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FI ELD OF THE | NVENTION 5 This invention relates to novel cyclic am no
derivati vee ma@essad as pharnmaceuti cal agents, to processe@draBoineid
production, to pharmaceutical conpositions containing them and to their
use for the treatnent of the conditionz set out below. It also relates to
bicyclic and tricyclic ketones useful as internediates in the production
of the aforesaid conpounds. 10 BACKGROUND TO THE | NVENTI ON Gabapenti n
(Neurontin(r)) is an antl-convulsant agent that is useful in the treatnent
of epilepsy and that HISED R [IBHt i t r eat ment

15 for neurogenic pain. It is 1- (anlnonethyl) cyclohexylacetlc aci d of
structural forrmula: NH2 CO2H Gabapentin is one of a series of conpounds of
formula H2N- CH2- C- CH2- COOR1 #rEL200f G INVERTIONCh Rl is hydrogen or a

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

US- A- 4024175 and its divisional US-A-4087544. Their disclosed uses are:

protectigon again t hi ase m car bazi.de-in c rotecti gai nst
cardi azol e cr arrp%tnfs énveé‘rlg%ra at%% arsloevs‘,3 (@'pﬁfe%@){ﬂ,% fdéfsl\r’l negs 3§ks

hypoki nesi apha&fithceutital algeiitsatorgioce3sed ﬁﬁpﬂ@ueﬁﬁﬁﬁwnéhCﬁiqﬁmﬂﬁmkwmﬁllOnS WO
02/ 085839 PCT/ | BQ2/ 01146. 2 The conpounds are useful in fgt riatrjc patients.
The di scl osGPEBOBHONSHONEHHNS thef ang in gk ysefar thererpentheighp goadidignyy

reference. g 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

formula:
NH, COH

Gabapentin is one of a series of compounds of formula

H,N-CH,-C-CH,-COOR|
20 (CHp)y
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 wuses 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.



WD 99/ 21824, whose disclosure is also incorporated by reference, 5

di scl oses further cyclic amno acids that are useful in the treatnent of
epi | epsy,wofmjostsaess attacks, neurodegenerative di sorders pPCi@BIEGISION,

anxi ety, panic, pain, neuropathological disorders, gastrointestinal

di sorders such as irritable bowel syngrorre (1BS) and inflammati on,
especially arthritis. The conpounds diSclosed include those of the
formula: RN CO2ZR R8 R1 R7, R2 R6 R3 10 R5 4 and salts thereof, in
which: R is hydrogen or a |ower alkyl; and RI to R3 are each independently
sel ect ed frofhhyampyeds astusafudin gerxattie patshtsd The Kisclostres pbthelabowe v car bons,
phenyl, benzyl, fluqrine, chlorj br om ne, hydroxy, hydroxynethyl, 15
ami no, ani no%ﬁ‘%r}@f‘r,e eFﬁbfyllﬂ%%?F&{eﬂs’W,rePEéﬁH _ORR , -CH2COPH, 15

- CH2CO2R15, -OR15 wherein R5 is a straight or branched alkyl of from1 to
6 carbons, phenyl, or benzyl, R to R8 not being sinultaneously hydrogen.

| nternati onal Pat¥@t 9%3pB2%batihess Migslasest iorilsgo Ingyporaied 7By reé@eniEspondi ng
to US Patent,. [ i : i i @s 20 novel
bi cycl i 2§ amdlr?@%gécsi th?lelfﬁéﬁlﬂr% aﬁ#ﬁ? ?‘rlg{é%t??%%g? nggﬁ@epgi ﬁ%terﬁéglot%s?pﬂgpnsg’ their
prodrugs of ffimneasl @tacks] Meutdtidgélitiitive 2disdridéys CachredsitiN, @ARiety, ,panic, paiat2) n
(CH2)n (CH2)n 6 t1(10H2) n 1 1] 111 1V W, 02/ 085839 PCT/ I BOZ/B)JIéLi%Wd

neuropathological disorders, gastrointestinal disorders such as 1t
‘syndrome (IBS) and inflammation, especially arthritis. The compounds disclosed

include those of the formula:

HN COR
RS R!
R7 R?
R$ R3
10 RS !

and salts thereof, in which: R is hydrogen or a lower alkyl; and R1 to R8 are each
independently selected from hydrogen, straight or branched alkyl of from 1 to
6 carbons, phenyl, benzyl, fluorine, chlorine, bromine, hydroxy, hydroxymethyl,
15
amino, aminomethyl, trifluioromethyl, -COoH, -COR , -CH7COzH,
15 -CH2C02R]5, _OR" wherein R is a straight or branched alkyl of from 1 to

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

International Patent  Application Publication No. WO0128978,
corresponding to US Patent Application No. US 60/160725, describes a series of
20  novel bicyclic amino acids, their pharmaceutically acceptable salts, and their

prodrugs of formula:

N CO,H

H,N  CO,H
2 27 H,N cop N COH )
’ k] or
(CHy)n
(CHy)n

(CHy)n (CHy)n
I I i v



3 wherein nis an integer of from1l to 4, where there are stereocentres,
each center nmay be independently Ror S, preferred conpounds being those
of For nul we 2483439 above in which n is an integer of from 2amaBd/oilhe
conpounds are disclosed as being useful in treating a variety of disorders
including epilepsy, faintness attacks, ;5 hypokinesia, cranial disorders,
neur odegener ati ve di sorders, depression, anxiety, panic, pain,

neur opat hol ogi cal disorders, and sleep disorders. Certain of the conpounds
di scl osed in that patent have high activity as measured in a radioligand

bi ndi ng assay/h@@lmlgls[%l-l}lmﬁhp%ﬁi@mrﬂ tordd wheee {hererqu[S@mO]cemmsucaCh cgeter ved from

70 Thur | ow /oY 8 SERRIERIRK brs. Befiffed cqnupunu§§RE LR 1V Recul 4

for sone Oﬁabct\}wnC@HinHUﬂdSarﬁfnGeg%ﬁbf(ﬁ@in !zrﬁo HhThé @bﬂnpamnm dralahselos&ﬁabE 1
Conpound Structure a28 binding  affini t({y a, 3 a, 5(x) (3- Am nonet hyl -
NH2 bi cycl opging ug3fhbin treatipg p V&@@tmqf deyar rs)@slud@g cRilepsy; $infpess attacks,

I 5 2 t-3
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compounds disclosed in that patent have high activity as measured in a
radioligand binding assay using [3H] gabapentin and the 058 subunit derived from
porcine brain tissue (Gee N.S., Brown J.P., Dissanayake V.UK., Offord]J.,
10 Thurlow R., Woodruff G.N., J. Biol. Chem., 1996;271:5879-5776). Results for

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

TABLE 1
Compound Structure 0»8 binding
affinity (uM)
(1o,30,50)(3-Aminomethyl- NH,
bicyclo[3.2.0]hept-3-yl)-acetic 0.038
acid
-) -(10,5B)(3-
Aminomethyl- 2.86
bicyclo[3.2.0]hept-3-yl)-acetic
acid
((10,,3B,50)(3-Aminomethyl-
bicyclo[3.2.0]hept-3-yl)-acetic 0.332
acid




Pat ent application nunmber EP 01400214.1 discloses the use of conpounds of
formula | to N above for preventing and treatnent of visceral pain, and
gast r oi ntwskaz2mais3gi sorders. 5 SUMMARY OF THE | NVENTI ON CerpicaviBoroasogues of
t he above conpounds which derived e.g. from 1-

(am nonet hyl ) - cycl opent aneacetic acid Ry fusion of a 3- or 4-nmenbered ring
to the cycl opentane ring and which are substituted with one or nore
substituents 10 exhibit simlar high activity. Al so, am no acids based on
bi cycl o[ 3. 2. 0] hept ane, bi cycl o[ 4. 2. 0] octane and bi cycl o[ 5. 2. 0] nonane in
whi ch the am no aPdemtardpphigdtionmoumbeesERr 81410234 He dliscdosghethsf ushe oht ons of

the four-nmenbered rin xhi,bi.t hi activity. .15 T resent. L nvention
provi des bi c@oﬁ?ocungﬁioﬁgg%qlﬁ Iatﬂra}I\%%\fPevg ftgﬁgr"at‘%%lilr}g a e?rie\glta elngé’g ,VISﬁFr(? rugs,
and phar macgaihl il ga¥tréimeanhaldiorded.t s and sol vates useful in the treatnent
of a variety of disorders including epilepsy, faintness attacks,

hypoki nesi a, cranial disorders, neurodegenerative di sorders, depression,
anxiety,. panic, pain, sle i hePRGirHNt i S, rheumatoid
arthriti%, and 20 neur opat 'rrouvgn%%?e@fgg%;ers. ﬁlﬁchorrpounds provi ded may
al so be useful in the treatnment of visceral pain, functional bowel

di sorders such as gastro-esophageal, £ reflux, dyspepsi.a, irritable_ bowel
syndrome and funég Blﬁa‘lma%ﬂﬂ’)‘éﬁioﬁglpe have Cogmﬁnaw lghéle’i‘\‘ﬁdl &&mEOBt ¥~ bowel
di seases sugh,as,EHHeyRIdbkRERASRetid A&l by StusiBRDE U8 C6 Anhehberd fihi §o and
ot her types%{g?11 vfnscgpgiy%ﬁ%i n ass%clzdl at e?yvsguflh dysarrenorrhea, 25 pe v(l)c pai n,
cystitis anthepayviopeatant irsng dtiewhivhyaralssbstiveted seth Poe or meorer mbstiteeats of

premenst rual syndrone.. .They.are conmpounds of .any,of .the | .formul ae
bel ow Vb 03X BHSSIBBCHER B TS th0. STRE e Do Hboe W R ThE e C N
Rl R2 Rl R2blc§clo[4.2.0]octane and bicyclo[5.2.0Jnonane in which the amino and carboxyl

moieties are attached to one of the atoms of the four-membered ring exhibit high

activity.

15 The present invention provides bicyclic amino acid analogues and their
derivatives, prodrugs, and pharmaceutically acceptable salts and solvates useful in
the treatment of a variety of disorders including epilepsy, faintness attacks,
hypokinesia, cranial disorders, neurodegenerative 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 dysmenorrhea,

25  pelvic pain.,l_(:ystitis and pancreatitis. They may also be used for the treatment of
premenstrual syndrome. They are compounds of any of the general formulae

below:



1)

~
N

R2 Rl R2 V) HO2C NH HO2C NH2 HO2C NH2 H2C j] H2 R1 R1
R2 ( ) (M11) H2N H2N H2N H2N111 HOZC~ HO02C~ HO2C
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HZN, H2N HOZC HOZC HOzC HOC \ X)5<I XXI'V XXV wherein RL and R2 are
each independently sel ected from H st r ai ght or branched al kyl of 1-6
carbon atons, cycloal kyl of from 3-6 car bon at ons, phenyl 5 and benzyl,
subj ect to the provi soicthaty, ex5'8 fe t heogasen, of P@2Ctr|NtiycI ooct ane
conpound of fornula ( XV ‘.,J R1 an are n(br, i‘mul t any gousl y hydrogen.
Sui t abl e conpounds (i ncl @ g aFL sol vat
((1R, 5S) - 3- Ani nonet hyl R[5 8 net hyE -: =b| cycl o[

1 (I am vy

HO,C NH, HOC NH, HO,C NH, HOSC THZ

2 2
lu,, ll," ‘\‘J wt
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v) V1) (i) (viny
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(il XIV) XV) (XVI)
XVil)
N HZN\ HZN\
E ) HOC, EO HO,C ¢ ) Hozcvf:O
XVl XX XX
0 0 =0
XXl

wherein R' and R? are each independently selected from H, straight or
branched alkyl of 1-6 carbon atoms, cycloalkyl of from 3-6 carbon atoms, phenyl
5 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.

Suitable compounds (including salts, solvates and pro-drugs thereof) are:
((1R,55)-3-Aminomethyl-1,5-dimethyl-bicyclo[3.2.0]hept-3-yl)-acetic
10 acid;



10 acid; WD 02/085839 PCT/1B02/01146 6 ((1

S, 5R) - 3- Am nonet hyl -1, 5- di net hyl - bi cycl o[ 3. 2. 0] hept-3-yl)-acetic ac
R 5 S)- 3-woimossshyl - 6, 6- di met hyl - bi cycl o[ 3. 1. 0] hex- 3-yl ) PaTaB20114LC
((1 S, 5R)-3-Am nonet hyl -6, 6-di net hyl -bi cycl o[ 3. 1.0] hex-3-yl)-acetic

((:
acl
[ 3.
S, 2
((1
acC
((1
((1
((1
ci s-
acet
3.

d
1
R
R,
id;
S,
R,
S,

5
5

1 S, 2S, 5R) - 2- Am nonet hyl - 6, 6-di rret hyl - bi cycl o[ 3. 1. 0] hex- 2-yl ) - acet
((1R 2S. 5 S)-2- Aminomet hyl - 6, 6 &

I met hyl - bi cycl o

0] hex-2-yl)-acetic 10 acid,; ((1
, BR) - 2- Ami nonet hyl - 6, 6- di met hyl - bi cycl o[ 3. 1. 0] hex-2-yl)-acetic
2R, 5 S) - 2- Anmi f0rifsiR)y3-AdniGedietmyt-hytdimethyt-bayf1®[3L2 O]leps-3 24 récetiacet i ¢
15 ((1R0613R’ 6S) - 6- Ami nonet hyl - bi cycl o] 3. 2. 0] hept-6-yl)-acetic acid,
S, 6S) 2

R, 6R) - 6- Al
A 6R§ 4 Am((g;ﬁg% lmglhg%/ﬁgdlhg{ és?m&]am@pt)rcgcmp t eﬂﬁktacy@rabalc

Am nonet hyl - bi cycl o[ 3. 2. 0] hept - 6-yl ) -acetic acid;

-yl)-acetic acid

((1S, 2Ra41§ 5R) - 3- Am nonet hyl - 2, 4- di net hyI bi cyclo [3.2.0] hept-3-

2.0} Shes

0; U AR Bl e Ry s BB Db £ Y -

S, 5R, 6S, 7R) »grdAm nonet hyl - 6, 7-di met hyl - bi cycl o[ 3. 2. 0] hept -3-yl)- ace

aci d;

25

((1S, 5R, 6R, 79) - 3-(AHHoMR Arfmigometiyhb Ordimediybpiaysos3 2. Odfarepryl Scgiiq -

aci d;

10

15

20

25

30

acid;

((1R,28,55)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;

((1S,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;

((1R,5R,6S5)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;

((18,58,6S)-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;

((18,5S,6R)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid,

cis-((1S,2R,4S,5R)-3-Aminomethyl-2,4-dimethyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid;

trans-((1S,2R,4S,5R)-3-Aminomethyl-2,4-dimethyl-bicyclo[3.2.0]hept-3-
yl)-acetic acid;

((18,5R,6S,7R)-3-Aminomethyl-6,7-dimethyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid;

((1 S,5R,6R,7S)-3-Aminomethyl-6,7-dimethyl-bicyclo[3 .2.0]hept-3-yl)-
acetic acid;

((1R,2S,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,

((18,68,7S)-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;

id; ((1
id; 5

aci d;
iC

aci d;

yl)- 20
icyclo

tic

acetic



((1 R 2S,5 S)-7-Am nonet hyl -3, 3-dinmethyl -tricyclo[3.3.0.0]oct-7-yl)-acetic
acid; ((1R 6R 7S)-7-Am nonet hyl -bicyclo[4.2.0]oct-7-yl)-acetic acid; 30
((1 S, 6S,wB)02/0878a3% nonet hyl - bi cycl o[ 4. 2. 0] oct-7-yl ) - acet i c PaAAITBY2/01146

((1R, 6R, 7R) - 7- Ami nomet hyl - bi cycl o[ 4. 2. 0] oct - 7-yl )-acetic acid; WD 02/085839
PCT/1B02/01146 7 ((1 S, 6S, 7R)-7-Am nonet hyl -bicyclo[4.2.0]oct-7-yl)-acetic
acid; ((IR 7R, 8S)-8-Am nonet hyl -bi cyclo[5. 2. 0] non-8-yl)-acetic acid;

((1S, 7S, 8S) - 8- Ami nonet hyl - bi cycl o[ 5. 2. 0] non- 8-yl )-acetic aci d;

((1R, 7R, 8R) - 8- Am nonet hyl - bi cycl o[ 5. 2. 0] non | )-acetic acid; and 5

((1S, 7S, 8R) - 8- Ani f3HéxSh )B.Aé@aepm[e@ybblemgw %Oféptywbeqopac aoild. Preferred

d | ud
CCIR BR 65 - 6. (Ami(IRERRS o Rt Peg - BUGOREE: SRR IR ™ [ (1 s 5
S, 6R) - 6- ( Ani norret(hysnsos%]yzlclAgxﬁlaoﬂFm]yh&ppclﬁfM 0 naﬁ&-yl}“-a&ﬁitcd}cuﬁo ([j( 1[ (1
RS, 5RS, 6RS) - 6- ( A t acetic aci
RS, 6RS, 7SR§ 7- §A %ﬂé@@ 8%%#%%{% bzw}q{étg Oimgn $- Yb)c%cletl%a‘éléi@d and [(1

RS, 6RS, 7RS) - 7- (A I id. A
parti cul grl)y pEef 1{337;338@%?%%%{&459{#@;&5 gﬂcggio}ﬁggg%g%tice%ﬁgnd pr o- drugs
15 thereof) is [(1R 5R 6S)-6-(Am nonet hyl)bi cycl o[ 3.2. 0] hept-6-yl]acetic

acid. The present. c unds can exj in unsol vated forms as well as
sol vat ed 1I‘Oor s, tPr?fD’fqg‘gF?fﬁp‘l’W@ é‘f‘éﬂ)‘allngrsﬁ]és splyaigs, JW&%&@P@&F‘Ed f orms,
i ncl udi ng hydrat[qu 51@%% Smlﬁ&new)&e%@m eme;stoazyﬂac%ﬁ@%fdt utions (e.g.

D20, d6-acetone are equival ent to unsolvated fornms and are
enconpassed Wt h|[ﬁSti’EeGR)%@dﬁellmm@thﬂ)mcmdﬁﬂ G]hemsré-yldaretiCeritlai n of t he

cach cober my AEE S SRR SRR ReRy 5w aRE AR GxISeRiE SgE D csant
invention includggRra, $Rsmsny-vqmlh@maﬂ91)@@¥a§[lr I C0ToBt 701 ]asetioRkid; a8 t he

appropriate mxtures thereof. Separation o astereoi soners or cis and
trans [(1IRS,6RS,7RS)-7- (Ammomethyl)blcyclo 4.2.0]oct-7-yl]acetic acid.

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

15 thereof) is [(1R,5R,6S)-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-acetone,

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 possess one or more

chiral centers and each center may exist in the R(D) or S(L) configuration. The
25  present invéﬁtion includes 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 H.P.L.C. of



i soners may be achi eved by conventional techniques, e.g. by fractional
crystallisation, chromatography or H P.L.C. of a stereoisoneric m xture of
a conmpouwo afosishe i nvention or a suitable salt or derivaticrtaBoh@neof . An
i ndi vi dual 30 enantionmer of a conpound of the invention may al so be
prepared froma corresponding optically pure internedi ate or by
resolution, such as by HP.L.C. of WO 02/085839 PCT/I1B02/01146 8 the
correspondi ng racemate using a suitable chiral support or by fractional
crystallisation of the diastereoisoneric salts formed by reaction of the
cor r espondi nthercavespandingiradempteudingdbuitablstdhiral suppert or b fraeiienabr base, as

appropriate. 5 The present .invention .al ncl ude l ifabl e isotopic
vari ations o?rygltaﬁléﬁtﬁ%b?ﬁge S*astte};le 189%\?8%??%%#0%6%19% eél?trlr(%anc(?l} %cal | y acceptabl e

sal t ther eotorrdpondifigraRindtesdith akhiedlodptitallp sabndiddr Habg asnventi on or a
pharmaceutically acceptable salt thereof is defined as one in which at

| east one aepRfPPBateepl aced by 10 an atom having the sane atomi c nunber but
an atom g nmass different fromthe atom c mass usually found in nature.
Exanpl es” of isotopes that can be incorporated into conmpounds of the

i nvention and phaheggessht ddlchyornakephables alsahitsble hetegot varatiandeofi 30t opes

of hydrogen, carbon, nitrogen, oxygen, phosphorus, ul phur, fluorine and
chl ori ne suéfmpeunsof g pygntopcor 3 ,aﬁgfeu?ﬁﬁf’gl,y %‘fﬁ?taglfP%ItS@Sr,mi‘S &%F and

36C1, respe%kagﬁé Yyarfafibh 3 o %Qltng&ilrﬁi @1 iRt bRRAGG dhe pRIMALAdRaR) the
i nvention an armaceutically acceptable salts thereof, for exanple, those

in which aacagiabbectalivtberiesDisalefinediahormsin3thioh atlkk@tione iafmonpphredby ar e
usef ul w dru%e ag]g/or lsjubstra%e tissye gi stri put.i on Stdutgi est. Trithi at ed,

i e, 3l aAB LR LaKINghe sage atomig Hunjbey bk an, atomic Masp ditfersht o, the o o g
for their eaggiel mRseRRAl FurdNth 2Rndet eHxaRipldst ¥f iftbpdaethat StaRSHet ut i on

W th isotopes such as deuterium i.e., 2H nmay afford certain therapeutic
advant ages im®garitad iftoosangparade of the abshiien sndiiphiimageutically asgenighle,

i nereased 10, 49 cBRldciddeliSorShes Iy aR R ORARE, hEALEE GRS, AOGHRICe
sulphur, fluorine and chlorine such as 2H, 3H, 13C, ¢, PN, 170, 180, °'p, 32P, 3 5S,
15 '8F and *Cl, respectively. Certain isotopic variations of the compounds of the
invention and pharmaceutically acceptable salts thereof, for example, those in
which a radioactive isotope such as *H or '*C is incorporated, are useful in drug
and/or substrate tissue distribution studies. Tritiated, i.e., 3H, 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 be 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  be salts of appropriate non-toxic inorganic or organic acids or bases. Suitable acid

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



may be preferred in sone circunstances. |sotopic variations of the
conpounds of the invention and pharmaceutically acceptable salts thereof
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such as by the illustrative nethods or by the preparations described in
t he Exanpl es and Preparations her eaft@r usi ng appropriate isotopic

vari ations of suitable reagents. Since am no acids are anphoteric,
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are pol ynorphs thereof. 20 Prodrugs of the above conpounds are included in

t he scope offMif0nnhst ant i nvention. The effectiveness of an orally
adm ni stered drug is dependent upon the drug' s efficient transport across
t he mucosal epitheliumand its stability in entero-

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

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

Also included within the present scope of the compounds of the invention

are polymorphs thereof.

20 Prodrugs of the above compounds are 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_icallyl ﬁiodiﬁed 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,



hepatic circulation. Drugs that are effective after parenteral
admnistration but less effective orally, or whose plasma half-life is
consi der eotoaesssbort, may be 25 chemically nodified into @2cumougsd orm A
prodrug is a drug which has been chemcally nodified and may be
biologically inactive at its site of aghion, but which may be degraded or
nodi fi ed by one or nore enzymatic or other in vivo processes to the parent
bi oactive form This chemcally nodified drug, or prodrug, should have a
di fferent pharmacokinetic profile to the parent, enabling easier 30
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pepti de may be coupled to.the _drug nol ecu via am de bond formation 10
with the anine o?h_%{?%ml?téf °£§1e&g%}f@f uiﬁf%}ﬁ{g)wd?ﬁ{}aa%! ecul e by known
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sel ection of a prodrug formor noditied prodrug form (4) Any conbination
of 1 to 3. 15 Iﬁmntidemmoup&dapph@@uame@&e viacweide bond &dmation he art

for exatpie as ELTEEEEs i SBaehER sk pishy able' B Herinlkio T covrer
1985, may be pl agRds.on appropriate functionalities when such
functionalities are present in )
3 Derivatives that accumulate at a site of action through membrane selection
of a prodrug form or modified prodrug form.
4) 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 invention 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 Resé%irch has shown that the oral absorption of certain drugs may be
increased by the preparation of “soft” quaternary salts. The quaternary 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” quaternary 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



20 compounds of the invention also to forma "prodrug". Further, certain
conpounds of the invention nmay act as prodrugs of other conpounds of the
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intestine. Increased absorption is probably due to the fact that the "soft"
quat ernary Spitheliygsmers effectizply. phe peadrig afighabsosptioap brapidly hydolized

m cel | es< and . i oni i LI ith bile acids, etc., which are able to
penetratse t%’e‘thﬁg{eg%tﬁg w@ﬁ?’?ﬁé‘??@% nore effectively. The prodrug, after

absorption, is rapidly hydrolyzed 5 with release of the active parent
drug. Am noacyl -%}{.Cm ic and -lactic esters are known as_prodrugs of am no
aci ds (Wernmut h cAginoggyiglysehs agd tlacHg pstersy are1 lyayv 38 pradiygs PRAIHES bony |
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soft 10 drugs are known in the art (Palomno E., Drugs , 1990;
15(4): 361- g68ip.ofTthe andstd atide can thatdstenfiedrby hemabyeame Arpdmgt et boft

reference. The invention also r tes her apeutic use of th resent
compountd a§UEGEnKRO YR fhecst ﬁéga?%wnpﬁi@m&%ﬁf’?@gyﬁﬁt@%&ﬂé@%lj

neur odegenengg). Yfe Fdsﬁ%cﬂ&faﬁonsé%h@f%? iﬁ&%&ﬁ@@ﬁ?%@ﬁeh&& di sorders include,
for exanple, zhei mer's di sease, Huntington's di sease, Parkinson's

di sease, and Anyotrophic Lateral Sclerosis. The present invention also
covers, 1 FaLL N0 UL RUanl s SRR LELUE R PR Pt Y

agents for treating or relieving the symptoms of neurodegenerative disorders.

15  Such neurodegenerative disorders include, for example, Alzheimer’s disease,

Huntington’s disease, Parkinson’s disease, and Amyotrophic Lateral Sclerosis.

The present invention also covers treating neurodegenerative disorders termed

acute brain injury. These include but are not limited to: stroke, head trauma, and

asphyxia. Stroke refers to a cerebral vascular disease and may also be referred to

20  as a cerebral 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‘ 1n 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 invention would be useful in a range of incidents, for example, during

30 cardiac bypass surgery, in incidents of intracranial hemorrhage, in perinatal

asphyxia, in cardiac arrest, and status epilepticus.



asphyxia. Stroke refers to a cerebral vascul ar di sease and may al so be
referred to 20 as a cerebral vascul ar accident (CVA) and includes acute

t hr omboenwolossty oke.  Stroke includes both focal and gl eoalBiz@he a.

Al so, included are transient cerebral ischemc attacks and other cerebral
vascul ar probl ems acconpani ed by cerehlpal ischem a. These vascul ar

di sorders nmay occur in a patient undergoing carotid endarterectony
specifically or other cerebrovascul ar or vascul ar surgical 25 procedures in
general , or diagnostic vascul ar procedures including cerebral angi ography
and the like. Oher incidents are head trauma, spinal cord trauma, or
injury from general ,anoxi,a, . Aypoxi ogl.ycem ot ensi.on_ _.as.well as
simlar injuries g‘e%ﬁ“ rllg,rsllgcmér‘ggfe uerﬂ;e]ére rggﬁqgrélrr’}%gl?eejﬂyq%%éart? ﬁlglfagﬂ? "nd
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for exanple, during 30 cardiac bypass surgery, in incidents of intracrani al
henor r hage, StHerng fremsgpke fox gagpyisiration by aneihads of theaaresens iyestion: us

epi | eptigus. WO 02/085839 PCT/1B02/01146 12 A skilled physician will be
able to determne the appropriate situation in which subjects are

suscepti bl e t o ofThatcompslndsfof the inventdorpire alsot usokt farsthertchtnaent of ufifter i ng
fromstroke for adm nistration by nethods of the present invention. 5 The
conpounds ofin{ HAIPIHE RRIR-o Céﬁeepﬁ%;s@ yathy| %E‘fqﬁlea?‘?e‘ét??é?ﬁlatﬁ‘i Withit e  and

chroni ¢ pai hyp&gstheryPal thd SyHeMAly nelehd shdad ERaspl ' ith
hyper acti vi tg/,pof thgpsyrrpatﬂg?i C tne?vous ssgs‘ftem Exgrfcglaggsgfr%{eo%%%gtv%mper ative

pai n, such @sin cluchwisndoliovdentaldental rextraétom, mrigyaing,nbgadacladacigemirtal i geni nal
10, neur b R 4R SIS S B D P
psychogeni ¢ 3paigaonths aAP iRSuded fsomBIo@BhiE patls nd Ml ebEeRidi paiks ER&hplesd W th
muscul o- skel etal disorders such as rheumatoid arthritis, osteoarthritis,
ankyl osi ng 9pchepiq ppig, indlude ppiagasqoiased woth- mpsalaveledital) disendpis speh bk es,
R TR
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 ihjury or
infection of peripheral sensory nerves. It includes, but is not limited to pain from
peripheral nerve trauma, herpes virus infection, diabetes mellitus, causalgia,
plexus avulsion, neuroma, 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  pain are: in‘ﬂ:ammatory pain, osteoarthritic pain, trigeminal neuralgia, cancer pain,
diabetic neuropathy, restless leg syndrome, acute herpetic and postherpetic
neuralgia, causalgia, brachial plexus avulsion, occipital neuralgia, gout, phantom
limb, bumn, and other forms of neuralgia, neuropathic and idiopathic pain

syndrome.
30



neural gia. QGther pain is nociceptive. Still other pain is caused by injury
or infection of peripheral sensory nerves. It includes, but is not limted
to pai n fwomz/opsssy pheral nerve traunma, herpes virus infecticanpoziiabet es

mel litus, causal gia, plexus avulsion, neuroma, |inb anputation, and
vasculitis. Neuropathic pain is 20 al Sf caused by nerve damage from chronic
al cohol i sm human i nmunodefi ci ency vi %JS i nfection, hypothyroidism

urema, or vitam n deficiencies. Neuropathic pain includes, but is not
limted to, pain caused by nerve injury such as, for exanple, diabetic

pai n. Psychogeni cTipatompaundhatf thhiimienber ares alad tempertedato be gauefut imitheggi ' such
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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 of the invention are also expected to be useful in the

treatment of visceral pain, and gastrointestinal disorders. The viscera encompasses

20  the organs of the abdominal cavity. 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 disease states that are currently only moderately controlled,
including — for FBD, gastro-esophageal reflux, dyspepsia, the irritable bowel
syndrome (IBS) and functional abdominal pain syndrome (FAPS), and — for IBD,
Crohn’s disease, ileitis, and ulcerative colitis, 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,



for diagnosis of depression as well as all psychiatric diagnoses are
collected in the Diagnostic and Statistical Manual of Mental Disorders
(Fourth Baotoiosgs3seferred to 15 as the DSM | V- R manual pulpictaBexoibys t he
Anerican Psychiatric Association, 1994. The conpounds of the invention are
al so expected to be useful in the tregyment of visceral pain, and

gastroi ntestinal disorders. The viscera enconpasses 20 the organs of the
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the treatment of anxiety and of panic as demonstrated by means of standard

15  pharmacological procedures.

Thus, according to a further aspect of the present invention, there is
provided the use of a compound selected from formula (I)-(XXV) as a
medicament.
20 .
As a yet further aspect, there is provided the use of a compound selected
from formula (I)-(XXV) in the manufacture of a medicament for the treatment of
a disease selected from epilepsy, faintness attacks, hypokinesia, cranial disorders,
neurodegenerative disorders, depression, anxiety, panic, pain, irritable bowel
25  syndrome, 'sll'eep disorders, osteoarthritis, rheumatoid arthritis, neuropathological
disorders, visceral pain, functional bowel disorders, inflammatory bowel diseases,

pain associated with dysmenorrhea, pelvic pain, cystitis and pancreatitis.

As a alternative aspect, there is provided a method for treating a disease
30 selected from epilepsy, faintness attacks, hypokinesia, cranial disorders,

neurodegenerative disorders, depression, anxiety, panic, pain, irritable bowel



The conpounds of the instant invention are al so expected to be useful in
the treatnment of anxiety and of panic as denonstrated by neans of standard
15 phar newoloo@sssa® procedures. Thus, according to a furthecTasmeat4of the
present invention, there is provided the use of a conpound sel ected from
formula (1)-(XXV) as a nedicanment As a yet further aspect, there is
provi ded the use of a conpound selecte& fromformula (1)-(XXV) in the
manuf acture of a medi cament for the treatnment of a disease selected from
epi | epsy, faintness attacks, hypokinesia, cranial disorders,
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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:

(i) 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, tolmetin, zomepirac, and their
pharmaceutically acceptable salts;
30 (iii)  barbiturate sedatives, e.g. amobarbital, aprobarbital, butabarbital, butabital,
mephobarbital, metharbital, methohexital, pentobarbital, phenobartital,



a28 binding affinity. The conmpounds of the instant invention may be

adm nistered in 15 conbination, either separately, sinmultaneously or
sequent i awbyp/osdsBh one or nore other pharmacol ogi cal |y aecmaBozgest s.
Suitabl e agents, particularly for the treatnent of pain, include: (i)

opi oi d anal gesics, e.g. norphine, heroijg, hydronorphone, oxynorphone, 20

| evor phanol, |evall orphan, nethadone, neperidine, fentanyl, cocaine,
codei ne, di hydrocodei ne, oxycodone, hydrocodone, propoxyphene, nal nefene,
nal or phi ne, naloxone nal t rexone, buprenorphi ne, butorphanol, nal buphi ne

and pent azocP¥eé! barpjtal) taksrals teamyial, t}éiﬁP‘?qtﬁfalnérﬁhmlt Rhaymacqugsalbnesaemelle e. g.
aspirin, dicl fsenac 25 diflusinal, etodolac, fenbufen, fenoprofen,
qufenisaI, Urbiprofen,ibuprofen, indonethacin, ketoprofen, ketorolac,
necl of enam givaci denrefieppimes aovidg nalsedaiveneactivApr @y enchloxiiesaide,
phenyl but azone, piroxicam .sulindac, tolnmetin, zonepirac, and their

phar maceutical |y g@é@ﬁf‘tﬁbldéa@a"lmﬂs “?ﬁ?elﬁniln §°rb%ﬁpm (XAEEPaER EMIRYEEM, ¢ g.

anobar bi tal , apr mephobar bi t al ,
methar bi tal | et ﬁgﬁzre%ﬂ?g#d tﬂwﬁ gﬁg%ef‘?‘?lﬂy%ﬁ’?dbgi%atlﬁsi al, WD 02/ 085839

PCT/ | B0O2/ 01146 16 &Mgobatstilatvaig,a mihﬁwtza:ltlonmgahylhewhydnammﬁi)@mmwmqu t heir
pharmaceutically acceptabl e égbenzodl azepj. nes. havin sedati ve
et on. e g chi GRS SEgBS BT Hamse PP S BREIET PhaEE Rl
Iorazepan1 oxazepgidptipd@Apam S5 triazolam and their pharmaceutical ly
acceptabl e salts, (v) H1 ant agoni sts having a sedative action, e.g.

di phenhydr art¥ide, nptyeeillaa@ﬁuse seqativaet hswehne as chilytgthiende, armimeprobamate,

EUEHETE R e A T
salts,

(vit)  skeletal muscle relaxants, e.g. baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, methocarbamol, orphrenadine and their pharmaceutically
acceptable salts,

15 (viii) 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-amino-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
nortriptiline;

25 (xi) anti'c:Onvulsants, e.g. carbamazepine, gabapentin, pregabalin and valproate;

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

(xiil)) mixed serotonin-noradrenaline reuptake inhibitors, e.g. milnacipran,
venlafaxine and duloxetine;

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



10 net haqual one, dichl oral phenazone and their pharnmaceutically acceptable
salts; (vii) skeletal muscle relaxants, e.g. baclofen, carisoprodol,

chl or zoxawore/08s83ycl obenzapri ne, net hocarbanol, orphrenadipea/Bodoitei r
pharmaceutically acceptable salts, 15 (viii) NVDA receptor antagonists,
e.g. dextromet horphan ((+)-3-hydroxy- I\I—1 met hyl mor phi nan) and its netabolite
dextrorphan ((+)-3-hydroxy-N nethyl m)rghi nan), ketam ne, nemanti ne,
pyrrol oqui nol i ne qui none and ci s-4-(phosphononet hyl) - 2-

pi peri di necarboxylic acid and their pharmaceutically acceptable salts; 20
(i x) al pha- anenedgehykann (NK) entapousig parteutarlyddisd ZBKi-h and Bils Uk gsi n,

clonidine and 4-ani no:6, 7-di net - 2-(5- et hanesul f ] 0-1,2,3,4'-

t et r ahydr oi soqui n\a&OM5fs) (gﬁégsp@E?é’%sf&g\‘l‘PWé’i%Pﬁﬂ’énzﬁiﬁrB{’fqUycl ic

ant i depr essants, 150 . 1 bt 5. riptidrd ne and
nortriptiline; 2%%39?’9‘%2%?%@?31? snéﬁttﬁgl?hééwé? ‘?fga[?ﬂ%izd&g}&%l gabapentin,
pregabal i n and val[psdsdpbthriding-6-)1 3 sboret (FAK68 L HERB, IR Rpi §3,5¢. g.

fl uoxetipe, paroxetine, citalopra nd raline; (xiii) mxed

ser ot oni R- nor adr fféﬁqj}_ﬁ‘g%%&lgﬁ‘gnmﬁa’ib%yf%’f‘g,hugr.oggeqm'ﬁaci pran, venl afaxi ne
and dul oxeti ne; %Q)rgﬁél l]ﬁi%&}@d%ﬁﬁ&iihymoBHUpQﬂkﬁatdlfB-bhé(MK-869K,I- g.
reboxetine; WO 02/ 085839 "PCT/I B02/ 01146 17 (xv) Tachyki ni n ( NK)

ant agoni sts, par fanepitant] depNRntand {2 metPpxMe-1 e. g.  ant agoni st s,

et rahyr o, o. met KeRiheHONeANE AR SRR by ebiboltiig a5
g] [ 1, 7] naphtgavi) divescaridid - ditagdaiss] Ag 63yhuting tdlidr@din@ Progiviefidéy) trépsidn 5 S
bi s(trifluoronethyl)phenyl]ethoxy-3-(4-fluorophenyl)-4-
nor phol 1Ryl ] met hyﬁonﬂ,ezn ApYEP¥FIBH 1, 2, 4-tri azol - 3- one (MK- 869),
(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.
nitroflurbiprofen (HCT-1026);
15 (xx) coal-tar analgesics, in particular, paracetamol,
(xxi) neuroleptics, such as droperidol;
(xxii) Vanilloid receptor agonists, e.g. resinferatoxin;
(xxiit) Beta-adrenergic compounds such as propranolol;
(xxiv) Local anaesthetics, such as mexiletine;
20  (xxv) Corticosteriods, such as dexamethasone
(xxvi) serotonin receptor agonists and antagonists;
(xxvii) cholinergic (nicotinic) analgesics; and

(xxviii)miscellaneous agents such as Tramadol®;

25 Corﬁbinations 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



| anepi tant, dapitant and 3-[[2-nethoxy-5 (tri

f 1 uor onet hoxy) phenyl ] met hyl am no] - 2-phenyl - pi peridine (2S,3S) (xvi)
Muscar i ni woanisggeni sts, e.g oxybutin, tolterodi ne, propivedmmsy2/amepsi um
10 chloride and darifenacin; (xvii) PDEV inhibitors such as sildenafil,
vardenafil and C alis (Trade Mark); ()i iii) COX-2 inhibitors, e.g.

cel ecoxi b, rofecoxib and val decoxi b; (Xi'x) Non-selective COX inhibitors
(preferably with G protection), e.g. nitroflurbiprofen (HCT- 1026); 15
(xx) coal-tar analgesics, in particular, paracetanol; (xxi) neuroleptics,
such as droperi dolThe campoyndyahilie/invantior capboadnigiirsd slone byt will

God ) Local et BibidnliaRR G AR S0RS e P RTBRMEYE pRatisic it cost eri ods
such as dexaneibleage)) ailudni(sy b cab@érQtRbicd WilGepir@to 8aMefddd @k Fnt agoni st s;

(xxvii) cholinergic (nicotinic) analgesics; and (xxviii)m scellaneous
agent s such adBimptatgacingd standard pbamsicaetidabpraciige. Hippprapmstaaediages edne pr esent
i nvention a r Iy ' t . ) Ni.ster tely,
sequent 21 1y eaiudf Al DERSREILEHTE SiBdi MR ML AR IR Vs
kit conpri sicogpausdofrae itdreafiord mapbe af ifmed{aX\elayeds nosdified-esustahid-

t herapeutic agents, such as those |listed above, and a suitable container.
30 WO 02/ 08588bePErPpnoliedreesse tYBe-The conpounds of the invention can be
adm ni stered alone but will generally be admnistered in an adm xture with
sui t abl e pharmaceutical excipient(s), diluent(s) or carrier selected with
regard to the intlBredethpooudseofofventddmtan st adminsterat) dorstxampéer et phar naceut i cal

practi C?O ! flirr?iPe%rtg ré f%‘ilgw?nugxrioue?roirzﬁlsy, ggcncally or sublingually in the form of

tablets, capsules, multi-and nano-particulates, gels, films (incl. muco-adhesive),
powder, ovules, elixirs, lozenges (incl. liquid-filled), 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  or as coated particles or fast-dissolving, fast -disintegrating dosage form as
described in Ashley Publications, 2001 by Liang and Chen. The compounds of the
invention may be administered as crystalline 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 corn, potato or tapioca starch),
mannitol, disintegrants such as sodium starch glycolate, crosscarmellose sodium

25 and certai'n‘_(: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 lauryl sulphate. Additionally, polymers such as

carbohydrates, phospoholipids and proteins may be included.



5 be added. Auxiliaries are preservatives, anti-oxidants, flavours or

col ourants. The conpound of the invention nmay be of imredi ate-, del ayed-,
nodi f i ed-wonmsasned- pul sed- or controll ed-rel ease type. PChaBexmpaunds of
invention can be adm nistered, for exanple but not 10 limted to the
following route: orally, buccally or syglingually in the formof tablets,
capsul es, multi-and nano-particulates, gels, filnms (incl. muco-adhesive),
powder, ovules, elixirs, lozenges (incl. liquid-filled), chews, solutions,
suspensi ons and sprays. The conpounds of the invention may al so be

adm ni stered as osnotic dosage form or in the formof a high energy

i Sintegrating dousaanrermaasduEE s in AT ¥l hikanain 5001 by

Li ang and CeenfolldWwihgtngiedisndsasphrtihe; acésuifame ipotassiam, bieri@sbidni st ered as
crystalline or anorphous. products, freeze dried or spray dried. Suitable
f or nul at i on§rosfarmMEHOKHRABh GEsBPVidere, diryembic pidnathyhecrylate, gk ophi I 1ic or

hydr ophobi c i J i e ated form
and oher ¢ §omibickeclhif HSHAIOIAEYfRE] SRR e AR ooy AR

phar maceut i esithyd amtiesitlatonsint flavowringnpdlgcthylaid glysol, frayedcsilidaabiicexci pi ent s
such as m cro;ggot I1ine cell | yl ose,.. | act osr sodi um QiFoérate

carbonate, GI% nuystarehgiperiapedivm segryl fnazate, sorty ﬁr(ﬂitefﬂlgofy corn,

potato or taRiRedpelstHeddissoMRipshRbd hdtbiith UBQHBR FDISHACHe 8pen@élitum st arch
gl ycol ate, crosscarnell ose sodium 25 and certain conplex silicates, and

gr anul at i onupemthersslubilsir ofithe dpug subistandeuysed dle. wbres, the drug substance is

hydr oxypyx opyl | cel l.ul ose (HPMC)., triglycerides,, hydroxypropylcellul ose
(1r0) " Bt bbb RLURS58s 4Pt formuen ek St oy LRIRE  ba

| ubri cati ng s@geiics iTRYuYEa BEEESsoIHng Qbdade ERPOSIHe RBFars&dICh as  magnesi um
stearate, stearic acid, glyceryl behenate, PEG and talc or wetting 30

agents, such as sodium |l auryl sul phate. Additionally, polyners such as

car boydrat es, ~pgsOofok) AL AR ANKL AL BTNt 05h Y950, 0,02/ 085839

PCT/ 1 BO2/ 01146 persrng or Ssol'ving dosage’fronulations
(FDDFs) may peseBésafar 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 ‘_and/or 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



the follow ng ingredients: aspartane, acesulfame potassium citric acid,
croscarnel | ose sodi um crospovi done, diascorbic acid, ethyl acrylate, ethyl
5 cel | ul owe,029e3s8a¢i n, hydroxypropyl met hyl cell ul ose, nmagnesiTuBIzdiess at e,
mannitol, nethyl nethacrylate, mnt flavouring, polyethylene glycol, funmed
silica, silicon dioxide, sodlun1star09 gl ycol ate, sodium stearyl fumarate,
sorbitol or xylitol. The terns dlsperS|ng or dissolving as used herein to
descri be FDDFs are dependent upon the solubility of the drug substance
used, i.e. where the drug substance is 10 insoluble a fast dispersing
dosage form can béimnéﬁ@medﬁammﬁmmeh@hﬂheomﬂqgsSsubsﬁam%@nﬂg iQrisl e a fast

di ssol vi ng dpsage_f an_be ared. .Th such as
Cablets are MEAGTRRRLaE By R PERRARE el el dRF IR PR it HEL,

conpr essi oNn1ighiddré@iratidhs aR be Toinhulfted i kalution in BRlcbus ﬁ@ly@t@?&ﬁ@'glﬁgl and
extrusi on process. The tablet cores which may be nono or nulti- |ayer may
be coat ed \A/ﬁthU@Ippﬁimﬁﬂ%ﬁ@tW@ﬁ@wﬁsﬁk ﬁtﬂl\ﬂsq eant heeprapared by Miseplvingplesi t i ons
of a sinlar [Pe I i
gel ati nrTg st 3°t1 o Rﬂéﬁ/‘% %g%ats%grl aenrsIlp ZLc%¥negf Ser re Jé)%ogr{aﬁtlseﬁ?voggps%‘ Hﬁﬁng g%CPr egard

i ncl ude | aC‘tlﬁSl&,mn‘gt @ge@ts asdd&ered UAgesdus muéﬂenaug@sulmbldwfcgrbrabh@cwnabe wei ght
pol yet hyl ene % ycol s. qui d conpositions may be enployed as fillers in
soft or haf éé’pfs@%@s@&éh@ fgelycdiyided achyss G?‘@POIF’@F 1 FAE U THR YaSCaps y
suspensi ons ,, 3l 4t | REHPSr DAY Sutnk] Eind NReHORPAUBLS Biuhhe

i nvention may be co |ne wth r'ous “sweet eni hg or avouring agents,
col ouri ng matubexymethdlyeldyloss, ard cﬁﬁeremll kndwn sigpemtiigagentsspendi ng agents and
with diluents such as water, ethanol, propylene glycol, nethylcellul ose,
alginic1 cid or sodiumalginate, glycerin, oils, hydrocolloid agents and
combi nati ons t hergekomyBiRi b€ the frédeitindtdtRR%ak ARb e AtifGhisteRA%E conpounds
and excipients may be presented as a dry product for constitdtion with
wat er or ot frgectoni thabisgintrevinohgly, ibeimnssulisky, ingBCUWMERLIYS5839 PCT/ | B02/ 01146

20 Liquid fort@dﬁo&é3 {ly,tolr?n ?aplepl one;ﬂFy, mc%raa;[’t!er? qﬁf 1n§raﬁ%c£'l?' ons, and emul sions,

intraventricularly, intraurethrally, intrasternally, intracranially, 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 preparation 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



for exanple, water or water propylene glycol solutions. For parenteral
injection liquid preparations can be forrmulated in solution in aqueous

pol yet hyl woe20838e®l  sol uti on. Aqueous sol utions suitabl e pcarnBav@t4euse can
be prepared by dissolving the 5 active conponent in water and addi ng

sui tabl e colorants, flavors, stabilizi 22 and thickening agents as desired.
Agueous suspensions suitable for oral e can be nmde by dispersing the
finely divided active conponent in water with viscous mterial, such as
natural or synthetic guns, resins, nethylcellul ose, sodium

car boxynet hypeowrddr e, alamed aptaherxture] for kemamplesa §pe hignd gvitiy dactase, di0a The

conpounds of th resent. invention ca ni.st er ed, by ection,
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intraventricularly, intraurethrally, intrasternally, intracranial I'y,

i nt raspi nal Piprgeri(prefersblyt aalonusey ussig thfégphwélspdtmarmmtmpso@med fiye
i nf usi ong n e- fr nj e r ant_inkecti technl For such
T rorl nEylB °RHE! 8 MimghTRhE el BF oF (uRRbib "SRRI p 70T

parenteral Ion ey are best useq®

aqueous sol dichivtodislusoansians, oficklotdffiofdindthinesydicRlbroté@aflitabethar, i acl ude
m cell es) which may contain other substances known in the art, for

exanpl e, end¥gRilaioakape S‘é?é‘r%fohildr%’teﬁéﬂ%@ﬁhﬂ“se dikiA d3éAt[radararklher sol ut i on
20 i sot oni c i f E3%F?3—g€pt?ﬂ-&ﬁo fﬂﬁ&'iﬁ%ﬁ” ra%@%rgyp%aﬁow Blifie Py fer ed

(preferably té’ rom necessar some orms
par ent eral fatmr rpaﬂucaiﬂamml hi;adaxacarh(yn ts&chJSBdPetrﬂubﬂma {teaden pifarky &t etheke

non- aqueous s em suc as fix oi l's, .includi o- or diglycerides,
and f at ?@ aé¥l 1é iSAt| U]gll s quél%fdad%,r?%ur‘sﬂﬁleaif%)galﬂéﬂ QBWgSf“‘Ehﬂaé’bP%
parent er al B@Fefﬂ%in@&' gﬁo%ﬂﬂ@ra %51’%% QeGP QP& Zmohit, ?H@ rl[sed

| yophilisation is readily acconplished by standard pharmce ca

t echni ques mthmhnommnpo Spmyseatetmslet ad nebuliser andy cAintagn natsoheioyl, ot he
owder ,formfor can tion ui t abl e

active ingredient it
Vehi ol e (o-guepegnty of ihe ByPBJBRIPHEL SETEIE BERSHE sbetiagel KPEsiibhe
conpounds ofagr hidbas RiemBNt of AVENhbIN dg@ﬁtnf&ed Héﬁlﬂgsﬁﬁﬁﬁﬂism'gn&r eﬂe&ﬁhgy or by
i nhal ati on hey are conveniently delivered in f or m of

15 release and the propellant as the solvent, which may additionally contam 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 I-

20  leucine, mannitol or magnesium stearate.

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

25 Micronisaticiri 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 lpg to 10mg of

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



WO 02/ 085839 PCT/I1B02/01146 21 powder (either alone, as a m xture, for
exanple a dry blend with [actose, or a m xed conponent particle, for
exanpl e vwolo2pksssphol i pi ds) froma dry powder inhal er or pamiBeymsa spray
presentation froma pressurised container, punp, spray, atom ser
(preferably an atom ser using electrohﬁgrodynanics to produce a fine 5

m st) or nebuliser, wth or without thé"use of a suitable propellant, e.g.
di chl orodi fl uor onet hane, trichlorofl uoromet hane, dichlorotetrafl uoroethane,
a hydrofluoroal kane such as 1,1,1,2-tetrafl uoroethane (HFA 134A [trade
mark]) or  1fréml]2t0316018- Kepypitiluformplatipnmway EMpRET BA cpmpautel whrtkg ) ,
carbon dioxide, a further perfluorinated hydrocarbon such as Perfl ubron
(trade mar k) NN ePropyleas; glyple ﬁ‘ffgl.e Wﬁtefh§tl??é‘§L 78’21 ac Ebsﬂﬂlf‘? d

aerosol, the)dasage dolehtsTRMyDS: usiet S P8 bDY¥ropyRUE HIRDlaforatwgngi® del i ver

a netered amount. The pressufised container, puirp, spray, atom ser or

nebul i ser nmalycemhvapolyethgleheigiyosl. or suspensi on of the active conpound,

e.g. usiglg a mxture of ethanol (optionally, aqueous ethanol) or a
sui t abl e"agent for dispersing, solubilising or extending 15 rel ease and the

propel [ ant as t hey|&phieBly, thehtbfipotimis el i &itidhl ag 88 hammhigereiubri cant ,
e.g. sorbitan trioleate. Capsules, blisters and cartridges (nmade, for

exanmpl e, fr doniepdlydeithe tin, mrioya, lermallyeoritiangdermalhn| ©F cxamplasipithe r®r nay be

o rabre sRa el heded, RRVHSonich, Gkah \n bR M ol i, SBMGH 1. 2

suitabl e S actbse ot starch an performari¢e nodifier
such as 1- Zarh e, Slein pathnivhfetls, anplang semigesfibtasabaldege, Riic@emutsiamse i n a
dry powder fornulation or suspension faormul ation for isg{fa{lati on.the
conpoundOof apfeompipanensdhergpl. | Foresugh appjirruees, the camppyrdsgfithemventiogy,

del1very by chiBelabbaitadriRLERed %,9@&%%&1 [e28 ptub A9 bRAG: Rofd dHfRNS) . 25

M croni sation cou achi eve a range o for exanple spiral
jet mllindolldwingomirechl jod liguid petngjatuns evhite psuipletuor, ipromadnefgdlydod
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including synthetic mono- or diglycerides, and fatty acids, including oleic acid,

15  water, sorbitan monostearate, a polyethylene glycol, liquid paraffin, polysorbate
60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol, alcohols
such as ethanol. Alteratively, 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 administered
rectally, for example in the form of a suppository or pessary. They may also be
25 administeréd 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



30 el ectrohydrodynam cs to produce a fine mst nmay contain fromlg to 10ng
of the conpound of the invention per actuation and the actuation vol une
may vary W 0Qa8385839 PCT/1B02/01146 22 from1 to 100l. ARampixn@lh4e
fornmul ati on may conprise a conpound of the invention, propylene glycol,
sterile water, ethanol and sodium chl or,hde. Alternative solvents may be
used in place of propylene glycol, for “exanple glycerol or polyethyl ene
glycol. 5 Alternatively, the conmpounds of the invention nay be adm ni stered
topically to the skin, nucosa, dermally or transdermally, for exanple, in
the form of suspgsionshy ghotyed, pH ashusted, stsolesalion or.qrefzrmblyianselnens idust i ng

powder, dressipg; m. . fil.m., ski.n patgh, wafers, .inplant, sponges,
fibres, bandgﬁgo%icr’rf) félfa(;%réﬁr?ﬁﬁds f’tg%lllse S'ilgnea%‘dp Og?ﬁ%rl &Y Sﬁg&etréﬁsél?léﬁ ‘.’“’?—583‘ such

appl i cat i onsinkédgolgawiptuianis polyvihigaltshog Myalifoni€ adidpecdlsRensegmer di ssol ved
in, for exanple, a mxture wt ne or nore of the foIIowing;s m neral oil,

h
liquid pet ré?-&-th)’iﬁifo"\qupé’hB@W]SFlé}ﬁ% hygroxyatiiecliglgse gnethybesiipsol phy| ene

pol yoxypk opyl AV fi i i i ng

Sont et & iR fRG . otk (o ey ARE ANy I8 € aci a, 15
wat er, sor bif¢rarulareddsdresinaient sechpslpgedlayine oemieyal olil, incoporaedimetabibi n,

pol ysorbate ., 60, .cetyl ester X, cetearyl alcohol, 2-octyl dodecanol,
benzyl al coﬁﬁgﬁad%h(i?:tf’r{%Iag’sorg?}ﬁﬁ\églss}’@ﬁ%?é’rﬁﬂl%g%%toéPﬁ’é’ﬂ’i%ég&?‘fia@%ﬁ%g-r ation
enhancers MayioBfe) Bfmts! WafdrQldrdh¥ Rfses !E?Helﬁ’]\ieééh A8 paxgn%qlapé%ry\régfcﬁy

car bohydrates, proteins, phospolipids int ormo nanopart gfes (such
as ni osones systeths pobewmelsomes subpsnoiesi Borndild®ok wey.belaptidfalhddi ti on, t hey

may be i vered ysi.ng iontophoresis,,electroporati.on, onophoresi s and
sonophol s SomAMeSYilth HER VMR 3o BEHALoBREL HEoTG el R eEaiobe
adm ni st er eghayRCdefivintd ubiak iGtSpIRN&Is. ThéPal alsBbeladmimisteRASh HRY e4r,0r
pessary. They may al so be 25 adm nistered by vaginal route. For exanple,

t hese conpogbmnBdersexamplolutmotpaited e dropisng the drug with a suitable
non-irritant excipients, such as cocoa butter,

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

15  cyclodextrin. 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,
e.g. as a carrier, diluent or solubiliser. Alpha-, beta- and gamma-cyclodextrins are
most commonly used and suitable examples are described in WO-A-91/11172,
WO-A-94/02518 and WO-A-98/55148.

25 The f¢rm ‘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
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the pharmaceutical 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 mg/kg is preferred. The dosages, however, may be varied depending
upon the requirements of the patient, the severity of the condition being treated,
and the compound being employed. Determination of the proper dosage for a
particular situation is within the skill of the art. Generally, treatment is initiated
with smaller dosages which are less than the optimum dose of the compound.
Thereafter, the dosage is increased by small increments until the optimum effect
under the circumstances is reached. For convenience, the total daily dosage may

be divided and administered in portions during the day, if desired.

The pharrhaceutical 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. Thus, the present

invention presents a pharmaceutical composition comprising a compound selected
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Viral delivery nmechanisns include but are not limted to adenoviral
vectors, adeno- associated viral (AAV) vectors, herpes viral vectors,

retrovirawoweosssss, |lentiviral vectors, and bacul oviral weatiBoxzo11don- vir al
delivery mechanisnms include |ipid nediated transfection, |ipsones,
i mrunol i posones, |ipofectin, cationic 3@ facial anphlphlles (CFAs) and

conbi nations thereof. The routes for such delivery WO 02/ 085839
PCT/ 1 B02/ 01146 24 nechani sns include but are not Iimted to nucosal,
nasal, oral, parenteral astrointestinal, topical or sublingual routes.
The phar mcetﬁpmﬁlmﬁ}%@hfﬁﬁyé}wrﬁesﬁw@ﬁ efhgp bharmecolegicatip seline 4genihandn such
5 formthe pr t doses containing appropriate
guantities of ﬁ?ﬁ%ﬁgk“?$§ﬁ%%ﬂgghghgsgﬁﬂgégﬁﬁ?ﬁdosage form can be a packaged
preparation, the package containing discrete quantities of preparation,
such as packeted tablets, capsules, and powders in vials or anpoul es.

Al so, the unit dosage formcan b H | et, cachet, or |ozenge
itself, gr it can be the 10 appropriate number of any of these in packaged
form The quantity of active conponent in a unit dose preparation nay be
vari ed or adj ust ethd abmwccﬂrnpxgmﬂm cal bg yathesided drotro thehketpagst (10 W @12)
application_anpd the ten active conponent, In nedical use the
drug may be °ZdH-AT &t ‘T‘%vlgehatvia APNSANIES 2f gIve BVl e, capsul es of
100 or 300 ny. In therapeutic use, the conmpounds utilized in 15 the
pharmaceutical nmethod of this invention are admnistered at the initial
dosage of about 0.01 ng to about 0 ng/ kg dayly. A daily dose range of
about 0.01 ng to about 100 ng/ kg s, preferre The dosages, however, may
be vari ed depending upon the reguiHetents of e patient, the severity of
the condition being treated, and e conpoup ngng enpl oyed.

Determ nation of the proper dosage1 or a 20 par Icular situation is within

the skill of the art. Cenerally, tféatment is@nitiated wth smaller
dosages which are | ess th n the op i mum dose of the conpound. Thereafter,
t he dosage is increased b smal | crenents il the i mum ef fect under

the circunstances is réachptf? For nveni encg, /the totlt daily dosage nmay

£
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R1 R2
6
1 0] 6]
é R &(m 0 to
R2 R2 '
] 8(6) ©) (10)

10
Intérmediates of formulae (1) to (6) above are believed to be novel and
constitute a further aspect of the present invention. Particularly suitable

intermediate ketones according to the present invention are selected from:

* (lay ; '\(4a) and (5a)

15



be divided and adm nistered in portions during the day, if desired. 25 The
phar maceuti cal conposition according to the present invention can, if
desired, wioo/0838¢ ai n one or nore other conpatible therapearmBoagest s. In
particul ar, the conposition can be conbined with any one or nore conpounds
useful in the treatnent of pain, such a3 those |isted above. Thus, the
present 30 invention presents a pharmaceutical conposition conprising a
conmpound sel ected WO 02/ 085839 PCT/1B02/ 01146 25 fromfornula (1)-(XXV),
one or nore other pharmacol ogically active agents and one or nore
pharmaceutically acceptabl e c¥fwi'trs. GENBRAL METHODS 5 The above
conpounds can be synt hesised fr, the ketghes (1) - (12) below, in which
R and R2 have the same neanin as give gbhpyee O RL --R2Z R1 R2 (1) (2)
00 OORL"-R RL'R RL R % Q@Q) (4) (5)MRJ(7§)>2 (6) OO;;~RIR1 ~" to
R2 R2 (7) 8(6) (9) (10)

Various methods for synthesizing the above ketones are set out below:

5  A. Syntheses of Ketones 1-12

(1) Svynthesis of Ketones of type (1).

O
R1md—fmR2
1
For Example:
10
o)
§_OMG :‘-——OH S‘_OMS
—OMe *OH " OMs
13 9 14 15

Me0,C \ HO,C N\
MeO,C./7, HO,C. /7, >

‘ 18 17 16



OO Irvl~-Jy (11) (12) 10 Internediates of fornulae (1) to (6) above are
believed to be novel and constitute a further aspect of the present
i nvent i onwoRarnssssul arly suitable internedi ate ketones aceomdBomoiie t he
present invention are selected from 0 0 o] (1 a) (4a) and (5 a) 15 WO
02/ 085839 PCT/1B02/01146 26 M Me O 2 <Me (6a) Me (7a) Various nethods
for synthesizing the above ketones are“Set out below. 5 A Syntheses of
Ketones 1-12 (1) Synthesis of Ketones of type (1). O RL -,R2 1 For
Example: 10 0 '-Ove --OH "Ovs 19-OWe -OH -OMs 13 0 14 15

(a) The known diester (13) is reduced to diol (14) e.g. by lithium aluminium

hydride in an organic solvent e.g. tetrahydrofuran or diethyl ether at a

temperature of 0°C to reflux.

5  (b) The diol (14) is added to methylsulfonyl 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

10 reflux to produce an alkene of formula (16).

(d) The alkene (16) above is added
e to a mixture of carbon tetrachloride or ethyl acetate and acetonitrile to
which water, sodium periodate and ruthenium (III) chloride were added,
15 and stirred at a temperature from —40 °C to 80 °C to produce carboxylic
acid of formula (17); or
e 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).
20
(e) The carboxylic acid (17) is added to a mixture of an alcohol such as methanol
and a concentrated acid such as sulphuric acid or hydrochloric acid at a

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

25  (f) The diester (18) above is added to a strong base such as sodium hydride or
potassium tert-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 dimethyl sulphoxide and water
30 at a temperature of 100-180°C to produce ketone of formula (20).



MQ2C HO2C MOC ~-HOC 18 17 16 M02C 0~ 0 20 19 WD 02/ 085839

PCT/1B02/ 01146 27 (a) The known diester (13) is reduced to diol (14) e.g.
by 1it hi uwoal2tesssa® um hydride in an organi c solvent e.g. tretvBhy@naed uran or
diethyl ether at a tenperature of OCto reflux. 5 (b) The diol (14) is
added to net hyl sul fonyl chloride in pyriglne or triethylamne in

di chl oronet hane a -60C to 40C to produce a dinesylate of fornmula (15). (c)
The dinesylate (15) is added to a solution of lithium alum nium hydride in
a solvent such as tetrahydrofuran or diethyl ether at a tenperature of from
OCto 10 ref(BuS . eteneaof tipk éheandf(Sk ornul a (16). (d) The al kene (16)
above is added to a mxture of capbon tetrachl oride or ethyl acetate and
acetonitrile to which water, sodi || peri odatle and ruthenium (I11) chloride

wer e added, 15 and stirred at a per at ur ¢ om-40 Cto 80 C to produce
carboxylic acid of fornula (17); to a ure of potassium
permanganate in water and di chl gqoneghane g g presence of a phase
transfer catal yst such as tetrabutyl anmoni um, brom de to produce (17). 20
(e) The carboxylic acid (17) is added to a mXxture of an al cohol such as
met hanol  ang,&.gapeentrated acid such as sul phuric acid or hydrochloric
acid at a tenperature of roomterrperature to reflux to produce diester of

formula (18). Q Q Q
QH 0
24 25 26

5 (a  The known 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 pyridinium 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

material is the known alkene (24), see B.D. Kramer, P.D.Bartlett, supra.

(3). Synthesis of ketones of type (3)




25 (f) The diester (18) above is added to a strong base such as sodi um
hydri de or potassiumtert-butoxide in a solvent such as tetrahydrofuran at
reflux twomenaisase to give ketone (19). (g) The ketone (Perabowme4d s added
to a mxture of dinethyl sul phoxide and water 30 at a tenperature of

100- 180C to produce ketone of fornula (R0). WO 02/085839 PCT/1B02/ 01146 28
(2) Synthesis of ketones of type (4) and (5. Oo RLRR RLRR 45 For
Exanple: OH O 21 22 23 OH 024 25 26 5 (a) The known al kene (21), see
B.D. Kramer, P.D.Bartlett, J Am Chem Soc. 1972, 94, 3934, is mxed with
an organoborane such as d|$|anylborane ? thexylborane or 9-BBN in a sol vent
such as diethyl ether or tetrahydrof®tiranet? a tenperature of 0C to room
tenperature. The resulting organoboran s mxed wth a solution of
concentrat ed sodi um hydroxi de and hydr n peroxide to give 10 an al cohol
of formula (22). (b) The al cohol (22) i% oxidized, e.g. wth an oxidising
agent such hro ium trioxide, pyridiniumdichromate or pyridinium

chl orochro (EE%ﬁmB "sol vent such as dichl oronet hane or acetone to give the
ketone of forrmula (23). 15 A S|n1Iar rocess can e used for ketone (25)
except that the starting terlal t he known, a ene (24), see B.D.

,,,,,,,,

Kraner, P.D.Bartlett, supr esis of nes of type (3)

29
(a) 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).

Z
z

o)

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

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

20  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)



WO 02/ 085839 PCT/I1B02/01146 29 O Rl,,,, R2 3 For Exanple: 0 0 O 27 28
29 (a) The known ketone (27) see patent application US 60/160725, is added
to a 5 swoengsizase such as |ithiumdiisopropyl am de or | ipChHiITBOR/01146

hexanet hyl di si |l azide followed by a nethylating agent such as nethyl iodide
in a solvent such as tetrahydrofuran o) di ethyl ether at a tenperature of

bet ween -100C and room tenperature to give the ketone of fornula (28). 10
(b) The ketone of forrmula (46) above is further nmethylated with a

met hyl ati ng agent such as nethyl iodide in the presence of a strong base

such as lithium diisopropylamde or |ighhum hexanethyl disilazide in a
sol vent such as tetrahydrofuran or die€ | ether at a tenperature of
bet ween -100C and room tenperature to e the product ketone of fornula

(29). 15 (4). Synthesis of ketones of typ C£9) and (10). OO 9 10 These
ket ones are known conpounds, see L.Y.Chen, L(8@hosez, Tetrahedron Letters,
1990, 31, 4467; C. Houge, A M Frisque-Hesbain, A 20 Mckel, L. Ghosez,
J.P.Declercq, G Gernmain, MVan Meerssche, J. Am Chem Soc., 1982, 104,
2920. These ket orhysrerdegtioal tyohyrrogmepen aithfa euntableecdtalpsirsucinaaPdrGired ket one
of general f(%l’ r{ul 3 é762‘ WO (%g/ 085839 PCT/ 1 B02/ 01146

suitable solvent sGich as e

] acetate.
5
(5). Synthesis of ketones of type (2).
0
R1 R2
2
For Example:
Me. _Me - Me _Me Me _Me
MeOZC\ACOZMe‘ HOZCA/C%H - CN\)S\,CN
35 34 33
Me Me Me Me
A ~$V002Me 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



30 O (76) by reduction by hydrogenation with a suitable catalyst such as
Pd/Cin a suitable solvent such as ethyl acetate. 5 (5). Synthesis of

ket ones oWotogpesst®). O RL R2 2 For Exanple: Me Me K Me pigh/ibe/iveicO O O
HO-OH MsO-~Ovs 30 31 32 Me Me M Me M M MQRC-CO2Me" HO2C. ., CO2H CN~~CN
35 34 33 M MM MCR2M OO0 36 3%1 10 (a) The known carbanmate (30),
see W Von der Saal, R Reinhardt, H M ~ Seidenspinner, J. Stawitz, H.

Quast, Liebigs Ann. Chem, 1989, 703; Z. Cekovic, R WMtovic, | Serb.
Chem Soc., 1988, 53, 595, is reduced using WO 02/085839 PCT/1B02/01146 31
l'i t hi um al urdifiitgmahyneiniwgehydride i elsokvant syl hs tetrahydre ingrdetodiethahether afi et hy|

ether at  a fenper AW &6 RS & gl Grpi ve diol (31).

(b) The diol (31) is added to methylsulphonyl chloride in pyridine or
5 triethylamine in dichloromethane at a temperature of -60°C to 40°C to produce

dimesylate of formula (32).

(c) The dimesylate (32) is added to sodium or potassium cyanide in a solvent such
as tetrahydrofuran, diethy! 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) The diacid (34) is esterified to diester (35) by addition:
e 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[5.4.0]lundec-7-ene (DBU), triethylamine or 1,5-
diazabicyclo[4.3.0]non-5-ene (DBN) is added and stirred at a temperature
20 from 40 °Cto 110 °C ; or
e 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
e to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from —40 °C to 100 °C; or
25 e to diézomethane 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
tert-butoxide in a solvent such as tetrahydrofuran at reflux temperature to give

30 ketone (36).



(b) The diol (31) is added to nethyl sul phonyl chloride in pyridine or 5
triethylamne in dichloronmethane at a tenperature of -60C to 40C to produce
di mesyl atwoak/ogsssorul a (32). (c) The dinesylate (32) is adeed/B@/@adi um or
pot assi um cyani de in a solvent such as tetrahydrofuran, di et hyl et her,

di met hyl sul phoxi de or di et hyl f or mam d§ 10 a tenperature of 0OCto
reflux to give the dicyanide of struct ?e (33). (d) The dicyanide (33) is
added to a concentrated solution of potassiumor sodium hydroxide at a
tenmperature of 50C to reflux to give diacid (34). 15 (e) The diacid (34) is
esterified t¢g)diteskatong BE)) dbpveidsinddaginto a mpixureriof tdimethyt silplionde hade i n a

sol vent sel ect d fromdi | or of o tet a r of ur an,

tol uene or 14 ?5%(%%’6{% f@ﬂgéggge@p%{%ekﬁé’ ¢ F formuld @%j

1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (DBU), triethylamne or 1, 5-

di azabi cycl o[ 4. 3. 0] non- 5- eneO&DBN) is added and stirred at a tenperature

20 from -40 thasps of ketepres re of nethanol and a concentrated
acid such as suI phuric acid or hydrpchloric @cid at a tenperature rangi ng
fromO Cto 100 C or to trimethyl 'IyI di az et hane and net hanol in
benzene or toluene at a tenperaturfe F£0m - BFfo 100 C or 25 to

di azonet hane in a solvent such as benzeme toI ueme, dichloronethane at a
tenperatfire from-40 Cto 40 C. (f) "The di estr (35) is added to a strong
base such as sodi [l =l vent such
as tetrahydrofur ééné%xig%efft f t%eegﬁ}eggﬁjarldg]utso% ﬁlﬂg%% gﬁple'}e?(s%gs@}”

02/ 085839 P@htY, M{SGﬂ,JSiG.KBQ, K@Aﬂ]néfdﬁehmﬁen (Aﬂ'ﬁ})flmb@VE999$1@,d@eﬂ to a

m xture of dinethyl sul phoxide and water at a tenperature of 100-180C to
produce ketone of forrmula (37). (6). Synthesis of ketones of type 7 and 8 O
0

For Example:

O
RulL
Me\'/\/\n/qu — @(Me
Me O

38 Me
10 (1) Where L = ligand

The known alkene (38), see H.Nishiyama, Y.Itoh, H.Matsumoto, S.B.Park,

K.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).

"'O
nlo

O
@ — @ (— O
(i) 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 solvent such as



~~. RR RR5 7 8 Ketones of this type can be made using rutheni um

conpl exes, see SSW Park, J-H Son, S-G Kim K H Ahn, Tetrahedron:
Asymret r ywol@®858340, 1903. For Exanple: 0 Me_/~/1/~ RuL4PcCiiBo2/MNZ4dVe Me O
38 39 M 10 (i) Wiere L = ligand The known al kene (38), see H. N shiyans,
Y.ltoh, H Mtsunoto, S. B.Park, K.Itoh33J. Am Chem Soc., 1994, 116, 2223,
was stirred with a rutheniumcatal yst “such as Cl2Ru(pybox-ip) (CH2=CH2) in
a solvent such as dichl oronmethane or 15 chloroformat a tenperature of 0C
to roomtenperature to give ketone of structure (39). OH OH O 40 41 42
(ii) 20 (a) whenkmovirena¢nsotiod tgmppraturseel MOXS dai reflBy|te gichamalgbel ofipn. |
1990, 63, 7§%ﬁuT'§ to, Y.CGotoh, Y.Wkabayashi, T.Fujisawa, Tetrahedron
Letters, 1983, ?4, 4123, is mxed with diiodonethane and an al kyl zi nc such
as dinethylzinc or diethylzinc or a zinc-copper couple in a solvent such
as WD 02/085839 PCT/1B02/ 01146 33 tol uene or, benzene at a tenperature of
-60C to ref (xTheplgghpt of forarudaidd) ispadded & ARy pxidisang agephsuchips cirawg)  of

formula £41) it?io%(ag,egylricﬂnﬁlﬂl QMﬁAtQ%rWEniMC&I@r%C}ﬁ%H%{g ™ solvent

such as dichloromethane or acetone to give the ketone of formula (42).

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

0O

A
R1" R2
6

o o)
é ﬁ
43 44

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

10  For Example:

mixed with dilodomethane 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 structure (44).
(8).  Synthesis of ketones of type (11) and (12)
: o} : o

(11) (12)

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

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



5 trioxide, pyridiniumdichromate or pyridiniumchlorochromate in a sol vent
such as dichl oronet hane or acetone to give the ketone of forrmula (42). (7).
Synt hesi swofo2koetsames of type (6) 0 A RL R2 6 10 For Exaauisoz@i1ds 43 44
The known ketone (43), see WA WIlczak, D.l.Schuster, Tetrahedron Letters,
1986, 27, 5331; D.I.Schuster, J.Erikseny J. Og. Chem 1979, 44, 4254, is
m xed wth diiodonethane and an al kyl zi'nc such as di net hyl zi nc or

di et hyl zinc or 15 a zinc-copper couple in a solvent such as toluene or
benzene at a tenperature of - 60C to reflux to give ketone of structure
(44). (8). Synthesis of ketones of type (11) and (12) ~0 C 0 (11) (12)

20 Preparation of (1 n be founddn t ol l.omi ng references. QOgino,
Toshi 0. Preparati on® %’ %S’@ﬁ}c %fsﬁl.a?’(ﬁr%?’gﬁqSI?@lBﬁoé?gu‘%ﬁrﬁlﬁﬁ\gm JiRu

Kyoi kugakubu Ki yGtepHahgaphhdsegaleant st B3 Greutér, Bans3 AntriiBoken1a80339
PCT/1B02/ 01146 34 Marko, |stvan; Ronsmans, Bruno; Hesbai n-Frisque, Anne

Marie; Dunas, Stwpleadditiomheldetenes anshketenimisiumpalis to adgfingt ed; Amans.
I nt ranol gcul ar [ l%n clpaddi {4 g_etenes and ketenim niumsalts to
ol ef i ns. %J. Am ECL e'r%%\éSc()c. ?1&%@# é% %i(&?), 2192-4. Chen, Lian Yong;
Ghosez, Leon. Study of chiral auxiliaries for the intranolecular [2+2]
cycloaddition of a ketenimniumsalt to an olefinic
e 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 et 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 — D= — O >
CO,Et ~ “-NO,
20 45a

43b

|

COH o
is : 45¢
(a) 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

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



doubl e bond. A new asymmetric synthesis of cycl obutanones. 10 Tetrahedron
Lett. (1990), 31(31), 4467-70. Preparation of (12) can be found in Mrko

et al., swprem/osi39 Conversion O Ketone Starting Mterial s pommsodonsao Aci ds
O The Invention 15 The above ketones can be transfornmed into am no acids
using one of the follow ng general mety ods Ato E, as illustrated bel ow

for ketone (1) where R =R2=nethyl. 20 thod A \ -~ COPEt 1~-0 LR E L~-
COZEt NO2 20 45a 45b COZH E NY NHZ L N 46 ' 45c (a) The ketone (20) is
converted to unsaturated ester (45a) by reaction with with a

trial kyl phospiluendacetiat es s tettahgdrofuramst meﬂwtfpmmidc,et éimhyil nethee pr esence

of a base. Suita bases i ncl ude s.od um hydrid um hydri de,
lithium or ; ‘@aF‘ﬁﬁ%’“ at 3 EIRIPYR 1 %??EE%?’PH% ??I(g Sout yl 1'i t hi um or
pot assium tert-butoxide. The reaction rmay be carried out in a polar
aprotic organic WO 02/085839 PCT/1B02/ 01146 35 solvent such as

t et r ahydr of (v)aNitroshatigenieyik faddfuhtd d@ unSia@tahgd eﬁcmé%abby ajl\dieltahyhd;dititf)mxi de at
a tenperature in the.r thae s, added to

t he unsaf ur at €§® “égot“eﬂn?‘f f’seﬂfj’e Bff\‘/l 8?%@}(1 léfoadP?lg %\pm PE%?B 15 BV hat he

presence of a t*eﬁ]?eraaﬁé Jfn @o@oioato@@r@t %1% Qﬁegamo@stéq Et Siitabf b&s%mJer ature
of -20C to 100C to give the nitroester . Suitab ases include

t et r abut yl anmoinciude f | vetrdbadieylarmeonmnet fiydrgiganiettamethyligusnidingz al,5-diaza-
bicyclo[4,3,0]non-5-ene, 1,8-diazabicyclo[5,4,0]Jundec-7-ene, a sodium or
potassium alkoxide such as potassium ferz-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 cyclic lactam (45c). 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



bi cycl o[ 4, 3, 0] non-5-ene, 1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene, a sodi um or

pot assi um al koxi de such as potassiumtert-butoxide, potassium carbonate, 10
sodi um hywooi id@ssss9 pot assi um fl uori de. Suitabl e organi c solprcanBsz/emed ude
tetrahydrofuran, diethyl ether, dinethylfornmam de, dinethyl sul phoxide,
benzene, toluene, dichloronethane, chl %of ormor tetrachl oronmethane. (c)
Reduction of the nitro ester (45b) and'ring closure by reaction of the
resulting 15 am no group with the ester group gives the cyclic |actam
(45c). Hydrogenation may be in the presence of a catal yst such as Raney

ni ckel , pal | ¥thodBn charcoal or rhodi um catal yst or other nickel or

pal I adi um cont ai ni ng catalyst in a solvent such as nethanol, ethanol,

i sopropanol, ethyl acetg+e, acetic agid, cdrd-di oxane, chloroform or

di et hyl ether at atemﬁre‘“ﬁrt arge f+rom ¢ to 80C. (d)

Hydrol ysis of the cyclié hactam (45c) 2. g-Nusing aqy chydrochloric acid
at a concentration of from0.01 Mto 12 M and opti ﬁ?ﬂlly in the presence
of a solvent such as 1, 4-dioxane, acetic acid or V\%ter produces the am no
acid (46). 25 WD 02/085839 PCT/1B02/01146 36 Method B: COEt N ''~~1:D=0O

CN 20 47 CN 48 NHZEI&@{N:N&OZH O M CQOZEt ED@
3 COH T o : CO,Et
51 49

50
(a) The ketone (20) is condensed with an alkyl cyanoacetate, for example ethyl
cyanoacetate in an organic solvent selected from toluene, benzene, xylenes or
5 n-heptane to which acetic acid and P-alanine or ammonium acetate, or
piperidine are added. The mixture is stirred at a temperature from 0 °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 (c) 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,
platinum or rhodium at a temperature from 15 °C to 60 °C, after which ring

closure gives lactam (50).



50 (a) The ketone (20) is condensed with an al kyl cyanoacetate, for exanple
ethyl cyanoacetate in an organic solvent selected fromtoluene, benzene,
xyl enes owo (B/0ssshept ane to which acetic acid and (3-al ani P€TABOBEMENI UM
acetate, or piperidine are added. The m xture is stirred at a tenperature
fromO Cto 150C wth renoval of water,;by, for exanple, use of a
Dean-Stark trap or activated nol ecul ar 'si eves, to produce the cyanoester
of formula (47). 10 (b) The cyanoester (47) is converted to dicyanide (48)
by treatnment with potassi um cyani de or sodium cyanide in water and et hanol
or net hanol . (Fhdydraiygisuefe theslagtafr (XBde-andsinatagrequs hydroshderibecidf afr aexanpl e,

f : . _ et hyl. o !
et SRl e O SURIETL Y BB RS (2

toluene or benzghes 13Rdidkaieeoctt bbidda ek prétide Gendinb aciaqsd). The reaction
tenperature may be trom-30 Cto 40 C. 20 (d) The cyano-group of the
resul ting cyanoester (49) is reduced by hydrogenation in nethanol, ethanol
or ethyl Sac%?thgd@Si ng a catal yst such as nickel, palladium platinumor
rhodium at a tenpefrature from1l5 Cto 60 C, after which ring closure gives
| actam (50). WD 02/ 085839 PCT/1B02/01146 37 (e) Hydrolysis of the |actam
(50) e.g. using aqueous hydrochloric acid at a concentration of fromaO0.01

Mto 12 Mand optional Ly« n d¢he presgace-af a solvent~psuch as 1, 4-di oxane,
acetic acid or water pragquc é‘e awﬁ@?ﬁogtwi). : ¢gyed C CN Ph EZX Ph
CO Et COZEt ~~0,H 47 2 52 NO'B3 t RO -~ . _ cmw

L—_O_\"‘NCO I:ED{_\COZH i o~ph
- ———— -———— X
COo,Me T CO,Me ED \—co,Me

5 55 * 541 :

63

|

B CO,H

57 *

(a) 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 fert-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-methoxyethyl 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

e to a mixture of iodomethane in a solvent selected from dichloromethane,

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



2M "C COZMe CCe L~-QZMe 56 55 54 NHZ COZH 57 (a) Cyanoester (47) is
added to a m xture of benzyl magnesi um chloride, bromde 10 or iodide, in a
dry sol vewD oe/0g583¢% et r ahydr of uran, 1, 4-di oxane, n-heptane, pcraBozne4s di et hyl
ether, or tert-butyl nethyl ether at a tenperature from-100C to 110C
resulting in cyanoester of formula (52)38 (b) The cyano group of cyanoester
(52) is renoved by neans of a base e.g.”® 15 potassi um hydroxi de, sodi um
hydr oxi de, |ithium hydroxide or cesium hydroxide in a solvent e.g.

et hyl ene gl ycol, 2-nethoxyethyl ether, 1,4-dioxane or diethylene glycol.
The m xture as stBdiedbiaycla]Stedjpedat-Tere f r@BUERC triethysfi@et 0 opr odifee t he

carboxylic agjd of faor a (53). ¢) The carboxylic acid graup of acid
(53) is prot g@?@ﬁcﬁ)ﬁé ?n@@?%‘?‘(?ﬁe {138}\15 és) %ﬂdﬁg |an35t[1rr3_ g %@P’QBW"&F g‘i‘?g" Bster,
e.g. its methyl eﬁd%tc(pf@qc;%w this purpose, acid (53) may be added to a

m xture of iodonethane in a solvent selected from di chl or onet hane,
chl orof orm t eter afoyadmodture aifi metleinakand aogontemratidoacad suchaswshlphhria atidse such WO

02/ 085839 PCT/1B02/01146. 38 as 1, 8-djazabi ng‘ch_h 4. 0lundec- 7- ene (DBU),
Cri ot hyl A ne or MEoctiercte SyFapasse Remedrand LoaNt & aided and
stirred at a tQmpRr ginifylfilyfhzorflhdnet halinenoOh béi2efe Bk XbMES: Qf a MEL hanol
and a concentrated acid such as sul phuric acid or 5 hydrochloric acid at a
t enper at ur e r angi tegperature Gro@ +49 AO® 100 6L ort o tri net hyl sil yl di azonet hane
and net hanol in benzene or toluene at tenmperatyre from-40 C to 100 C
or o to diazomethane in a solvent such as benzene, toluene, dichloromethane at
a temperature from —40 °C to 40 °C.
10
(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 a

mixture of carbon tetrachloride or ethyl acetate and acetonitrile to which water

is added. The mixture is stirred at a temperature from —40 °C to 80 °C to give

15 carboxylic acid (55).

(e) The carboxylic acid group of acid (55) is converted to isocyanate by addition

e to a mixture of a base selected from triethylamine or
diisopropylethylamine and a solvent selected from toluene, benzene,
20 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 to produce the isocyanate of formula (26); or
e to ethyl chloroformate or isobutyl chloroformate and a base such as
triethylamine or diisopropylethylamine in tetrahydrofuran or acetone or
25 diethyl 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
30 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



to di azonethane in a solvent such as benzene, toluene, dichloronethane at

a tenperature from-40 Cto 40 C. 10 (d) The phenyl group of the resulting
ester (54woim/0ess89li zed to a carboxylic acid group by trea@cmaBoz/wiich sodi um
periodate and ruthenium (I1l) chloride in a mxture of carbon
tetrachloride or ethyl acetate and acetgnitrile to which water is added.
The m xture is stirred at a tenperature from-40 Cto 80 Cto give 15
carboxylic acid (55). (e) The carboxylic acid group of acid (55) is
converted to isocyanate by addition to a mxture of a base selected from
tri et hyl am neolgent such aobfinnae agetimacheonwatentoqupdungtthe anmetastl ¢5r7dm .

tol uene, benzene, 20 xylenes, tetrahydrofuran, diethyl ether or n-heptane
t o whi ch di phenyl phosphoryl azide (DPPA) is added and stirring at a

t enper at ur e Méthed DO C to 150 C to produce the isocyanate of fornula (26);

or to ethyl chloroformate or isobutyl chloroformate and a base such as
triethylam ne or diisopropylethylanmne in tetrahydrofuran or acetone or 25
di ethyl ether at alLg ‘rg@Hr-e—o*F E}@ t'9 78_C.f 1"9«»- addi ti on of
sodi um azi de in water and tetrahydroflra %5t acet o~ BHtguweed by addition
of toluene or benzene and refl uxing. ?f) The i socyan&e and ester groups of
conpound (56) are sinultaneously 30 hydrolysed to aniEo and carboxylic
acid groups, e.g. by aqueous hydrochloric acid at a concentration of from

0.01 Mto 12 Moptiohally in the pr esence of a WD 02/ 085839 PCT/1B02/ 01146
39 solvent such as [I]4Xdi b%he,_ac ActUMYr watef~ e~poaduce the anino
acid (57). Method DE~PECEHI0001 ' - DRY-®ueu53 586N fojed ., ' - COZM

r-j~\; CoZzMe -CO 2H ©2 l 61 * 60

o docs
63 EP
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 rert-butyl
methyl ether to which 0.01 mol percent to 10 mol percent of N,N-
10 dimethylformamide (DMF) is added.

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

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 ethyl acetate and acetonitrile to which water is added.



L W_COZH COzt BuCOzt-Bu 62 61 60 rt~..~COZMe "--- HH= NCON 63 _ = 64
2 5 (a) As a first stage in protecting the carboxylic acid group of acid
(53), it weoosssserted to its chloride (58) by reaction atcaiBenpeseat ure of
from-40Cto 110Cwth e.g. oxalyl chloride or thionyl chloride in an
aprotic organic solvent e.g dichloro hane, chl oroform diethyl ether,
toluene or tert-butyl nethyl ether to ich 0.01 nol percent to 10 nol
percent of N, N 10 di nethyl formam de (DWF) is added. (b) The chloride (58)
is converted to its tert-butyl ester, e.g. by reaction with tert- butyl

al cohol i n afhapsastiow noxtyemisstiged etentemperpturdifiom o4 AGHtHEASC topredust or m

di et hyl ether, . toluene tert-hutyl nethyl ether to which N,N 15

di i sopr opyl ef‘f‘f?f’%%’@“{ﬁo@@)ﬂaé?&t ri ethyl amine is added. The reaction

m xture is stirred at a tenperature from-40C to 110C to produce the ester
of formula (59). (c) The phenyl group of ester (59) is oxidized to a
carboxylic 4¢) d w&m@%gro@@frﬁ@édg@bﬁ copverted tasgiesion gevn biaddtiehd rut heni um

(I'1l) chLoride in a mxture.o rhon tetrachlori or e I et ate and

Scetont (711 e to W EchiEal idomeiRind IR ARG SeBtet Bel) eRbFoREhENC0 The

reaction m xture chioréforth! ffaRydrafut S panaiclsre] , AdRanéd @ WHich 88ade suehpr oduce
carboxylic acid of fornula (6 d) The car boxP{I ~group of acid (60) is

0).
converted to an %térg-@?&b@}’ﬁig@d yridger 7senet 4D xtigthylgning o@smétshane in a
sol vent sel ect ed&&%ﬁﬂggfﬂ\.ﬂﬁp@gﬁgh@gggss %%ﬁgé@ﬁﬁﬂ sthefdd AW ALBEHERE:

t ol uene or 1, 4-di oXane
1, 8- di azabi cycl o[fford —8) eQde ¢ 2@ repro@iid)the estéraififytnauta (&1 )por 1, 5-
di azabi c%cl o[ 4.3.0] non-5-ene (DBN) is added and stirred at a .tenperature
1 e 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
e 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 triethylamine or
25 diisbﬁropylethylamine 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
e to ethyl chloroformate or isobutyl chloroformate and a base such as
30 triethylamine or diisopropylethylamine in tetrahydrofuran or acetone or

diethyl ether at a temperature of -40 °C to 78 °C followed by addition of



from-40 Cto 110 C to produce the ester of formula (61); or 10 to a
m xture of methanol and a concentrated acid such as sul phuric acid or
hydr ochl owiom2aessdo at a tenperature ranging fromO C to 10®CT/IBA011460
trinmethyl silyldi azomet hane and net hanol in benzene or toluene at a
tenperature from-40 Cto 100 C or tg di azonet hane in a solvent such as
benzene, toluene, dichloronethane at 1El> a tenperature from-40 Cto 40 C
(e) The tert-butoxy group is renoved fromdiester (61) by reaction with
trifluoroacetic acid in a solvent e.g. dichloronethane, chloroform
1, 4- di oxane, sodiemragidedinowateaand déteahiygioferamer acgone éoltovimdt yy additiby lof et her .
The reaction Orn'lé(ﬁt yr e2()enies (ﬂei ug(gad froma tenperature from-40C to 110C to
gi ve carboxyflc (o B LA ) an(g62). (f) The ester group of acid (62) is
converted to isocyanate (63) by addition to a m xture of a base sel ected
fromtriethylam ne or 25 diisopropylethylam ne and a solvent selected from
t ol uene, behgepEultanceushydrolysis phhy diosyuiatmandggstar youpstafspmpeurd (B3Pt ane t o
whi ch dipheny i : I . I t
ferperattre T PamoReepk: pEFodRosCRtih hReMAEHANG: S COPR & 1o,
chl or of or mat e anthegprisenes stiahsease 0BQ dolvent kydhand n@-divxslie| aoQicomid ok hyl ami ne
in tetrahydrofuran or acetane ar cgi ethyl ether at a tenperature of -40 C
to 78 C fol | ow¥atehgivatithednyne 8s1d¥@$o2/ 085839 PCT/ 1 B02/ 01146 41 sodi um
azide in water and tetrahydrofuran or acetone followed by addition of
tol uene or benzene and refluxing. (g) Simultaneous hydrolysis of the
i socyanat e aMethedEer groups of conpound (63) 5 e.g. by aqueous
hydrochloric acid at ,a concentration of from0.01 Mto 12 M _in the
presence or absenceﬁa%fml vent such.as.¥ 4-di oxane,f acet¥#c acid or water
gives the amno acildl — NWCOE — Eé\

T : 2 COH

~ 66

CO,Et

I 4 * NC 65

i : -R

L\ ~—NH, i\ +—COH H o /

D; N—CO,H E’:/\ N\—Co,Me [l: N—CO,Me
* 67

10 69 © 68

(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 e.g. tetrahydrofuran, 1,4-dioxane, n-heptane, toluene, diethyl ether or fert-
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 e.g. potéssium 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



Method EE ~CN R "-Co COZEt COP EH 47 - 2 NC 65 66 R '~J .NH2 CQZH ~ CO2H
C-Co M COZMe 10 69 68 67 (a) Cyanoester (47) is reacted with

al | yl magrneeioanmssshe ori de or brom de or 2- butenyl nagnesi umpchiBoi/@e4and a

di al kyl zi nc such as dinmethyl zinc or a copper (1) salt such as copper (1)

i odi de or copper (1) cyanide in a dry qlrzgani c solvent 15 e.g.
tetrahydr of uran, 1, 4-di oxane, n-heptane, toluene, diethyl ether or tert-
butyl nmethyl ether at a tenperature from-100 Cto 110 Cto give an
unsaturated addition product of fornmula (65). (b) The cyano group of

addi tion product (®65mixtre efrivdenietipne gt solventwelebted fivas dichl2@methene,

pot assi um hydy oxi de, sodi um hydroxi de, Lithi um hydr,oxi de or cesi

Py oxi de. i mCBraIP e CydrR/LAT: BHICDE e b r PoiECR TR GrFuf o 18-

2- et hoxyet hyl  efifi@bicydlofs-4lopmase7-ehe di ebBY)ENE triliABhineTheof eagision
m xture is stirred at a tenperature from25C to 250C to give a carboxylic

acid of formula (c@@)abiczeo[%é.g]me-WmeN)c way dadgedumnds stopd @663 is
ted t t opddiit / / /01146 42
o sure o TShEfaPReiB 0 R R R OB PR e

chl orof orm tetrabydhiktuse aPmetRholemd adonderfiratidoacansuchais\Wiiphlirid adlase such as

1,8-. diazabicyclo[5.4.0]undec-7-ene (DBU), triethylam ne or 1,5-
di azabi cycl o[ 4. 3.hojirashlosicagisl 4t BRAMPsRaTcaneing diom S te ¢80 36 & 5 tenperature

from-40 Cto 11 1o Q. e the ester, of . fornul (CZ67' [ to a mxture
of nethanol and go SBHbegﬁ'ﬁer%ﬁg%ogﬁ ng A rggthglﬂcflplﬂu%n © %PEI?%I}“GHC at a
temperature from —40 °C to 100 °C; or
10 e 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 periodate and
ruthenium (III) 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).

Method F

. — > E— N
! nul\ [
\NOZ NO, NH,

CO,Et CO,H COH

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

described hereinabove.



hydrochloric acid at a tenperature ranging from0O Cto 100 C, or to
trimethylsilyldi azonmet hane and net hanol in benzene or toluene at a

t enper at uwe onsssss 40 C to 100 C, or 10 to diazonet hane i mca/iBad/maest such
as benzene, toluene, dichloromethane at a tenperature from-40 Cto 40 C
(d) The unsaturated group in ester (67)3is oxidized by sodium periodate and
ruthenium (111) chloride in a mxture of carbon tetrachloride or ethyl
acetate 15 and acetonitrile to which water is added. The m xture is
stirred at a tenperature from-40 Cto 80 Cto give a carboxylic acid of
formul a (68)(D) qugy estgr O A drelysed wilsa syitabledipse stelyas uspissodier d (69) as

in method C . ke r j am_no acids
usi ng one of h}%ﬁ%)g;ﬁ?(t) ?gg\nﬁ#é) %g‘g@?g%%? %]ﬁegigt?%l t%%&@%fa%sﬂyi%ﬁ%g%t?oa &8 bel ow
for ketone of Hyg@eapSl)adiunvetdbon citalNeRinNGuithe solCa Fucb@R ethaa®lHo g{vé0) (71)
(72) 25 (a) The ketone is converted to the nitro ester (70) according to

t he met hods d@%é@%@l%@éi nabove. WO 02/ 085839 PCT/|B02/ 01146 43 (b)
Nitro ester (70) is hydrolysed with a suitable base, such as aqueous sodi um
hydroxide to give nitro acid (71) which is reduced by suitable

hydr ogenati Meth@l G. H2 on a pal |l adi unf carbon catalyst in a suitable

sol vent, such as ethanol to give the amno acid (72). 5 Method G NO2 .. \

NH2 RO2C CO2R COzH
—— —
A w ‘\Noz uu\NHz

RO,C COR COH

(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
Q
REAN aw
o N NO, “NO, ""NH
ROC COR COH CoH 2
76 77
20 " 0 e (79) (80)

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

general methods described hereinabove.



(73) (74) (75) 10 (a) The unsaturated ester (73), where R is benzyl or

di phenyl net hyl may be prepared fromthe ketone according to any of the
gener al nwohodsssdescri bed above. (b) The nitro ester (74pcraBexmnverted to
the amno acid (75) by reduction by catalytic hydrogenation in a suitable
sol vent. 15 Conpounds of the invention y alternatively be prepared from
the known unsaturated version of a ketone of type (8) as follows in

Met hods Hand I: Method HO N2 NO2 NH RO2C CO2ZR COH 2 z COZH (76)
(77) (78) (79) 20 (80) &ga) Ketone (76) is converted to the unsaturated
nitro ester (WYitecaster (1&1gs hydrolysed wish e switabhebase.chsich esaqicpveisodeinei nabove.
WO 02/ 085839, PCT/ 1 B02/ 01146 4 Ni,tr o est 7 I.S.:hydrolysed with a
sui tabl e basg,y‘%;ﬁlgﬁ %glvﬁ(ﬂlﬂté%ﬁcslég)gai)w h]ﬁ§ ru8>e<|é%gyg&één\s?goﬁ’i%%g}gao%% (79)
whi ch is reducgdlaaimysbowesallitdn a sgitable sblvan, sach patthadhl wogiwattzon cat al yst
in a suitable solvent, such as ethanol to give the amno acid (80). 5

Met hod | O NOzarnme acdB®).CopR CozrH  (76) (81) (82) (83)

5
Method I
Q
0 N ““No, ",
RO,C COoR CO,H
76
(76) 81) (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
interchangééble 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



10 (a) The unsaturated nitro ester (82) may be prepared fromthe ketone
(76) according to the nethods generally descri bed herei nabove. (b) The
nitro estwiooe®I839s converted to the am no acid (83) by redaaBoz iy

catal ytic hydrogenation in a suitable solvent. 15 A pharnaceutically
acceptabl e salt of a conpound of the iggention may be readily prepared by
m Xxi ng together solutions of a conpound”of the invention and the desired
acid or base, as appropriate. The salt may precipitate fromsolution and
be collected by filtration or may be recovered by evaporation of the

sol vent. 20 Rékemanmgy npbshown igeneridd a pampoad aaerdiag to thegresenbe readi | y
understood to the skilled person that where protecting groups are present,
these wil|l b8“68W%}ally i nt erchangeabl e with other protecting groups of a
simlar nature, e.g. where an acid group is described as being protected
with an ethyl group, this may be readily interchanged with any suitable
al kyl group, suitably a Cl-6al kyl group. 25 It will be readily understood
to the sgilled person that particular steps in the general nethods
presented herein above may be suitably conbined in any WD 02/ 085839
PCT/ 1 B02/ 01146 45 ot her manner not shown to provide a conmpound accordi ng
to the present invention. 5 Thus, in sumary, the invention provides: (i)
a conpound of t hd g iASEBMarscle BverloBPEeYidSeut i cal |y acceptable salt, 10
sol vate, polynorph or pro-drug thereof; (ii) a process for the preparation
of a compound of the forrmula I-XXV or a pharmaceutically acceptable salt,
sol vat e, pol(jnor ploopopndefithadortivda EXIXV o1 4 pharmacqitiaalimaeaptablalsalt,onposi ti on
i ncl uding a conpound of the fornulg | r a pharmaceutically acceptable
sal t, s&gvat e, paP&Vﬁ&?rB%Y@PFP&‘r%Pf?@“& reﬂ%’er eof, together with a

phar maceut i qgj | Y 236&RS 8R/te Fr¥FarRiiNéf a compound of the formula I-XXV or a
pharmaceutically acceptable salt, solvate, polymorph or pro-drug thereof;

(iii)  a pharmaceutical 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 accéptable salt, solvate, polymorph, pro-drug or composition thereof, for
the manufacture of a medicament for the treatment of any of the conditions
mentioned herinbefore;

(vil) 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;



diluent or carrier; (iv) a conpound of the formula I-XXV or a

phar maceutical ly acceptable salt, solvate, polynorph, pro-drug or
conposi tiwo iehessgof, for use as a medicanent; 20 (v) thepgesaBefoia4econpound
of the fornmula I-XXV or of a pharmaceutically acceptable salt, solvate,

pol ynmor ph, pro-drug or conposition thergof, for the manufacture of a

nmedi canent for the treatnent of any of 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 tion thiey eahovdl ontermedinterafiht dommie(le), (42)rFd), CaHetl)F(@3), {He, t r eat ment

of any of th i td,ons .,aenti oned herinbefore; (vii) a nmethod of

treat ment of %ﬁmﬁ?ﬁ@tﬂgat any of the conditions nentioned

her i nbef or e ix NClaugkthAeH for Eattidatmé&Riod afpoTBE chhdiiordmedtioned hynbeBdteamount of
a conpound of the formula |I-XXV or with a pharmaceutically acceptable salt,

sol vate, pol ynor pHichgampriseyadmingsnipads aipatent ik pessrof speh toatmentg39

(4a)- (72, (70), Lafe it Shod TSR BHEalt ORISR0 L, . et o
for the treat mentompoaityofdbrrhiile [COXiahd afiertine phincagent. her i nbef ore, whi ch

conprises admnistering to a, patient in need of sych_freatnent, 5 either
si mul t aneoud¥ly, Skspuse él°9m8’rna§@é|8%‘l‘19‘?%l"?‘91,dOzgf%r&?i#?ﬂéﬂx%ﬁn%f‘?‘ﬁ{heéonpound of

formila |- 300/ andndadifit Bt R ihe AlRMhctuteqr A Bdibifer fortn GRMeAf oo Of 2

conpound of fornmnu and a r therapeutic agent for t
manuf act ure of aamedf terenditibur medteoned batimefdrepdnd any of the conditions

ment i on herinbefore; and .10 (xi) a product i Ni onpound of
f or mul a?g- ><§<’€/‘5 and péo‘f"&? ‘E‘H’é‘?‘nmg%eﬁoﬁt?é?ﬂﬁ‘iq BPE?&@HE&%%?%@%H@E‘ preparati on
for sinultaneous hggRatiahger®hs 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.6S)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid hydrochloride

20

ot

NH,.HCI
COH

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.



sequential use in the treatnment of any of the conditions nentioned

heri nbefore. 15 The present invention is illustrated by the foll ow ng
non-1i m twog2esmsepl es and internedi ates. EXAMPLE 1 PCT/IB02/01146

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

hydrochl oride 20 NH2. HO CO2H The isggyanate of preparation 9 (approx
9.33 mml) and 6N hydrochloric acid (30 M) were refluxed for 18 h. The

m xture was allowed to cool, diluted 25 with water (60 nl) and extracted

wi th dichl or onet hane (2 x 50 m ). The aqueous phase was concentrated under

reduced presSHNMRO460 Mz dgdIVEM) st 74UAHE br 9)a3: 15 WHE B3 07 ( Hledhy |

2ot a: v 027 aas o el Prde PoiE. R0 T adkichoty T8 CIRGHER B 85 1715,
(3H, br s), (@Hlﬁé 115%4@ 1m)31Q§ 1(2’184(3Hih) 123?1211(&6)* quin), 2.46 (1H m,

2. 42 (lH d) 3 g] 0-1.64 (2H m, 1.59 (1H m,
1.48-1.28 (?ARM&)(AP I)zm/sz(MH&é@l) =S (APCI) mz [(MHHC)+] 184. 5 LCVS

Pr odi 100 itril 0.1 %
1£orrri ngél di%&ggéﬂ éréﬁ”e}l Afn%xnigf%’f% Eﬂmq éb%/o etz)lgltr%eér 127 in
net hanol ) —mbz fc’;‘m%ﬁ&@?R@deMﬁérﬁTmF&Hﬂ@4nQn ﬁﬁ% urify. 8.19; N, 6.42.
Clerr)H(err)NO(err). requires C, 54.67; H 3.2 ; N, 6.38% 10 Melting

Poi nt ( Per kila]Hcre0. lmmethalgﬂb -W.4%r nat i vel y: EXAMPLE | A
Microanalysis: Found: C, 54.64; H, 8.19; N, 6.42. C,oH,7NO,.HCI requires C,
54.67; H, 8.26; N, 6.38%.
10  Melting Point (Perkin Elmer DSC7): 198°C

Alternatively:

EXAMPLE 1A
15  [(1R,5R.65)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-vl]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 IPA: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-yllacetic 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



15 ft 1R 5R, 6S)-6-( Am nonet hyl bicyclo[3.2.Q0 hept-6-yl]acetic acid
hydrochloride The nitro acid of preparation 32 (2.0g; 9.4mmol) in (either
1:1 | PA HRO02083834: 1 MeCN: H20 (40nil; 20nml/g) was hydr ogenacedBexoing 10%
Pd/ C (0.2g; 0.1g/g) at 50C and 60psi for 18 hours. The reaction m xture
was filtered through 20 Celite and theykilter pad washed with 1:1 | PA H20
or 1:1 MeCN H20 (20mL). The conbined filtrate and wash were concentrated
under vacuum and azeotroped dry wth further 1PA or MeCN to yield the
title conpound as a white crystalline solid (1.52g9). 25 EXAMPLE 1 B

[ (1R, 5R, 6S) - Brepsang- thmltemlt%pﬁfwhl@[SehQ m@p@ra@ec&/w}tg@&tyﬂ eceaie anchydr ochl or i de

The | I d (57
e 1 20t 2 leoREFRCANLRE addpliftud et ATk RAdreERt gh | © acid
allowed 30 to cool and then d| | ut ed vvlth water (60 m ). The aqueous Iayer

was washed wi.th dichloronmethane (2 x 100 m), filtered and then evaporated
under reducM@@/—l@B_S%Q PCT/IBOZ/01146 48 pressure The resul ting

of f-white seli S X tal | ised using
acet oni t?l | .1 14 (et XAMPLE 1C 5

[ (1R 5R, 6S) - 6- ( Am norret hyl )gbl cycl 0[3 2. 0] heg{) 6-yl ] acetl g acid (ZW| tterion)
The am no acid hydrochl ori d of 2 i ssol ve 7.25m
'O (3 B gy e TG w5 VRdroghRR cof ESAty 2 deh i vRameived i aboot
1.6ml aq. NaQHmyo {3.0@l/ky hd H1eRewed 5’d3§stéﬂ tPpH e8! SinfliaiN vath atdRPH  The

10 precipitated zwtterion was stirred for hours at 8C and the slurry
filtered and.Gnbeaq. Ne§IRiUBYE fisalnedthnbarne dmscxﬁladuvmé}llﬂﬁim NaOTheThat er - wet

filt k | . EPA Af t
Lool 1 ng 106 C arnitdAnigion Tee el oS poftf e SELaHIRE shy MG MHaRS oo tuos
washed W t h el AkNed WigickldolEWa®Atdinl) Wake Wakd et Imer dkeERA s{ukrbd) |

refl uxed and cooled to anbient tenperature. The 15 slurry was filtered and
t he resi duesn W4 hanivenhrafPaeq Sr 1) mimgtedr iAd¢r gerling to ambient temperature,

the slurry was filtered, and the residues washed with IPA (5ml). The filter cake

was reslurried in [IPA (15ml), refluxed and cooled to ambient temperature. The
15 slurry was filtered and the residues washed with IPA (5Sml) 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

20 EXAMPLE 2
[(1S.55,6R)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid hydrochloride

N

NH,.HCI
COH
The isocyanate of preparation 12 (approx 11.0 mmol) and 6N hydrochloric
25  acid (30 ml) were refluxed for 16 h. The mixture was allowed to cool, diluted
with water (100 ml) and extracted with dichloromethane (2 x 50 ml). The

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



vacuum at 40C to constant weight to yield the title conpound as a
crystalline solid (1.4g). Melting Point (Perkin Elnmer DSC7): 208C 20
EXAMPLE 2wi(02888$) 6R) - 6- ( Ami nonet hyl ) bi cycl o[ 3. 2. A hept - 6PgiTjiBcEtliIe aci d
hydrochl oride NH2. HCI CO2H The isocyanate of preparation 12 (approx 11.0
nmol ) and 6N hydrochloric 25 acid (30431) were refluxed for 16 h. The

m xture was allowed to cool, diluted wth water (100 nl) and extracted

wi th di chl oronet hane (2 X 50 m ). The aqueous phase was concentrated under
reduced pressure to give a yellow solid and WO 02/085839 PCT/|B02/01146 49
washed with @tahlydd witheethyleacgiatr anseacetentixilelte give &4/ obtheitlg comppmed a5 ¢ | e
conpound as \l\% solid. "H NWR (400 MHz, d6-DMSO): S = 7.94 (3H, br s),
315 (1H, d) 2 Miss0RdP> o 5 70 (1H quin). 2,46 (1H . 2.42 (1H d).
2.33 (1H, d)H-NMVEB4ObMHR) d-BMBD)1s 64, 946(3(HZHrs)cr)3,151(1159d)c3+67 (1}, d)}. 48- 1. 28
(3H m, 1.23 (1H, dd). LRVS (APCI): ‘jz/éNMHCI )+] 184. LCMS (Prodigy
ODS3 (3) 15Q@.7nGlk, 4u@)raw4®(1d=b|rmbrra422li:l,1®o A¢ e o 198 ((BHm),d.80-00for mi ¢

?CL% gegigt(&wll}g%a[yff%ﬂggg %fi}é?f%gﬁ( EB\QSKIH[%{%” D (c = 0.35 in nethanol)

bi cycl o 3. 2. 1\HMSRAPETY hl/a¢@Ha @Y ]d84.hydr ochl ori de (+-) "\ CO2H
LCMS (Prodigy ODS3 (3u) 150 mm x 4.6 mmid column, 20-100% Acetonitrile +
0.1% formic acid) Retention Time = 4.34 min, 100% purity.
[a]p (c = 0.35 in methanol) = +13.0°

10
EXAMPLE 3
[(1RS,5RS.6RS)-6-(Aminomethylbicyclo[3.2.0]Thept-6-yl]acetic acid
hydrochloride
(+1-)
) COH
s NH,.HCI

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 solid. .

'"H-NMR (400 MHz, d-DMSO): & = 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).

LRMS (APCI): m/z [(MH-HCI)'] 184

LCMS (Prodigy ODS3 (3p) 150 mm x 4.6 mmid column, 20-100% Acetonitrile +

0.1% formic acid) Retention Time = 4.27 min, 99.8% purity.



15 NH2. HCI The isocyanate of preparation 17 (approx 2.79 mmol) and 6N
hydrochloric acid (15 mM) were refluxed for 18 h. The m xture was all owed
to cool, woloatesdzowi th water (60 m) and extracted w th dipchimBommeichane (3
x 50 m ). The aqueous 20 phase was concentrated under reduced pressure to
give a yellow solid which was washed vvist({;met hyl acetate and acetonitrile to
give 0.45 g of the title conpound as a ite solid., "H NWR (400 MHz,
d6-DVSO): S = 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. LRVB (APCl): mz [(M+HCL)+] 184 LCMs (Prodigy ODS3 (3) 150 mm x

4.6 mmd col -100% Acetonitrile + 0.1 %formc acid) Retention Tine
= 4.27 mn, . r+ty. WO 02/085839 PCT/1B02/01146 50 EXAMPLE 4

[ (1RS, 6RS, 7§@R.S7:61é.34\,17'3§!)92% Wﬂon@tﬁ\)ﬂml%‘fofz 2Qh64t7- \711%|e{1@§@ih'h§/dl%ehlgrlde

hydr ochl ori 5 The Tactam of preparation 22 (320 g, 17.9

nmol ) was heated to refl ux |n 1, 4-di oxane (15 m) and 6N HC (50 m).
After 4hrs the m xture was cooled to roomfegperature and washed with

di chl oronet hane (2 x 30 m ). The aqueous 0 fhase was coll ected and the
sol vent renoved in vacuo. The residu \r»ﬁtr GQiHated with ethyl acetate
and the resulting solid collected by i1t L/_ n and dried under vacuumto
give 2.74 g of the title conpound as a“whit olid. "H NWR (400 MHz, D20):
3.24 (2H, m, 2.58 (2H, s), 2.39 (1 H m, 2.03 (1 H nm, 1.76 (2H, m,
1.59-1.10 (7H, m, 0.96 (1H, m. 15 LRVS (APCl): mz [(M+HC )+] 198.

The lactam of preparation 22 (3.20 g, 17.9 mmol) was heated to reflux in
1,4-dioxane (15 ml) and 6N HC1 (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 dried 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-HCI1)"] 198.

EXAMPLE 5
[(1RS.6RS.7RS)-7-(Aminomethylbicyclo{4.2.0]oct-7-yl]acetic acid

hydrochloride
20
NH,.HCI

“, % CO,H
@upd

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 ml) 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



EXAMPLE 5 [(1RS, 6RS, 7RS) - 7- (Am nonet hyl ) bi cycl o[ 4. 2. 0] oct-7-yl ] acetic acid
hydrochl oride 20 /NH2. HCI CQZH j:]~ D phenyl phosphoryl azide (0.43 m,

1. 98 nmolwowasssdded to a stirring solution of triethyl amcmaB(iz& n ,
2.03 mol) and the acid of preparation 29 (0.47 g, 1.96 25 nmol approx) in
toluene (15 m) at roomtenperature ung?r nitrogen. The m xture was stirred
for 16 hrs and then warmed to 35 C for The m xture was allowed to
cool, diluted with ethyl acetate (60 m), vvashed with saturated WO

02/ 085839 PCT/1B02/ 01146 51 aqueous sodi um hydrogen carbonate (2 x 100

m ), brine, aqods mhlur(llwmyn carprate ) % &0 mia bring o dicdiMePOreduced
pressure and he resultin W Qi was heat % N HC (20
m). After 3h Sl e Ve eV ik Riged iR EAEne %ﬁ%g‘;‘%yﬁlédew 900 vashed

wi th dichl 0%@?@1@5@@&) feBlux iIPENTHQ1 (20 6h1YliAftdr) B }Eéiherrmﬁtu(r@(i'aﬁftdoledrme aqueous
phase was col |l ected and the solvent renoved in v resi due was

triturated wpem tempgpatugscandayashedyith ﬁi@hﬂ%@mmﬁ@(%ﬁ@ Hﬂ):%ﬂq @et%lébetbfgr

filtratign V, dasa
whi te st B00ml RS R T bl g e iyéh Slmoreayff TR >. 68
(1H, d), 2. 6é’s1dtib(lw(s]tﬂturﬁi)3d with%h)(l htttatejand theG3sulting sdlid, colle@od by 28 (9H n‘),
1.00 (1H, LRMS (APCI): mz [(MA4+HC égg 198 ) PREPARATI ON %ﬂ 1RS, 5R

-Bi cycl of 3. flﬁitff@;ﬁngrflr’@dé‘ﬁéerl‘@"@‘m Engive di30me ot thle coppewpdrohVEHGr coal ) was
added to a ggfgtion of

'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): m/z [(MH-HC1)"] 198.

PREPARATION 1
(1RS,5RS)-Bicyclo[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.s.i.). 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.
v,m,((ﬁlm)/cm'1 1777.
'"H-NMR (400 MHz, CDCl3): 8 = 3.54 (1H, m), 3.19 (1H, ddd), 2.88 (1H, m), 2.49
(1H, ddd), 2:04 (1H, m), 1.91-1.49 (SH, m).

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




bi cycl o[ 3. 2. 0] hept-2-en-6-one (12 m, 111.3 mmol) in ethyl acetate (100 m)
and the m xture was hydrogenated for 6 hours at 30 C and 483 kPa (70
p.s.i.). Woa2/0ssagti on m xture was filtered and the sol vericvigs2/@uapor at ed
under reduced 20 pressure to give 12.1 g of the title conpound as a
colourless oil. [err]max(film/cm 17%4. 'H NVR (400 Miz, CDCI3): [err] =
3.54 (1H, m, 3.19 (1H ddd), 2.88 (1H m, 2.49 (1H, ddd), 2:04 (1H m,
1.91-1.49 (5H, m. 25 PREPARATION I A (1R, 5R)-bicyclo [3.2.0] heptan-6-one
WD 02/ 085839 PCT/I1B02/01146 52 O A solution of

(I'S, 5R) - bi cycl o[ 3. 2. 0] hept - 2- en- 6- one! 0.0g; 462mmol) in EtQAc (375n)
was hydrogenat ed usi ng 50% wet 5% Pd/ § (b6.0g) at 60psi for 8 hours at 5
anbi ent tenperature. The reaction mixtlurle was filtered through Celite, and
the filtrate concentrated under vacuumtg yield 41.3 g of the title
compound as a colourless oil. "H NWR (400 Mz, CDA3): S = 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 PREPARATI ON 2 Et hyl B}&ZE/ Zl)ée;pglRS’ . .

5RS) - bi cycl df 80Ibtiem el S.5R)shi¢ywela & 2 QJBeRb P etnn@rABait (€0-0g+462mmeippeEtQAc NG The

ket one of pr i : 0 1.7 n,
2041 ol | B\ A kb sata it odwBERIPUC (L) SARARIEFE ROGE T
(12.7 M 5 2Qnblemmeahperamre Thef teaotenh mixttiel wanflté¢r2d Qhrough (Eling aad BRan- St ar k

trap. 20 Aftgr 8 h, the mxture was all d.to cool and diluted with ethyl
acelto ate (306&1@5& concen’tratergI undiler vacuum to y(lje\:%3 413 g ofO the tptfje compound as a y

colourless oil.
'H-NMR (400 MHz, CDCly): § = 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 (2E/Z)-(1RS,5RS)-bicyclo[3.2.0]hept-6-vlidene(cyano)ethanoate

(+F-)
\-CO,Et
5 NC

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

ml, 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  After 8 h, 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 (SiO,,
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 vma(film)/cm™ 2225, 1725, 1640.



washed with water (3 x 150 m ), brine and dried (MJSX). The sol vent was
evapor at ed under reduced pressure. The residue was chromat ographed (Si Q2
hept ane/ ewloyl2/0azsa® at e, 95:5 to 7:3) to give 30 g of a 6: 4 pOTaBw/@ 16d
isomers of the title compound as a yell ow soI id. 25 vmeax(film/cm*' 2225,
1725, 1640. WO 02/ 085839 PCT/IBOZ/0114§ 53 ' H NWR (400 MHz, CDC13):
[err](major isoner) = 4.26 (2H, m Z'i(lH , 36(1H ddd), 2.96 (1
H m, 2.70 (1 H dt), 2.11 (1 H m, (1.92-1. 58 5H m, 1.32 (3H m;
[err](m nor isomer) = 4.26 (2H, m, 3.85 (1H, m, 3.15 (1H ddd), 2.96

(1H, m, 2. SQH(I\’IMR(G‘()OMHQ GDC14) Hmajdr Bamed)H: 4.69 (2H,ImP3-64. @8, nBH, n)., 1. 32

Elg%ﬁr%i?s 6R )3661 e %)y%P%@TI 5“5@?%65%%%{@:%?5&%&% MEZEt  NC
19S5 G5 0, BN o400 2 9010 SO LT 0ot v

added over rring s on nz e (78 m

af 1M sol ut i(bH, i), 29521@1{ d,g 200m14)4)j 0T HH, (nip()l o2-1. 531; 5H78),a .30 ¢Bet, ndt gon.

Af ter stlrrl f or tenperature, the m xture was quenched b
addi ti on® of é?gé LMngLQﬂnchlorlde solution (40 m). The mxturg
was allowed to warmto room tenperature, and dilute hydrochloric acid (150
m ) was added. The aqueous |ayer was extracted with ethyl acetate (3 x 100
m). The CO@M@MLC Iayers wer e vvashed with brine, dried (MSO4) and
t he sol vent ) e to,.give the title
conpound as & Roay f [LAQUeRt g ew oi | which was

used crude in the next step. [err]rrax(
mz [MH 296.

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 ml of a IM
solution in ether, 78 mmol) in THF (100 ml) at —78 °C under argon. After stirring
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 (MgSQy) 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.
vmax(film)/cm™ 2247, 1741.
LRMS (APCI): m/z [M-H] 296.

PREPARATION 4
25  [(1RS.,5RS,65R)-6-benzylbicyclof3.2.01hept-6-yl]acetic acid




PREPARATI ON 4 25 [(1RS, 5RS, 6SR) - 6-benzl ybi cycl o[ 3.2.0] hept-6-yl]a

acid WO 02/

di ast er eowerm2msssgano- esters of preparation 3 (20.3 g,

cetic

085839 PCT/1B02/01146 54 (+/-) Ph CO2H The m xture of the

pot assi um hydroxide (23.0 g, 410.4 mvol) were heated to 160 C5 in
glycol (350 m) for 38 h. After this tisge, the mxture was allowed
and dilute hydrochloric acid (300 m) was added carefully. The m xture was
extracted with ethyl acetate (3 x 200 nm) and the conbi ned organic

fractions were washed with brine,

evapor at ed

(Siqerr),

under reduced pressure. Theg™xesi due was chromat ographe
hept ane/ et hyl acetate, 8:2)\td 1¢+give 14.6 g of the r

di astereoneric title conpound as a whi s‘ lid. [err]max(film/cm

1704. 'H NWVR (400 MHz, CDC13): S = 7.31%

(1H, d), 2.64 (2H, m), 2.34 (1H, d), 2.4 (IH d), 2.13 (1H m,

(3H, m, 1.

50- 1.32 (4H, m). 15 LRVB (APCI ). miz [MH 243. PREPA

22n(5H, m, 3.02 (1H, d),

68 p¢ TrIBUd/) 11800 d

et hyl ene
to cool

dried (MgS™4) and the sol vent was

d

aceni c

3344,
2.97

1.84-1.59

RATI ON 5

[ (1R, 5R, 6S) - 6- benzyl bi cycl o[ 3. 2. 0] hept-6-yl Jacetic acid Ph 20 CO2H
(R -(+)-a-Methyl benzyl am ne (6.67 g, 55 nmol) was added to a stirr
sol uti on of racerifihe miiwte of the degsterenaric cwmozdstg,s o8 Breparahioh B (?.Iﬁ) 3gplved in

ol 50 B R T e e LA DR U

ethyl acet
solid. Thi s
g of thesac
addi ti onal

10

15

20

25

bat he acid salt.
cool and dilute hydrochlorlc 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 chrématographed (Si0,, heptane/ethyl acetate, 8:2) to
give 14.6 g of the racemic diastereomeric title compound as a white solid.
Vmax(film)/em™ 3344, 1704.

'H-NMR (400 MHz, CDCls): § = 7.31-7.22 (5H, m), 3.02 (1H, d), 2.97 (1H, d),
2.64 (2H, m), 2.34 (1H, d), 2.24 (1H, d), 2.13 (1H, m), 1.84-1.59 (3H, m), 1.50-
1.32 (4H, m).

LRMS (APCI): m/z [M-H] 243.

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

i

Ph
CO,H
(R)-(+)-a-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 out of the solution as a white solid. This was
recrystallised three times from ethyl acetate to give 8.5 g of the acid salt. Further

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

i ng

il e%‘?’le‘he g glébt (380 nﬁ?fdr%@rlﬁ! Sk fdrlths AokeD theGhixtlte vwagﬁuslwsa gave an



WO 02/ 085839 PCT/I1B02/ 01146 55 The first batch of the salt was taken up in
di chl or onet hane, washed with dilute hydrochloric acid, brine and dried
(MgSOH) . whamsdsgent was evaporated under reduced pressureTiBORINEG 5.0 g
of the title conpound as a white solid. HPLC [Chiralcel OD 250 x 4.6 nm

col um (Mobil e phase: 90% hexane, 10% | PA cont. 0.5% TFA)]: Retention
time = 5.1 mn (94%ee). [a]D (c = 1.1371n chloroform = -20.2 The second
batch of the salt was taken up in dichloronethane, washed wth dilute
hydrochloric acid, brine and dried (MySQ(err)) to give a further 5 g of
acid of 86% dde firg bafaidf spltpyasaleeadipwa slichlqemmpiheng vashal with dilute

reoryatal || sSuprisrteRd MipCend e VRO Yo FT S Epdpri iy 2 Y

net hyl benzy|r@d’ﬂd&@greskﬂ?b€o gl%lsroag 68fhe Gl 26MpYurt & AWhieosdian (Mobi | e phase:
90% hexane, 10% 20 |IPA cont. 0.5% TFA)]: Retentl ontime = 4.2 mn (95%

ee). [a]D (@EL@[GhMC@rQIa%@ 8y min qql_trmB (Mphirphase) Wio hexaenif™o
e/ | Bo2roL 18 b e TR h IR PR, | 0e (177 ni of a 2w
sol ution in [agxene1.139n éhloroform) = -20.2°
The second batch of the salt was taken up in dichloromethane, washed
with dilute hydrochloric acid, brine and dried (MgSQ,) to give a further 5 g of
acid of 86% ee.

10 Similarly prepared was:

PREPARATION 6
[(lS 55.6R)-6-benzylbicyclo[3.2.0]hept-6-yl]acetic acid

N

S Ph
\
COH

15
by recrystallisation of the salt generated by addition of (S)-(-)-a-
methylbenzylamine.
HPLC [Chiralcel OD 250 x 4.6 mm column (Mobile phase: 90% hexane, 10%
20 TIPA cont. 0.5% TFA)]: Retention time = 4.2 min (95% ee).
[a]p (¢ = 1.0 in chloroform) = +17.3°

PREPARATION 7
Methyl [(1R.5R.65)-6-benzylbicyclo[3.2.0Thept-6-yl]acetate

25



mmol ) was added dropwi se to a stirring solution of acid of preparation 5
(7.85 g, 532.1 mol) in a mxture of toluene (90 m) and nethanol (22.5
m ) at O wWouwna@ess3g argon. The m xture was all owed to war m POTIB@N1146
tenperature and stirred for 4 h. The solvent was renoved under reduced
pressure and the residue was taken up isg ethyl acetate (150 m), washed
w th saturated sodi um hydrogen carbonate (150 m), dilute hydrochloric
acid (100 m), brine and dried (MySQ(err)). The solvent was 10 evaporated
under reduced pressure The residue was chromatographed (Si 2,

hept ane/ et hyl acetate, 9:1) to give 7.0 tg.0f the title conpound as a
colourless oil. Jerr]max(film/cm1 1 "H NWVR (400 MHz, CDC13): 8 =
7.28-7.21 (5H, m, 3.67 (3H, s), 2.97 ({H d), 2.92 (1H d,), 2.65-2.60
(2H, m, 2.26 (1H, d), 2.18 (1H, d), 2.0 (g, M, 1.82- 15 1.52 (3H, m,
1.48-1.22 (4H, m. LRVS (APCl): mz [ M+ éS,ﬁ% [a] p (c = 0.11 in nethanol)
=-24.1 PREPARATI ON 8 20 [ (1R 5R, 6S)- 6-(3 21ret hoxy- 2- oxoet hyl ) bi cycl o
[3.2.0] hept-6-yl]acetic acid CO2H CO2Me The ester of preparation 7 (7.0
g, 27.1 mmol) and sodium periodate (81.1 25 g, 379.3 Mol ) were stirred

t oget her in et hylTrag@hfkRyldkembhine @ISt ANbLd 20 utRA iNVEkkhde 0$H B39
PCT/ 1 B02/ 01146 57 m) and water (150 m; for 5 mnutes. The m xture was
cool ed to 0 ngnahdvasrddetdriopmiseite p ptigingselugen iof aeid é prapamption 5 (3.864, ol ) was

added toct he,reactio ] r I I 0 room
t enper at ar e%e%hldl%grloll)rl;Il éd” wfg ngl‘;‘qr%ﬁ%@‘z?@)tﬂ“%g? %@oﬂ%!‘ﬁﬁ% ‘Iit\cfgai@{élgacfed and the
m Xt ure was asgdn. Mgt thixturd vagiallowebto Wwarbl foltbemhyrtiperaturoandstagdddof 260 ) was

added to the_m xture which was then, extracted with ethyl acetate (3 x 100
m). The conbieselycat yanicmonpdprdesreduged Bressias prebthgiresiucat a Ak adhsiBdi um

thiosulfate e?lgll YEd2R ’(1% ﬁﬂ?wag{eid%tl{ Mol s@d]thﬂyarogen carbonate (150
ml), dilute hydrochloric acid (100 ml), brine and dried (MgSQO,). 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.
vimax(film)/cm™ 1736.

'H-NMR (400 MHz, CDCl3): & = 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.

[a]p(c =0.11 in methanol) =-24.1°

PREPARATION 8
20  [(1R.5R.65)-6-(2-methoxy-2-oxoethylbicyclo[3.2.0Thept-6-yl]acetic acid

u\\\
COH
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



sol vent was evaporated under reduced pressure to give the title conmpound as
a vyellowoil. 10 Vmax(film/cm' 1733, 1715. 'H NWR (400 MHz, CDC 3): S =
3. 65 (3H we)02/085882-2. 76 (3H, m, 2.55-2.49 (3H, m, 2.05PCTHBIM11461. 81
(1H, m, 1.73-1.69 (2H, m,1.49-1.28 (4H, nm. LRV (APCl): mlz [MH 225.
15 PREPARATI ON 9 Met hyl 5

[ (1R 5R, 6S) - 6- (I socyanat onet hyl bi cycl of g 2.0] hept-6-yl]acetate NCO CO2Me
20 Di phenyl phosphoryl azide (8.45 m, 39.2 mml) was added to a stirring
solution of triethylamne (5.6 m, 40.4 nmmol) and the acid of reparatlon 8

(ﬁ 7849, 38. anlyaed Waﬁer\(}ﬁ&rﬂl]élﬁ‘@i@@nﬁ@s) The mighire W@ﬁp@ﬂ@d tor@°¢ ni trggen
The mixtur o dgenig AfEG e PR ) ERD SRR AT Rodlf ere?c%gal 5 hours.

washed with rﬁa{weanecte&ﬁloa%wsw@tb wamﬂﬂ;cdﬁoagﬁan@afabﬁaaﬁ@st{ri&ﬁoﬂtz} bri ne,
and dried (I\/g vent was renpved under reduced pressure to

give 8.7 IPw&h.\/ﬂ P%‘F’é(léeﬁ%ﬂ’ﬁﬂad@fé apd Jhg mpgiugiwas sGrrad fqri40 mipptess 2265,

L 7SS RN ESTARR Uathye o o ERERARL OB

Tri met hyl SI | extreletad othtetiayl acdtate 13 wi100fmlp Phé sohbihedorganic fectoes, wélré 4 nmol )
was added dro 0 a st rr| sol ion of the aci.d, of paration 6
(2.77 g, 11W%Wﬁﬁfrﬁllt§' SPWfaée thiggu ’{atﬂ W@H‘é’“(g’é)“%ﬁ?e%ﬁﬂg%e)w&%he (7.5 )

at 0 C underggjyent was evaporated under reduced pressure to give the title compound as a

yellow oil.
10 vmax(film)/em™ 1733, 1715.
'H-NMR (400 MHz, CDCl3): & = 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).
LRMS (APCI): m/z [M-H] 225.

15 PREPARATION 9 .
Methvl [(1R.5R.65)-6-(Isocyanatomethyl)bicyclo[3.2.0]hept-6-yllacetate

‘.\\\
NCO

CO,Me

20 Diphenylphosphoryl azide (8.45 ml, 39.2 mmol) was added to a stirring
solution of triethylamine (5.6 ml, 40.4 mmol) and the acid of preparation 8 (8.78g,
38.8 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 sodium 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.

vimax (film)/em™ 2265, 2171, 1733.



argon. The m xture was allowed to warmto roomtenperature and stirred for
4 h. 10 The sol vent was renpved under reduced pressure and the residue was
taken up wio 02@84389 acetate (100 ml), washed wi th saturat e®caagozendsydr ogen
carbonate (100 m), dilute hydrochloric acid (100 m ), brine and dried
(MySH). The solvent was evaporated unger reduced pressure The residue was
chromat ographed (Si 2, heptane/ethyl acetate, 9:1) to give 2.84 g of the
title conpound as a colourless oil. 15 '"H NWVR (400 MHz, CDCl (err)): 8 =
7.28-7.21 (5H, m, 3.67 (3H, s), 2.97 (1H d), 2.92 (IH 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 (4@%@@ = 0.11 in nmethanol) = +23.1 20 PREPARATI ON 11
[(1 S 5S 6R)=0-(2~ =2- oxoet hyl ) bi cycl o[ 3. 2. Ol hept-6-yl]Jacetic acid
CQZH CO2Me M&taylg81$5S,6R)-ebepaisit yaiol 3 D00 ]hdpth-gjacfatel nmol ) and sodi um
periodate (81.1 25 g, 379.3 nmmpl) were stirred together in ethyl acetate
(100 m), acetonitrile (100 WD 02/085839 PCT/1B02/01146 59 m ) and water
(150 M) for 5 mnutes. The m xture was _¢ooled to 0 C and ruthenium (IlI1)
chloride hydrate (0.11 g, 0.54 mmol) was added to the reaction mxture.
The reaction was allowed to warmto rodgmitenperature and stirred for 24 h.
D ethyl ether (150 m) was added and tﬂgﬁrﬂgure was stirred for 40
mnutes. 5 Dilute hydrochloric acid (2006 m) Rvas added to the nixture which
was then_ extracted with ethyl acetate (3C®Me00 m ). The conbi ned organic
fractiond were washed with saturated sodium t hi osul fate solution, brine,
dried (MySQ(er r) )Tramethylsidyldwadmethaneids/ miapboMisotintignde hexangubletl pressure to

i the titl d . [ 1 il, .10 ! : . 8
0 5es (3 ol SV 3HE ApSise ey slindisouyifg of MR grtiGplifon (91 1) )
(1H m, 1. %311368m6Blh amixtute §StoluedS(04M) afidl 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 (MgSQO4). The solvent was
evaporated under reduced pressure The residue was chromatographed (SiO,
heptane/ethyl 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
[(15.55.6R)-6-(2-methoxy-2-oxoethyl)bicyclof3.2.0lhept-6-yl]acetic acid

N

- ~

CO,H
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



PREPARATI ON 12 Met hyl

[ (1S, 5S, 6R) - 6- (i socyanat onet hyl ) bi cycl o[ 3. 2. 0] hept-6-yl]Jacetate 15 NCO
CO2Me Di pwerglogdsesphoryl azide (2.4 m, 11.1 mmol) was adeed/Be/@istirring
solution of triethylamne (1.6 m, 11.4 mvol) and the acid of preparation
11 (11.0 ol approx) in toluene (30 @) at roomtenperature under
nitrogen. The 20 m xture was refluxed for 2 hours. The m xture was all owed
to cool, diluted with ethyl acetate (150 m ), washed with saturated

aqueous sodi um hydrogen carbonate (2 x 150 m ), brine, and dried (MgSOH).
The sol vent wdsandenaseredSQmikfor Sevinues. The sxureavasogloddo OF€ andt | e conpound

as a yell ow gj fi PARATI ON 13
tert-butyl ](LTIE@ l&ﬁéﬁb@% ri(%l &ﬁ%ﬁ, y% g)[% jn%%g]%asjﬁdﬁ g(r:eea a?

02/ 085839 Pﬁiﬁkﬂuﬁﬂ%gléa@ﬁon #@s Aldwed to%rm@%orﬁlﬂem@f&hyﬁ arﬁlhsltlﬁiéd(f& 140 92 nm,
10.5 mmol ) was added dropwise to a stirring solution of the acid of

pr epar at i on b4 Qisthyhether @)?QS@]W@ addpe, agd @ﬁl%‘?‘%‘r‘ﬁ:’t"ﬁ&ﬁgff{@@r 4@ minyteyinder ar gon
at 0 C. B mpjifayd f of SR A i 2%0%1? B3R I gl xlg}&ftor Alcifh Q%thwe m xture was

allowed to warmto roomtenp ratuean tlrr er 4 hours. The
sol vent was exteaadedith ﬂthvhmmta@dx ﬂ@(énﬂ)eﬁkdwenﬂmﬂadtcmgjanm frictthing ey onet hane

20 m th | di.chl t
E:ar ef ul) |y ad@él&gdt‘ﬁ fth b ‘?rg@é}éf’fhb‘ﬁ“ &Hoif‘if?tgrs]?ﬂﬁhg? bﬁ%%%ﬁ%ﬁ aB“S/Qh)fowas
di i sopropyl gt p¥haMsNSapctated Thder FdukedPREure IS VB RE tHefco@ouid hs s ed for 17

hour s
yellow oil.

10 'H-NMR (400 MHz; CDCls): § = 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
Methvl [( 1S,5S,6R)-6j§ocvanatomethvl)bicvclo[3.2.0]hept-6-v1]acetaté
15
NCO
N
co,Me

Diphenylphosphoryl azide (2.4 ml, 11.1 mmol) was added to a stirring

solution of triethylamine (1.6 ml, 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 mij,'bdne, and dried (MgSO,). 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,6SR)-6-benzylbicyclo[3.2.0lhept-6-yl]acetate




and then taken up in ethyl acetate, washed with saturated aqueous sodi um
hydr ogen carbonate (2 x 200ml), and dried (MySQ(err)). The sol vent was
renoved wodensssaguced pressure and the residue was chronecagBepheds (Si O2
hept ane/ et hyl acetate 95:5) to give the title conpound (2.40 g) as a
yellow oil. 15 vmax(film/cm 1 1727. 'HyNVR (400 MHz, CDO 3): 6 = 7.28-7.21
(5H, m Ph), 2.98 (1H, d), 2.92 (1H, , 2.64-2.56 (2H, m, 2.16 (1 H d),
2.09 (1H, d), 2.04 (1H, m, 1.80-1.50 (3 H m, 1.48 (9H, s), 1.47-1.20
(4H, m. 20 PREPARATI ON 14

[ (1RS, 5RS, 6SR) - 6- ( 2-t ert - But oxy- 2- oxoe
acid ot\ CO2H CO2t-Bu WO 02/085839 PQ Bgf 01146 61 The ester of
preparation 13 (2.4 g, 7.99 mmol) and SI“ {)eri odate (23.93 g, 111.8
mmol) were stirred together in ethyl ace atePK24 m), acetonitrile (24 m)
and water (36 ml) for 5 mnutes. The nlx‘géqéyas cooled to 0 C and
ruthenium (111) chloride hydrate (0.033 g, © nmol ) was added to the
reaction 5 m xture. The reaction was allowed to warmto roomtenperature
and stirred for 24 h. D ethyl ether (60 mM) was added and the m xture was
stirred for 40 mniGuil@shloridel(002 nily to.5oivhal) ivas added dfdBaiserto)a stasngdded to t he

Conbi ned or GaMHER et MEHESERLRol $iorts SO CTbmERgRORY and. t e

ol vent d
03 7o, SaadiBRELALED MR, DAMUEARHAPRCIOAR 13 el AR B (200

VHz, CDCI 3) thénﬂxtﬁre?xﬁas(alldwed)to warrd 1o fobk tediperaurd 3nd Stiiredifor aZurBgr 4( 1H, d),
(2 A(F)’él § 1Hn1 rZT) }[OH%SI-I]%@ 1?? Aént v%e‘jc, removec} zn5v2acgio gr?d t(he résume d1l]1'1te>d5 w1(tlgH s). LRVB

dichloromethane (20 ml). 2-Methyl propan-1-ol (10 ml) in dichloromethane (20

) bi cycl o[ 3. 2. 0] hept-6-yl]acetic

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 (MgSOs). 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 vax(film)/em™ 1727.
'H-NMR (400 MHz, CDCl;): § = 7.28-7.21 (5H, m, Ph), 2.98 (1H, d), 2.92 (1H,
d), 2.64-2.56 (2H, m), 2.16 (1H, d), 2.09 (1H, 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
[(1RS.5RS.6SR)-6-(2-tert-Butoxy-2-oxoethyl)bicyclo[3.2.0]hept-6-yl]acetic acid

(+1)

COH
CO,t-Bu



15 PREPARATI ON 15

[ (1RS, 5RS, 6SR) - 6- (2-tert-But oxy-2- oxoet hyl ) bi cycl o[ 3. 2. 0] hept -6-yl ] acetic
acid netwglo2esisey (+/-) CO2Me 20 Q02t-Bu Trinet hyl sil ylrditaBormtdvane (4. 3
m of a 2Msolution in hexane, 8.6 nmol) was added dropwise to a stirring
solution of the acid of preparation 14681 78 g, 6.63 mml) in a m xture of
toluene (24 mM) and nethanol (6 nl) at C under argon. The m xture was
allowed to warmto roomtenperature and stirred for 24 25 h. The sol vent
was renoved under reduced pressure and the residue was taken up in ethyl
acetate (100 nl), Thasttadf\prédaraian B 42 4, § Gdimmohadd sgnmgeeriodatat e ( 100

m), dilut | r.in

sol)ven!t :/Jvag %\cgi”ocqé?rgldﬁ’ﬁ% é’Yer\g éﬂfﬁggiaéﬁp%rsllgﬁ ?‘EF“%P \‘/i“d?lﬁwg“te’%rz“éﬂ%onpound
as a yell OW(ZH nlnl) aﬁ@v@ﬁé&@@%ﬁ?fo‘?@%h@@g/ Pd Afx tuRlwasimRIddflth lomd & 1 1732.
LRVE (APCI ) : [M O Bu] 209.  PREPARATI ON 16 5

[ (1RS, 5RS, eﬂsheraumz(ﬂmumlwdm@&mg @;wm[)svazs dipdist the reacliomcet i ¢ aci d
(+-) .uor oac tIC ac dded dr.o &40 a
stirri ngsogolnﬂf R T&e r?% onr wap dlfovygd @ v e%%tgro%ﬁ t%pe(rgt B8y sné[péngo ol ) in

di chl or omet hamgethBethdr)(6@nIPwhs added hhe thEintiktire waastiaéd ad niifutegr m to room
tenperature_and stirred for a further 17 hours., The m xture was washed

with satur aﬂ%@t%l@(%mkéorwdmﬁy@b ¥ge addeddp Brsrmixdurg srhieh was theRi | it reached
neutral pH %Qﬁjac%(cf With %ﬁl‘}l X@e‘eﬁ'e é%' £ %@&%ﬁ%‘h@%ﬁlbmd organic fractions were

washed with brine, dried (MgSQO,) and the solvent was evaporated under reduced
10  pressure to give the title compound (1.78 g, 83%) as a yellow oil.

vmax(film)/cm™ 1728, 1714.

'H-NMR (400 MHz, CDCls): & =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 (9H, s).

LRMS (APCI): m/z [M-H] 267.

15
PREPARATION 15
[(1RS.5RS.6SR)-6-(2-tert-Butoxy-2-oxoethyl)bicyclo[3.2.0]hept-6-yl]acetic _acid
methyl ester
(+1-)
" co,Me
20 CO,t-Bu

Trimethylsilyldiazomethane (4.3 ml of a 2M solution in hexane, 8.6 mmol)
was added dfbpwise to a stirring 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
ml), dilute hydrochloric acid (100 ml), brine and dried (MgSQs). The solvent was

evaporated under reduced pressure to give the title compound as a yellow oil.



(50 mM). It was then reacidified to pH 4 wth dilute hydrochloric acid. The
m xture was then further extracted with dichloronethane (2 x 50 m). The 15
conbi ned wogansss3dracti ons were washed with brine, dried (pdyged)oiasd the
sol vent renoved under reduced pressure. The residue was purified by

chromat ography (SiQ2, 8:2 to 6:4 heptan6ezlet hyl acetate) to give 0.63 g of
the title conmpound as a col ourI ess oi 17" umax(film/cm'1l 3200, 1738, 1705.
20 "H- NWR (400 MHz, CDC13): 8 = 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, n). LRVS (APCl): niz
[MH 225. I%Rﬁrmﬂ%md\nm 25 Met hyI

[ (1RS, 5RS, 6RS) - %r soc))g/'anatome E( 2)b| cycl o[ 3.2.0] hept-6-yl]acetate WD

02/ 085839 PC'HW@ ABCTh gz @4@3/“ )2 9.co2Me  NCO Di phenyl phosphoryl azi de
(0.61 mM, 2.82 mmol), triethylamne (0.40 M, 2.90 mmol), and the acid of
preparation 16 (0.63 g, 2.79 nmmol) were requxed in 5 toluene (15 nm) for
6 h. The m X@RERARAIT@GNII®nved to cool and diluted with ethyl acetate (60
m). The res Q r aq eous sodi um

hydr ogen Scarlb i T b 2A0depl-O-vrla T

removed under reduced pressure to gr ve the trtIe conpound as a yellow oil.
Rf (hept ane-et hyl acetate, 9:1) 0.36. 10 Vmax (film/cm 2259, 2171, 1736.
PREPARATI ON 18 (1RS, 6SR) -8, 8- Di chl or ptikcycl o[ 4. 2. 0loctan-7-one O 15 Cl

(+-)

ot

CO,Me
CO,H
Trifluoroacetic acid (5 ml) was added dropwise to a stirring solution of the

ester of preparation 15 (approx. 6.63 mmol) in dichloromethane (15 ml) at 0 °C.

10 The mixture was allowed to warm 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). It 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 (MgSOjs) 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.
vimax(film)/em™ 3200, 1738, 1705.

20 'H-NMR (400 MHz, CDCly): & = 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 (APCI): m/z [M-H] 225.

PREPARATION 17
25  Methyl [(1RS,5RS,6RS)-6-(isocyanatomethyl)bicyclo[3.2.0]hept-6-yl]acetate




Copper (11) sulphate (2.0 g, 8.0 nmml) was dissolved in water (75 nl) and
added to zinc dust (30 g). The m xture was stirred for 2 hours. The m xture
was filtwoed/osssdothe solid collected, washed twi ce w th @cetBoxoland dried
under vacuumat 100 C for 24 hrs. A portion of the activated zinc (8.0 Q)
was added to a 20 solution ofcyclohexe% (10 m, 98.9 mmol) in diethyl
ether (180 m). Trichloroacetyl chloride (10.48 m, 93.96 mmol) in diethyl
ether (20 M) was added at such a rate to keep the m xture at refl ux.
After the addition was conplete, the mxture was heated to reflux for
4hrs. The m xture was cooled to room erature, diluted with diethyl
ether (50m ) and carefully poured int ) aqueous saturated sol ution of
sodi um bi carbonate. The mi xture was adidified with 2N HO and the organic
phase separated. The ether extract was pjas ng th water and then with

sat urated aqueous sodi um bi car bonat e. rgani ¢ phase was WO 02/ 085839
PCT/1B02/ 01146 64 collected, dried (M and the solvent renoved under
reduced pressure. The residue was purified by flash chronmat ography
(silica, EtOAc: Heptane 1:9) to give 8.62 g of the title conmpound as a
clear oil. Vmax(Diphgnytphospirogdazideg0.81 nd, 2182 Nvpol).A0ethyldmingBciBnl, S = 3. 94

1H, m, 2. 1H, . 18-1..82 (2H  Mbk.n 1. 80-1.20 (6H . PREPARATI ON
1" (‘1Rs, 6REPHPEGY bidhs Mg Phopairiign b (g% 275 ol Wre Rhucd T
( 1RS, 6SR- 8 tSluehechb 19 ir@yie | Phedmcteatdsalowe® iLcdod kP ailatktd aith b8yl (8. 60 g,

44.6 mmol ) was heated to reflux in acetic acid (100 m) with zinc dust
(29.0 g, 15 aeatetfdml). Theresulungsofutignewss washed Widisawsypd dauegus oom

(2% ooy sadiin yfouticlroof (34 mf! Bt sEEHRE] AvBSO " IRGH eg D ST e
phase was coetheeddathdedradeckd frddyot) gardht tide sahy@anid asasyetlowanied under

reduced pressure to give 4.79 of
Ri(heptane-ethyl acetate, 9:1% 0.36.

10 vmax (film)/em™ 2259, 2171, 1736.

PREPARATION 18
(1RS.6S5R)-8.8-Dichlorobicyclo[4.2.0]octan-7-one

?0
(N\“E—CI e
15 Cl
Copper (II) 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
filtered 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).
Trichloroacétyl chloride (10.48 ml, 93.96 mmol) in diethyl ether (20 ml) was
added at such a rate to keep the mixture at reflux. After the addition was complete,
the mixture 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



the title conpound as a clear oil. 20 Vmax(film/cm 1 2930, 1776. 1H NWR
(400 MHz, CDC13): 8 = 3.27 (1H, m, 3.12 (1H m, 2.42 (2H m, 2.20- 1.02
(8H, m . WBHRABRYM3IY ON 20 25 Et hyl PCT/IB02/01146

(2Z/ E)- (1RS, 6RS) - bi cycl o[ 4. 2. 0] oct-7-yl i deneet hanoat e WO 02/ 085839
PCT/ 1 B02/ 01146 65 Sodi um hydri de (60% gl spersion in oil, 1.46 g, 36.6
nmmol ) was suspended in dry tetrahydro?suran (150 mM) and cooled to O T.

Tri et hyl phosphonoacetate (7.65 m, 38.5 mmol) was added and the m xture
stirred at 0 C for 15 nins. A solution of

(1RS, 6RS) - bi evjlersfadrieddMeiQu) aifd thesoBeliremozedundsn rq@t):ec( nressslrfg Thgg. 5 nmol )

in THE (20nml) was then dandthe After 1 hr
the m x'g ure %ﬁgaﬁvﬁaﬁﬁgﬂ??cg 36\8?’% %om%t8ﬁﬁap$}é£?§écraaj§{g§ aﬂfe Wth et hyl
acetate (20 1vlé“|8)6 gf R sifle domipbin 2N HTkarc?. X  150nt) . The or gani ¢ phase was

coll ected, dried SO4) and the solvent rempved under reduced pressure.
The resi due vaa&ilpiens | V82 ash chr omat ography (Silica, 10 Et OAc: Hept ane

3:20) to_giy 9 t S

viax(fil cﬁ(@ﬂﬁ)(‘@@%{ Q@R@l fmégﬂ‘iﬁ? 94?36%4@ 2%%&1 2Hym). 5 63 and
5. 58 (1H|n1t8@11aQ0(6HE/ isoners, 2 x m, 415 (2H, m, 3382 98 (2H, m,
2.79-2.35 (2H, gl 05 11H rr) LRVS (APCl): mz [MH(err)] 195. 15
PREPARATI ON 21 Et hyI r(IRS, 6RS 7SR) - 7-(nitromethyl)bic-yclor4.2. doct-7-yl |
acetate NO%

(2Z/ E) - ( 1RS,#§I§%—@@M@4. 2.0] oct-7-ylideneet hanoate (preparation 20)
(5.47 g, 28.2RrRSWRE)-Biesid)fatesttin788eC i n tetrahydrofuran (50nl) with

10
v 0
( f on

(1RS,6SR)-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 100ml) and then with
saturated aqueous NaHC03 (4 x 100ml). The ether phase was collected, dried
(MgSOQy) and the solvent was removed under reduced pressure to give 4.79 g of
the title compound as a clear oil.

20 vmadfilmYem™ 2930, 1776.

'H-NMR (400 MHz, CDCLs): & =3.27 (1H, m), 3.12 (1H, m), 2.42 (2H, m), 2.20-
1.02 (8H, m).

PREPARATION 20
25  Ethyl RZ/E)-(1RS.,6RS)-bicyclo[4.2.0]oct-7-ylideneethanoate

”"',]:(WCOZEt
U Ry OvR)




nitronmethane (3.05 m, 56.4 mmol) and tetrabutylamoniumfluoride (1Min
THF, 42 m, 42.0 mol ). After 18 hrs the m xture was cooled to room

t enper at uwe,02@83sa¢ ed Wi th et hyl acetate (200 m) and washedTmBoinizd HC (2
X 25 100m ) and then with brine. The organi c phase was collected, dried
(MySO4) and the solvent renoved in vagso. The residue was purified by
flash chromat ography (silica, EtOAc: heptane 1:9) to give 4.73 g of the
title conpound as a clear oil. [err]max(film/cm1l 1182, 1547,1731, 2936.
WO 02/ 085839 PCT/1B02/ 01146 66 ' H NWVR ) 4.83 (2H, m,

4.12 (2H, q), 2. 6§0(112H1hy6ndei6@¢dlf(pmlonfﬂloﬂzléég@iﬂ6rmlol)zva@5 (1H, m, 1.86

(11 ™, 1 78Rty oydankethso o) ndoced d e, - LRVS (AP i

S, 6S, 7R) - SpiTrixtipilshospldnbaletitl ¢Z.68ne; 38. 3 mnpyl) was adtedland theomexturkl stitded (+, - > 10
Ethyl [(I RS

QRS, 7SR) - 7- n| r onet cI o[4. 2 oct-7-yl] acetate
(preparat i or?tgl?%?rélls?@“ 158 ‘Klol‘?\?é?ilkévg ﬂ[“]%gf?etaﬁﬁn%me (150 nl) at 30
C over n t as at 483
Conth Banhcbhibs) ol 38?@‘%{?2?%@*5@%9@ O e on
t hr ough cel |mmtlamst1m¢|bat15°&@lﬂﬁeﬂlhrﬁlenuxwdewn@diow@du@‘&xﬂmpoewure to give

er ] (11 NP S9Y63 i 3hy ool TBhn Rient e i cn b 5 2156, ™
(1H br. s),158nfp The brgaflc phdséwad edtiectdl, dried (MeSO.9 And #RHolvht 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)/cm™ 2929, 1715, 1186.
'H-NMR (400 MHz, CDCl3): & = 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 (APCI): m/z [MH'] 195.
15
PREPARATION 21
Ethyl [(1RS,6RS,7SR)-7-(nitromethyl)bicyclo[4.2.0]oct-7-yl]acetate

(Iﬁ coget

(+1-)

20 (2Z/E)-(1RS,6RS)-Bicyclo[4.2.0]oct-7-ylideneethanoate (preparation 20)
(5.47 g, 28.2 mmol) was heated to 60 °C in tetrahydrofuran (50ml) with
nitromethane (3.05 ml, 56.4 mmol) and tetrabutylammonium fluoride (1M in
THF, 42 ml, 42.0 mmol). After 18 hrs the mixture was cooled to room
temperature, diluted with ethyl acetate (200 ml) and washed with 2N HCl (2 x

25  100ml) and then with brine. The organic phase was collected, dried (MgSQO,) 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.
vmax(film)/cm™ 1182, 1547,1731, 2936.



20 LRVS (APCl): nmlz [ MH] 180. PREPARATION 23 Ethyl 2E/ 2Z2)- (I

RS, 6RS) - bi cycl o[ 4. 2. 01 oct-7- |iydene(cyano)ethanoate 25 CN C:.:::D02Et WO
02/ 085839wbB@1/038B82/ 01146 67 The ketone of preparati on 19pC21B&/@14623. 0
mol ), ethyl cyanoacetate (2.45 m, 23.0 nmol), ammonium acetate (1.77 g,
23.0 nml ) and glacial acetic acid (16?62 m) were refluxed in toluene (40
m) using a Dean-Stark trap. After 6 h, the mxture was allowed to cool
and diluted with ethyl acetate (150 nl), washed 5 with water (50 m), brine
and dried (MJSOH). The sol vent was evaporated under reduced pressure. The
resi due was CHDOMR @G0 MHe,CIDELDD, = hEPt(2Mahgtdld (236 @), &6 (2HIn) 2158 gi ve

2.76 g of a mxture of ano a I|d OOI\/Hz
o0 - [ert ﬁ%h? PR 285 sEnb] Bt 38, e obes (3

2.58 (1H, ), 0@2@8(8H n, 133(3H t). 10 (err)(m nor |sorrer) =
4.25 (2H, : 3 : 23 (2H, m, 2.58 (1H, m, 1.30- 2.18 (8H, m,
1.32 (3H, t)LRM&EmRm)Tm@N[Jym 1856t hyl

r (I RS, 6R§. 7RS) - 7- benzyl bi cyclor4. 2. 0] oct-7-yl |l (cyano)acetate Ph COP CN
(+/-) 20°The cyanoester of preparation 23 (2.75 g, 12.5 mmol) in THE (60
m) was adgeEVeATIOR 220 a stirring solution of benzyl magnesi um chl ori de
(20 M of a IM so1 ution 1n ether 20 mml) |n.THE (20 m) at -78 C under
argon. AfterllS68/ igyche]42:0]p¢ PETQ] Be m xture was quenched
by addition of saturat ed

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.
Vmax(film)/em™ 2919, 1712, 1677.
'H-NMR (400 MHz, CDCl3): & =5.61 (1H, br. s), 3.46 (2H, m), 2.42 (2H, m),
2.18-1.01 (12H, m).
20 LRMS (APCI): m/z [MH'] 180.

PREPARATION 23
Ethyl (2E/Z)-(1RS.6RS)-bicyclo[4.2.0]oct-7-ylidene(cyano)ethanoate

25
CN

‘,, Iﬁ COZEt
( (+1-)



ammoni um chl ori de solution (10 m). The m xture was allowed to warmto room
25 tenperature, and dilute hydrochloric acid (30 m) was added. The aqueous
| ayer wewoanrismsted with ethyl acetate (3 x 40 m). The eomiaBoxzdier gani c

| ayers were washed with brine, dried (MgSO4) and the sol vent was

evapor at ed under reduced pressure to ?ve a mxture of diastereoneric
cyano-esters. The residue was WO 02/ 08 g39 PCT/ 1 B02/ 01146 68

chromat ogr aphed (Si 2, heptane/ ethyl acetate, 4:1) to give 3.53 g of a

m xture of di astereorrerl C cyano-esters as a clear oil. Rf(heptane-ethyl
acetate, 4:1) = 0TBoketonmafprcparptiomd 9 (22847, 23.940nol3, @Rﬂwpmhpme%

[ (1RS, 6RS, 7S enzyl bic 4, Ph. COZH C 10
L(1RS, 6RS, 750 17 benzyl el atpdnfiniebls d 24 2EEkloT G ity <1173
mol ) and thiﬂs(Slmrﬂllf)W@?GﬂﬁiﬁedﬁltSh@ne Gi0-181) sk a U@h@tma&@d Afeer1§0 C in

ethylene glycaol (75 m) for 72 h. After this tinme, the mxture was all owed

to cool and Hiclmxgurpyas adeowed ﬁoc:oal:arui dilssedayitl gthy hacstaie (9 Oumb)i washpe
| ut t hyl
sol ution Wa)%(m?b%%q f(i%raﬁt rRid a% élgl'gggé*jaﬁﬁg J@ﬁfw%é& 6L O(Hd%P etny

acetate (3 racti ons revva ed with

brine, dri edec(dvgésﬁl%)ssmadThdsmesmseIwaemhronmo@u;ﬂﬁdt(&mdhamﬁﬁrethﬁduaetd
pressure. The residue was_chr.omat ogr aphed Si2, et hyI acet ate: heptane 1:4
to give 2. 1F'Q BN BOEATEX YA %!ﬁ%ﬁ%?rﬁesaaeﬂwa%l% yel low oi | . 20

"H NMR (400! 0(1H d),
2.56 ( 1|(4 m, o %I'g% l(é?EHP)IHé)BCDEY’%?é({“%ﬁ ?Sé’%;éﬂz 4%5 ?%ﬁﬁ 3(3%-41“;@( i ., 1.75
(1H, t), (2H, m), 2.58 (1H, m), 1.30-2.18 (8H, m), 1.33 (3H, t).

10 d(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, ¢).

PREPARATION 24
15 Ethyl [(1RS,6RS,7RS)-7-benzylbicyclo[4.2.0]oct-7-yl](cyano)acetate

(+/-

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 ml of a IM
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



1.71-1.30 (7H, m, 1.10 (1H, m. LRM5 (ES-), nmz [MH 257. 25 PREPARATI ON
26 tert-butyl [(1RS, 6RS, 7SR) - 7-benzyl bi cycl o[4.2.0]oct-7-yl]acetate WD

02/ 085839wiB@R/0B#02/ 01146 69 Ph C/ CXRt-Bu " (+/-) Oxa@cyiiBelidbiosd de
(0.67 m, 7.62 mvol) was added dropwise to a stirring solution of the acid
of preparation 25 (1.79 g, 6.93 mmol) i@ di chl oronet hane (25 5 m) under
nitrogen at 0 C. Dinethylformam de (0.25 m) was carefully added and the
m xture was allowed to warmto roomtenperature and stirred for a further

4 hours. The solvent was renoved in vacuo and the residue diluted with

di chl or onet haheoniaoegraphed (BiQehepiingptyagetateod: 1§ ® givg 3158 edfermistwaef hane (20
m) was caref e r I m xture under argon followed by 10
di i sopropyl et%ﬁ%/é#ééér@l)rﬁ%ﬂz(%ah&ﬁét?l%fﬁ%%?e%rgﬂ). The m xture was stirred for 18
hours and tRghiepsatiefial acktagueo)s 030di um hydrogen carbonate (30 m) was
added. The mixture was extracted with ethyl acetate (3 x 50 nl) and the
conmbi ned or gari(@myeac22bhd74er e washed with brine and dried (MySO4). The
sol vent was renoved under reduced pressure and the residue was

chromat ographed (Si 2, heptane/ethyl 15 acetate 98:2) to give ester (2.42
g). 1H NWVR (FREPAMRATIGNGS3): S = 7.33-7.19 (5H m, 3.05 (1H, d), 2.96 (1H,
d, 2.53 (1H 2.30-2.18 (3H : 1.72 (1H, t), 1.65-1.55
(2H, m, 1.4BR3.GRS.ISR)-Tsbenpylbiqyplof4ei0lqe-7-vilacesems)g

[ (1RS, 6RS, 7SR) - 7- (2-t ert - But oxy- 2- oxoet hyl ) bi cycl o[ 4. 2. 0] oct-7-yl Jacetic

acid COQzH
Ph
5 /COZH
(&“‘ (+/-)

The mixture of diastereomeric cyano-esters of preparation 24 (3.52 g, 11.3

10

mmol) and potassium hydroxide (3.8 g, 67.9 mmol) were heated to 160 °Cin
ethylene glycol (75 ml) for 72 h. After this time, the mixture was allowed to cool
and dilute hydrochloric acid was added carefully until 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 (MgSOj) and the
solvent was evaporated under reduced pressure. The residue was chromatographed
(Si0,, ethyl acetate:heptane 1:4 ) to give 2.11 g of the racemic diastereomeric
acid as a yellow oil.

20 'H-NMR (400 MHz, CDCl;): § = 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-benzylbicyclo[4.2.0]oct-7-yl]acetate




CQ2t-Bu The ester of preparation 26 (6.93 mml) and sodi um peri odate
(20.75 g, 25 97.02 mml) were stirred together in ethyl acetate (20 m),
acet oni t rwo@2(23391 ) and water (30 m) for 5 m nutes. The PETHBW/@E1¥6ES
cooled to 0 C and ruthenium (I11) chloride hydrate (0.03 g, 0.14 muol) was
added to the reaction mxture. The WO Qg/085839 PCT/|1B02/01146 70 reaction
was allowed to warmto roomtenperature and stirred for 24 h. D ethyl
ether (100 m) was added and the m xture was stirred for 40 mnutes. Dilute
hydrochloric acid (150 m) was added to the m xture which was then
extracted with ethyl acetate (3 x 100, ). The combi ned organic fractions
were washed 5 with brine, dried ( O agd. tteie sol vent was evapor at ed

oﬁf [g['of acid. 'HNVR (400 MHz, CDCI3): S
= 2.84 (1H, d), 2.75 (1H, d), 2.6%2.48 (®BH, m, 2.17 (1H m, 1.95-1.80
(3H, m, 1.78-1.30 (7H, m, 1.44 (9H, s). 10 PREPARATI ON 28
[ (1RS, 6RS, 7SR) - 6- (2-tert-But oxy- 2- oxoet hyl ) bi cycl o[ 4. 2.0] oct-7-yl]acetic

acid nethyl est . -B +/ - 5 Trimethyl silyldiazonet hane (1.2
mM of a 2M sol ut %ﬁ%wﬁ’&%h ?H’A]WOI Wﬁ%adé%géiﬁ‘}i’&%ep% S a stirring
sol ution of sbiuioAef theQiidupReaedtion2547.70@, 643 damoB i 8ichldbmethihed251 Xt ur e of
t ol uene élo m) and nethanol (2.5 mM) at 0O C under argon. The m xture was

al | oned Po vl nndes nitoagenabhper AimethyHpanamide (@35 rd)y wascaefuly addad sol vent
was renoved under reduced pressure and the residue fa u i n ethyl
hoet at e ( 156MATE mREERIG APPRETH Gl esodBdPiReHyEs SR BLh Brdel 100

n ), dil ute 4otk Cliedolventwhdretnd¥ed M Yacub bhditheddided dikfled WFOY) . The

sol vent was o
dichloromethane (20 ml). 2-Methyl propan-1-ol (9 ml) in dichloromethane (20 ml)

e
under reduced pressure to give 0. 64 ¢

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 (MgSOy). The solvent was removed
under reduced pressure and the residue was chromatographed (SiO;, heptane/ethyl
15  acetate 98:2) to give ester (2.42 g).
'H-NMR (400 MHz, CDCls): & = 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, t), 1.65-1.55 (2H, m),
1.48 (9H, s), 1.47-1.00 (6H, m).

20 PREPARATION 27
[(1RS,6RS,7SR)-7-(2-tert-Butoxy-2-oxoethylbicyclo[4.2.0loct-7-yl]acetic acid

CO,H
Il’"'ﬂn /Cozt-BU
( (+1-)
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

(IID) chloride hydrate (0.03 g, 0.14 mmol) was added to the reaction mixture. The



evapor at ed under reduced pressure to give 0.65 g of ester as a yellow oil.
"H- NWR (400 MHz, CDCI3): 8 = 3.66 (3H, s), 2.83 (1H, d), 2.74 (1H, d), 2.57
25 (1 H, 9p,0288x%39 (1H, d), 2.15 (1H, m, 1.94-1.78 (3H, nMpCTABTZ6114006 ( 8H,
m, 1.43 (9H, s). WD 02/085839 PCT/|1B02/ 01146 71 PREPARATI ON 29

[ (1RS, 6RS, 7SR) - 7- ( 2- Met hoxy- 2- oxoet hyl )%i cyclo[4.2.Qoct-7-yllacetic acid
cCO2Me /C2H 5 Trifluoroacetic acid (3 'mM) was added dropwise to a stirring
solution of the ester of preparation 28 (0.65 g, 2.19 muol) in

di chl oronethane (9 m) at 0 C. The mxture was allowed to warmto room

t enper at ur e acadtion mas edowert toavdray tohveem 1@npdraturesand Bhieredifort Ak s ethylashed

wth saturatedq a ous sodi h oge car bana spl ution t hen
extracted wi te%eé?@lméyﬁgggerg(%éqﬁ? %}xqﬁ?ewﬁqsﬁg(gégorf@ rflwg‘?s' % Ycidified to
pH 4 with digydthieRrLe190 nfl) 6 sidRado theenixaixé Watdhesaswhédexticlidl acetate

(2 x 50 m). The conbined organic fractions were washed with brine, dried
(MySO4) and witeethiyl acetate (r3émf§bal)u Adie combingd orapicelsactions wergewashed due was

Son) and kel . | .
B o L i AR ABER PSR TR doty &l SR BRRES I AEE Byt 9\ 1
R et R T R A A TR M WL
(5H, n), 1.07-NMR (4§40 MH=EBREAN R 250 éH, ’éz,rz'ﬂs’(m; d), 2:61-2.48 (3H, m),

2E) - (1R, 5R)+ by I a2 0 - 6- yLi | (22)-(1R 5R)-
f)i cilcl( o[ 3. Z)QOH@%?I@[ 3@3%%(2@2%@%28@%7@%?&%Sflflﬁ I 'on( of) ( )
tri et hyl phosphonoacetate (53.4g; 238.3mmmol) in THE (25nL) was added to a

suspensi on of 60% sodi um hydri de di spersion (9.53g;
10 PREPARATION 28

[(1RS,6RS.7SR)-6-(2-tert-Butoxy-2-oxoethyl)bicyclo[4.2.0]oct-7-yl]acetic acid

methyl ester

CO,Me
//,," s , /Cozt-BU
( (+/-)

Trimethylsilyldiazomethane (1.2 ml of a 2M solution in hexane, 2.4 mmol)

15

was added dropwise to a stirring solution 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
ml), dilute hydrochloric acid (100 ml), brine and dried (MgSQOy). The solvent was
evaporateld:under reduced pressure to give 0.65 g of ester as a yellow oil.
'H-NMR (400 MHz, CDCl3): & = 3.66 (3H, s), 2.83 (1H, d), 2.74 (1H, d), 2.57

25 (1H,d), 2.49 (1H, d), 2.15 (1H, m), 1.94-1.78 (3H, m), 1.72-1.06 (8H, m), 1.43
(9H, s).



WO 02/ 085839 PCT/1B02/01146 72 238.3mmol) in THE (75nmL) maintaining the

t enperature between 5-15C. A sol ution of

(1R 5R) - bwoyelogqs3e 2. 0] hept an- 6- one (preparation | A) (25g, Pc2AB0%rma ) in
THE (150nl) was added maintaining the tenperature between 5- 15C. The
reaction mxture was stirred at anbi enéz tenperature for 30 mnutes then 5
wat er (100nm.) added. The phases were s }Bar ated and the organic |ayer
containing the titIe conmpound was used directly in the next step. 'H NWR
(400 MHz, CDA 3): 8 = 5.55 (1H, d), 4.15 (2H, q), 3.40 (1H, m, 3.20 (1H,
m, 2.90 (ll-mEPARZX”HE)NZSH m, 1.8-1.5 (5H m, 1.30 (3H t). 10

PREPARATI ON h 6S) - [6- s .2. 0] hept-6-yl]
acetate piled ' | =t Jacgtic B¥'€paration 30
(assum ng 40. 99 of conmpound in a tot aI voI une of 225rrL) was diluted with
THE (270nl). TBAF. 3H20 (93.1g; 295.0mmol) and MeNQ(err) (453.9mmmol) were
added and the solution heated at refl y%%Nsr 4 hours. The reaction m xture
was cool ed and concentrated under ed cedcgpessure. Tol uene (330n) was
added and the 20 bi phasic m xture di th wat er (165m), 2M ag. Hd
(165nL + 1 OOM.) and then further t (*65nL) . The product-contai ni ng

tol uene | ayer was dried over MSO4 and concentrated under reduced pressure
to give fhe titl @rxﬂmﬂmnuetcb:asdeﬁmt)@@tistnﬁdemsz(e%%s(inritgrsomtmheﬂshe). " H NVR
(400 MHz, CDd 3) = 4. 80 ((OH, r}) 4.15 (2H, . m, 2.85 (1H m,k .2.65 25
(1H, ), 2.58eq mreparathl% 0018, 2} mmob) in dighforpimgghang (Sml)as A °G ) .

P O ARl 8 t%‘fﬁ%‘m ek il BRI 2ot ©

hours. The mixture was washed with saturated aqueous sodium hydrogen

carbonate solution and then extracted with ethyl 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 (MgS0O,) and the solvent removed under reduced pressure. The
residue was purified by chromatography (SiO,, 6:4 heptane/ethyl acetate) to give
0.47 g of acid as a yellow oil. |

15 'H-NMR (400 MHz, CDCl): 6 = 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 (2E)-(1R.5R)-bicyclo[3.2.0Thept-6-ylidene acetate/ ethyl (22)-(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;



NOZ CO2H A solution of the nitro ester of preparation 31 (200g;
828.9mmol ) in THE 5 (1.0L) was conbined with 2M aq. NaCH (1.04L; 2.08nvl)
and stirrwooansmssbi ent tenperature for 18 hours. The bi plrasitBomi1xdeur e was
diluted with toluene (500nL) and the |ayers separated. The aqueous was
adjusted to pH 1-3 with conc. agq. HC 7§nd extracted with CH2A 2 (1.0L +
600nmL) . The conbi ned product-contai ning”™ CH2O 2 | ayers were concentrat ed
under reduced pressure to yield the title 10 conmpound as an orange oil,
which set to a solid (163.4g). 'H NVR (400 MHz, CDCl 3): (err) = 4.80 (2H,
n, 2.85 (1H3%¥mmleh THH, (7Hnl)2nadtaifing Hhe tgmpetat8s bdiMeem)S-15FC7A (2H, ),

1.6-1.4(4H, ... PREPA 31 . BRS, 6SRSpi )
[ bi cycl (()[ 3. 2%]“]‘1%t gﬁﬁy’{gﬂ)g%yrc [ééﬁ?ﬁ‘q’é‘m—' 1HBC p!'({DPePRH“Bn THY nf43%ester of
prepar at i on 234 ofnhd1Pth THE -(QS(Eﬂgglv)lasV\ﬁﬁlﬁ RERIniNY theRENAGurd BetReth 5-at 25 C

over N ckel sponge catal yst er an atnosphere of 20 hydrogen gas at 345
kPa (50 p.s.15°Q. ThafreamtioR4miktuse waestirstdadt pmibiend ermpenatyredob§0 mimdtes them on

t hrough Arbocel d the, solyent evapor at ed d d re. Th
st oo S s T bhEoRs  ibeSer ol o Seraraed Sl b SR D Goatme | het am
(4.76 9). YR O QR34 RGTbBOR A} $Bthe A dibVR (400 Mz, CDOI3): S =
5.86 (11-1, br. s), 3.40 (2H, s), 2.79-2.70 (IH, m, 2.54-2.47 (1H, m,
2.32 (1H, d)‘H-m4fR2(4(01)I-MHIz) CDE19) 38 E1H5S d)H, d), 86-51(280) ),33H40 (hhl, m),. 520 1. 38

(A, ) M SR Sy, 590 G P bt 2 o) M o

10 PREPARATION 31
Ethyl (1R,5R.6S)-[6-(nitromethyl)bicyclo[3.2.0]hept-6-yllacetate

ay \NO

CO,Et

2

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. HC] (165mL + 100mL) and
then further water (165mL). The product-containing toluene layer was dried over
MgSO4 aﬁd concentrated under reduced pressure to give the title compound as a
red/brown oil (90% (over 2 steps)).

'H-NMR (400 MHz, CDCls): & = 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, t).

PREPARATION 32
(1R,5R.6S)-[6-(nitromethy])bicyclo[3.2.0Thept-6-yl]acetic acid




[(err)]D -28.4 (25C) Pharmaceutical Conposition Exanples 10 In the

foll ow ng Exanpl es, the active conpound can be any conpound of formula

| - XXV anaworo2asysbar maceuti cal ly acceptabl e salt, sol vate, Pam/IB02/01146
physiologically functional derivative thereof. (i) Tablet conmpositions 15
The foll ow ng conmpositions A and B can Qe prepared by wet granul ation of
ingredients (a) to (c) and (a) to (d) th a solution of povidone, followed
by addition of the nagnesi um stearate and conpression. 20 Conposition A
ng/tablet ng/tablet (a) Active ingredient 250 250 (b) Lactose B.P. 210 26
(c) Sodium Starch dycollate 20 12 25 (d) Povidone B.P. 15 9 (e) Magnesium
Stearate 5 3 500 300 Conposition Bt ng/tablet ng/table 30 (a) Active

i ngredi ent 250 250 WD 02/ 085839 PCT/, 2/ 01146 75 (b) Lactose 150 150 -
(c) Avicel PH 101 60 26 (d) Sodium rch Gycollate 20 12 (e) Povidone

B.P. 1
59 o,

CO,H

A solution of the nitro ester of preparation 31 (200g; 828.9mmol) in THF
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. HCI
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.6SR)-Spiro[bicyclo[3.2.0]heptane-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 (Si0,, ethyl acetate) to give the lactam (4.76
g)-



5 (f) Magnesium Stearate 5 3 500 300 Conposition C ng/tablet 10 Active
I ngredi ent 100 Lactose 200 Starch 50 Povidone 5 Magnesium Stearate 4 15
359 The Wolokosésag conpositions D and E can be prepared bycditBexdii4e
conpression of the adm xed ingredients. The |actose used in formulation E
is of the direct conpression type. 20 fonposition D ng/table t Active
I ngredi ent 250 25 Magnesium Stearate 4 Pregel atinised Starch NF 15 146
400 Conposition E ng/table t 30 Active ingredient 250 Magnesi um St earate
5 WO 02/085839 PCT/|B02/01146 76 Lactose 145

H-NMR (400 MHz, CDCl3): 6 = 5.86 (1H, br. s), 3.40 (2H, s), 2.79-2.70 (1H,

m), 2.54-2.47 (1H, m), 2.32 (1H, d), 2.12 (1H, t), 2.03 (1H, d), 1.86-1.60 (3H,
m), 1.57-1.38 (4H, m).
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%.
[a]p —28.4° (25°C)

Pharmaceutical Composition Examples

10  In the following Examples, the active compound can be any compound of formula
[-XXYV 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 (c) and (a) to (d) with a solution of povidone, followed by

addition of the magnesium stearate and compression.

20  Composition A

meg/tablet mg/tablet

(a)  Active ingredient 250 250
(b) Lactose B.P. ‘ 210 26
(¢) Sodium Starch Glycollate 20 12
25 (d) Povidone B.P. 15 9
(e) Magnesium Stearate S 3
500 300
Composition B

mg/tablet me/tablet

30
(a) Active ingredient 250 250



Avicel 100 500 5 Conposition F (Controlled rel ease conposition) t
ng/table (a) Active ingredient 500 (b) Hydroxypropyl nethylcellul ose 112

10 (Met howel02kd3¢3%r ermi um) (c) Lactose B.P. 53 (d) Povi dorr€TBBR2/G1428 (€)
Magnesi um Stearate 7 700 15 The conposition can be prepared by wet

granul ation of ingredients (a) to (c) wkth a solution of povidone,

foll owed by addition of the magnesi um stearate and conpression. 20
Conposition G (Enteric-coated tablet) Enteric-coated tablets of Conposition
C can be preE)ared by coating the tablets wth 25ng/tablet of an enteric
pol ymer such(tds Ea¢tbsd ob¥ acetate phth¥ ate, pol yvinyl acetate phthal ate,
hydr oxypr opy t hyl - | yJ;0se pht hal atge, or anionic pol yners

of i net hacryl {Cgea%%geggg llrylal\t hacrylic acéféd nmet hyl est erZZ%( Eudragit L). Except
for Eudragi (d)L, SodrseSpedty@Bisliaboul 2@l so include 16 (by wei ght of the
gquantity of pol 3{Jrre_r used) of a plasticizer to prevent nenbrane cracking
during ~appl$cathioyiions storage. Sulable plasticiZers include diethyl
pht hal at g, t(ﬁl b‘NIé@nesiﬁHﬁt@ﬁrﬁteand triagetin. 30 WO 024085839 PCT/1B02/01146
77 “— —

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



Conposition H (Enteric-coated controlled rel ease tablet) Enteric-coated
tabl ets of Conposition F can be prepared by coating the tablets wth
50ny/ t abl wo cafosmag ent eri ¢ pol ymer such as cel |l ul ose acet atreTpgBohahst e, 5
pol yvi nyl acet at e pht hal ate, hydroxypropyl net hyl - cel |l ul ose phthal ate, or
anionic polyners of nethacrylic acid ggd met hacrylic acid nmethyl ester
(Eudgragit L). Except for Eudgragit L,/“these polyners should al so include
10% (by wei ght of the quantity of polynmer used) of a plasticizer to
prevent nenbrane cracking during application or on storage. Suitable

pl asti ci zer sLastedeude di et hyl phthalat®&Stributyl 10 citrate and triacetin.
(1i1) Capsule,conpositions 15 Conposition A Capsules can be prepared by
adm xi ng t he®§t edi ents of Conpositi D above and filling two-part hard
gelatin capsules with the resulting gpyture. Conposition B (infra) may be
prepared in a simlar manner. 20 Conposition B ng/capsule (a) Active

i ngredi ent 250 25 (b) Lactose B.P. 143 (c) Sodium Starch dycollate 25
(d) Magg;si um Stearate 2 420 30 Conposition C ng/capsul e WO 02/ 085839
PCT/1B027 01146 78 (a) Active ingredient 250 (b) Macrogol 4000 BP 350 600

Composition F (Controlled release composition)

mg/tablet
(a) Active ingredient 500
(b) Hydroxypropylmethylcellulose 112
10 (Methocel K4M Premium)
(c) Lactose B.P. 53
(d) Povidone B.P.C. 28
(e) Magnesium Stearate 7
700
15

The composition can be prepared by wet granulation of ingredients (a) to (¢) 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 25mgj/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 Eudragit 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



5 Capsul es can be prepared by nelting the Macrogol 4000 BP, dispersing the
active ingredient in the nelt and filling tw-part hard gelatin capsul es

t her ewi t hwo o@os380%i ti on D 10 nyg/capsul e Active ingredi entrC2ABo02/d1eai t hi n
100 Arachis Gl 100 15 450 Capsules can be prepared by dispersing the
active ingredient in the lecithin and rachis oil and filling soft,

el astic gelatin capsules with the dispg?sion. Conposition E (Controll ed
rel ease capsule) 20 nyg/capsule (a) Active ingredient 250 (b)

M crocrystalline Cellulose 125 (c) Lactose BP 125 25 (d) Ethyl Cellul ose
13 513 The €o i plan redgendralle gadedablol) can be prepared by
extrudi ng m xed |ngred|ents (a) to (c) u3|ng an extruder, then

spheroni sing and drying the 30 extrudate. The dried peIIets are coated with
a rel ease confdrRldohiRd tAREHLATBM ;;saitio@r«@aﬁ bé t&egaﬂea% cbmx Btablt@rd gel atin
capsul es. WD 02/ 085839 PCT/|B02/01146 79 osition Enterlc capsul e)
nmy/ capsul e With)SO0mg/iablet phayr endereapolymer wch By CMU@SG@PVQQG@IhFha&Fée,CeI | ul ose 125
(c) Lactgse

pgf)yvmy?acetate phthalate, hydroxypropylmethyl- cellulose phthalate, or anionic
polymers of methacrylic acid and methacrylic acid methyl ester (Eudgragit L).
Except for Eudgragit 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

10  citrate and triacetin.

(i1) 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
() Sodium Starch Glycollate 25
(d) Magnesium Stearate 2
420

30 Composition C

mg/capsule



(d) Cellul ose Acetate Phthalate 50 (e) Diethyl Phthalat 5 555 10 The
enteric capsul e conposition can be prepared by extruding m xed ingredients
(a) to (cwousiosgg3an extruder, then spheronising and dryi n@crhBoextsudat e.
The dried pellets are coated with an enteric nmenbrane (d) containing a

pl asticizer (e) and filled into tmo-pggt hard gel ati n capsul es. 15
Conposition G (Enteric-coated controll rel ease capsule) Enteric capsul es
of Conposition E can be prepared by coating the controlled- rel ease pellets
wi th 50ng/ capsul e of an enteric polynmer such as cellul ose acetate 20

pht hal at e, polyvinylacetate pht hal at e, hydroxypropyl net hyl cel | ul ose
pht hal ate, o anlg % Ei of nethacry%% acid and nethacrylic acid
met hyl est er & Eud 8%Yq EfS 1M  cept for Eud %it L, these pol yners shoul d
al so incIudg,lO@@JgabgU¢uqm;Bpf t he quant sy of pol yner used) or a

pl asticizer to prevent nenbrane cracking during application or on storage.
Suitabl e plasticizers include diethyl pht&8Pate, 25 tributyl citrate and
triacetig. (tii) Intravenous injection conposition 30 Active ingredient

0. 2009 terile, pyrogen-free phosphate buffer (pH 9.0) to 10 m WO

02/ 085839 PChp$UBE a2 bt pecpafiid bvlﬁelaﬁgithethagg@lddontBH dispesa tedctive nost  of

t he phosphate buffer at 35-40 then nade up to volune and filtered
through a singredigntin thegpeli é‘@ﬁllhpél’f“’?ﬁ% haxdegslatin cappleg th@leél‘égl vials (Type 1)
which are sealed with sterile closures and overseals. 5 (iv) Intranuscular

i njection conposition Active ingredient 0.20 ¢
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 Cellulose 125
(©) 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 controlling membrane (d)

and filled into two-part, hard gelatin capsules.



10 Benzyl Al cohol 0.10 g dycofurol 75 1.45 g Wter for Injection gq.s. to
3.00 M The active ingredient is dissolved in the glycofurol. The benzyl

al cohol iwotdhmess3d5 added and di ssol ved, and water added treTABM/011dche

m xture is then filtered through a sterile mcropore filter and sealed in
sterile 3 mM glass vials (Type 1). (V)sg3yrup conposition 20 Active

i ngredient 0.25g Sorbitol Solution 1. ggg A ycerol 1.00g Sodium Benzoate
0.005g Flavour 0.0125m 25 Purified Water gq.s. to 5.0m The sodium
benzoate is dissolved in a portion of the purified water and the sorbitol
sol ution added. The active ingredient is added and di ssol ved. The

resul ting solution. 1jo§1 ! ?%c"@ats*hlthe gl ycerol and then nmade up to the
requi r ed 30@%&%—\%{3%i ed water. WD 02/ 085839 PCT/|B02/ 01146
81 (vi) Suppository conposition ng/supposit @igycapAdti ve ingredient 250 5

Hard Fat, BP (Wtepsol H15 - Dynamit NoBel) 1770 2020 0 One-fifth of the
Wt epsol H153) s rsgtivedngrgdignist eam j acket ed pan 20 45 C maxi num The active

i ngredi et i(ghsi fﬁlﬁqo%?{t&ﬂﬂgcgllﬁggelm sieve and gdded to the 10 nolten base
g a

with m xing, usin verson fitted with a cutting head, until a O
(c) Lactose BP 125
(d) Cellulose Acetate Phthalate 50
(e) Diethyl Phthalat S
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
Sterile, pyrogen-free phosphate buffer (pH 9.0) to 10 ml



snmoot h di spersion is achieved. Maintaining the mxture at 45 C, the

remai ning Wtepsol HL5 is added to the suspension which is stirred to
ensure a WoOrmQesseus mnx. The entire suspension is then pasvadoyhineugh a
2501m st ai nl ess steel screen 0 and, with continuous stirring, allowed to
cool to 40 C. At a tenperature of 38- % 15 40 C, 2.02g aliquots of the

m xture are filled into suitable plasti nDuIds and the suppositories
allowed to cool to roomtenperature. (vii) Pessary conposition messay 20
Active ingredient (631n) 250 Anhydrous Dextrose 380 Potato Starch 363
Magnesi um Stearate 7 1000 25 The above ingredients are m xed directly and
pessaries prepared by conpression of the resulting nixture (viii)

Transder nal ol 30, AGt | ! Pl% i
PCT/IBOZ/Ollggggggkﬁ?%gﬂgﬁt%ﬁ%*%@?d §§ ?giﬁ%gﬁgﬁtce ul gggaghe active
i ngredi ent dlmoh rahdmipctb voBhaarel filkdredthrovghha ktgdleonicedpoye filted into sbgdeand 5

packed in a der g%i?w e.wth a rface area of 10c¢cn®R. Bi ol ogi cal
ot s The coBORNEES M asiprS Siciate fealith wi Sefle osirorriad PEREAT gand

bi ndi ng gssay described herein and were found to have binding affinities
of 46.8 and 600nM

(iv) Intramuscular injection composition

Active ingredient 020g
10 Benzyl Alcohol 0.10g

Glycofurol 75 145¢

Water for Injection g.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 0.25g
Sorbitol Solution 1.50g
Glycerol 1.00g
Sodium Benzoate 0.005g
Flavour 0.0125ml

25  Purified Watér g.s. 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.



10 respectively. WO 02/085839 PCT/1B02/01146 83 CLAIMS 1. A conmpound of
any of the fornmulae |I - XXV: HO2C NH2 HRC f NH 2 HO2C NH H2C NI -12 2
Rl R2 R1 wom2/03683R1 R2 R1L R2 (1) (Il) (I1l11) (1V) HO 2C NeZTHERDINKZ HO2C
NH2 H2Cj R RLRLRIRL R R R R (V) (M) (M) (MI1) HN H2N H2N1
H2ZN Ho2C "J " HO2C'.~',. HRC HRC --gt~ (IX) (X)) (X) (XI1) H 2 HOC NH
HO2C NH2 HO 2C N 1-12 HO 2C NH HO2C , i 2 RL..,. ,,,RR,,.. " RRRRR
R RL R (XIII) (XIV) (XV) (XVI) 5 (XVIl) H2N H2N H2N, H2N HO2C H02C HOC

m C . . -
(vi) Suppository composition

mg/suppository
Active ingredient 250
5  Hard Fat, BP (Witepsol H15 - Dynamit NoBel) 1770

2020

)
One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 45 C
maximum. The active ingredient is sifted through a 200lm sieve and added to the

10  molten base with mixing, using a Silverson fitted with a cutting head, until a

. N . o ..
smooth dispersion is achieved. Maintaining the mixture at 45 C, the remaining
Witepsol H15 is added to the suspension which is stirred to ensure a homogenous

mix. The entire suspension is then passed through a 250lm stainless steel screen
. . 0
and, with continuous stirring, allowed to cool to 40 C. At a temperature of 38-

0
15 40 C, 2.02g aliquots of the mixture are filled into suitable plastic moulds and the

suppositories allowed to cool to room temperature.

(vii) Pessary composition

mg/pessary
20  Active ingredient (631lm) 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



XVITT XIX XX XXI H2ZN H2ZN H2ZNW Hi2ZN  HO2C HO2C~ HO2C HOC \ XXI'I XXI | |
XXI'V XXV wherein R and R2 are each independently sel ected from hydrogen,
strai ght wo darosssened al kyl of 1-6 carbon atons, cycl oal kylpcafiBbz/@mie3- 6
carbon atons, phenyl and benzyl, subject to the proviso that except in the
10 case of a tricyclooctane conmpound of ,formula (XVI1) R and R2 are not WO
02/ 085839 PCT/1B02/ 01146 84 si nul taneéasl y hydrogen; or a pharmaceutically
acceptabl e salt or solvate thereof; or a prodrug thereof. 2. A conpound
according to claim1, wherein RL and R2 both represent 5 methyl. 3. A
conpound accAlaholgUSB claim 1l or 2 or a saDflmlsol vate or prodrug thereof,

selected fro -Am nonet hyl -1, 5 -dinethyl-bicyclo [ 3.2. 0]
hept-3 -yl)- glé’g‘goﬁ‘éfetﬁilcf’egb‘foﬁe

((1S, 5R) - 3- Ami nonet hyl -1, 5- di net hyl - bi cycl o[ 3. 2. 0] hept - 3-yl )-acetic acid;
((1 R5 5)-3-Am norrethyl-6 6- di ITEtII}y|-bI cyclo [3.1.0] hex- 3- ¥I) acetic

acid; 15 ((Ihsaan)&legrﬁmenbmaﬂwhos SPdraralled Iwith ]%‘bj,d(t‘lﬁt){eﬂlyl gellulose and

0] hex- 3- | )-acetic acid; ((1S,2S,5R)-2-Am nonet hyI , 6-di met hyl - bi cycl of 3.
1. 0] hex-é ypycl@ééx@ péranggg:paal device with a surface area of 10¢m?2.

((1R 2S, 5S) - 2- Am nonet hyl - 6, 6-di et hyl - bi cycl o[ 3. 1. 0] hex-2-yl )-acetic 20
acid; ((1 S, 2R 5R)-2-Am nonet hyl -6, 6-di net hyl - bi cycl o
[ 3. 1. 0] hex- Bigib¥icaldadtac

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.



acid; ((1 R 2R 5 S)-2-Am nonet hyl -6, 6-di met hyl - bi cycl o

[3.1.0] hex-2-yl)-acetic acid; 25

((1R, 5R, 6p-Grgsssnonet hyl - bi cycl o 3. 2. 0] hept - 6-yl ) - acet i c paaitd92/01446l

S, 5S, 6S) - 6- Ami nonet hyl - bi cycl o[ 3. 2. 0] hept-6-yl)-acetic acid;

((I'R 5R 6R)-6- Am nonet hyl - bi cycl o[ 3. 2. (@] hept-6-yl)-acetic aC|d ((1s, 5
S, 6R) - 6- Am nonet hyl -bi cyclo [ 3. 2. O]hept 6-yl)-acetic acid; cis-((1

S, 2R, 4S, 5R) - 3- Ami nonet hyl - 2, 4- di et hyl - bi cycl o[ 3. 2. 0] hept - 3- yI) 30 acetic
acid; WD 02/ 085839 PCT/ 1 B02/ 01146 85 trans- ((1

S, 2R, 4S, 5R) - 3- Ani nonet hyl - 2, 4- di met hﬂWM@cl 0[3.2.0] hept-3-yl)- acetic
acid; ((1 S,5R 6S,7R)-3-Am norret hyl - - di et hyl - bi cycl o[ 3. 2. 0] hept-3-yl) -
acetic acid; 5 ((1

S, 5R, 6R, 7S) -13- AmiAestapdiinkd-of ady df thettbyhuldd CYXKY: 3. 2. 0] hept - 3-yl ) - acetic
acid; ((1 R2S,5 S)-7-Am nonet hyl -3, 3-dinmethyl-tricyclo
[3.3.0.0]oct-7-yl)-acetic acid: ((1

R, 6R, 7S) - 7Amnorrethy| cyg! o[ Ae,2. Olugct - 7-yl ) - ace agi,d; 10 ((1

S, 6S, 7S) - 7- Ani nonet hy '™ t?::c)(jﬁzi o[ 4. Toct- -Z§I )N*hceH)% %

((1R, 6R, 7R) - 7- Ami nonet hy g i cycl o] . 0] oct -Kyl )-ace{i aci d;

((1S, 6S, 7R) - 7- Am nonet gy.k=hirey C |ROF? RIO] oct \7-/yl ) -acetiL acid;

((1R, 7R, 8S) - 8- Ami nonet hy i cycl o["TZ O] non- & vyl )-acethc acid; ((1

S, 7S, 8S) - 8- Ani nomret hyl - bi cycl o[ 5. 2. 0] non- 8-Rfl R2aceti® a4 d; 15 ((1 R

7R, 8R)- 8 - Am nonet hyl - bilcycl o [ 512. 0] non-@ryl)-acetive acid; and ((1
S, 7S, 8R) - 8- Am nonet hyl - bi cycl o[ 5. 2. 0] non-8-yl)-acetic acid. 4. A conpound
according to any one of clainms 1-3 or a sglct soI vat e Offy, prodrug thereof,

sel ected from Hozc,flm NH, Hoch”' NH, ~ HO, ‘\‘J H, L
__:',';',(R1 R1 [ R R1
R2 R2 R2 R2
v v Vi) Vil
HN, HN
HO,C., ‘:[ >HOC \b:> HO,C., ,E[ > HO,C. ,EC
(1X) X) (X1) (X1t
HO.C THZ H02Cl: NH, NH, THZ
R1. . wR2 N m’g‘“‘Rz
‘R2 R2 R k2
i) (XIv) XV) XVI)
5 (XVI)
E D F:O VD) - Cv:(j
XVIII
E o E@ 'EO
:> \,D :> HO,C. :

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 (XVII) R' and R? are not



20 [ (1R 5R 6S)-6- (Am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 6-yl ] aceti c aci d;
[ (1S, 5S, 6R) - 6- (Am nonet hyl ) bi cycl o[ 3. 2. 0] hept - 6-yl ] acetic acid;

[ (1RS, 5RSVORGH8B3¢ Ami nonet hyl ) bi cycl o 3. 2. 0] hept - 6- yl | acetrca/iaci/a146

[ (1RS, 6RS, 7SR) - 7- (Am nonet hyl ) bi cycl o[ 4. 2. 0] oct-7-yl ] acetic acid; and

[ (1RS, 6RS, 7RS) - 7- (Am nomet hyl ) bi cycl o[ 442. O] oct-7-yl]acetic acid. 25 5. A
conpound according to any one of clains 1-4 or a salt, solvate or prodrug
t hereof, which is [(1R 5R, 6S)-6-

(Am nomet hyl ) bi cycl of 3. 2. 0] hept - 6- yI@&aceti c acid. WD 02/085839

PCT/ | 502/011m@1u1®ae®slyAhwﬁr@lgﬁmcenta prigasafinadly | agsepteblsr st g eplvate

t her apeuti cah eo(%fg aﬁroéfr% (RIRYt of a conpound according to any one of
claims 1-5 an I Imac cally acceptable carrier. 5 7. Use of a
conmpound accor d| ng to any one of clainms 1-5 as a nedicanment. 8. A nethod
for treati n% a di sease sel| ected fromepil epsy, faintness attacks,

hypoki nesi a,2- cr arft £PIgPYRst @esosding dar Jergyd néyhisrsin R ‘drach R ebath IgR§PE si on,
anxi ety, cpani c, Qﬂé%l rritabl e bowel syndrome, sleep disorders, 10
osteoarthritis, e toid arthritis, neuropathol ogi cal disor der s, visceral
pai n, functional bovvel di sorders, inflammtory bowel diseases, pain

associ at ed th srrenorrhea el vic,pain, cyst cre titis,

conpri sing \gdm ni‘s FEPPHY! ei‘cfﬂgﬁ‘&ﬁ%ﬁ{%f‘gjlqr); (Efafséhﬁ @t%ﬂ’ﬂﬁﬁ{f ®0le ompound
according to any (pReelfronl.ai m8 1-5 to a mammal in need of sai d 15
treatnment. 9. A nmethod according to claim7 where the disease is

neur opat hi ¢ pai n.((1RSkEdnshomethyhrpSrhoethyl-bicacloBd2.Dihephy-ybfacetiai ns 1-5 in
t he mamibacture of. @ 20 medicanent for the treatnent of a di sease sel ected
from epilepsy, f &Fik ness attacks, hypokinesia, cranial disorders,

B eur odegener at i VQfl@ SRy ﬂ%ﬁmome@]pr €5SdiMBthyRBielyE10)3.2 DRItbE3-yPRddatic | rri t abl e
owel syndrone, eep disorders,

acid;
((1R,5S)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic
acid;

15 ((1S,5R)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic
acid;
((1S,28,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]Thex-2-yl)-acetic
acid;
((1R,28,5S)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic

20 acid;
((1S,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;

25 ((1R,5R,6S)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;
(1 S,’5S,6S)-6—Aminomethy1-bicyclo[3 .2.0]hept-6-yl)-acetic acid;
((1R,5R,6R)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;
((1S,5S,6R)-6-Aminomethyl-bicyclo[3.2.0]Thept-6-yl)-acetic acid;
cis-((1S,2R,4S,5R)-3-Aminomethyl-2,4-dimethyl-bicyclo[3.2.0]hept-3-yl)-

30 acetic acid;



osteoarthritis, rheumatoid arthritis, neuropathol ogical disorders, visceral
pain, functional bowel disorders, inflamuatory bowel diseases, pain 25
associ at ewowekssdysnenor r hea, pelvic pain, cystitis and pacarBetotides. 11.
Use according to claim9 where the disease is neuropathic pain. 12. A
process for the preparation of a corrpo%%d according to any of clainms 1- 30
5, conprising: WO 02/085839 PCT/1B02/ 0146 87 (i) Acid treatnent of the
correspondi ng i socyanate / al kyl of 1-6 carbon atons carboxylic acid ester
derivative; (ii) Hydrolysis of the corresponding cyclic lactam (iii)
Reducti on of t heamsf(t $2ReISNR)g3-Antinométhgt2 d-dmethyibicyelo[3R0fHeptyByylbe 5
optionally unsaturated; or (iv) Reduction of the corresponding nitro /
benzyl or di B‘?Fé‘ﬁff:‘g]ét hyl ester derivative, which nay be optionally

unsaturated. 10 ((18,5R,6S,7R)-3-Aminomethyl-6,7-dimethyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid;

5 ((1S,5R,6R,7S)-3-Aminomethyl-6,7-dimethyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid;
((1R,28,5S)-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 ((15,6S,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,
((18,6S,7R)-7-Aminomethyl-bicyclo[4.2.0]oct-7-yl)-acetic acid,;
((1R,7R,8S)-8-Aminomethyl-bicyclo[5.2.0]non-8-yl)-acetic acid;
((18,78S,8S)-8-Aminomethyl-bicyclo[5.2.0]non-8-yl)-acetic acid,;

15 ((1R,7R,8R)-8-Aminomethyl-bicyclo[5.2.0]non-8-yl)-acetic acid; and
((1S,7S,8R)-8-Aminomethyl-bicyclo{5.2.0]non-8-yl)-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,6S)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid;
[(1S,58,6R)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid,
[(1IRS,5RS,6RS)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid,
[(1IRS,6RS,7SR)-7-(Aminomethyl)bicyclo[4.2.0]oct-7-yl]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,6S)-6-
(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid.
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6.

86

A pharmaceutical composition comprising a therapeutically effective

amount of a compound according to any one of claims 1-5 and a

10.

11.

12.

pharmaceutically acceptable carrier.

Use of a compound according to any one of claims 1-5 as a medicament.

A method for treating a disease selected from epilepsy, faintness attacks,
hypokinesia, cranial disorders, neurodegenerative disorders, depression,
anxiety, panic, pain, irritable bowel syndrome, sleep disorders,
osteoarthritis, rheumatoid arthritis, neuropathological disorders, visceral
pain, functional bowel disorders, inflammatory bowel diseases, pain
associated with dysmenorrhea, pelvic pain, cystitis and pancreatitis,
comprising administering a therapeutically effective amount of a
compound according to any one of claims 1-5 to a mammal in need of said

tfreatment.

A method according to claim 7 where the disease is neuropathic pain.

Use of a compound as claimed in any of claims 1-5 in the manufacture of a
medicament for the treatment of a disease selected from epilepsy, faintness
attacks, hypokinesia, cranial disorders, neurodegenerative disorders,
depression, anxiety, panic, pain, irritable bowel syndrome, sleep disorders,
osteoarthritis, rheumatoid arthritis, neuropathological disorders, visceral
pain, functional bowel disorders, inflammatory bowel diseases, pain

associated with dysmenorrhea, pelvic pain, cystitis and pancreatitis.

Use according to claim 9 where the disease is neuropathic pain.

A process for the preparation of a compound according to any of claims 1-

5, comprising:



WO 02/085839 PCT/IB02/01146

87

(1) Acid treatment of the corresponding isocyanate / alkyl of 1-6 carbon
atoms carboxylic acid ester derivative;
(11) Hydrolysis of the corresponding cyclic lactam,;
(ii1) Reduction of the corresponding nitro / acid derivative, which may be
5 optionally unsaturated; or
(1iv) Reduction of the corresponding nitro / benzyl or diphenylmethyl ester

derivative, which may be optionally unsaturated.

10



