentioned herinbefore;

- (vi)  the use of a compound of the formula I-XXV or of a pharmaceutically

25 accéf?table salt, solvate, polymorph, pro-drug or composition thereof, for
the manufacture of a medicament for the treatment of any of the conditions
mentioned herinbefore;

(vii) amethod of treatment of a mammal to treat any of the conditions
mentioned herinbefore, including treating said mammal with an effective

30 - amount of a compound of the formula I-XXV or with a pharmaceutically

acceptable salt, solvate, polymorph, pro-drug or composition thereof;



(81) (82) (83) 10 (a) The unsaturated nitro ester (82) may be prepared from
the ketone (76) according to the nmethods general ly descngbedbdren@ nabove.
(b) The nitro ester (82) is converted to the amno acid (83) by reduction
by catalytic hydrogenation in a suitable solvent. 15 A pharnaceutically
accept abl f a conpound of the invention may be i repared by
m Xi ng to‘ggtﬁﬂégtrsssgol utions of a conpound of the inventi%%ﬁ%%bﬁ%sﬁe desired
acid or base, as appropriate. The salt may precipitate fromsolution and
be collected by filtration or may be4®ecovered by evaporation of the
solvent. 20 Referring to the general nethods above, it will be readily
understood to the skilled person that where protecting groups are present,
these will Kgijgerbdl itermicfiaRof iRTaal @a)\W4aR(7), TFD), (ngptm,t(ir«gg groups of a
simlar nature, e.g. where an acid group Is described as being protected
with an et hy(l77)g(r78lugg,1)9h§8§);rray be readily interchanged with any suitable

al kyl groupg;,sui t 3 I R AL vl under st ood
to the skil ?)é)d paelﬁgia%d @Bg}% trfi.ar ié%{tcolg?ﬂa?? stee%gdﬁklhn%ﬁdetloggdnierﬁg'Féfér)rré’t hods

present ed her ei nwhitioscmpziags adminssieringld y pgentinmeefl afisuchrtyealr@®nCct ober 2005 WO

02/ 085839 PCTI 11302101146 45, ot her nner not. shown.t rovi de a conpound
accor di ng to thét ?resérg%'l{anequﬁ eﬁ‘?{)’i‘rﬁtﬁf}a‘%seﬂﬂ ‘,ah?”ri“’&\év}n%%g?/‘?" e invention

provides: (i) a&ﬂi%ﬁ@iﬂ'ﬁff&fnﬂdl@(xvraﬂwhﬁlrﬂheﬁﬁﬁh@enﬁ pharmaceutical |y
acceptabl e salt, 0 sol vate, pol ynmorph or pro-dr ug thereof; (ii) a process

for the prefar atthewsesf a sorabngisnnga ermioned phiormlal- dy fogther
pharmaceuti cal | %h«?rf}é‘ceglﬁfz %hﬁo?%&nan@iﬁétﬂm@to?anﬁﬁic%ﬁa{t?&tﬁ’ertréa 'nﬁBfJg thereof;

(itii) a pharmaceu nposition 1 ncluding a conpound of the formula |
any of the conditions mentioned herinbefore; and

10 (xi) aproduct containing a compound of formula I-XXV and a further
therapeutic agent as a combined preparation for simultaneous, separate or
sequential use in the treatment of any of the conditions mentioned

herinbefore.

15 The present invention is illustrated by the following non-limiting examples

and intermediates.

EXAMPLE 1
[(1R,5R.65)-6-(Aminomethyhbicyclof3.2.0Jhept-6-yl]acetic acid hydrochloride
20

L

NH, HCI
CO,H

The isocyanate of preparation 9 (approx 9.33 mmol) and 6N hydrochloric
acid (30 ml) were refluxed for 18 h. The mixture was allowed to cool, diluted
25  with water (60 ml) and extracted with dichloromethane (2 x 50 ml). The aqueous
phase was concentrated under reduced pressure to give a yellow solid which was
washed with ethyl acetate and acetonitrile to give 0.92 g of the title compound as a

white solid.




XXV or a pharmaceutically acceptable salt, solvate, polynorph or pro- 15
drug thereof, together with a pharnmaceutically acceptabl esexpbaizeo ,
diluent or carrier; (iv) a conpound of the formula I-XXV or a
pharmaceutically acceptable salt, solvate, polynorph, pro-drug or

conpositi for use as a nedicanent; 20 (v) f a conpound
of the f ﬁﬁ%ﬁgﬁgxxv or of a pharmaceutically accepta%?@“@%ﬁff sol vat e,

pol ynmor ph, pro-drug or conposition thereof, for the nmanufacture of a

medi cament for the treatnment of any éf the conditions nentioned

heri nbefore; (vi) the use of a conpound of the formula |I-XXV or of a
pharmaceutically 25 acceptable salt, solvate, polynorph, pro-drug or

conposi ti on '3ekROke0 Mz, d}ﬁﬁsﬂﬁwagﬂwfﬁbﬁ) 8.15%e0i GrEmt(fiad), t he treat ment

of any of the conditions mentioned herinbefore: (VI |) a net hod of

treat ment of2. & ({Hpeih), 2.46 (Ithan), %tﬁ%/(lbi‘ d), R@3 ¢ HAADL 1. 9N H, miit30hed

heri nbefore t th an effective 30 anount of
a conpound QH Pﬁ go‘?%ﬂ?‘éfel%% @ﬁl WI)’ a 1;L)Ih%{aﬁr)rnaceuti cally acceptable salt,
sol vat e, poLHMSr(MCI)pr[@mMgHOD ]qe‘ﬁrpom t| on thereof; 1 8 Cctober 2005 WO
02/ 085839 PCTI 1 B02101146 4 i nternediate of the formul a

(la), (4%)- ’e%i')g (Prodigy, ’%Sﬁl@w W@}m X(%*Pmld qolemyn, 2P0 ASEIonie (B2) - (1) a
net hod for fggé‘ﬁmrﬁet&ftm@‘?%éﬁ4§E'm11?qwi’:?hﬂgfzd”ent' oned heri nbef ore,

whi ch corrprl 'ses mni'stering to a L1 ént of such treatnent, 5
ei ther si nuﬂoi]@@eommmnnﬁduaﬁlatelw&or sequentially, a conbination of a

conpound of fornu) a | n I t he use of a
conbi nat i onMﬁFoaé‘ﬂJé'HﬁpB%}(ﬁé/ @45%76ng LJ]?\F%@ ‘gﬁg g& Lﬁélﬁé‘?"“ re§ Grer apeut i ¢ agent
for the mansyf @cUBO60G, gagypdi canent for the treatnent of

10 Melting Point (Perkin Elmer DSC7): 198°C

Alternatively:

EXAMPLE 1A
15 I(LR.,5R.68)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid hydrochloride

The nitro acid of preparation 32 (2.0g; 9.4mmol} in (either 1:1 IPA:H,0
or) 1:1 MeCN:H;O (40ml; 20ml/g) waé hydrogenated using 10% Pd/C (0.2g;
0.1g/g) at 50°C and 60psi for 18 hours. The reaction mixture was filtered through

20 Celite and the filter pad washed with 1:1 TPA:H,0 or 1:1 MeCN:H;O (20ml). The
combined filtrate and wash were concentrated under vacuum and azeotroped dry

with further IPA or MeCN to yield the title compound as a white crystalline solid
(1.52g).

25 EXAMPLE 1B
[(1R,5R.65)-6-(Aminomethyl)bicyclo[3.2.0Thept-6-vl]acetic acid hydrochloride

The lactam of preparation 33 (4.70g, 28.44 mmol) and hydrochloric acid
(57 ml of a 6N solution) were refluxed together for 6 h. The mixture was allowed
30 to cool and then diluted with water (60 ml}). The aqueous layer was washed with

dichloromethane (2 x 100 ml), filtered and then evaporated under reduced



any of the
cont ai ni ng
a conbi ned

i nt er medi

wi th water

10

15

20

2

Lh

conditions nmentioned herinbefore; and 10 (xi) a product
a conmpound of formula I-XXV and a further thesapebdri2005agent as

preparation for sinultaneous, separate or sequenti al

MPLE 1 f(1R 5R, 65)-6-(Am nonet hyl

e amino acid hydrochloride of Example 1 (2.2g) was dissolved in
7.25ml H,O (3.3ml/g). The solution was adjusted to pH 7.5, initially with about
1.6ml ag. NaOH, but finally with some drops of aqueous 0.1N aq. NaOH_ The
precipitated zwitterion was stirred for 8 hours at 8°C and the slurry filtered and the
residues washed with ice-cold water (6ml). The water-wet filter cake was slurried
in IPA (15mi) and refluxed for 10 minutes. After cooling to ambient temperature,
the slurry was filtered, and the residues washed with IPA (Sml). The filter cake
was reshurried in IPA (15mt), refluxed and cooled to ambient temperature. The
slurry was filtered- and the residues washed with IPA (5ml) and dried under
vacuum at 40°C to constant weight to yield the title compound as a crystalline
solid (1.4g). '

Melting Point (Perkin Elmer DSC7): 208°C

EXAMPLE 2
[(15.55.6R}-6-( Aminomethylbicyclo[3.2.0]hept-6-yi]acetic acid hydrochloride

N

NH,.HCI
CO,H

The isocyanate of preparation 12 (approx 11.0 mmol) and 6N hydrochloric -

acid (30 ml) were refluxed for 16 h. The mixture was allowed to cool, diluted

with water {100 mi) and extracted with dichloromethane (2 x 50 ml). The

- aqueous phase was concentrated under reduced pressure to give a yellow solid and

use in the

treatnment of any of the conditions nentioned herinbefore. 15 The present

i nventi Or\g{)érgéss% rated by the following non-limti ngp(%&%&q%

and

bi cycl o[ 3. 2. 0l hept-6-yl | acetic aci dhydrochl oride 20 0 NH2. HCG  CO2H The
i socyanate of preparation 9 (approx 9833 mmol) and 6N hydrochloric acid
(30 M) were refluxed for 18 h. The m xture was all owed to cool,
(60 M) and extracted with dichl oronmethane (2 x 50 n1)

aqueous  phapese.STEORGM g 0T REitd BT E fval RTlutERM with 8BS icetatedngi Ve a yel | ow
solid which was washed with_ethyl acetate and acetonitrile to give 0.92 g

of the titl ée@mwémaga@tonmktv@t?édrhta&%@%k&eww@dﬁ 5V 02/ 085839

diluted 25
The

PCTI 1 BO2/ 01145 47 1H NVR (400 WMHz, d6-DVMSO): 8 = 7.94 (311, br s), 3.15
(1H, d), 3.07 (1H, d), 2.72 (1H, quin), 2.46 (1H n), 2.42 (1H d), 2.33
(1H, d), 1%@ 1.80-1.64 (2H ), 159(111 M 1.48-1.28 (3H m,
1.23 (1H dg), 84. 5. odi gy ODS3 (3)
150 mm x4 3t1H ¢ aci d)

Retention Time = 434 mn 100%pur|ty [a]o(c 0127|n met hanol ) =
-12. 4 M croanal ysi s: Found C, 54.64 N, 6.42. CLOH17N022C1
requires G, Th



54.67; H 8.26; N, 6.38% 10 Melting Point (Perkin El mer DSC7): 198C
Alternatively: EXAMPLE 1 A 15 18 October 2005

[ (1R, 5R, 6S) - 6- (Am nonet hyl ) bi cycl o[ 3. 2. 0] hept-6-yllacetic acid

hydrochl ori de The nitro acid of preparation 32 (2.0g; 9.4mmol) in (either
1:1 I PA r)..1:1 MeCN: H20 (40nil; 20nil/g) was hydro ing 10%
Pd/ C (0. 2%,802’86.5%6/ g) at 50C and 60psi for 18 hours. Thg&p@éﬁﬁlﬁ m xture
was filtered through 20 Celite and the filter pad washed with 1:1 | PA: H20
or 1:1 MCN: H20 (20nl). The conbined9filtrate and wash were concentr ated

under vacuum and azeotroped dry wth further 1PA or MeCN to yield the
title conpound as a white crystalline solid (1,52g9), 25 EXAMPLE 1B

f (1R 5R, 6@ 6yisher W BhN eIt GNCacelogitlic LA ePG 9 g ¥ tha 6iaé tempbahdashydr ochl ori de
The | act am of Bigeparatl on 33 (4.70g, 28.44 mmol) and hydrochloric acid (57

mM of a 6N soWitdsghd. were refl uxed together for 6 h. The nixture was

al l oned 30 t add AUk ed, g r gueous | ayer
was washed ﬁiwmogm%’?ﬁ&hg%@é%(%‘y(%oﬁﬂﬁ’)%;wg(?ﬁt@}%g?Q%dghen evapor at ed
under reduceq? 181, Qaind)es6 (2A0Mm), VWA2Q P A IBBY L HSAPCIS (BOM))1.866.69r essure. The
resulting off-white solid was tritur%ted:‘l\/\'hth et hyl acetate and

recrystarli @Hnﬂsl-%ﬁ%é’@dﬁ‘?sﬂ-% SHag) 231, 49- give the title conpound
(4.51 g). Eﬁgb@@p a2 [(MH-HCI) 1184,

f (1R 5R, 6S1-6- (Am fi;:orret h[3§I ) bi ((::y)c]l of 3.2. 0lheRt-6-yll acetic_acid (Zwi tterion)
The am no abCMSPodigydD$3 (g) bF0 wEmanhé mmid ¢aluin)20wke%dhestnpituled in 7. 25n1
H20 (3.3ml/ q).,, The salution. adj,ust ed pH.7.5, initially with about
1.6ml ag. Nﬁéﬁ’,f"m a?‘flﬂ%?'t?'&pof\aﬁ?'ﬂc§6#§“ﬂ?’&h@%@f’n%ueous O 1IN ag. NaCH_ The
10 preci pi tfa&]?ﬁc;m@ﬂrprﬁgtﬁﬂmmgt_dorred for 8 hours at 8C and the slurry
filtered and e

10
EXAMPLE 3
[(1RS,5RS,6RS)-6-(Aminomethylbicyclo[3.2.0Thept-6-yl]acetic acid
hydrochloride
{+h)
"coH
s NH,HC!

The isocyanate of preparation 17 (approx 2.79 mmol) and 6N hydrochloric
acid (15 ml) were refluxed for 18 h, The mixture was allowed to cool, diluted
with water (60 ml) and extracted with dichloromethane (3 x 50 ml). The aqueous

20  phase was concentrated under reduced pressure to give a yellow solid which was
washed with ethyl acetate and acetonitrile to give 0.45 g of the title compound as a
white soIid. '

| 'H-NMR (400 MHz, ds-DMSO): 8 = 7.84 (3H, br 5), 2.92 (1H, d), 2.85 (1H, d),
2.75 (14, t), 2.69 (1H, d), 2.59 (1H, d), 2.39 (1H, t), 1.81-1.62 (4H, m}), 1.41-1.30
25 (4H, m).
LRMS (APCI): m/z [(MH-HCI)*] 184
LCMS (Prodigy ODS3 (3p) 150 mm x 4.6 mmid column, 20-100% Acetonitnle +
0.1% formic acid) Retention Time = 4.27 min, 99.8% purity.



resi dues washed with ice-cold water (6ml). The water-wet filter cake was

slurried in IPA (15m) and refluxed for 10 minutes. Aftag Ocobéri20gs t 0

anbi ent tenperature, the slurry was filtered, and the residues washed wth
| PA (5mL). The filter cake was reslurried in |IPA (15m), refluxed and
cooled to { tenperature. The 15 slurry was filte - he residues
washed V\AY‘@W%{% 5m ) and dried under vacuum at 4oc:t§8ffﬂﬁf@@iﬁ wei ght to
yield the title conpound as a crystalline solid (1.4g). Melting Point
(Perkin Elmer DSC7): 208C 20 EXAMPLE 52

f (1S, 5S, 6R) - 6- (Am nonet hyl ) bi cycl of 3. 2. O hept-6- I|Ilacetic acid

hydr ochl ori de 25 The i socyanate of preparation 12 (approx 11.0 nmol) and 6N
hydrochloric acid (30 m) were refluxed for 16 h. The m xture was al | owed
to cool, diluted with water (100 m) and extracted with dichl oronet hane (2
x 50 m). ThM@ﬂds phase was concentrat ed under reduced pressure to
give a yell o . b . | B 2/ 01146 49
washed wit h*et : v ] b 940 Ehe title
conpound as . a whlte SO|Id 'H-NI\/R (400 M—Iz d5 DI\/SO) 8 =7.94 (3H, br s),
3.15 (1H, d), 3.07 (1H, d), 2.72 (1H -5%9' 2.46 (1H, m, 2.42 (1H, d),
2.33 (1H, d), 1.98 (1H, m, 180164 , 1.59 (1H, nm), 1.48-1.28
(3H, m, 1.23 (1H, dd). LRVs (APCI MO%GMHHCD ~] 184. LCWVS (Prodigy
ODS3 (3) 150 mmx 4.6 mid col urm 20] 1069 Acetonitrile + 0.1%fornic
acid) Retgention Time = 4.34 min, 9% pury. [a]o (¢ = 0.35 in methanol) =
+13.0 10 EXAMPLE 3

The lactam of preparation 22 (3.20 g, 17.9 mmol) was heated to reflux in
1,4-dioxane (15 ml) and 6N HCI (50 ml). After 4hrs the mixture was cooled to
room temperature and washed with dichloromethane (2 x 30 ml}. The aqueous

10 phase was collected and the solvent removed in vacuo. The residue was triturated
with ethyl acetate and the resulting solid collected by filtration and dned under
vacuum to give 2.74 g of the title compound as a white solid.

'"H-NMR (400 MHz, D,0): 3.24 (2H, m), 2.58 (2H, s), 2.39 (1H, m), 2.03 (1H,
m), 1.76 (2H, m), 1.59-1.10 (7H, m), 0.96 (1H, m).
15 LRMS (APCI): m/z [(MH-HCI)"] 198.

EXAMPLE 5
[{1RS.6RS.7RS)-7-{ Aminomethybicyclo[4.2.0]oct-7-yl]acetic acid
'_hydrochloride

20
NH HCI

' CO H
@y

Diphenylphosphoryl azide (0.43 ml, 1.98 mmol) was added to a stirring solution
of triethylamine (0.28 ml, 2.03 mmol) and the acid of preparation 29 (0.47 g, 1.96
25  mmol approx) in toluene (15 m!) at room temperature under nitrogen. The
* mixture was stirred for 16 hrs and then warmed to 35 °C for 1 hr. The mixture

was allowed to cool, diluted with ethyl acetate (60 ml), washed with saturated



hydrochl oride 15 The isocyanate of preparation 17 (approXg3./49.-358 ) and 6N
hydrochloric acid (15 m) were refluxed for 18 h. The m xture was al | owed
to cool, diluted with water (60 m) and extracted w th dichl oronethane (3
x 50 m). eous 20 phase was concentrated under ressure to
give a ye‘ivgrg%%gg#i d which was washed with ethyl acet a{%ﬁﬁ'ﬂéﬁetonitri | e
to give 0.45 g of the title conpound as a white solid., 'H NVR (400 MHz,
d,-DMBO): 8 = 7.84 (3H, br s), 2.92 ¢1H, d), 2.85 (1H, d), 2.75 (1H, t),
2.69 (1H, d), 2.59 (1H, d), 2.39 (1H, t), 1.81-1.62 (4H m, 1.41-1.30 25
(4H, m. LRVs (APCl): mz [(M+HO)+] 184 LCMS (Prodigy ODS3 (3p.) 150 nmm x
4.6 mm d col 4Bous20dikA AYardElMbhd (26 100 ), Winé, ahdtifedBig8D Ret ent i on Time =
4.27 mn, 99.8%purity. 18 COctober 2005 WO 02/ 085839 50 PCT| |1 B02I 01146
EXAVPLE 4 [ (TiRSobRes, wisigmaped ppdentsduged prespwe gud thg wsuiting ysllow 9y | | acetic acid

hydr ochl ori . - j 22 (3.20 g,

17.9 nmol) &gssﬁ??gég{%"eg%th’é‘“ﬁﬁ%@ﬁan'}%{ g?%g{r?éﬂ%fugé‘ﬁ%%g%%% HO (50 ).
After 4hrs tdoe Winptratues and svashed wdttl dichlororoainane €hp 60 arl)and dithg] etheshed wi t h |
di chl or opet hane x 30 m). The ous,10 phase was.collected and the
sol vent en@éﬂl)i(ﬁ’e\?ﬁwaﬁ pkz?ﬁeew?ségﬁ%?@ ﬂg?etspgfrﬁfﬂ?%vﬁﬁ 2P gﬁ“ﬁyl acet at e |
‘and the resisidudgaseinksted Mlth eGj1edethry ahd tht Fatiltiog saiadoldcteddyunder 1

filtration and dried under vacyum to give 0.304 g of title compound as a white

solid. |

'H-NMR (400 MHz, d¢-DMSO): 3.04 (1H, d), 2.99 (1H, d), 2.68 (1H, d), 2.62
10 (1H, d), 1.98 (1H, m), 1.83 (1H, t), 1.69-1.28 (9H, m), 1.00 (1H, m).

LRMS (APCI): nv/z [(MH-HCI)'] 198.

PREPARATION 1
{1RS.5RS)-Bicvelo[3.2.0jheptan-6-one

15 © |
Palladium (1g, 10% w/w on charcoal) was added to a solution of

bicyclo[3.2.0]hept-2—en—6—one (12 mi, 111.3 mmol) in ethyl acetate (100 ml) and
the mixture was hydrogenated for 6 hours at 30 °C and 483 kPa (70 p.si.). The
reaction mixture was filtered and the solvent was evaporated under reduced

20  pressure to give 12.1 g of the title compound as a colourless oil.
Vax(film)/cm™ 1777.
'H-NMR (400 MHz, CDCL;): 8 =3.54 (1H, m), 3.19 (1H, ddd), 2.88 (1H, m), 2.49
(1, ddd), 2.-(-)4 (1H, m), 1.91-1.49 (5H, m).

25 PREPARATION 1A
(1R,5R)-bicyclo[3.2.0}heptan-6-one



vacuumto give 2.74 g of the title conpound as a white solid. ' H NWR (400
MHz, D20): 3.24 (2H, m), 2.58 (2H, s), 2.39 (1 H m, 2.9;;%,{1&1 m, 1.76
(2H, m, 1.59-1.10 (7H, m, 0.96 (1H m. 15 LRV (APC): ?T?R&H—HCl)J]
198. EXAMPLE 5 f(1RS, 6RS, 7RS) - 7-( Ami nonet hyi ) bi cyci o[ 4.2.0]oct-7-yl]acetic
acid hydrochloride 20 "NH2. HCI CO2H Di phenyl phosphoryl azide (0.43 m,

1. 98 molYO B8R ded to a stirring solution of triet hWYHRHEIH0 28 m |
2.03 nmmol) and the acid of preparation 29 (0.47 g, 1.96 25 nmol approx) in
toluene (15 m) at roomtenperature GBder nitrogen. The m xture was stirred
for 16 hrs and then warnmed to 35 Cfor 1 hr. The mxture was allowed to
cool, diluted with ethyl acetate (60 m), washed with saturated 18 Cctober
2005 WO 02/085839 51 PCTIIBO2101146 ueous sodi um hydrogen carbonate (2 X

100 M), brine, and dried (MSO). sol vent was renoved under reduced
pressure and the resulting yell ow oi was heated to reflux in 6N HCO (20
m). After 18 hrs the m xture was ¢ d to roomtenperature and washed

with dichloronethane (2 x 60 m) and di®thyl ether 5 (60 m). The aqueous
phase was coll ected and the solvent renoved in vacua. The residue was
triturated with ethyl acetate and the resulting solid collected by
filtration Arsdiuden eff1858pbicyded20)hapt-Gicud-dhe3(4.0g; 42mindl) ie BtOApound as a

11 2% G A 0B SR BTl b
1.00 (1H mMimbient temperature. The reaction mixture was filtered through Celite, and the
filtrate concentrated under vacuum to yield 41.3 g of the title compound as a
colourless oil. '
'H-NMR (400 MHz, CDCL): § = 3.55 (1H, m), 3.20 (1H, m), 2.90 (1H, m), 2.50
(1H, m), 2.0-1.5 (6H, m).
10 'Ref: EP0074856

PREPARATION 2
Ethyl (2B/Z)-(1RS.5RS)-bicyclol3.2.01hept-6-ylidene(cyano)ethanoate

(+F)
\-CO,Et
15 | NC

The ketone of preparation 1 (22.4 g, 204.1 mumol), ethyl cyanoacetate (21.7

m}, 204.1 mmol), ammonium acetate {15.7 g, 204.1 mmol) and glacial acetic acid
(11.7 ml, 204.1 mmol) were refluxed in toluene (220 ml) using a Dean-Stark trap.

20 After8h, the mixture was allowed to cool and diluted with ethyl acetate (300 ml),
washed with water (3 x 150 ml), brine and dried (MgSQ,). The solvent was
evaporated under reduced pressure. The residue was chromatographed (Si0,,
heptane/ethyl acetate, 95:5 to 7:3) to give 30 g of a 6:4 mixture of isomers of the
title compound as a yellow solid.

25  vm(filmyem™ 2225, 1725, 1640.



LRVE (APCt): mz [(M+HCO)+] 198. PREPARATION 1 (IRS, 5RS)-Bic

cclof 3.2. A heptan-6-one 15 (+l1-) OO0 Palladium(lg, 10% Q rcoal )
was added to a solution of bicyclo[3.2.0]hept-2-en-6- on% %yf[tﬁgeﬁ?@.%lll. 3
mmol) in ethyl acetate (100 m) and the m xture was hydrogenated for 6

hours at 483 kPa (70 p.s.i.). The reaction m filtered
and the s‘gﬁggjg%?ﬁgas evapor at ed under reduced. 20 presgh%@"ﬁ?(\sle 12.1 g of
the title conmpound as a colourless oil. vmax(filrn)/crn" 1777. 'H NVR (400
MHz, CDC13): S = 3.54 (1H, m, 3.19 fBH, ddd), 2.88 (1H, m, 2.49 (1H,

ddd), 2:04 (1H, m, 1.91-1.49 (5H, m. 25 PREPARATION I A (I
R, SR) - bi cycl of 3. 2. 0] h_ept an- 6- one 18 Cct ober 2005 WO 02/ 085839

PCT/ | BO2/ 01146 i f . =bi I : t,=¥- en- 6- one'
(50. 0g: 462nmDp ﬁ@%bﬂg‘%ﬁrﬁ@ﬁv\g@‘ﬁ d?’%g %%%3%?%8"%%% wet 5% Pd/ C
(5.09) at 60p3 (1Hoddd, el mb, 2570xiHj #)H 2. 1t €thanp(LP21.58 ¢, mgact i on m xture

Vield 415 G3bIHERD: Himes ORGP Qa1 S b Foccisdi SR (400 M,
CDC13): S zg@g,%@,f z(éEngH”ha J§0.801.4|Q}tb2T %né,-(?@z(lldd; 58)m),4:32Q ). M. 2.0-1.5

(6H, m. 074856 PREPARA
5  LRMS (APCI): m/z [M-H] 204.
PREPARATION 3
Ethyl [(1RS,5RS.6RS)-6-benzylbicyclo[3.2.0Thept-6-vll(cyano)acetate
10

The cyanoester of preparation 2 (10.0 g, 48.7 mmol) in THF (60 ml) was
added over 1 h to a stirring solution of benzylmagnesium chloride (78 m! of a 1M
solution in ether, 78 mmeol) in THF (100 ml) at —78 °C under argon. After stiring
for 2 h at this temperature, the mixture was quenched by addition of saturated

15  ammonium chloride solution (40 ml). The mixture was allowed to warm to room
temperature, and dilute hydrochloric acid (150 ml) was added. The aqueous layer
was extracted with ethyl acetate (3 x 100 ml). The combined organic layers were
washed with brine, dried (MgS04} and the solvent was evaporated under reduced
pressure to give the title compound as a mixture of diastereoisomers and as a

20  yellow oil which was used crude in the next step.

 voe(filmyem™ 2247, 1741.
LRMS (APCI): m/z [M-H] 296.

PREPARATION 4
25  [(1RS.5RS.65R)-6-benzylbicyclof3.2.0]hept-6-yl]acetic acid




Et hyl (2E/ Z)-(1RS 5RS)-bi cycl o[ 3. 2. O1lhept - 6-yl i dene(cyano) et hanoate 15 The
ket one of preparation 1 (22.4 g, 204.1 nmmol ), ethyl cyan eut)%trgodle.? m,
204.1 mol ), anmmoni um acetate (15.7 g, 204.1 mml) and glacial acétic acid |
(11.7 m, 204.1 nmmol) were refluxed in toluene (220 m ) using a Dean-Stark
trap. 20 h, tho m xture was allowed to cool an i wi th ethyl |
acetate (\gﬁéﬁéﬁsﬁs\ washed with water (3 x 150 ml), briﬂ%ﬂigﬂ%&@% ed (MgSOY) .
The solvent was evaporated under reduced pressure. The residue was
chromat ogr aphed (Si @2, heptane/ et hyP4acetate, 95:5 to 7:3) to give 30 g of
a 6:4 mxture of isoners of the title conpound as a yellow solid. 25
v,nax(film/cm 2225, 1725, 1640. 18 Cct ober 2005 WD 02/ 085839
PCT/ 1 B02/ 01146 53 ' H- NVR (400 MHz, 3): S(major isonmer) = 4.26 (2H, m,
3.64 (1H, m, 3.36 (1H, ddd), 2.96 ( rr)(+,_)2.7o (IH, dt), 2.11 (1H m,
(1.92-1.58, 5H m, 1.32 (3H mM; S nor isoner) = 4.26 (2H, m, 3.85
(1H, m, 3.15 (1H, ddd), 2.96 (1H, ,‘““2,;,52 (1H, dt, J20.0, 4.4), 2.02
(IH, m, (1.92-1.58, 5H m, 1.32 (:%H,cg)H 5 LRVS (APCl): mz [MH 204.
PREPARATI ON 3 Et hyl [(1RS, 5RS 2
6RS) - 6- benzyl bi cycl o[ 3. 2. 0] hept - 6-yl1(cyano)acetate (+1-) Ph CO02Et NC 10
The cyanoester of preparation 2 (10.0 g, 48.7 mmol) in THE (60 m ) was
added over | h tTheanixture 6f thegdissdretniepio cpinoleRZWf pROMRGOHLET20BIHr i de (78 m  of

a 1M solution in ether, 78 mml) in THE (100 m) at -78 C under argon.
After stirrPhgmmal}and patagsium RydsoRidada O g A mmel Wargbagted 10 Kenched by

addi ti ons of iﬁ@iﬂ%%ﬁgoﬂés@ﬂm 3R, AR ihioms Wethix@Re 4 allBkkd o' NE M xture

was al | owed to "war oro
cool and dilute hydrochloric acid (300 ml) was added carefully. The mixture was

extracted with ethyl acetate {3 x 200 ml) and the combined organic fractions were
washed with brine, dried (MgSO;) and the solvent was evaporated under reduced
pressure. The residue was chr(.)matographed (8103, heptane/ethyl acetate, 8:2) to
10 give 14.6 g of the racemic diastereomeric title compound as a white solid.
Voax(film)ycm’™ 3344, 1704,
'H-NMR (400 MHz, CDCl): & = 7.31-7.22 (5H, m), 3.02 (1H, d), 2.97 (1H, d),
2.64 (2H, m), 2.34 (14, d), 2.24 (1H, d), 2.13 (1H, m), 1.84-1.59 (3H, m), 1.50-
1.32 (4H, m).
15 LRMS (APCI): m/z [M-H] 243.

PREPARATION 5
[(1R.5R.65)-6-benzylbicyclo[3.2.0hept-6-yl]acetic acid

,m\

Ph
20 COH
(R)-(+)-o-Methylbenzylamine (6.67 g, 55 mmol) was added to a stirring
solution of racemic acid of preparation 4 (24 g, 98.2 mmol} dissolved in ethyl
acetate. The acid salt precipitated ont of the solution as a white solid. This was
recrystallised three times from ethyl acetate to give 8.5 g of the acid salf, Further

25  recrystallisation of the residue gave an additional batch of 8.5 g of the acid salt.



tenperature, and dilute hydrochloric acid (150 m) was added The aqueous

| ayer was extracted with ethyl acetate (3 x 100 m). Fs&gtng)er &% organi c
layers were washed with brine, dried (MySO4) and the so Vent

evapor at ed under reduced pressure to give the title conmpound as a m xture
of diastereaisoners and as a 20 yellow oil which was used crude in the next
step. vnERPHPEHY/ cnt 2247, 1741, LRVB (APCl): miz [ MK TBI8B MSpREPARATI ON
4 25 [(1RS, 5RS, 6SR) - 6- benzyl bi cycl o[ 3. 2. 0] hept-6-yl]Jacetic acid 18 Cctober

2005 WD 02/ 085839 PCT1I B02/ 01146 54 G&R2H Ph The mixture of the

di astereoneric cyano-esters of preparation 3 (20.3 g, 68.4 mol) and

pot assi um hydroxide (23.0 g, 410.4 mmol) were heated to 160 C 5 in ethyl ene
gl ycol (350 ﬁdﬁ&%&t&%fﬁnsﬁt@vﬁ'&rtaﬁéﬁ'@1ﬁﬂﬁﬁlorcﬁ&%aﬂé Xlatied wiliifted owed to  cool

and dilute hydrochloric acid (30 was added carefully. The m xture was
extract ed wi hydrehloyic aaddmlpenc(@e»d (mom )Tha selvenh wag evabemied vedegani c
fractions wer washed. wi.t h ried S he sol vent was
evapor at ed ur@g&dprr%salagéo&ve?g ggrﬁl’guq?ﬁom?&nw ue‘)@?%‘ T omat ogr aphed (Si Q2
hept ane/ et hHPLa Ehikles! OB 25)0 A 06 mhDchinie (Mdbik phasef 900 Bexaae d0%iC

di astereoneric title conmpound as a white S?A‘ﬁﬁd Vmax(0hn)/cm ' 3344, 1704.
"H NMVR (200 DjAsont e dFA)lgRetentionfime 3.1 )3 02 (1H d), 2.97 (1H d),

2.64(2H 34, s enhe qaH o), 213 (1H W, 1.84-1.59 (3H .
1.50- 1. 32n}‘ﬁ]ﬂ,%° S LRI\/ém% g [MH 243. PREPARATION 5 1R 5R 6
-6-bent I bic cl OTEZ s%c(ﬁldlhetch 6f tht sait\eaa takmcupah @#bhloromethane, washed

with dilute hydrochloric acid, brine and dried (MgSQOy) to give a further 5 g of

acid of 86% ee.

10 Sinnlarly prepared was:

PREPARATION 6
[(18,55,6R)-6-benzylbicyclo[3.2.0Thept-6-yl]acetic acid

15

by recrystallisation of the salt generated by addition of (S)-(-)-o-
methylbenzylamine.
HPLC [Chiralcel OD 250 x 4.6 mm column (Mobile phase: 90% hexane, 10%
20. TPA cont. 0.5% TFA)]: Retention time = 4.2 min (95% ce).
[a]p (¢ = 1.0 in chloroform) =+17.3°

PREPARATION 7
Methyl [(1R.5R,65)-6-benzylbicyclo[3.2.0Thept-6-yllacetate

25




20 CO2H (R)-(+) - a- Met hyl benzyl am ne (6.67 g, 55 Mol ) was added to a

stirring solution of racem c acid of preparation 4 (24 98, 2 [?]H}‘)')
di ssolved in ethyl acetate. The acid salt precipitated g%?“%f“? € solution
as a white solid. This was recrystallised three tinmes fromethyl acetate

to give the acid salt. Further 25 recrystalli i t he residue
gave an %giog?sg%%l batch of 8.5 g of the acid salt. 1%@%&?&2005 WO

02/ 085839 PCTI 1 B02/ 01146 55 The first batch of the salt was taken up in

di chl oronet hane, washed with dilute 5hydrochloric acid, brine and dried
(MgS™) . The sol vent was evaporated under reduced pressure to give 5.0 g
of the title conpound as a white solid. HPLC [Chiralcel OD 250 x 4.6 nmm
colum (Mbbil e phase: 90% hexane, 10%.5 | PA cont. 0.5% TFA)J: Retention
time =5.1 mn (94%ee). [a]lp (c =1.83 }n chloroform = -20.2 The second
batch of the salt was taken up in dichtoronet hane, washed wth dilute
hydrochloric acid, brine and dried (Mgg$ON_.to give a further 5 g of acid
of 86%ee. 10 Simlarly prepared was: REPARATI ON 6 f( 1S,5S, 6R)-6-benzylb
cyclo f 3.2.0lhept-6-y]acetic acid 15 byPMecrystallisation of the salt
generated by addition of (S)-(-)-a- nethylbenzylam ne. HPLC [Chiral cel OD
250 x 4.6 nmm colum (Mobil e phase: 90% hexane, 10% 20 IPA cont. 0.5%
TFA)] L Retent | okl Siykldeoefhat @87 9ot bR BIukien i eafhd, 35,401 or of or m)
=+17. 3 PREPARATI ON 7 Met'hyl

f (1R, 5R, 6S?madbewmasydddsiyervasao 2 stiring seluonydfiacid of preparation 5 (7.85 g,

5  32.1 mmol) in a mixture of toluene (90 ml} and methanol (22.5 ml) at 0 °C under

argon. The mixture was allowed to warm to room temperature and stirred for 4 h.

The solvent was removed under reduced pressure and the residue was taken up in

ethyl acetate (150 ml), washed with saturated sodium hydrogen carbonate (150

mi), dilute hydrochloric acid (100 ml), brine and dried (MgSQO4). The solvent was
10 evaporated under reduced pressure The residue was chromatographed (SiO;,

heptane/ethyl acetate, 9:1) to give 7.0 g of the title compound as a colourless oil.

Vmasu(film)/em™ 1736.

'"H-NMR (400 MHz, CDCL): 8 = 7.28-7.21 (5H, m), 3.67 (3H, 5), 2.97 (1H, d),

2.92 (1H, d,), 2.65-2.60 (2H, m), 2.26 (1H, d), 2.18 (1H, d), 2.08 (1H, m), 1.82-
15 1.52(3H,m), 1.48-1.22 (4H, m). '

LRMS (APCI): m/z [MH"] 259.

falp (c =0.11 in methanol) = -24.1°

PREPARATION 8
20 1R.5R.685)-6-{2-methoxy-2-oxoethyDbicyelo[3.2.0Thept-6-vl]acetic acid

BN
CO,H

CO,Me

The ester of preparation 7 (7.0 g, 27.1 mmol) and sodium periodate (81.1
25 g, 379.3 mmol) were stirred together in ethyl acetate (100 ml), acetonitrile (100



25 1 8 Cctober 2005 WO 02/085839 PCTI | B02101146 56 Ph CO2Me

Trinmet hyl silyl diazonmethane (17.7 mM of a 2Msolution in hgé §6r2§ 4 mol)
was added dropwise to a stirring solution of acid of preparatl (7.85 g,
5 32.1 mml) in a mxture of toluene (90 m ) and nethanol (22. 5 rr1) at 0 C
under m xture was allowed to warmto room re and
stirred f ﬁ%ﬂﬂffg&s The sol vent was renoved under reduceg&gﬁﬁé@a e and the
residue was taken up in ethyl acetate (150 nml), washed with saturated

sodi um hydrogen carbonate (150 m), Hilute hydrochloric acid (100 m),
brine and dried (MgSO4). The sol vent was 10 evapor ated under reduced

pressure The residue was chromatographed (Si @2, heptane/ethyl acetate,
9:1) to gi veml)&dvattk (1508l fo&B%lﬁ@émqmedmﬁreava@ebaw&Wa@ul
vmax(fihn)lcm 1736. "H NMR (40 CDCl 3); 8 = 7.28-7.21 (5H, m, 3.67

(3H, s), 2. 9wﬂeelmpna;l)chl@dyiw¢mq(0é|lg 0.54 rgmob) wae ad @mtotﬂityreangs (1H, d),

(APar) - it 2 Y Tomgiiof v e g 8Fodnt B it hed el 0
20 [L1R 5R &B)Dlahﬂzthm(lﬁtmy}@amd@ltdnﬂIt})ebﬁicxgméw{aﬁnﬂed)fo!né@hmﬁlte}l lacetic acid
25 g 379, 3 D porEplencest 200 B Pt wre ik weehbro0 m) .

acet oni tril exfrdfdd vs'hﬁ: &l eredie B00M0VED). OPUQBRBRRd B@Huéﬁ@&i&&&éx@ 57 m) and

water (150 m) for m nutes. The m xture was cooled to O C and ruthenium

(111) chlor w@éhqdwﬂ%@rqt@ spdiug thigsulfiate palytion, heige, sped Me¥04 fnd theact i on

solvent was evaporated under reduced pressure to give the title compound as a
yeliow oil.

10 vmndfilm)em™ 1733, 1715,
"H-NMR (400 MHz, CDCly): § = 3.65 (3H, s), 2.82-2..76 (3H, m), 2.55-2.49 (3H,
m), 2.65 (1H, m), 1.81 (1H, m), 1.73-1.69 (2H, m),1.49-1.28 (4H, m).
LRMS (APCI): m/z [M-H] 225.

15 PREPARATION 9 _
Methyl [(1R.5R.65)-6-(IsocvanatomethyDbicyclol3.2.0]hept-6-yllacetate

. .\\\
NCO

CO,Me

20 Diphenylphosphory! azide (8.45 ml, 39.2 mmol) was added to a stirring
solution of trethylamine (5.6 ml, 40.4 mmol) and the acid of preparation 8 (8.78g,
388 mmolj m toluene (80 ml) at room temperature under nitrogen. The mixture
was stirred for 3 hours and then warmed to 35 °C for 1.5 hours. The mixture was
allowed to cool, diluted with ethyl acetate (150 ml), washed with saturated

25 -aqueous sodinm hydrogen carbonate (150 ml), brine, and dried (MgSQ,). The
solvent was removed under reduced pressure to give 8.7 g of the title compound
as a yellow oil.

Vmax (film)/em™ 2265, 2171, 1733,




m xture. The reaction was allowed to warmto roomtenperature and stirred
for 24 h. Diethyl ether (150 mM) was added and the n‘ixtgg@ %?e%zéd'”ed for
40 minutes. 5 Dilute hydrochloric acid (200 mM) was adde € m xture
whi ch was then extracted with ethyl acetate (3 x 100 m ). The conbi ned
organic f i were washed with saturated sodi umthi e sol ution,
bri ne, @@!%%204) and the solvent was evaporat ed uﬁ%‘@%@g{fced pressure
to give the title conpound as a yellowoil. 10 vmax(flmlcnm'3 1733, 1715.
"H-NVR (400 MHz, CDC13): S = 3.65 (3P8 s), 2.82-2.76 (3H, m, 2.55-2.49
(3H, m, 2.05 (1H, m, 1.81 (1H, nm, 1.73-1.69 (2H, n),1.49-1.28 (4H, in).
LRVS (APCl): mz [MH 225. 15 PREPARATI ON 9 Met hyl

[ (1R, 5R, 6S) - 6- (| socyanat onet hyl ) bi cycl or3. 2. 0] hept-6-yl]acetate NCO CO2Me
20 Di phenyl phaosphor azide (8.45 m, 39.2 mml) was added to a stirring
sol ution of (5.6 M, 40.4 mmol) and the acid of preparation 8

(8.78g, 38 ggﬁ )ﬁé A #1 % QI % r:ﬂ nper at ure under nitrogen.
The mxtureM%th REL eilficrd ?? alFl L eﬁéaag('rened to 35 Cfor 1.5 hours.
The mixture was allowed to cool, diluted with ethyl acetate (150 ni),
washed with saturated 25 aqueous sod{)#mhydrogen carbonate (150 m ), brine,
and dried (MgSO4). The solvent was ved under reduced pressure to give
8.7 g of the title conpound as a yef w oi | . vmax (film/cm' 2265, 2171,
1733. 18 Cctober 2005 WO 02/ 085839 58 PREPARATI ON 10 Methyl 1S 5S 6R
-6-benz lhic clo 3.2.0 he t-6 1 acetate PAP

5 COMe

Trimethylsilyldiazomethane (5.7 ml of a 2M solution in hexane, 11.4
mmol) was added dropwise to a stirring solution of the acid of preparation 6 (2.77
g, 11.3 mmol) in a mixture of toluene (30 ml) and methanol (7.5 ml}) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 4 h.
10  The solvent was removed under reduced pressure and the residue was taken up in
ethyl acetate (100 ml), washed with saturated sodium hydrogen carbonate (100
ml), dilute hydrochloric acid (100 ml), brine and dried (MgSO4). The solvent was
evaporated under reduced pressure The residue was chromatographed (Si0,,
heptane/ethy! acetate, 9:1) to give 2.84 g of the title compound as a colourless oil.
15 'H-NMR (400 MHz, CDCL): § = 7.28-7.21 (5H, m), 3.67 (3H, s), 2.97 (1H, d),
2.92 (1H, d,), 2.65-2.60 (2H, m), 2.26 (1H, d), 2.18 (1H, d), 2.08 (1H, m), 1.82-
1.52 (3H, m), 1.48-1.22 (4H, m);
[a]p{c =0.11 in methanol) = +23.1°

20 PREPARATION 11

1]acetic acid

$ Cof
CO,Me

The ester of preparation 10 (7.0 g, 27.1 mmol) and sodium periodate (81.1
25 g, 379.3 mmol) were stirred together in ethyl acetate (100 ml), acetonitrile {100



5 CO2Me PCTJI B02101146 Trinethyl silyl di azomethane (5.7 ml of a 2M sol ution
in hexane, 11.4 nmmol) was added dropwi se to a stirring ??b?&‘)e@%(%f t he
acid of preparation 6 (2.77 g, 11.3 mmol) in a mxture 0O uene (30 nm)
and nethanol (7.5 m) at 0 C under argon. The m xture was allowed to warm
to roomt rature and stirred for 4 h. 10 The sol ve ved under
reduced ﬁ ¥’ and the residue was taken up in et h%c%@y@?go( 100 m),
washed with saturated sodi um hydrogen carbonate (100 m), dilute
hydrochloric acid (100 m), brine and®dried (MySOX). The sol vent was

evapor at ed under reduced pressure The residue was chromat ographed (Si 02,
hept ane/ et hyl acetate, 9:1) to give 2.84 g of the title conpound as a

col ourl ess Wandkﬁater"('l%? ¢t G0nifries. m&)ureﬁam&ea%(ﬁ@&(cﬁ" m, 3.67 (3H
s), 2.97 (1H, " d) 2 H d,), 2.65- 0 (2H, m, 26 (1H, d), 2.18

(1H, d), 2. Gethenipm (R chigridehydmaie®. 1 m}swmoj) whgzdezizo thermeaction © [a] D (c =
0.11 i t
S, 55, Ifsg) ng’fl%ﬂﬂn%%r%)r&? n&%éﬁ%ﬁﬁﬁgl cycl 3}%&% %é‘%amre tfrr:dace ic acid COH

2 COZMe Thie Bitherletiod (S0egnwat addad 4 the mixtge wﬂgstikremfmityormnutes odi um

peri odat irred t her in ethyl acetate
(100 n )Se aﬁé‘tt‘c’)m‘ﬁ?qhﬁ’ cge@@ﬂ@%@%%%ﬁ%%g% 16 SGBIIBCT/ | B0/ 01146 59
mM) and wat &iraétddWitibthyifabdtate (3% MO0 8H. TE@&nEBn%éd%@nY@@acﬁ&%'v%i’e to 0 C and
ruthenium (I'11) chloride hydrate (0.11 g, 54mmg was added to the

reaction nvashed with simsatedspdiunp fiasakatasalyipacbring, desed Owlssdtheenper at ure and

stirred f OF sofbnt was evaporated under reduced pressure to give the title compound as a
yellow oil.
10  'H-NMR (400 MHz; CDCl): § = 3.65 (3H, s), 2.82-2.76 (3H, m), 2.55-2.49 (3H,
m), 2.05 (1H, m), 1.81 (1H, m), 1.73-1.69 (2H, m), 1.49-1.28 (4H, m).

PREPARATION 12
Methyl [{ 1S,SS,6R)'—6;(§ocyanatomethvl}bicvclo[B.2.0]hent-6-yﬂacetaté
15
s NCQO
AN
CO,Me

Diphenylphosphoryl azide (2.4 ml, 11.1 mmol) was added to a stirring

solution of triethylamine (1.6 mi, 11.4 mmol) and the acid of preparation 11 (11.0
mmol approx) in toluene (30 ml) at room temperature under nitrogen. The

20  mixture was refluxed for 2 hours. The mixture was allowed to cool, diluted with
ethyl acetate (150 ml), washed with saturated aqueous sodium hydrogen carbonate
(2x 150 mii,'bﬁne, and dried (MgS0Q,). The solvent was removed under reduced
pressure to give the title compound as a yellow oil.
Vimax (film)/em™ 2265, 2151, 1734.

25
PREPARATION 13

tert-butyl [(1RS.5RS.65R)-6-benzylbicyclo[3.2.0Thept-6-yl]acetate




h. Diethyl ether (150 m) was added and the m xture was stirred for 40
mnutes. 5 Dilute hydrochloric acid (200 m) was added t 1 re which
was then extracted with ethyl acetate (3 x 100 nl). Thqugﬁgpﬁgg&%rganic
fractions were washed with saturated sodiumthiosul fate solution, brine,
dried ( the solvent was evaporated under reduc ressure to

gi ve thgqﬁgﬁ%ggg npound as a vyellowoil. 10 'H NWMR (45%”%&%}L€DCI3): 8 =
3.65 (3H, s), 2.82-2.76 (3H, m, 2.55-2.49 (3H m, 2.05 (1H m, 1.81
(1H, m, 1.73-1.69 (2H, m, 1.49-1.280(4H, n). PREPARATION 12 Methyl 1S 5S
6R -6- isoc anatonmeth 1 bic clo 3.2.0 he t-6- 1 acetate 15 NCO CO2Me

D phenyl phosphoryl azide (2.4 m, 11.1 nmol) was added to a stirring
solution of triethylamne (1.6 m, 11-4 mol) and the acid of preparation
11 (11.0 mmol approx) in toluene (3 ) at room tenperature under
nitrogen. The 20 m xture was refluxed ford*#2 hours. The m xture was all owed
to cool, diluted with ethyl acetate Yz5D g1), washed with saturated
aqueous sodi um hydrogen carbonate (2 15 m), brine, and dried (MJSO4).
The sol vent was renoved under reduced ﬁ%&%ﬁure to give the title conpound
as a yellowoil. v,,,ax (film/cn" 2265, 2151, 1734. 25 PREPARATION 13
tert-butyl [(IRS, 5RS, 6SR)-6-benzyl bicclo[3.2.Q hept-6-yl}acetate 18 Cct ober

2005 WO 02/ 08583§khf cRlefitd @32301] 10*SmniofRéas Bided dropwise to a stirring
solution of the acid of preparation 4 (2.34 g, 9.58 mmol) in dichloromethane (30
5  ml) under argon at 0 °C. Dimethylformamide (0.3 ml) was carefully added and '

the mixture was allowed to warm to room temperature and stirred for a further 4
hours. The solvent was removed in vacuo and the residue diluted with
dichloromethane (20 ml). 2-Methyl propan-1-ol (10 ml) in dichloromethane (20
ml) was carefully added to the reaction mixture under argon followed by

10 diisopropylethylamine (2.5 ml, 14.4 mmol). The mixture was stirred for 17 hours
and then taken up in ethyl acetate, washed with saturated aqueous sodium
hydrogen carbonate (2 x 200ml), and dried (MgSOy4). The solvent was removed
under reduced pressure and the residue was chromatographed (SiO,, heptane/ethyl
acetate 95:5) to give the title compound (2.40 g) as a yellow oil.

15 Viex(film)fcm™ 1727,
'H-NMR (400 MHz, CDCls): § = 7.28-7.21 (SH, m, Ph), 2.98 (1H, d), 2.92 (1H,
d), 2.64-2.56 (2H, m), 2.16 (1H, d), 2.09 (14, d), 2.04 (1H, m), 1.80-1.50 3 H,
m), 1.48 (9H, s), 1.47-1.20 (4H, m).

20 PREPARATION 14

]acetic acid

-2-oxoethylbicyclo[3.2.0]h t-6-

(+-)
ll“\
COH

-CO-Bu



Ph .Oxalyl chloride (0.92 m, 10.5 mmvol) was added dropwi se to a stirring

solution of the acid of preparation 4 (2.34 g, 9.58 mmol )|

di chl oronet hane (30 5 m ) under argon at 0 C. Dinet hylfoal%%)%ofjﬁém?so.?) m )
was carefully added and the m xture was allowed to warmto room

t enper at tirred for a further 4 hours. The so removed in
vacuo an%ﬁfqg&g@?i due diluted with dichloronethane (ﬁ%glﬁf%t hyl
propan-1-01 (10 m) in dichloronethane (20 m) was carefully added to the
reaction m xture under argon followediby 10 diisopropylethylamne (2.5 m,

14.4 mmol ). The m xture was stirred for 17 hours and then taken up in
ethyl acetate, washed with saturated aqueous sodi um hydrogen carbonate (2

x 200ml), and dri e 3 reduced
pressure and the T:Egg?%?%?“ﬁ%i%?%@??%ﬁ%@%@%@ﬁ8%&% ethyl acetate
95:5) to gi v@3Phe, 1l nemel) wpmstined t2getiter ¢ cthd agetyte (34anl),cicétonitrie

vmax(filn)/ 727, ! 0. ,mCDCL3): S ~ 7.28-¢.21, (5H, m Ph),
2.98 (1H, dwr%‘}@'% ‘(?‘L‘i’ﬁ!a%%'\’/sf‘é‘@éﬁ“ﬂ%eﬁ?ﬁ*ﬂﬁ?ﬁ@f@?ﬁ%C8‘}‘1, 2.09 (1H, d),
2.04 (1H, MuthehivgDAL) Bbrid3 hibirate (0.0331g, 486 abl) w)s addedtéHe r2fbtiodH, m . 20
PREPARATI ON 14 f (1RS, 5RS, 6SR) - 6- (2-tert - But oxy-2-oxoet hyl c ccll o[ 3. 2.0l he
-y _|]aceli cloidig Worepstiorpsgsdiowad toywarpde womgemperatyeeang styppdifar 3 4 g, 7. 99
mrol ) and sgdj j - fked together in
et hyl acet a[tieb%%lp %ﬁ%@@;@g&aﬁ?ﬁﬁ&ﬁg&%éﬁ %tn“)&‘ggﬁg{‘)&%%f@(%%%) for 5

m nut es. ThBilntehydrochlavsacitddfoul) twas added snidie mixitusovliidhwsasithen) chl ori de
hydrate (0.033 1 | dded.to the reaction.5 mxture. The
reaction vva%xauﬁf’tg%wg% e@&%@%(%??ﬁgﬂi &gﬁﬁ%?%{f“ffioég%c %cfl?l}sr‘%e&e for 24 h.

Di et hyl et hakshe®@itiblind\dtie QS d, pand thdWlvehowasleRapbidedindérredhctdr 40 mi nutes.
Dilute hydrochloric acid (150 m) was added to the m xture which was then
extract wPiessuEstip give feditls cempoynd (4 698, $PY0) asmeellopifdh ned or gani ¢ fracti ons
were washegd %m/&{l g grhed (MISH) and the sol vent was evaporated under

r educed e

'H-NMR (400 MHz, CDCh): 8 = 2.78 (1H, d), 2.71 (1H, d), 2.43 (1H, d), 2.38
(1H, d), 2.01 {1H, m), 1.86-1.64 (3H, m), 1.52-1.36 (6H, m), 1.45 (94, s).
LRMS (APCI): m/z [M-H] 267.

15
PREPARATION 15
[(1RS,5RS.68R)-6-(2-tert-Butoxy-2-oxoethyl)bicyclo[3.2.0]hept-6-vl]acetic _acid
methyl ester '

(+-)
" co,Me
20 CO t-Bu

Trimethylsilyldiazomethane (4.3 ml of a 2M solution in hexane, 8.6 mmol)
was added &ijdpwise to a stirting solution of the acid of preparation 14 (1.78 g,
6.63 mmol) in a mixture of toluene (24 ml) and methanol (6 ml) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 24
25  h. The solvent was removed under reduced pressure and the residue was taken up
in ethyl acetate (100 ml), washed with saturated sodium hydrogen carbonate (100
mi), dilute hydrochloric acid (100 ml), brine and dried (MgSO;). The solvent was

evaporated under reduced pressure to give the title compound as a yellow oil.




10 pressure to give the title conmpound (1.78 g, 83% as a yellowoil.
v,.(film/cm 1728, 1714. 'H NMR (400 MHz, CDCl1l3): S = 2;98clbdd2000, 2.71
(1H, d), 2.43 (1H, d), 2.38 (1H d), 2.01 (IH m, 1.86-1.64 (3H m,
1.52-1.36 (6H, m, 1.45 (9H, s). LRMS (APCl): nmlz [MH 267. 15

PREPARATI S SRS 6SR -6- 2-tert-Butox -2-oxoeth | o 3.2.0 he
T T moedeskss STS O hyl este (+1-} 20 CO2Me Ooor - bt

Trimet hyl silyldiazonet hane (4.3 nl of a 2M solution in hexane, 8.6 mmol)
was added dropwi se to a stirring sol 2 on of the acid of preparation 14
(.78 g, 6.63 mmol) in a mxture of toluene (24 m) and nmethanol (6 nl) at
0O C under argon. The m xture was allowed to warmto roomtenperature and
stirred for 24 @dmpemTiR32s0l vent was renoved under reduced pressure and the
residue was taken up in ethyl acetate (100 m ), washed with saturated

sodi um hydr o§8ME@RBharz[M-O®Bu] 2689) , dilute hydrochloric acid (100 m),
brine and dried (MgySO4). The sol vent was evaporated under reduced pressure
to give the title conpound as a yellow oil. 18 October 2005 WD 02/ 085839 62
v, "(filnm/ @EREPARZAONIBVG (APCI): mz [MOBu) 209. PCT/[B02/ 01146

PREPARATI ON 5 SRS 6R -6- _ 2- Mt -2-o0xQeth 1. bic clg 3.2.0 he t-6-
1 acetic?aci 5R.1$’§ -6-(2-Methoxy-2-oxoeth fé clo 3.2).(0 hept-6 laclzetic aci8

(-}

CO,Me
CO,H
Trifluoroacetic acid (5 ml) was added dropwise to a stirring solution of the
ester of preparation 15 (approx. 6.63 mmoi) in dichloromethane (15 ml) at G °C.
10 The mixture was allowed to warn to room temperature and stirred for a further 17
hours. The mixture was washed with saturated aqueous sodium hydrogen
carbonate solution until it reached neutral pH and extracted with dichloromethane
(50 ml). ¥t was then reacidified to pH 4 with dilute hydrochloric acid. The
mixture was then further extracted with dichloromethane (2 x 50 ml). The
15  combined organic fractions were washed with brine, dried (MgSOy) and the
solvent removed under reduced pressure. The residue was purified by
chromatography (SiO;, 8:2 to 6:4 heptane/ethyl acetate) to give 0.63 g of the title
compound as a colourless oil.
viax(film)em™? 3200, 1738, 1705.
20 'H-NMR (400 MHz, CDCl): 5 =3.68 (3H, s), 2.84-2.73 (3H, m), 2.61-2.48 (3H,
~m), 2.03 (1H, m), 1.80 (1H, m), 1.79-1.32 (6H, m).
LRMS (AI;CI): m/z [M-H] 225.

PREPARATION 17
25  Methvl [(1RS.5RS.6RS)-6-( isocyanatomethyl)bicvclo[3.2.0]hent-6-vl]a¢etate




1-{ (+1-) CO2Me CO2H Trifluoroacetic acid (5 m) was added dropwi se to a
stirring solution of the ester of preparation 15 (approxg R8s 2002!) in
di chl oronethane (15 m) at O T. 10 The m xture was allowed to warmto room
tenperature and stirred for a further 17 hours. The m xture was washed
wi th sat ugghghsg@ueous sodi um hydrogen carbonate sol upipmpebiiihdd it reached
neutral pH and extracted with dichloronmethane (50 ml). It was then
reacidified to pH 4 with dilute hydrochloric acid. The mxture was then
further extracted with dichl or onet haé (2 x 50 m). The 15 conbi ned organic
fractions were washed with brine, dried (MgJSO) and the sol vent renmoved
under reduced pressure. The residue was purified by chromatography (Si02,
8:2 to 6:4 heptane/ethyl acetate) tg~give 0.63 g of the title conpound as
a colourless oil. vmax(film/cm' 3, 4438, 1705. ' H-NWR (400 M1z,
CDC13): S = 3.68 (3H, s), 2.84-2.73 I-!\ m, 2.61-2.48 (3H, m, 2.03 (1H,
M, 1.80 (1H, nm), 1.79-1.32 (6H m . ZP o (APCI): mz [MH 225.
PREPARATI ON 17 25 Methyl 1RS SRS 6R -%§-.js6c anatometh 1 bic clo 3.2.0 h
t-6- 1 acetate 18 October 2005 WO 02/ 085339 63 NCO PCT/1B02/ 01146
D phenyl phosphoryl azide (0.61 m, 2.82 mmol), triethylam ne (0.40 m,
2.90 nmmol ), and the acid of preparation 16 (0.63 g, 2.79 mmol) were
refluxed in 5 toPwbeylghesh aﬁflsﬁr(oéihfl_l,zlf%mmol)ﬂm yigmine{0.HOmbd to cool and
diluted withogtiydy, oRFRE 848 of HEpdlliibn 18567 £3WoLhA) SRl Yhnea s vashed with
sat urated aqueous

5 toluene (15 ml) for 6 h. The mixture was allowed to cool and diluted with ethyl

acetate (60 ml). The resulting solution was washed with saturated aqueous
sodium hydrogen carbonate (150 ml), brine, and dried (MgSQ4). The solvent was
removed under reduced pressure to give the title compound as a yellow oil.
Ri(heptane-ethyl acetate, 9:1) 0.36.

10 vmax (ﬁlm)fcm'[ 2259, 2171, 1736.

PREPARATION 18
(1RS,65R)-8.,8-Dichlorobicyclo[4.2.0]octan-7-one

" 0]
g
/-
(‘..‘J:—-CI e
15 Cl
Copper (1) sulphate (2.0 g, 8.0 mmol) was dissolved in water (75 ml) and

added to zinc dust (30 g). The mixture was stirred for 2 hours. The mixture was
fittered and the solid collected, washed twice with acetone and dried under
vacuum at 100 °C for 24 hrs. A portion of the activated zinc (8.0 g) was added to a
20  solution of cyclohexene (10 ml, 98.9 mmol) in diethyl ether (180 ml).
Trich]oroacétyl chloride (10.48 ml, 93.96 mmol) in diethy! ether (20 ml) was
added at such a rate to keep the mixture at reflux. After the addition was complete,
the mixfure was heated to reflux for 4hrs. The mixture was cooled to room
temperature, diluted with diethyl ether (50ml) and carefully poured into an
25  aqueous saturated solution of sodium bicarbonate. The mixture was acidified with
2N HCI and the organic phase separated. The ether extract was washed with water

and then with saturated aqueous sodium bicarbonate. The organic phase was



sodi um hydrogen carbonate (150 m ), brine, and dried (MySO4). The sol vent
was renoved under reduced pressure to give the title cCofp@yRd. 2808 Yell ow
oil. Rf(heptane-ethyl acetate, 9:1) 0.36. 10 vnax (film/cm1 2259, 2171,
1736. PREPARATION 18 (1 RS, 6SR) -8, 8-Di chl orobi cycl o[ 4.2.d octan-7-one Ct"
O "Ef Cl per (I1) sulphate (2.0 g, 8.0 mml) wgs.di ved in water
(75 m) ;‘ﬁg%ﬂggﬁgd to zinc dust (30 g). The m xture was sﬁ@?@k for 2
hours. The mixture was filtered and the solid collected, washed twice with
acetone and dried under vacuumat 16 C for 24 hrs. A portion of the
activated zinc (8.0 g) was added to a 20 sol ution ofcycl ohexene (10 ml,
98.9 mml) in diethyl ether (180 m ). Trichloroacetyl chloride (10.48 m,

93.96 ol ) colectidedrivd (VRSIDEY an( AR sdlvintw@fioved dadd reducediibssire/ Ble€ t 0 keep the
‘m xture at reflux. After the addition was con'%l ete t he m xture was heat ed

to reflux faFsidusmes pymkiedhydagh ehromatograpydsilics EXdeHentatladde ur e, di | ut ed
wth diet hyémegw%oﬁéggﬁ%c@uﬁ@g‘f{&a&Xil_poured into an 25 aqueous saturated
ondte. The

sol uti on of”sodi u | car m Xture was acidified with 2N HCl and
t he organi cvipliflss/ced2M3911862. The et her extract was washed with water and

oot ober oot UHRoAMe RS St Pt 301288 L e L 48 BT el R Sor) ano
the sol vent) seyoy ey ypder reduced pressure. The residue was purified by

flash chromat ography (silica, EtOAc:Heptane 1:9) to give 8.62 g of the
title conpound as a clear oil. vmax(film/cm 2939, 1802. 5 'H NWR (400

_M—|z, CDCl3)1:,RIé:},},E—R!;";l.l%éi\I fg’LH m, 2.95 (1H, m, 2.18-1.82 (2H, m,
(1RS,6RS8)-Bicyclo[4.2.0]octan-7-one

- e
( f on

10

(1RS,68R)-8,8-dichlorobicyclo[4.2.0]octan-7-one (preparation 18) (8.60 g,

44.6 mmol) was heated to reflux in acetic acid (100 ml) with zinc dust (29.0 g,

15 446 mmol). After 4 hrs the mixture was cooled to room temperature, diluted with

 diethyl ether (200 ml) and washed with 2N NaOH (2 x 100mi) and then with
saturated aqueous NaHCOg {4 x 100ml), The ether phase was collected, dried
(MgS0,) and the solvent was removed under reduced pressure to give 4.79 g of
the title compound as a clear oil.
20 vam(film)om™ 2930, 1776.

"H-NMR (400 MHz, CDCly): § =3.27 (1H, m), 3.12 (1H, m), 2.42 (2H, m), 2.20-
1.02 (8H, m),

PREPARATION 20
25  Ethyl (2Z/E)-( 1RS,_6RS)-bicvclo[4.2.0100t-7-@eneethanoate

u,, E:(/\W COzEt
L Ry ev8




1.80-1. 20 (6H m . PREPARATION 19 (I RS, 6R -Bicyclo[4.2.0l octan-7-one 10
(1RS, 6SR) - 8, 8- di chl orobi cycl o[ 4. 2.  octan- 7-one (prepar at ep;,38)20683- 60 9,
44.6 mol) vvas heated to reflux in acetic acid (100 m) wth zinc dust
(29.0 g, 15 446 nmol ). After 4 hrs the mxture was cooled to room

terrperat% ted wwth diethyl ether (200 m) and Wﬁﬂg h 2N NaCH
X 100m ?02{ 3t'dhen with saturated aqueous NaHCO3 (4 X %%Wfé The et her

phase was collected, dried (MgSH) and the solvent was renoved under
reduced pressure to give 4.79 g of ©he title conpound as a clear oil. 20
vmax(film/cm 1 2930,1776. 1H NWR (400 MHz, CDC13): S = 3.27 (1H, m, 3.12
(1H, m, 2.42 (2H, n), 2.20- 1.02 (8H m. PREPARATION 20 25 Ethyl (2z/
-(IRS, 6R , -bi cydodjuh m(dﬁde:(@%cyi;iedmné&bmalmﬁeg 86.68nrbl) ger 2005 VWO

02/ 085839 65 PCT/I 01 ri % dj spersion in oil, 1.46 g,
36.6 mol ) &S ﬂgﬂgﬂﬂtgé &3&%%@?8&&‘? ! EO m) and cooled to O
C. Triet hyfrﬂ&ﬁﬁl?ﬁ&ﬁm%ﬁée%@('?(sg nﬁ53m§ mm%ﬁv&s%wd)mmrﬁﬂﬂ%n%&' the mxture

stirred at 15 rains. A sol ution o

(1RS, 6RS) - b?@&%{mmwéﬂaﬁmﬂ&%g@@phl%@[‘h@ Pleptangyone4. 78 g, 38.5 mmol )
THE (20 h C. After |hr th
i xtur . yas oo 19498 8-Sk Rthoble THE 0 Pl BREa B AL T, T 1

m xt ure was t'o wa ture W th ethyl
acetate (20mrxﬂu)3smmdiM§6eﬂﬁwlﬂ1hthﬁl¢1me\!(a3aHowécEtﬁmh)mtdl'imemorganl c phase was

coll ected feuedit OR0e) andt e Selua  armued Wndgrcguced pressure.
3:20) to gi v80ui). 49 grgahictphfse twab balcbrodiPidd MBSO afid B8 kol removed
under reduced pressure. The residue was purified by flash chromatography (Silica,
10 EtOAc:Heptane 3:20) to give 5.49 g of the title compound as a clear oil.
vmax(film)em™ 2929, 1715, 1186.
H-NMR (400 MHz, CDCl;): & = 5.63 and 5.58 (1H in total — E/Z isomers, 2 x
m), 4.15 (2H, m), 3.38-2.98 (2H, m), 2.79-2.35 (2H, m), 2.13-1.05 (11H, m).
LRMS (APCT): m/z [MH ] 195.
15
PREPARATION 21
Ethyl {(1RS.6RS.7SR)-7-(nitromethyl)bicyclof4.2.0]oct-7-yl]acetate

(é coEt

(+5)

20 (2Z/E)-(1RS,6RS)-Bicyclo[4.2.0]oct-7-ylideneethanoate (preparation 20)

(547 g 28.2 mmol) was heated to 60 °C in tetrahydrofuran (50mi) with
nitromethane (3.05 mi, 56.4 mmol) and tetrabutylammonium fluoride (IM in
THF, 42 rnl, 42.0 mmol). After 18 hrs the mixture was cooled to room
temperature, diluted with ethyl acetate (200 m!) and washed with 2N HCI (2 x

25  100ml) and then with brine. The organic phase was collected, dried (MgSQ,) and -
the solvent removed in vacuo. The residue was purified by flash chromatography
(silica, EtOAc:heptane 1:9) to give 4.73 g of the title compound as a clear oil.
Vean(film)om™ 1182, 1547,1731, 2936.



vmaX(fihn)/cm 1 2929, 1715, "H NWR (400 MHz, CDCI3): S = 5.63 and 5.58 (1H
intotal - E/Z isoners, 2 x m, 4.15 (2H, nm), 3.38-2.98;¢{3HcbdhooR- 79-2. 35
(2H, m, 2.13-1.05 (11H, m. LRVs (APCl): mz [ME] 195. 15 PREPARATI ON 21
Et hyl ((1RS, 6RS, 7SR)-7-(nitromethyl)bicyclo[4.2. O oct-7-yl]acetate 20

(2Z/ E) - ( . Bi cycl o[ 4. 2. 0] oct - 7-yl i deneet hanoat e § on 20)
(5.47 g, l\?gng&%%l) was heated to 60 Cin tetrahydrofur(g{]ﬁ?g%ln% wth
nitromethane (3.05 m, 56.4 mmol) and tetrabutylamoniumfluoride (IMin
THF, 42 m, 42.0 mml). After 18 hrs%he nixture was cool ed to room
tenperature, diluted with ethyl acetate (200 nl) and washed with 2N HCl (2
x 25 100m ) and then with brine. The organi c phase was collected, dried
(MySO4) and 'H-Nevirs ooz, I(:@mgesi-urswmt@,ﬂ@gzﬂ qylzd%qmaﬁ) pwrified by
flash chromato raph%/ éa ca, EtQOAc: heptane 1:9 give 4.73 g of the
title corrpouﬂélg Z(18am). 305 (1Hym), 18%( 4rn)ﬁ€ﬁ1131ﬂfé@n) 18413H731, 2936. 18
Cct ober 200{) y\g,g%f ?@5839 PCT/ 1 BO2/ 01146 66 'H- NVMR (400 MHz, CDCl13): S =
4.83 (2H, H q), 2.66 (2H, m, 2.57 (1H, m, 2.22 (1H m, 2.05
(1H, m, 1. 8BMSLQAP(H) m/iL[MH*]]ZSB:L(?H m, 1.26 (3H, t), 110 (1H, M. LRVS
(APCI): gﬂz [ M 256. 5 PREPARATION 22 (1

S, 6S, 7R)=Spiro[ bieyclo[4.2.0]octane-7,3" -pyrrol.idinl-5-one 10 Ethyl [(1
RS, 6RS, 7SR) PREPARQ\F{WNQDW )bicyclo [4.2.0] oct-7-yl] acetate (preparation
21) (4.70 g, 18 was shaken in rret hanol (150 m) at 30 C over Raney
Ni ckel cat akya : Eoleetane- h3-nypaidinbii-ogeis at 483 kPa (70

N
0

10
Ethyl [(1RS,6RS,7SR)-7-(nitromethyl)bicyclo[4.2.0}oct-7-yl]acetate
(preparation 21) (4.70 g, 18.4 mmol) was shaken in methanol (150 ml) at 30 °C
over Raney Nickel catalyst under an atmosphere of hydrogen gas at 483 kPa (70
p.s.i.). After 4 hrs the catalyst was removed by filtration through celite and the
15  solvent removed under reduced pressure to give 3.23 g of the title compound as a
clear oil which solidified on standing.
Vaa(film)/em™ 2919, 1712, 1677.
'H-NMR (400 MHz, CDCL): 8 =5.61 (1H, br. 5), 3.46 (2H, m), 2.42 (2H, m),
2.18-1.01 (12H, m).
20 LRMS (APCI): m/z [MH'] 180.

PREPARA’I_‘ION 23
Ethyl (2E/Z)-(1RS,6RS)-bicyclo[4.2.0]oct-7-ylidene(cyano)ethanoate

25
CN

Eﬁ\coza
( (+-)



p.s.i.). After 4 hrs the catalyst was renoved by filtration through celite
and the 15 solvent renoved under reduced pressure to gi V?S%ct%ﬁq;r% @f t he

title conpound as a clear oil which solidified on standing. v ? Irm/cm’
2919, 1712, 1677. 'H- NWR (400 MHz, CDC13): b = 5.61 (IH, br. s), 3.46 (2H,

, 2.42 2.18-1.01 (12H, m. 20 LRVB (APCI) 180.
PREPARATI%QIHE%?WI (2E/2)-(1 RS 6RS -bic clo 14.2.0 %@@M/R%ﬁldene c ano
et hanoate 25 CN 18 Cctober 2005 WD 02/ 085839 PCT/1B02/ 01146 67 The ketone
of preparation 19 (2.85 g, 23.0 mmol %7 ethyl cyanoacetate (2.45 m, 23.0

mol ), ammoni um acetate (1.77 g, 23.0 mmol) and glacial acetic acid (1.32
m) were refluxed in toluene (40 mM) using a Dean-Stark trap. After 6 h,

the mxture was %EQ%Heéﬂi:réiﬁ&hoﬁm z@slgﬂzwrm&l% e%{jf'bf)l'an@%fa%te (150 n),

washed 5 with water brine and dri ed The sol vent was

evapor a} edhu@d’érm ﬂéél!m?@d ), prensgiveaceticd1 .72 g a?%rmm afslasial egHiephed (Si 02,

h : t

hepL et e e s Pt AP RjcEgere, ester o
3.3 g( (1H rrljlsthemeaure R allgwed 2o &R fritHilutgl with.eBR? ﬂ:ef?l?&z(gmznll_l);mashﬂ:d 33 g 3|(4i R
m, 1. 30° 2! %‘5065“) %fﬂéé“?@'@d (M)‘%SégR&éN?A% HéH o ’

f (I RS, 6RS, 7Fé‘a)uce3pbe%myl THcG¥shRNhs Zh&ﬁﬁ)graghéd'(sﬂ)’@@&h%&%'ﬁc@taﬁo The
cyanoest er of E{epar ation 23 (2.75 g, in THE {60 M) was added

over 1 h to4d)&gived ?ﬁﬁ@fmmxm@ﬁommmieyq wgfﬁléwmhdcm oride (20 nl of a 1M
"H-NMR (400 MHz, CDCls): (major isomer); 4.26 (2H, q), 3.36 (1H, m), 3.02

(2H, m), 2.58 (1H, m), 1.30-2.18 (8H, m), 1.33 (3H, 1).
10 &{minor isomer) = 4.25 (2H, q), 3.48 (1H, m), 3.23 (2H, m), 2.58 (1H, m), 1.30-
2.18 (8H, m), 1.32 3H, 1).

PREPARATION 24
15  Ethyl [(1RS,6RS,7RS)-7-benzylbicyclo[4.2.0]oct-7-yl](cyano)acetate

( d’ coet

(+f-

20 The cyanoester of preparation 23 (2.75 g, 12.5 mmol) in THF (60 ml) was
added over 1 h to a stirring solution of benzylmagnesium chloride (20 mi of a 1M
solution in ether, 20 mmol) in THF (20 ml) at —78 °C under argon. After stirring
for 2h at this temperature, the mixture was quenched by addition of saturated
ammonium chloride solution (10 ml). The mixture was allowed to warm to room

25  temperature, and dilute hydrochloric acid (30 ml) was added. The aqueous layer
was extracted with ethyl acetate (3 x 40 ml). The combined organic layers were
washed with brine, dried (MgSQ,) and the solvent was evaporated under reduced

pressure to give a mixture of diastereomeric cyano-esters. The residue was



solution in ether, 20 mol) in THE (20 m ) at -78 C under argon. After
stirring for 2h at this tenperature, the m xture was qugReRgd.Pyoaddi tion
of saturated amonium chloride solution (10 m). The m xture was al | owed
to warmto room 25 tenperature, and dilute hydrochloric acid (30 m) was
added. Th s layer was extracted with ethyl ace 40 m ). The
conbi ned ﬁpgogﬁi%gébl ayers were washed with brine, dri edi’?k@@ggl)l%ﬁand t he
sol vent was evaporated under reduced ressure to give a m xture of

di astereoneri c cyano-esters. The resifue was 18 Cct ober 2005 WO 02/ 085839
68 PCT/1B02/ 01146 chromat ogr aphed (Si 02, heptane/ethyl acetate, 4:1) to
give 3.53 g of a mxture of diastereoneric cyano-esters as a clear oil.
R1( hept ane- echymamgaphédSiOh; Heptarie/&th@AQcetate, 4: )t kivk BSBigof 3 2dmture b7 40. 5
PREPARATI ON %5 1RS. 6RS. 7SI3) -7- lienz_ | bicyclol4.2. A oct-7-yllacetic acid
Ph / CORH  ( +PIaStCremeReCYIno-£5i7T8 257 CItf 88t er eoneri ¢ cyano- esters of
preparation I%ﬁmeét%a@&hﬂac&éte 3:)mPip and potassium hydroxide (3.8 g, 67.9
nrnol) were heated tq 160 Cin ethylene glycol (75 m) for 72 h. After
this time, thedincw &24A4740. oned to cool and dilute hydrochloric acid
was adde%careful ly until the solution was acidic by 15 pH paper. The

m xture s extracted with ethyl acetate (3 x 100m ) and the conbi ned
organi ¢ fr adREPARAHOY 2ashed with brine, dried (MgSO4) and the sol vent
was evaporated under reduced pressure. The residue was chronmat ographed
(Si 02, et hyllQ 2k B Rynheaaydbieyclol4.2 flagl-Vryllacetia agid of t he racenic

di astereoneric

ES _COH
( (+-)

!

10
The mixture of diastereomeric cyano-esters of preparation 24 (3.52 g, 11.3
mmol) and potassium hydroxide (3.8 g, 67.9 mmol) were heated to 160 °C in
ethylene glycol (75 ml) for 72 h. After this time, the mixture was allowed to cool
and dilute hydrochloric acid was added carefully unti! the solution was acidic by

15 pH paper. The mixture was extracted with ethyl acetate (3 x 100ml) and the
combined organic fractions were washed with brine, dried (MgSQO,) and the
solvent was evaporated under reduced pressure. The residue was chromatographed
(S10,, ethyl acetate:heptanc 1:4 ) to give 2.11 g of the racemic diastereomeric
acid as a yellow oil.

20 'H-NMR (400 MHz, CDCLY: § = 7.31-7.22 (5H, m), 3.08 (1H, d), 3.00 (1H, d),
2.56 (1H, m), 2.44 (1H, d}, 2.38 (1H, d), 2.25 (1H, m}, 1.98 (1H, m), 1.75 (1H, 1),
1.71-1.30 (7H, m), 1.10 (1H, m).

LRMS (ES): m/z [M-H] 257.

25 PREPARATION 26
tert-butyl [(1RS,6RS,7SR)-7-benzylbicyelol4.2.0%oct-7-vlJacetate




1

acid as a yellow oil. 20 'H NWR (400 MHz, CDC13): 8 = 7.31-7.22 (5H, m,
3.08 (1H, d), 3.00 (1H, d), 2.56 (1H, m, 2.44 (1H, d)1lgcﬁ§b%%dxid)’ 2.25
(1H, m, 1.98 (1H, m, 1.75 (1H, t), 1.72-1.30 (7H, m, 1.10 (1IH m. LRVS
(ES-), 'mlz [MH 257. 25 PREPARATION 26 .tent-butyl

[ (1RS, 6R =dubenzyl bicycl o[ 4. 2.0]oct-7-yl |l acetate 2005 WO
b7 basasg Sagiag 7/ PCTI I BO2/ 01146 Oxalyl chi oride%%agﬁ 7.62 mol )
was added dropwise to a stirring solution of the acid of preparation 25
(1.79 g, 6.93 nmmol) in dichloronethaf® (25 5 m) under nitrogen at 0 T.

D nethyl formam de (0.25 m) was carefully added and the m xture was
allowed to warmto roomtenperature and stirred for a further 4 hours. The
sol vent was renmpoved in vacuo and the,mesidue diluted with dichloronethane
(20 m). 2-Methyl propan-l-ol (9.,1) incgkgploronethane (20 M) was
carefully added to the reactionggf m¢ under argon followed by 10

dii sopropylethylamne (1.8 m, e h). The m xture was stirred for 18
hours and then saturated aqueous sodi um hydrogen carbonate (30 m) was
added. The mxture was extracted with ethyl acetate (3 x 50 m) and the

conbi ned organic, fracti.on r.e shed with bhrine and dried (MgSO4). The
sol vent was renovid¥! cﬁt‘?ﬂg‘? (%ﬁﬁed’ﬂ}cpéggm Sypsad PPase R & SYTIEE was

chromat ogr amﬂdm(o%ﬂﬁ&cidmgse@&@mtm(hﬁ9 %,56.9331%%1)% &iBhléroneMash Ff@@ ester (2.42
g). 'HNMR (400 MHz, CDCI3): S = 7.33-7.19 (5H, m, 3.05 (1H, d), 2.96 (1H,
d), 2.53% (1R ugjler mitragen 2t (1. (Bpethyjformangde (OL6|mInyas chrefdly@died t ), 1.65-1.55

2H, , 1 H 47-1.00 (6H .. 20 PREPARATL ON_.2 :
s bis, 7l mikehves i s Yot @ibort bempeBus MOGhFCL gk 60095 1 | acet i c
aci d 4 hours. The solvent was removed in vacuo and the residue diluted with

dichloromethane (20 ml). 2-Methyl propan-1-ol (9 ml) in dichloromethane (20 ml)

was carefully added to the reaction mixture under argon followed by

10 diisopropylethylamine (1.8 ml, 10.4 mmol). The mixture was stirred for 18 hours
and then saturated aqueous sodium hydrogen carbonate (30 ml) was added. The
mixture was extracted with ethyl acetate (3 x 50 ml) and the combined organic
fractions were washed with brine and dried (MgSO,). The solvent was removed
under reduced pressure and the residuc was chromatographed (8i0,, heptane/ethyl

15 acetate 98:2) to give ester (2.42 g).

"H-NMR (400 MHz, CDCl): 5= 7.33-7.19 (5H, m), 3.05 (1H, d), 2.96 (1H, d),
2.53 (1H, m), 2.30-2.18 (3H, m), 1.90 (1H, m), 1.72 (1H, 1), 1.65-1.55 (2H, m),
1.48 (9H, s), 1.47-1.00 (6H, m).

20 PREPARATION 27

1lacetic acid

COMH

”""a" /Cozt‘BU
( (/)

The ester of preparation 26 (6.93 mmol) and sodium periodate (20.75 g,
25 97.02 mmol) were stirred together in ethyl acetate (20 ml), acetonitrile (20 ml)
and water (30 ml) for 5 minutes. The mixture was cooled to 0 °C and ruthenium

(IIF) chioride hydrate (0.03 g, 0.14 mmol) was added to the reaction mixture. The



CO2H C02t-Bu ~" 'rrr/ (+1-1 The ester of preparation 26 (6.93 nmmol) and

sodi um periodate (20.75 g, 25 97.02 mmol) were stirred 2 et hyl
acetate (20 m), acetonitrile (20 mM) and water (30 m) ?9@&%@%2%5?% The
m xture was cooled to 0 C and ruthenium (I1l) chloride hydrate (0.03 g,

0. 14 mmol ded to the reaction m xture. The 69 er 2005 WO
02/ 085839 ‘%ﬂgﬁéﬁgl B02101146 reaction was allowed to mWéﬁ%‘@s‘g"b
tenperature and stirred for 24 h, Diethyl ether (100 m) was added and the
m xture was stirred for 40 minutes. Mlute hydrochloric acid (150 m) was
added to the m xture which was then extracted wth ethyl acetate (3 x 100
m ). The conbined organic fractions were washed 5 with brine, dried (MgSO)
and the sol Vl%ﬁﬁtlo%iisﬁm}%@&@%%ﬁ@&%ﬁteh%@ﬁﬁ@éjaxﬂrsﬁﬁ%&fcﬁzﬂhowm 0.64 g of
acid. "H NWR (400 MHz, CDC13 S$S=2.18 IH, d), 2.75 (1H, d), 2.61-2.48
(3H, m), 2. 15ther (190 ) wasjadged @dsbe mmreﬁpsstmeﬁéorﬂﬂgmnmﬂ Difgle  1.44 (9H, s).

%?J?FE’SW@* brs R b el PR RN by (1) 15

Tri met hyl si ththa]zznataﬁcmaméwmmmtacmﬁbme&dvgm fidctions were hastede, 2.4 nmol )

5  with brine, dried (MgSOy) and the solvent was evaporated under reduced pressure

to give 0.64 g of acid.
"H-NMR (400 MHz, CDCls): 5 =2.84 (1H, d), 2.75 (1H, d), 2.61-2.48 (3H, m),
2.17 (1H, m), 1.95-1.80 (3H, m), 1.78-1.30 (7H, m), 1.44 (°H, s).

10 PREPARATION 28
[(1RS.6RS 7SR)-6-(2-tert-Butoxy-2-oxoethyvl)bicyclo[4.2.0]oct-7-vl]acetic acid

methyl ester

CO,Me
"“"é- / COZT'BLI
( (+)

Trimethylsilyldiazomethane (1.2 ml of a 2M solution in hexane, 2.4 mmol)

15

was added dropwise to a stirring sclution of the acid of preparation 27 (0.64 g,
2.28 mmol} in a mixture of toluene {10 ml) and methanol (2.5 ml) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 16
20  h. The solvent was removed under reduced pressure and the residue was taken up
" in ethyl acetate (150 ml), washed with saturated sodium hydrogen carbonate (100
mi), dilute hydrochlonc acid (100 ml), brine and dried (MgSOy). The solvent was
cvaporated under reduced pressure to give 0.65 g of ester as a yellow oil.
"H-NMR (400 MHz, CDCls): & = 3.66 (3H, s), 2.83 (1H, d), 2.74 (1H, d), 2.57
25 (1H,d), 2.49 (1K, d), 2.15 (1H, m), 1.94-1.78 (3H, m), 1.72-1.06 (8H, m), 1.43
{(9H, s). ' '



was added dropwi se to a stirring solution of the acid of preparation 27
(0.64 g, 2.28 mmol) in a mxture of toluene (10 nm) and;peLiagehed 2.5 )
at 0 C under argon. The mixture was allowed to warmto roomtenperature
and stirred for 16 20 h. The solvent was renoved under reduced pressure and
the residyg yassshaken up in ethyl acetate (150 m), %yrl{bh sat ur at ed
sodi um hydrogen car bonate (100 mnm), dilute hydrochl oric aci 100 m),
brine and dried (MgSO4). The solvent was evaporated. under reduced
pressure to give 0.65 g of ester as d@lyellow oil. "H NWR (400 MHz, CDd 3):
S=23.66 (3H s), 2.83 (1H, d), 2.74 (1H, d), 2.57 25 (IH d), 2.49 (1H,
d, 2.15 (1H m, 1.94-1.78 (3H m, 1.72-1.06 (84 m, 1.43 (9H, s). 18
Cct ober ZOO@R@Mﬂw PCT/ 1 B02/ 01146 71 PREPARATI ON 29

] (1RS. 6RS, 7SR) - 7- VE oxy 2 oxoet hxl bicyclo[4.2. Joct-7-ylTacetic acid
COZNE Tri f 1 UORSORS etRoxy ethyBbidvalold2dodt-Feytjacetis asidi rri ng sol ution
of the ester of preparatlon 28 (0 65 g, 2.19 mol) in dichloronethane (9
m) at 0 C The mxture was allowed to warmto roomtenperature and
stirred for a further 16 hours. The adxture was washed with saturated
aqueous sodi um hydrogen carbonat iﬁl utcbqp and then extracted with ethyl

acetate (50 m). The aqueous 10 wwas® aci dified to pH 4 with dilute
hydrochl oric acid and then extr wi+h  ethyl acetate (2 x 50 m). The
conbi ned organic fractions were vvashed with brine, dried (MgSX) and the
sol vent §enoved Triflkeroaceiducidd3 ml)a&slad&d ﬂ&wxsdteaisdmg\aalanqnwﬂﬂﬁd ed by
chromat ogr aphy (Si 02, 6:4 heg)t ane/ eth acet at ezkwo give 0.47 g of acid as
a yel | ow oi ¥StT 95PISRArRlioR 28486 fakr 1) diclgdoromg ) 2§ °C.0 84 (1H, d)

]2_ gg (11?1 ((j'the rﬁm?u?’e wﬁs}%‘ zwgé{to @?Ir?pto i&%rgt’e?nﬁﬁatu% | sﬁuérgl folr g@.lr?éfjbd (1H, 3 07’
(1H, n)_  hours. The mixture was washed with saturated aqueous sodium hydrogen
carbonate solution and then extracted with ethy! acetate (50 ml). The aqueous
10 layer was acidified to pH 4 with dilute hydrochloric acid and then extracted with
ethyl acetate (2 x 50 ml). The combined organic fractions were washed with
brine, dried (MgS0,) and the solvent removed under reduced pressure. The
residue was purified by chromatography (SiOs, 6:4 heptane/ethy] acetate) to give
0.47 g of acid as a yellow oil. -
15 'H-NMR (400 MHz, CDCl): 8 =3.67 (3H, s), 2.84 (1H, d), 2.78 (1H, d), 2.74
(1H, d), 2.66 (1H, d), 2.49 (1H, m), 2.14 (1H, m), 1.95-1.81 {(2H, m), 1.70 (1H,
m), 1.63 (1H, m), 1.55-1.30 (5H, m), 1.07 (1H, m).

PREPARATION 30 _
20 Ethyl 2BE)}-(1R,5R)-bicyclo[3.2.0]hept-6-ylidene acetate/ ethyl (27)-(1R.5R)-
bicyclo[3.2.0]hept-6-vlidene acetate

CO,Et

25 A solution of triethylphosphonoacetate (53.4g; 238.3mmol) in THF
(25mL) was added to a suspension of 60% sodium hydride dispersion (9.53g;



PREPARATI ON 30 20 Ethyl 12 -E)-(1R 5R)-bicycl o[ 3. 2.0] hept-6-ylidene
acetate/ ethyl (22)-( IR 5R)- bic clo 3.2.0 he t-6- 'ide'f?O@E&ﬁ_%_‘r%b@S CO2Et 25
A solution of triethyl phosphonoacetate (53.4g; 238.3mmmol) in (25n)
was added to a suspension of 60% sodi um hydri de di spersion (9.53g; 1 8

Cct ober 2/ 085839 72 PCT11BO2101146 238. 3nmol ) 75m)

mai nt ai niz‘gg%%%e?ssgerrperature bet ween 5-15C. A soluti onPéo"?[BHHEI&

(I R, 5R) - bi cycl o[ 3. 2. 0] hept an- 6-one (preparation | A) (259, 226.9mmol) in
THE (150ml) was added maintaining théZtenperature between 5- 15C. The
reaction mxture was stirred at anbient tenperature for 30 mnutes then 5
wat er (10O0OM.) added. The phases were separated and the organic | ayer
contai ning $R®Saiddl) & @Hﬁmﬂﬁa wanaes tdl eRpthiird Pethbd NexCc. K ep. ' H NWR
(400 MHz, CDC13): 8 = 5.55 (1H, d), 4.15 (2H, q), 3.40 gl H, r? 3.20 (111,
m, 2.90 (I Heludpn 2f55IRIR)-bigycio[d 2dlhepn(6sone nfpreparagion (3A) 1358, 10
PREPARATI : - LE Mo I ] -Q-yl] acetate
15 The THE ZAT O T ToaF RSOl i AT it i it a8V 170" o
conpound i n1%2(. Thédeadtioh wiiktueiwas 3idd)at Wabieal teripeeatumsl fod B0 ThluteLRom1 ) .

TBAF. 3H20 ( 93. 18; 295. 0nmol ) and McNO2 (453. 9nmmol ) were added and the

sol ut i on’ he#pea(18fmEbsdded; The phases e scrarpied apd istorgaicdpyer ean2iiag cool ed and
concentrate (330nmL) was added and the 20
bi phasi ¢ mi“f’ﬁ@g%“é ﬁg@wﬁm@%ﬂ%&\ﬁgﬁfﬁ}ﬁ%@%ﬁ%@ﬁm aq. HCL(165m. + 100ni) and
t hen furt hetH-NaR (400DBxi CDCENS $5.65 (H,-d)ohl 2(2H, gy, 3.40 (Ehen) 29€r was dri ed

Compound s moch B oA s BB dver- BB, LR UAE o 9 Ve The THie

10  PREPARATION 31
Ethvl (1R.SR.68)-[6-(nitromethylbicyclo[3.2.0lhept-6-vi]lacetate

15 The THF solution of the compound of preparation 30 (assuming 40.9g of
compound in a total volume of 225ml) was diluted with THF (270ml).
TBAF.3H,0 (93.1g; 295.0mmol) and MeNO, (453.9mmol) were added and the
solution heated at reflux for 4 hours. The reaction mixture was cooled and
concentrated under reduced pressure. Toluene (330mL) was added and the

20  biphasic mixture washed with water (165mL), 2M aq. HCI1 (165mL + 100mL) and
then further water (165mL). The product-containing toluene layer was dried over
MgSO0, aﬁd'concentrated under reduced pressure to give the title compound as a
red/brown oil (90% {over 2 steps)).

"H-NMR (400 MHz, CDCL): § = 4.80 (2H, m), 4.15 (2H, m), 2.85 (1H, m), 2.65

25 (1H,m), 2.55 (2H, m), 2.20 (1H, m), 1.9-1.4 (7H,m}, 1.25 (3H, 1).

PREPARATION 32
{(1R.5R.68)-[6-(nitromethyl)bicyclo[3.2.0Thept-6-yllacetic acid




'H NVR (400 MHz, CDC13): S = 4.80 (214, m), 4.15 (2H, m), 2.85 (1H, m),

2.65 25 (1H, m, 2.55 (2H, m, 2.20 (1H, m, 1.9-1.4 (7Hjfheioterdfos 3H t).
PREPARATI ON 32 (1R, 5R, 6S)- f6-(nitromethv_1)bicy cl o[ 3. 2. Olﬁept -6-yllacetic

acid 1 8 Cctober 2005 WO 02/085839 73 Q NO2 CO2H PCT/1B02/ 01146 A sol ution
of the ni r of preparation 31 (200g; 828.9annvol) . in. T 5 (1.0L)
was conbi‘srgégz'{g\ﬁ%%ﬁ 2M aq. NaOH (1.04L; 2.08npl) and stil}(l;félﬁozé@%gnbi ent
tenperature for 18 hours. The biphasic m xture was diluted with tol uene
(500nm) and the layers separated. T2 aqueous was adjusted to pH 1-3 with
conc. ag. HO and extracted with CH2ClI2 (1. CL + 600nL). The conbi ned
product -contai ning CH2Cl2 | ayers were concentrated under reduced pressure
to yield the title 10 conmpound as an orange oil, which set to a solid
(163.49g). '"H,-NWR (400 MHz, CDC13): S =4.80 (2H, m, 2.85 (114, m, 2.60
(3H, m, 2.20 (1H, m, 1.85 (IH, 1.70 (2H, m, 1.6-1.4(4H, ).
PREPARATI ON 33 15
(1RS, 5RS, 6SRZSpi r o bi cycl o[ 3. 2, OJh“_.aQe- 6,3 -pyrrolidin]-5-one The
nitroester of preparation 31 (13.0g,{ 53N@& mvl ) was shaken in nethanol
(125 m) at 25 C over Nickel sponge cgby yst under an atnosphere of 20
hydr ogen gas at 345 kPa (50 p.s.i.). After 24 hrs the catal yst was renoved
by filtration through Arbocel and the sol vent evaporated under reduced

pressure. The residuye then chronat ographed (S et hyl etate) to
gi ve the | actam &91?B°‘b‘¥}?tﬁﬁ@“®€§t%%frpr ° g@ﬁéﬁ@w {r‘lﬁgél 01146
5  (1.0L) was combined with 2M aq. NaOH (1.04L; 2.08mol) and stirred at ambient
temperature for 18 hours. The biphasic mixture was diluted with toluene (500mL)

and the layers separated. The aqueous was adjusted to pH 1-3 with conc. aq. HC]

and extracted with CH,Cl; (1.0L + 600mL). The combined product-containing

CH:CL layers were concentrated under reduced pressure to yield the title
10 compound as an orange oil, which set to a solid (163.4g).

"H:NMR (400 MHz, CDCl3): & = 4.80 (2H, m), 2.85 (1H, m), 2.60 (3H, m), 2.20

(1H, m), 1.85 (1H, m}, 1.70 (2H, m), 1.6-1.4(4H, m).

PREPARATION 33
15  {1RS,5RS.65R)}-Spiro[bicyclo[3.2.0lheptane-6_3 -pyrrolidin}-5'-one

The nitroester of preparation 31 (13.0g, 53.9 mmol) was shaken in
methanol (125 ml) at 25 °C over Nickel sponge catalyst under an atmosphere of
20 hydrogen gas at 345 kPa (50 p.s.i.). After 24 hrs the catalyst was removed by
filtration through Arbocel and the solvent evaporated under reduced pressure. The

residue was then chromatographed {SiO,, ethyl acetate) to give the lactam (4.76
g). |



74 'H NVR (400 MHz, CDCL3): S = 5.86 (1H br. s), 3.40 (2H, s), 2.79-2.70

(1H, m, 2.54-2.47 (1H, m, 2.32 (IH d), 2.12 (1H t), 12003ud 255 d).
1.86-1.60 (3H m, 1.57-1.38 (4H, n). M croanal ysis: Foung: C, 72.48; H,
9.15; N, 8.43. O OHI5NO requires C, 72.69; 5 H 9.15;N,8.48% [a]D --28.4

(250 Phw%ﬁ%&s’bcal Conposition Exanples 10 In the fo%é%%)ﬁégxarrpl es, the
0

active co can be any conpound of fornmula |[|-XXV

pharmaceutically acceptable salt, solvate, or physiologically functional
derivative thereof (i) Tablet conposi’®ions 15 The fol | owi ng conpositions A
and B can be prepared by wet granulation of ingredients (a) to (c) and (a)
to (d) wth a solution of povidone, followed by addition of the nmagnesium

stearate and'mﬂmgﬁﬁm,cﬁumﬁh 19 %r.A), 32074 S BLaye Akl et (3) Active
i ngredi ent 250250 (b)Lactose B. P.2102 ég_ﬁSodl um Starch d ycol'l ate2012

(d) Povi done B),R.SAS0AT @HMugy?e3 (WHh &t 242 ditle532.600HRdD 1.86dmMPd38Ht i on B
ng/ t abl et ng{),tfa_g_ﬁgg(@n{)_a) Active ingredient 250 250

Microanalysis: Found: C, 72.48; H, 9.15; N, 8.43. C,oH;sNO requires C, 72.69;
5 H,9.15; N, 8.48%.
[ojp —28.4° (25°C)

Pharmaceutical Composition Examples

10  In the following Examples, the active compound can be any compound of formula
I-XXV and/or a pharmaceutically acceptable salt, solvate, or physiologically

functional derivative thereof.

(i) Tablet compositions

15
The following compositions A and B can be prepared by wet granulation of
ingredients (a) to (¢) and (a) to (d) with a solution of povidone, followed by

addition of the magnesium stearate and compression.

| 20  Composition A
mg/tablet mg/tablet

(a) Active ingredient 250 250

(b) Lactose B.P. ' 210 26

(¢) Sodium Starch Glycollate 20 ' 12
25 (d) Povidone BP. 15 9
(e) Magnesium Stearate S 3

500 300

Composition B
mg/tablet mg/tablet
30

(a) Active ingredient . 250 250



18 Cctober 2005 WO 02/085839 PCTI I B02/ 01146 75 (b) Lactose 150 150 - (c)

Avi cel PH 1016026 (d) Sodium Starch d ycol | at e2012 (e) P%?@&B&z@ef- 159

5(f) Magnesi um St earat e53 500300 Conposition C mtablet ctive

i ngredi ent 100 Lact ose200 St arch50 Povi done5 Magnesi um St earate4 15359 The
follown ptions D and E can be prepared by dire ression of the
Oadm xedg‘yﬁg‘%@gggnts. The | actose used in fornul ation Eé?fgﬂ%%?nfie di rect
conpression type. Conposition D ng/tablet 25Active ingredient 250 Magnesi um
Stearate 4 Pregel atinised Starch NF185146 400 Conposition E

(b) Lactose 150 150 -
(c) Avicel PH 101 60 26

(d) Sodium Starch Glycollate 20 12

(e) Povidone B.P. 15 9

5 () Magnesium Stearate ) 3
500 300

Composition C

mg/tablet
10 Active ingredient 100
Lactose 200
Starch : 50
Povidone 5
Magnesium Stearate 4
15 359
The following compositions D and E can be prepared by direct compression of the
admixed ingredients. The lactose used in formulation E is of the direct
compression type.
20
Composition D
mg/tablet
Active ingredient 250
25  Magnesium Stearate 4
Pregelatiniséd Starch NF15 146
400
Composition E
mg/tablet
30  Active ingredient 250

Magnesium Stearate | 5



ng/table t 30Active ingredient 250 Magnesium Stearate 5 18 COct ober 2005 WO
02/ 085839 Lactose Avicel 5 76 145 100 500 PCT/ 180210114%69{39%%86_4 on F
(Controll ed rel ease conposition) mtablet (a)Active ingredient '
(b) Hydr oxypr opyl net hyl cel | ul ose 112 (Met hocel K4M Prem un) (c)Lactose

B. P.53 ( ' e B.P.C. 28 (e)Magnesium Stearate7 10 e

conposi ticuéﬁg%éfgﬁge prepared by wet granul ation of ingr%(gﬁg@?ﬁ%ﬁ%a) to (c)
with a solution of povidone, followed by addition of the magnesi um
stearate and conpression. 20 Corn-pd&sition G (Enteric-coated tablet)
Enteric-coated tablets of Conmposition C can be prepared by coating the
tablets

Lactose : 145
Avicel 100
500
5
Composition F (Controlled release composition)
mg/tablet
(a) Active ingredient 500
(b) Hydroxypropylmethylcellulose 112
10 (Methocel K4M Premium)
(¢) Lactose B.P. 53
(d) Povidone B.P.C. 28
(e) Magnesium Stearate 7
700
i5

The composition can be prepared by wet granulation of ingredients (a) to (c) with
a solution of povidone, followed by addition of the magnesium stearate and

compression.

20  Composition G (Enteric-coated tablet)

Enteric-coated tablets of Composition C can be prepared by coating the tablets
with 25mg/tablet of an enteric polymer such as cellulose acetate phthalate,
polyvinylacetate phthalate, hydroxypropylmethyl-cellulose phthalate, or anionic
25  polymers of methacrylic acid and methacrylic acid methyl ester (Eudragit L).
| Except for Efudragit L, these polymers should also include 10% (by weight of the
quantity of polymer used) of a plasticizer to prevent membrane cracking during
application or on storage. Suitable plasticizers include diethyl phthalate, tributyl
citrate and triacetin.
30



with 25ng/tablet of an enteric polyner such as cellul ose acetate phthal ate,
pol yvii nyl acet ate phthal ate, hydroxypropyl net hyl -cel | ul 0?§0§tﬁfn§§ @te, or

ani onic 25 polynmers of nethacrylic acid and nmethacrylic acrd nmethyl ester
(Eudragit L). Except for Eudragit L, these polynmers should al so include
10% ( by | f the quantity of polymer used) of a I astl CI zer to

pr event :ﬁhﬁggﬂﬂégcracki ng during application or on st U ¢ abl e

pl asticizers include diethyl phthalate, tributyl ci trate and triacetin. 30
18 Cctober 2005 WD 02/085839 77 Conp8%ition H (Enteric-coated controlled
rel ease tablet) PCT/I1BO2101146 Enteric-coated tablets of Conposition F can
be prepared by coating the tablets wth 50ng/tablet of an enteric polyner

ﬁ;ﬁ?oiipfg:& i §i§iﬁﬁﬁt@-§ gbgmlcahgoqeﬁra&lsyeéme%: acet at gopgtngglsag e

met hacrylic acid and nethacrylic aC| d nethyl ester (Eudgragit L). Except

for Eudgrag Id al so | | ud %% wei ght of the

gquantity of E%ST?WPSEE%«&%O%/& 13'% g}l}eésrreqag §W§q%t%€l¥ﬁne cracki ng

during applith abhgmbRE ofn entefi p@meﬁubﬁ at&emléﬂealsétatelpmaﬁtel, ncl ude di et hyl

phthal ate, trihutyl 10 citrate and triacetin, %‘hCa]i;l sul e _con ositions 15
R

Conposi t7 onPRAYiylanst atsphthalates hydipx Yﬁé’%k@ﬂaﬁleﬁdb‘}oséﬂ R MOMNgr edi ent s of
Conposi ti ong %%ﬁne%ﬁd detd NG rrie‘dﬁcx?fi‘é £c1ch§étﬁ 1981eAt Eu'agﬁgl?sEj es with the

resulting m Conposi tion ra) may epre ared in a simlar
manner . ConBxesptfonEudgragi/Lc &psuio@mcrs should also mclude 10% (by weight of the

quantity of polymer used) of a plasticizer to prevent membrane cracking during

application or on storage. Suitable plasticizers include diethy! phthalate, tributyl

10  citrate and triacetin.

(ii) Capsule compositions

15 Composition A

Capsules can be prepared by admixing the ingredients of Composition D above
and filling two-part hard gelatin capsules with the resulting mixture, Composition
B (infra) may be prepared in a similar manner.
20
| Composition B

mg/capsule
(a) Active ingredient 250
25 (b) Lactose B.P. 143
{c) Sodillu'n Starch Glycollate 25
. {(d)  Magnesium Stearate 2
420

30 Composition C
meg/capsule



(a)Active ingredient250 (b)Lactose B.P.143 (c)Sodi um Starch d ycol | at e25

(d) Magnesi um St earate2 420 30 Conposition C ng/capsul e 9

(a) Active ingredient250 (b)Macrogol 4000 BP350 600 5 Caxg%eéé&%gﬁ%be
prepared by nelting the Macrogol 4000 BP, dispersing the active ingredient
in the I11ing two-part hard gelatin capsul es L.t h.
Cowposi??%ho &%$%a sulg Active ingredient 250 Lecithinlgéﬂﬁégﬁ%%g G 1100 450
10 15 Capsul es can be prepared by dispersing the active ingredient in the
lecithin and arachis oil and fillin@soft, elastic gelatin capsules with

t he di spersion. Conposition E (Controlled rel ease capsule) 20 mca sule

(a) Active ingredient250 (b)Mcrocrystalline Cellul osel25 :

{a)  Active ingredient 250
(b) Macrogol 4000 BP 350
600
5
Capsules can be prepared by melting the Macrogol 4000 BP, dispersing the active
ingredient in the melt and filling two-part hard gelatin capsules therewith.
Composition D
10 mg/capsule
Active ingredient 250
Lecithin 100
Arachis Oil 100
15 450
Capsules can be prepared by dispersing the active ingredient in the lecithin and
arachis oil and filling soft, elastic gelatin capsules with the dispersion.
Composition E (Controlled release capsule)
20 : mg/capsule
(a) Active ingredient 250
(b  Microcrystalline Celiulose 125
{c) Lactose BP 125
25 (d)  Ethyl'Cellulose 13
' | 513

The controlled release capsule formulation can be prepared by extruding mixed
ingredients (a) to (c) using an extruder, then spheronising and drying the
30  extrudate. The dried pellets are coated with a release controlli_ng membrane (d)

and filled into two-part, hard gelatin capsules.



(c)Lactose'BP125 (d)Ethyl Cellul osel3 513 25 The control |l ed rel ease capsul e

formul ati on can be prepared by extrudi ng m xed ingredieq%&d%g%zb@%(c)
usi ng an extruder, then spheronising and drying the 30 extrudate. The dried
pellets are coated with a release controlling nenbrane (d) and filled into
t wo-part, | atin capsul es. 18 COctober 2005 WO 02 5 10 15
Cbnpositi%#ﬁﬁﬁ%ﬁgﬂeric capsul e) ng/capsule (a)Active é&@ﬁ%ﬁ%@%?ZSO

(b)M crocrystalline Cellul osel25 (c)Lactose BP125 (d)Cel lul ose Acetate

Pht hal at e50 (e) Di et hyl Phthal at5 555 7°CT/ 1 B02/ 01146 The enteric capsule
conposition can be prepared by extruding m xed ingredients (a) to (c)
usi ng an extruder, then spheronising and drying the extrudate. The dried
pellets are coated with an enteric nmenbrane (d) containing a plasticizer
(e) and filled into two-part, hard gelatin capsules. Conposition G

( Ent er i c- coatempesitionilinteric papstlelse capsul e) Enteric capsul es of Conposition

E can be prepared by coating the controll %Hg;fca,gsule

(a) Active ingredient 250
5 (b)  Microcrystalline Cellulose 125
(c) Lactose BP 125
(d) Cellulose Acetate Phthalate 50
(e) Diethy! Phthalat ]
555
10
The enteric capsule composition can be prepared by extruding mixed ingredients
(a) to (c) using an extruder, then spheronising and drying the extrudate. The dried
pellets are coated with an enteric membrane (d) containing a plasticizer (¢) and
filled into two-part, hard gelatin capsules.
15

Composition G (Enteric-coated controlled release capsule)

Enteric capsules of Composition E can be prepared by coating the controlled-
release pellets with 50mg/capsule of an enteric polymer such as cellulose acetate
20  phthalate, polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate, or
anionic polymers of methacrylic acid and methacrylic acid methyl ester (Eudragit
L). Except for Eudragit L, these polymers should also include 10% (by weight of
the quantity of polymer used) or a plasticizer to prevent membrane cracking
during application or on storage. Suitable plasticizers include diethyl phthalate,

25 ' tributyl citrate and triacetin.

(ii1) Intravenous injection composition

30  Active ingredient ' 0.200g
Stenle, pyrogen-free phosphate buffer (pH 9.0) to - 10 ml



rel ease pellets with 50ng/capsule of an enteric polynmer such as cellul ose
acetate 20 phthal ate, polyvinylacetate phthal at e, 18 October 2005

hydr oxypr opyl net hyl cel | ul ose phthal ate, or anionic polyners of nethacrylic
acid and nmethacrylic acid nmethyl ester (Eudragit L). Except for Eudragit
L, these | ymer s shoul d al so include 10% (by wei ght of _the quantity of
pol ymer u‘§§8§/’“88§39a pl asticizer to prevent nenbrane cra%%ﬂﬁamamﬁi ng
application or on storage. Suitable plasticizers include diethyl phthalate,
2.5 tributyl citrate and triacetin. @pii) Intravenous injection conposition
30 Active ingredient 0.200g . Sterile, pyrogen-free phosphate buffer (pH
9.0) to 10 m 18 Cctober 2005 WO 02/085839 80 5 10 PCTI |1 B02101146 The
active ingredient is dissolved in nost of the phosphate buffer at 35-40 0
C, then nade up to volume and filtered through a sterile mcropore filter
into sterile_ 10 m, glass.vials (Type 1) which are sealed with sterile

cl osur es andTlEf\PéP‘é"e‘QF?%e'(tilwsﬁoh’F M%B} the phaosphata buler #t3isFti on Active

i ngr edi ent 0@ nBaBENeWolubleGall Blibted frdlgh VGG Rk opbrelilftr irflo MahieT f Or
Injection g.s. t03.00 mM The active 1ngred ent |§) di ssolved 1n the

gl ycof ur ol . 10rmé glassivzals (Tybe bhwhich are staded withStemdideburesdndldessils.ed, and wat er
added t 053 m. The mxture is then filtered through a sterile m cropore
filter and sealed in sterile 3 mM glass vials (Type 1). (v) S3MM
conposition 20, Active ingredient 0.25g Sorbitol Solution 1.50g

(iv) Intramuscular injection compaosition

Active ingredient 0.20g
10 Benzyl Alcohol 0.10g

Glycofurol 75 145g

Water for Injection q.s.to 3.00 ml

The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then
15  added and dissolved, and water added to 3 ml. The mixture is then filtered

~ through a sterile micropore filter and sealed in sterile 3 ml glass vials (Type 1).

(v) Syrup composition

20 Active ingredient 0.25¢
Sorbitol Solution 1.50g
Glycerol 1.00g
Sodium Benzoate 0.005g
Flavour 0.0125ml

25  Purified Water  qs. to 5.0ml

The sodium benzoate is dissolved in a portion of the purified water and the -
sorbitol solution added. The active ingredient is added and dissolved. The
resulting solution is mixed with the glycerol and then made up to the required

30 volume with the purified water.



G ycerol 1.00g Sodium Benzoate 0.005g Flavour 0.0125nml 25 Purified Water
g.s. to 5.0nl The sodi um benzoate is dissolved in a portlg)[nJc @fm%}% purified
wat er and the sorbitol solution added. The active ingreél ent & added and
di ssolved. The resulting solution is mxed with the glycerol and then nade

up to th Lred 30 volume with the purified water. 2005 WO
02/ 085833"@?%%/{3 Suppository conposition PCTI I B02I 0114 %&dgﬁgppom tory

Active ingredient250 5Hard Fat, BP (Wtepsol H15 - Dynamit NoBel)1770 2020
0O One-fifth of the Wtepsol H15 is Bklted in a steamjacketed pan at 45 C

maxi mum The active ingredient is sifted through a 2001m si eve and added to
the 10 nolten base with mxing, using a Silverson fitted with a cutting

head, until @) ﬁpp&ﬁ_gl%dgﬁgﬁm{ sion is achieved. Mintaining the m xture at
45 C, the remal ni ng epso |5 is added to the suspension which is
stirred to ensure a honogenous m x. The entire suspension is then passed

t hrough a 2501m£§%§1_gg$_%§ﬁ[ steel screen 0 and, with continuous stirring,
al l oned to cool At a tenperature of 38 0 1540 C, 2.02g aliquots of

t he m xt ur eAdive igrédiedl | nt o suitabl e plastic noul ds argdét he
5 Hard Fat, BP (Witepsol H15 - Dynamit NoBel) 1770
2020

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 450C
maximum. The active ingredient is sifted through a 2001m sieve and added to the

10 molten base with mixing, using a Silverson fitted with a cutting head, until a

. s . 0 .
smooth dispersion is achieved. Maintaining the mixture at 45 C, the remaining
Witepsol H1S is added to the suspension which is stirred to ensure a homogenous

mix. The entire suspension is then passed through a 250hn stainless steel screen
0
and, with continuous stirring, allowed to cool to 40 C. At a temperature of 38-

)
15 40 C, 2.02g aliquots of the mixture are filled into suitable plastic moulds and the

suppositories allowed to cool to room temperature.

(vil) Pessary composition

mg/pess
20  Active ingredient (631m) 250
Anhydrous Dextrose 380
Potato Starch 363
Magnesium Stearate _7

1000

25
The above ingredients are mixed directly and pessaries prepared by compression

of the resulting mixture,

(viii) Transdermal composition
30  Active ingredient 200mg



suppositories allowed to cool to roomtenperature. (vii) Pessary
conposition mess 20Active ingredient (631m 250 Anhydrou§85@g5&9@%§80

Pot at 0 Starch363 Magnesi um St earate7 1000 25 The above ingrealen S are

m xed directly and pessaries prepared by conpression of the resulting

m xture. Lhdedao TT @ansdermal conposition 30Active ingregdj ng 18

Qct ober 2‘8@&5’%&82/ 085839 82 Al cohol USP 0.1n] Hydr oxngE’S‘g‘? ul ose

PCTI 1 B02/ 01146 The active ingredient and. al cohol USP are gelled with

hydr oxyet hyl cellul ose and 5 packed8n a transdermal device with a surface
area of | OcnR. Biological Data The conpound of exanples 1 and 4 were
tested in the radioligand binding assay described herein and were found to

have bi ndi ngaRédd tispi es of 46.8 and 600ndy,jl0 respectively. 18 Cctober 2005
WO 02/ 085839 83
Hydroxyethyl cetlulose

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and

5  packed in a transdermal device with a surface area of 10cm2.

Biological Data

The compound of examples 1 and 4 were tested in the radioligand binding assay
described herein and were found to have binding affinities of 46.8 and 600nM
10  respectively.



CLAIM5 1. A conmpound of any of the formulae I - XXV: (1) HO2C NH2 HO2C RI
R2 PCT/1B02/01146 H2 X RL R2 (1V) (VUg 5 XXI'lII XI X H2N &g‘e’%&’%"é 1) cir
n RLR (XVII) XXI XXII XXIIl XXIV XXV wherein R and are eac

i ndependent|ly sel ected from hydrogen, straight or branched al kyl of 1-6
car bon at | oal kyl of from 3-6 carbon atons, ph enzyl,
subj ect t\gfﬂ[ﬁ eég%?ow so that except in the 10 case of ﬁ{}yll{gg%ﬂqo@gct ane
conmpound of formula (XVIl) R and R28§1re not H2N.

CLAIMS

1. A compound of any of the formulae I - XXV:

] L)

HO,C NH, H

0C NH,
6 ,(R1 d(
Vi (Vi

HZN\= HZN\.}
HOC. l:[ > HO.C ED HO.C V[[) HO. C\/’EO
2 2

) X1 (Xt
HO,C ‘}'”z

R2 R2 g Ro
o xIv) o)
p (Xvit)
Hozc E)HOC ?:O ) HOC\,EEj
XVl

HAN,

e O™ O ™t D “"*"v:(}
X

wherein R' and R are each independently selected from hydrogen,
straight or branched alkyl of 1-6 carbon atoms, cycloalkyl of from 3-6
carbon atoms, phenyl and benzyl, subject to the proviso that except in the

10 case of a tricyclooctane compound of formula (XVIT) R' and R? are not



HRC,. HRCNH R ,,,. .,NR2 (XII1) H2NL (1X) "") HO2C,, (X) HO2C NH2

R ,,,...R2 (XIV) H2ZN HZN HOG HOC H2N1.1 H2Nti, HR2C nx ' (XI)
(XI'i) HO2C NH2 HO2C NH2 HO2C NH2 (XV) 18 Cctober 2005 VQ?E%%%%&@%@
PCTf MD2/ 01146 84 simul taneously hydrogen; or a pharmaceutically acceptable
sal t OrB@@h%aé t hereof. 2. A compound according to claim 1, wherein R
and RzZ iﬁ?esent 5 nmethyl. 3. A conpound accord?ﬁﬂuwangﬁhinll or 2 or

a salt, solvate or prodrug thereof, selected from
84

simultaneously hydrogen; or a pharmaceutically acceptable salt or solvate

thereof.
2. A compound according to claim 1, wherein R' and R? both represent
5 methyl.
3 A compound according to claim 1 or 2 or a salt, solvate or prodrug thereof,

selected from:
((1R,58)-3-Aminomethyl-1,5-dimethyl-bicyclo[3.2.0]hept-3-yl)-acetic

10 - acid;
((15,5R)-3-Aminomethyl-1,5-dimethyl-bicyclo[3.2.0Thept-3-yl)-acetic
acid;
((1R,58)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0Thex-3-yl)-acetic
acid;

15 ((1S,5R)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic
acid;
((1S8,28,5R)-2- Aminomethyl-6,6-dimethyl-bicyclo[3.1.0Thex-2-yi}-acetic
acid; |
((1R,28,55)-2-Aminomethyl-6,6-dimethyl-bicyclo{3.1.0Thex-2-yl)-acetic

20 acid;
((18,2R,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
((1R,2R,58)-2- Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;

25 ~ ((1R5R,6S)-6-Aminomethyl-bicyclo[3.2.0Thept-6-yl)-acetic acid;

' ((1S,-SS,6S)-6-Amin0methyl~bicyclo[3.2.0]hcpt-6~y1)-acetic acid;

((1R,5R,6R}-6-Aminomethyl-bicyclof3.2.0)hept-6-yl)-acetic acid; .
((18,55,6R)-6- Aminomethyl-bicyclo[3.2.0hept-6-yl)-acetic acid;
cis-{(1S,2R,4S,5R)-3-Aminomethyl-2,4-dimethyl-bicyclo[3.2.0Thept-3-y1)-

30 acetic acid;



((1 R 55)-3-Am norrethyl 1, 5- d| rrethyl b| cyclo [3 2. 0] kept 3 - yI)--acetlc
10 acid; ((l . 13 Ogtober2005 _ .
S, 5R) - 3- Ami nonet hyl - 1, 5- di et hyl - bi cycl o[ 3. 2. 0] hept - - 3-yl &tic - aci d;
((1R, 5S) - 3- Am non®et hyl - 6, 6- di net hyl - bi cycl o[ 3. 1. 0] hex- 3-yl) - acetlc aci d;
15 ( (1S, S%OQOMnorret hyl - 6, 6- di met hyl - bi cycl o[ 3. 1. 0] hgéf[ﬁio%bl)ﬁﬁacetic
acid; ((I
S, 2S, 5R) - 2- Ami nonet hyl - 6, 6- di net hyl - bi cycl o[ 3. 1. 0] hex-2-yl)-acetic acid;
((1 R'2S,5 S)-2-Am nonet hyl -6, 6-di met8hyl - bi cyclo [3.1.0] hex-2-yl)-acetic
20 acid; ((1I S, 2R 5R)-2-Am nonet hyl -6, 6-di net hyl -bi cycl o[ 3.1.0]
hex-2-yl)-acetic acid; ((1 R 2R 5S)-2-Am nonet hyl -6, 6-di net hyl - bi cycl o

[ 3. 1. 0] hex-2-yl d: ] .
5R, 6S) - 6- Ami no&)eaP%y %?ég?c g?BAI%ﬁgl](jﬁ% 24—(11 myéglely ?18[3a2c0]aep t3-yl)-

((1S, 5S, 6S) - &eWpdaidinmet hyl - bi cycl of 3. 2. 0] hept 6-yi)-acetic acid;
| R, 5R, 6R) - 6- A | h
Ec,( 5S. 6R) - 6) Ari n%‘) ﬂ%gﬂﬁkk%‘%’c Oégﬂ%h’})%‘f“%g’yb?‘f%a\%f@?qﬁﬁ?g?é IC| s- E
S, 2R, 4S, 5R) - 3- Anacetiemidy| - 2, 4- di et hyl - bi cycl o[ 3. 2. 0] hept - 3-yl ) - 30 acetic
aci

d; 18_Cctober 05 W 02/ 085839 PCT/ 1 B02/ 01146 85 trans
S, 2R 4S, 8R) - 3- Anﬁ(}zrgﬁ%ﬂ?riﬁl %AA“IH?YH%WISW simethy]-piexclel 3@ 4bspt- 33,{)y|) acetic
acid; ((1 S 5R 6getfRci@- Am nomet hyl - 6, 7- di met hyl - bi cycl o[ 3. 2. 0] hept - 3-yl) -

acetic acid;
((1R,28,58)-7-Aminomethyl-3,3-dimethyl-tricyclo[3.3.0.0]oct-7-yl)-acetic

acid:
((1R,6R,7S)-7-Aminomethyl-bicyclo{4.2.0]oct-7-yl)-acetic acid,;

10 ((1S,68,7S)-7-Aminomethyl-bicyclo[4.2.0]oct-7-yl}-acetic acid;
{(1R,6R,7R)-7-Aminomethyl-bicyclo[4.2.0]oct-7-yl)-acetic acid,;
((18,68,7R)-7-Aminomethyl-bicyclo{4.2.0]oct-7-yl}-acetic acid;
((1R,7R,88)-8-Aminomethyl-bicyclo[5.2.0Jnon-8-yl)-acetic acid;
((1S,78,88)-8-Aminomethyl-bicycio[ 5.2.01non-8-yl)-acetic acid;

15 ((1R,7R,8R)-8-Aminomethyl-bicyclo[5.2.0]non-8-yl)-acetic acid; and
((18,75,8R)-8-Aminomethyl-bicyclo[5.2.0]non-8-y})-acetic acid.

4. A compound according to any one of claims 1-3 or a salt, solvate or
prodrug thereof, selected from:

20 [(1R,5R,65)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yllacetic acid;
[(18,58,6R)-6-(Aminomethyl)bicyclo[3.2.0}hept-6-yl]acetic acid;
[(1RS,5RS,6RS)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid;
[(1RS,6RS,7SR)-7-(Aminomethyl)bicyclo{4.2.0Joct-7-yi]acetic acid; and
[(1RS,6RS,7RS)-7-(Aminomethyl)bicyclo{4.2.0]oct-7-yl]acetic acid.

25

5. A compound according to any one of claims 1-4 or a salt, solvate or
prodrug thereof, which is [(1R,5R,68)-6-
(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid.



5 ((1 S 5R 6R 7S)-3-Am nonet hyl - 6, 7-di met hyl - bi cycl o[ 3. 2. 0] hept - 3-yl) -
acetic acid; ((1 R 2S,5 1800t ber2005

S) - 7- Am nonet hyl -3, 3-di net hyl -tricycl o[ 3.3.0.0]oct-7-yl)*= efte

R, 6R, 7S) - 7- Am nonet hyl - bi cycl o[ 4. 2. 0] oct-7-yi)-acetic aC|d, 10

S, 6S, 7S) - 7- Am nonet hyl - bi cycl o[ 4. 2. 0] oct-7-yl)-acetic acid;

R, 6R, 7R) - 7- Am nonet hyl - bi cycl o[ 4. 286] oct - 7-yl ) -acetic acid;

S, 6S, 7R) - 7- Am nonet hyl - bi cycl o[ 4. 2. 0] oct-7-yl)-acetic acid;

R 7R, 8S) - 8- Am nonet hyl - bi cycl o[ 5. 2. 0] non-8-yl)-acetic acid;

S, 7S, 88) - 8- A plomabutichl @ysipetibiod. OdmprisiBgyh) tikeficutcAll Effeblive

R, 7R, 8R) - 8- Ami nonet hyl - bi cycl o[ 5. 2. 0] non-8-y1)-acetic acid; and

S, 7S, 8R) - 8- APHOHB?@E%WDWW@FW@I% 19995108 ofwial@éétﬁ wdhtid 4. A
npound accor lL.alyg% 1-3 or a salt, solvate or prodrug
ereof , sel ecgg%g?%cg%ﬁ%lg%geﬁéblg ’

1R, 5R, 6S) - 6- (Am nonet hyl ) bi cycl o 3. 2. 0] hept - 6-yl ] acetic acid;

1S, 5S, 6R) - 6- AAerinmmwet kydoydiitg ey Bre2f @lairap i -56foy hiedaetddicimei d; [ (1

RS, 5RS, 6RS) - 6- (Aninonethyl)bicyclo[B 2.0] hept-6-yl] acetic acid,

1RS, 6RS 7SR r m nomet clof[4. 2. 0]oct-7- acetlc aci and
Hle 6RS, 7ng U7f ?‘)ﬁﬁn 9?8%’{1?1@% @E&} Yz"%‘ﬂﬁ%’% {75;}}1%!&%’&’?}"&3 ‘%‘Ff‘dop% 5. A
conpound accor gigdgabienffr tB8 GeRinct 3F aﬁmﬂeaée Yledled Bbin epiRpYAIRiness Pr odr ug
thereof, which is [(IR 5R 6S)-6-

( Ani nomet hyl )bﬁﬁ@@qso[mk@]qﬂ@pt cpnigl] disordas.actarodege@ratotser dlB@l@SrS% 6. A
phar maceuti cal rising.a.t ape ffe anount
of a conpound acrg &‘ﬁr’?@g}%’ 836y lﬂt%'?qﬁi’ % g gﬁlﬁorgg Sg%%’r élﬁfsi’ cally
accept abl e car bBt@ﬁartIﬁ’ltlsA raopaoid aptbe65,dnegop&thalbgicah alisrdek Aivigeerhi 5 f or

use in nedicine. 8.
pain, functional bowel disorders, inflammatory bowel diseases, pain

((1
((1
(1
((1
((1
(1
((1
((1
co
th
[ (
[ (

associated with dysmenorrheal, pelvic pain, cystitis, pancreatitis and

neuropathic pain.

9. A process for the preparation of a compound according to any of claims 1-

5, comprising:



Use of a conpound as clainmed in any of clains 1-5 in the manufacture of a

medi cament for the treatnment of a disease selected from efgbl £RSY% 051‘ ai nt ness

attacks, hypokinesia, cranial disorders, neurodegenerative alsorgers,

depression, anxiety, panic, pain, irritable bowel syndrone, sleep

di sorder arthritis, rheumatoid arthritis, neur i cal

di sorder:‘fvo\(/)?@g%?al pai n, functional bowel di sorders,pwg‘% ory bowel

di seases, pain associated with dysnmenorrheal, pelvic pain, cystitis,

pancreatitis and neuropathic pain. 8 A process for the preparation of a

conpound according to any of clainms 1- 5, conprising: 18 Cctober 2005 WO

02/ 085839 PCTI 1 B02/ 01146 87 (i) Acid treatnent of the correspondi ng

i socyanate / alk P j e derivative;

(ii) Hydrolysis g‘#Ataﬁééﬁﬁegﬁwﬁﬁg@%?%&%a%é"?nk’a}???i@%g%ucti on of the

cor r espondi ragprs carboxylicacid@stehedarivativieye, whi ch may be 5 optionally

unsat urated; or éjtlﬁd eduction of the corresponding nitro / berizyl or

di phenyl net hyl & TOTYES A% FRP&sP ]ingﬁycrlr‘ﬁg"’cfgl’opti onal | y unsaturated. 10
(1it) Reduction of the corresponding nitro / acid derivative, which may be

3 optionally unsaturated; or
(1v) Reduction of the corresponding nitro / benzyl or diphenylmethy! ester

derivative, which may be optionally unsaturated.

10






