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faintness attacks, hypokinesia, cranial disorders, neurodegenerative disorders, depression, anxiety, panic, pain, arthritis, neuropatho-
logical disorders, sleep disorders, visceral pain disorders, and gastrointestinal disorders. Processes for the preparation of the final
products and intermediates useful in the process are included. Pharmaceutical compositions containing cne or more of the com-
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pounds are al so included. 18 Cctober 2005 WO 021085839 PCT/ 1B02/ 01146 1
FUSED BI CYCLIC OR TRICYCLIC AMNO ACIDS . FIELD OF THE | RVEr®bORU® Thi s
invention relates to novel cyclic am no derivatives useful as
pharmaceutical agents, to processes for their production, to pharmaceuti cal
conmposi t iPRgeRRLai Ning them and to their use for thepéf@ﬁ%lﬁrﬁgﬁt of the
conditions 'set out below It also relates to bicyclic an ricyclic

ket ones useful as internediates in the production of the aforesaid
conpounds. 10 BACKGROUND TO THE | NVENTI ON Gabapentin (Neurontin(r)) is an
anti-convul sant agent that is useful in the treatnent of epilepsy and that
has recently been shown to be a potential treatnent 15 for neurogenic pain.
It is 1-(am nonet hyl pUSED BIOERVIGORITRICRCLIC aMmBIgAcg al  fornul a:
Gabapentin is one of a series of compounds of fornula 20 O

H2N- CH2- G- CH2- 00081 | ) (CH2)n in which Rl is hydrogen or a |ower alkyl
radical and n is 4, 5, or 6pEhesf T Ner e described US-A-4024175
and its divisional US-A-408 : ed uses are: protection
agai nst thi osem carbazi de-i nduced cranp; 25 protection against cardiazole

cranp; the cerebtal .di spase epi | epsy, faintness .attacks ypoki nesi a,
and crangl]al tratﬁ’éﬁs ;mva?ﬁgoq ﬁ%‘?t(??/etﬂeﬂ‘g’e?/rfy‘éllfr & dieﬂ%‘tv%ﬁ@éfquom ober 2005
WO 02/ 0858 3fhalfabkhtBAL/a@dt€} 610 processes for their production, to pharmaceutical

compositions containing them, and to their use for the treatment of the conditions

set out below. It also relates to bicyclic and tricyclic ketones useful as
intermediates in the production of the aforesaid compounds.
10
BACKGROUND TO THE INVENTION

Gabapentin (Neurontin®) is an anti-convulsant agent that is useful in the
treatment of epilepsy and that has recently been shown to be a potential treatment
15  for neurogenic pain. It is 1-(aminomethyl)-cyclohexylacetic acid of structural
formuia:
NH, COH

Gabapentin is one of a series of compounds of formula

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

20 (CHZ)n -

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

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



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

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

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

ot ot uge or SRt Fier OB nfbOMCOREEY e Bl RS SRABRAF b Bibiva5"S wner ei n
Tay be 'ngt&2?52@?”@mmmeﬂ?met}”g???édmmﬂlﬁﬁ?? bt n Thoas of Formil a6
Im_a?/v abov ]é’g‘ 5 &‘é"r ﬂs’PﬁﬂSEﬂéﬁeStB?fleSB’fﬁe@ ?‘{9 gﬂ@& }WSLnds are

di scl osed 3s§rnd1€ﬁib RIBYY 284 HHﬂair&hahB@%'fsﬂe@ﬁllﬁ aMAitisSTie éﬁmﬁﬂuﬁw #H&lcked Ncl udi ng
epi | epsy, faintness attacks, hypoki nesi a, crani al disorders,

neur odegenendﬂd%owlﬁﬁwd@mmﬂa depr ession, anxiety, panic, pain,
neur opat hol ogi cal disorders, and ghee O(Z:R sorders. Certain of the

R
R2
R3

R7
RS

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

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

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

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

prodrugs of formula:

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

(CHo)n (CH2)n
I



conpounds di sclosed in that patent have high activity as neasured in a

radi ol i gand bi ndi ng assay using [ 3H] gabapentin and the a28&Osteber2085 deri ved
from porcine brain tissue (Gee N.S., Brown J.P., Dissanayake V.U K.,

Oford J., 10 Thurlow R, Wodruff G N, J Biol. Chem, 1996;

271: 5879- 577 esults for sone of the conpounds are t in the

fol | ow ng&éf%?)ségﬁTABLE 1 ConpoundStructurea26 bi ndi ng 5‘??’#9%]944( M (I

a, 3a, 5(x) (3- Am nonet hyl - NH2 bi cycl o[ 3. 2. 0] hept-3-yl)-aceticCOH '-0.038 aci dO
(*/ 1-(2(x,5(3)(3-0O OH Anmi nonet hyl -2386 NH2 bicycl o[ 3. 2. 0] hept-3-yl)-acetic
acid ((1(x, 33,5a)(3-Am nonet hyl - HO2C NH2

bi cycl o] 3. 2. 0] hept-3-yl)-acetic0.332 acid 18 Qctober 2005 WO 02/085839 4

PCTI 1 BO2/ 01 1¢kerdiah§in @Rpér o HolrPNto i Wiere théfe QL 4RARLLs AhdCiares the use of
compounds of fornmula | t6 |V above for preventing and treatnent of visceral

pai n, and ga8e¥ s indepsudenty R gr Smreferred compgumvheing GoserefFormvEsFION Cer t ai n.
anal ogues ofy b gjﬂ& Lch. derd L from
(am normet hy%o- c?l%l opleéﬁ} %%gglggék?%f\g@hdyg’y‘?‘flllﬁl\éi%glr?s?)‘%dg . dlts)(%osﬁg fenbered ri ng
to being useful in treating a variety of disorders including epilepsy, faintness attacks,
5 hypokinesia, cranial disorders, neurodegenerative disorders, depression, anxiety,
panic, pain, neuropathological disorders, and sieep disorders. Certain of the

compounds disclosed in that patent have high activity as measured in a
radioligand binding assay using {3H]gabapentin and the 070 subunit derived from
porcine brain tissue (GeeN.S., BrownJ.P., Dissanayake V.U.XK., Offord].,
10 Thurlow R., Woodruff GN., J. Biol. Chem., 1996;271:5879-5776). Results for

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

TABLE 1
Compound Structure 026 binding
affinity (pM)

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




t he cycl opentane ring and which are substituted with one or nore
substituents 10 exhibit simlar high activity. Al so, am n8Capbel0®ased on
bi cycl g[ 3. 2. 0] heptane, bicyclo[4.2.0] octane and bicycl nane in
whi ch Y%%“%m? 3 and carboxyl noieties are attached to 3&%5%%2@h@9atons of
the four-nmenbered ring exhibit high activity. 15 An enbodi nent of the
present invention may provide bicycld#c amno acid anal ogues and their
derivatives, prodrugs, and pharmaceutically acceptable salts and solvates
useful in the treatnment of a variety of disorders including epilepsy,
faintness altgeks: DYARKEOES hanbG! a0 b1 Linde! dsolBly" aengeneyt i ve

di sorders, depression,” anxiety, panic, pain, sleep disorders,

ost eoar t hcbinpsundshefUforinalad) as TVirdtoive ,foapebvattime and peptro¢rdgifcabeetdilsor der s.
The conpounds provi ded may .al so be useful in the treatnent of visceral

pai n, fud@FLGHQEN%EW@F“HPXQ$H@?§-such as gastro-esophageal reflex,
dyspepsia, irritable bowel syndrone and functional abdom nal pain

syndronme, and inflammatory bowel diseases such as Crohn's disease, ileitis,
and 6l cerative colitis, SAMMAREOR YHESINVEMIEOBMr al pain associated with

dysnenorrheal, 25 pelvic pain, cystitis and pancreatitis. They may al so be
used for the treatnment of prenenstrual syndrone. WO 02/085839 5 ¢gC

1f i WA t' 46 Accouthim @hlogesl bf Ble a5dv@Cdongfouinhe vkl eRfivedegntian provi des a
compound of any one of the forrmulae I - XXV: (1) (X) HOC NH HO2C NH, 2 j 2
Rl R2 R2 (avincaethylNeyalopgrpneacetic acid by fusion of a 3- or 4-membered nng to
the cyclopentane ring and which are substituted with one or more substituents
10 exhibit similar high activity. Also, amino acids based on bicyclo{3.2.0]heptane,
bicyclof4.2.0]octane and bicyclo[5.2.0]nonane in which the amino and carboxyl
moieties are attached to one of the atoms of the four-membered ring exhibit high

activity.

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

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

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

premenstrual syndrome.



H®2C ~,: H2C NH2 Rl.. S\ -R2 (XIIl) HO2C 1, H2 HO2C NH2 I. ' J R RLR

RLRZ (I11) H2N-- HRC ..~ (XI1) H®RC NH2 HO2C NH2 (XI V)8 5 HOC, HO
C XVI | | WRMOHBSEXVL) NHZ A R R2 (XVI1) H2N - H2N VRCHASRYE

5

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

HO,C IFH

U n

AN
R1 R2

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

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

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

pharmaceutically acceptable salt or solvate thereof.

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



HO2C = HRC_ Xi x XX H2N H2N HN HO02C: ~HO02C f__roo~ HO2C y= 1 -1. HO2C

XXI XXI'I =11 MV XXV wherein Rr and R2 are each i ndepende$ Dytobel|268 ed from
hydr ogen, straight or branched al kyl of 1-6 carbon atons, cycloal kyl of
from 3-6 carbon atons, phenyl and benzyl, subject to the proviso that

except i e of a tricyclooctane conpound of f ¢?HB 1), R and
R2 are n(r)w&ts}?[#% ?aneously hydr ogen; or a phar maceutiglgi yazé@é%['pt abl e salt

or solvate thereof. Suitable compounds (including salts, solvates and
pro-drugs thereof) can be: ((1R 5S)#63-Ani nonethyl -|

, 5-di-met hyl - bi cycl o[ 3. 2. 0] hept-3-yl)-acetic 10 acid; 18 October 2005 WO
02/ 085839 PCT/1B02/01146 6 ((1 S, 5R)-3-Am nonethyl-1,5 -dinethyl -bicyclo

[3.2.0] hept-3-yl)- qgg,ﬂlg-mﬁlﬁiouéﬁ?i-lj,'ﬁ-_dimethyl-bic clo[3.2.0]hept-3-yl?-aceﬁc _
((1R 5S) - 3- Ami nonet hyl - 6, 6-di net hyl -bi cycl'o [3.1.0] hex-3-yl)-acetic ((1
S, 5R) - 3- Ami st hyl - 6, 6- di met hyl - bi cyclo [3.1.0] hex-3-yl)-acetic acid; ((1

(T R2 s 59 TR Rep B A AR 20 T e
acid;
5 ((1S,5R)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic
acid;
((18,28,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
{(1R,28,58)-2- Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic

10 acid;

{(15,2R,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;

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

15 ((1R,5R,68)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;
((1S,58,68)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;
((1R,5R,6R)-6-Aminomethyl-bicyclo] 3.2.0]hept-6-yl)-acetic acid;
((18,58,6R)-6-Aminomethyl-bicyclof3.2.0]hept-6-yl)-acetic acid,
cis-({1S,2R,48S,5R)-3- Aminomethyi-2,4-dimethyl-bicyclo[3.2.0thept-3-yl)-

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

yl)-acetic acid;
(1 S,SR,GS,7R)—3-Aminomethyl—6,7-dimethyl;bicyclo[3 .2.0%hept-3-yl)-
acetic acid;

25 ((1S,5R,6R,7S)-3-Aminomethyl-6,7-dimethyl-bicyclo[3.2.0]bept-3-y1)-

acetic acid;

((1R,28,58)-7-Aminomethyl-3,3-dimethyl-tricyclo[ 3.3.0.0]oct-7-yl)-acetic
acid;

((1R,6R,7S)-7-Aminomethyl-bicyclo[4.2.0]oct-7-yi)-acetic acid;

30 ((1S,GS,7S)-7-Aminomethyl~bicyclo[4.2.0]oct-7-y1)-acetic acid;
((1R,6R,7R)-7-Aminomethyl-bicyclof4.2.0Joct-7-yl)-acetic acid;



cid; acid: ((1 S, 2R 5R)-2- A nonet hyl -6,

aci
6- di met hyl - bi cycl o[ 3. 1. 0] hex-2-yl)-acetic 5acid; 18 October 2005 _
((I'R 2R, 5S) - 2- Ami nonet hyl - 6, 6-di met hyl -bi cycl o[ 3. 1. 0] hex-2 yl)-acetic
((1R 5@ B)esBssm nomet hyl - bi cycl of 3. 2. 0] hept - 6-yl ) - acet ipg-1ABIH G146

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

((1R, 5R, 6R) - 6- Am nonet hyl - bi cycl of 3. % 0] hept - 6-yl)-acetic acid;

((1S, 5S, 6R) - 6- Ami nonret hyl - bi cycl o[ 3. 2. 0] hept - 6-yI )-acet i c aci d; cis-((I

S, 2R, 4S, 5R) - 3- Ami nonet hyl - 2, 4-di et hyl - bi cycl o[ 3. 2. 0] hept - 3-yl )- 20acetic
acid; trans-((!

S, 2R 4S, 5R) - 3- A(lﬂ$}6ﬁﬁWFAmmmd¢thﬂtH1Wcldzﬂ4®@]botﬁ”ByD a&]ahemld;% yl)-acetic
acid; ((1 S,5R %%@8@ 86‘ qggxg‘gtﬁw blcyclogl fg]tnox 8-)?1 —a etlco cid; 2. 0] hept - 3-y1)-

acetic acid; 2

S, 55 6(R(ZS) 3- Qs 188y 8y A nfinométhEdibydio3l Ly bR 3yi% akHaeRid; 3- Y1 ) - acetic
acl
R, 2S, 5S) - 7- Ani HOReB§R):-8- Aqnimomethy bioyelof§.2 10pie-8-yD- @]ebctacxd; aid) - acet i c

(15,85, 79" 7 AT rSRRO ey S e b b e seldo 7! © °'

((1R, 6R, 7R) - 7- Am nonet hyl - bi cycl 0[4 2.0]oct-7-yl)-acetic acid; 18 Cctober
2005 WD 02/ 08%#9 PCT/ 1B02/ 0 4}6
((1S, 6S, 7R) - 7- NHAEHEOmpoupis @}*&q Wiing saljspsalvatesand preeirnes thevegf) are:
1R, 7R, 8S) - 8. RSB aci d;
gls 7S, 88% 8- f,&gmr?omet h@(%ﬁdﬁglgécﬁ[g]fma [S%&%c%ﬁ?tgcgtl d; ((1
R 7R, 8R) - 8- Ani Kb‘ﬁr:éﬁlﬁﬂ)-%(Amyxohwﬂ@l}de}]cmﬁBLQS}]lyép)-Gaﬁ]ﬁcbﬁc aciigd; and 5

(
(
1S,{$S: 8R) - 8- I 0 tic acid. Preferred
((:E)rrpounds % i mﬁﬁ%g%ﬁ% "gﬁ) é) ﬁ%ﬁ%@ﬂ&ﬁé Z&]EB‘Q 6ta C:é’BF)"C‘IQr e:
[ (1R 5R, 6S) - 6- [((ms,ramexm)m mmnsﬂﬂ%dﬁnalclﬁf{atz Foul 108l 28E Ind

{{ IRS,6RS,7RS)-7-(Aminomethyl)bicyclo[4.2.0]oct-7-yljacetic acid.

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

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

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

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

scope of the present invention.

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

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

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

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

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



((1S,5S, 6R) - 6- (Am nonet hyl ) bi cycl o[ 3. 2. 0] hept -6-yl Jacetic acid; 10

[ (1RS, SRS, 6RS) - 6- (A nonet hyl ) bi cycl o 3. 2. 0] hept - 6- yI ] acé8 Ostohei2H95

[ (IRS, 6RS, 7SR) - 7- (Am nonet hyl ) bi cycl o[ 4.2. 0] oct-7-yl]acetic acid; and [(1
RS, 6RSWRGASEEIVAM i nomet hyl ) bi cycl o[ 4. 2. 0] oct - 7-yl ] acet i BCHREBIE01 46
particularly preferred conpound (including salts, solvates and pro-drugs
15 thereof) is [(IR 5R 6S)-6-(Am nomgt hyl ) bi cycl o[ 3. 2. 0] hept-6-yl]acetic
~acid. The present conpounds can exist in unsolvated forns as well as
solvated forns, including hydrated forns. In general, the solvated forns,

i ncl udi ng , hydrated forns, which may contain isotopic substitutions (e.qg.
D20, d6- adBt BrfEsporiing raspele usng2 sytroleghen sumporrdmvardwntbr ns and are

enconpass gl nldtehSEiaREreBlsohldfic RUBSERhed By CkiBR offipf tai n of the

conpounds of the present invention nmay possess®one of nore chiral centers
and each cemspmdmgragsnste with & hatdilD)ptaall Batiivecaid bgbase] aon. The 25 present
I nvention can include all enantioneric and epineric forns as well as the
appropriéﬁ?@ﬂqﬁ%wes t her eof Separation of diastereoi soners or cis and
transs i soners may be achi eved by conventional techniques, e.g. by
fractional «crystallisation, chromatography or H P.L.C. of a stereoisoneric
mxture of a éﬁﬁﬁ@%ﬁﬂﬂhlﬁﬁﬂ"t Ak the pegseniomveraen suax alspeinginde all swighlGat i ve

t her eof . Wale [MVAR n ' : d.pf .t ' Lgn may
al's0 be. praophe poiBh: B SNORLAHR & uf SAURRIA of [ MBchERRR Ty
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al so incl ﬁrd!e, thicl atemid afske usually found in nature. Example of isotopes that can be
incorporated into compounds of the invention and pharmaceutically acceptable
salts thereof include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus,
sulphur, fluorine and chlonne such as 2y, *H, B, 1, PN, o, 180, ¥p, 32p, Bs,
15 'F and *C), respectively. Certain isotopic variations of the compounds of the
invention and pharmaceutically acceptable salts thereof, for example,.those m
which a radioactive isotope such as H or "*C is incorporated, are useful in drug
and/or substrate tissue distribution studies. Tritiated, i.e., °H, and carbon-14, i.e.,
"C, isotopes are particularly preferred for their ease of preparation and
20  detectability. Further, substitution with isotopes such as deuterium, i.e., *H, may
afford certain therapeutic advantages resulting from greater metabolic stability, for
example, increased in vivo half-life or reduced dosage requirements and hence
may be preferred in some circumstances: Isotopic variations of the compounds of
the invention and pharmaceutically acceptable salts thereof of this invention can
25  generally Bé;' prepared by conventional procedures such as by the illustrative
methods or by the preparations described in the Examples and Preparations

hereafter using appropriate isotopic variations of suitable reagents.

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

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



i sotopic variations of a conpound of the invention or a pharmaceutically
acceptabl e salt thereof. An isotopic variation of a conpddifidobdr 200fe
invention or a pharnaceutically acceptable salt thereof is defined as one
i n whi sW0 evessesast one atom 10 is replaced by an at om hawiorgstixatrsane at om c
nunber but an atomc mass different fromthe atomic mass usually found in
nat ure. Exanple of isotopes that cangbe incorporated into conpounds of the
i nvention and pharnaceutically acceptable salts thereof include isotopes
of hydrogen, carbon, nitrogen, oxygen, phosphorus, sul phur, fluorine and
chlorine such as 2H33H, 13C, 14C, 15N, 170, 180, 31p, 32p, 35s, 15 15F and
36C1, r espeerdigdiis/iodils, selphatpdnsudpliate, naratetihosphasé, hydeogen phosphalts, of t he

i nvention p i | vy, ac abl.e sal.ts, t hereof r exanpl e, those
i on COTRRIREE Ml eale ThATRRR bamal el Pk B SR o
useful i ri-dkctge, agd Drtafinds t ddidyaté, ey Rutd]i mblonbte] bi@Batstglideptate, Tri ti at ed,
i.e., 3H and carbon-14, i.e., 14C, isotopes are particularly preferred
for thei rmgthelsuiphats, gparpts; glypurgpate. sonepsytats. dpsvlate.hibmzptenpicotingi®st i t ut i on

Wi th isSOtgRERNSUCHafte, REMLRL ke, letRonard buclidte ?zfcﬁﬂﬁerecﬁérfzabx@, t her apeuti ¢
advant ages resulting from greater et abol 1 G St abi 1ty, for “exanple,

i ncr easedkesylatey and pabtelsalise Sitabledasechltd apafpemed doin baentvbidhfdrthence  may

be preferred in spone circunstances. .l sotopic. varjations of .the conpounds of -
Che 1 nverltaiol A1ty Aa FERSARITS 416 FHE Fod Bt pOLAsFiumy 2l PLinfimR calSHmBY ¢ i §

I nvent i oNmggeHeskim, SRS ERALnE, MiBlanRhE RESte DAY GRICHRI BbmRfiAREST €S such as
by the illustrative nethods or by the preparations described in the
Exanpl es bengatPmeplyshei waghuming adfdiethylasiimysadispSdsrvish quatemanpi ¢ vari ati ons

of suiyt ab agent s.. Si.nce am no.acj,ds are amphoteric armacol ogi cal | y
corrpg‘toi bIJen%Eé lt% g‘ ig)g?\caré%)‘s%ge B%"P?‘Sd&f‘{hag r%‘ﬁ?’ipg‘}t? & entgh?{’lgslé’glc] i norgani c or
organi ¢ amhdsniam as &he cOhipbaklse fatd vemibi hhPhiss Bk fSrmafdastahe

hydr ochl ori de/ chl ori de, hydrobrom de/ brom de, WO 02/085839 9 PCT/ 1B02/ 01146
hydr oi odiY8fifdef-de, sul phate, bisul phate, nitrate, phosphate, hydrogen
phosphate, acetate, fumarate, aspartate, besylate, bicarbonate/carbonate,

cansylate, D and L-lactate, D and L-tartrate, edisylate, nesylate,
mal onat e, or ot Atseitalgk sdepf angyounds of the present invention is the hydrochloride

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

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

invention are polymorphs thereof.

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

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

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



met hyl sul phate, stearate, glucuronate, 2-napsylate, tosylate, hibenzate,
nicotinate, 5 isethionate, malate, naleate, citrate, gl ut®feblesr 28ifcci nat e,
saccharate, benzoate, esylate, and panpate salts. Suitable base salts are
formed from bases which form non-toxic salts and exanples are the sodi um
pot assi “'Woﬁifékggsﬂi um calcium magnesium zinc, chol ipfrﬂﬂqiiﬁ’lllféﬁ ne,

ol am ne, argininé, glycine, tronetham ne, benzathine, Tysine, neglum ne
and diethylam ne salts. Salts with quaternary 10 amoni umions can al so be
prepared with, for exanple, the tetrafethyl- ammoniumion. The conpounds of
the invention may al so.be forned as a zwitterion. A suitable salt of
conpounds of the present invention is the hydrochloride 15 salt. For a
revi ew on sunipflvbd sgedntic sabityBEo0em @icreate inJpladdidaliai-lifector exfbple)l- 19, 1977.

Al so may be j.nclyded within the present scope of the conpounds of the

i nvention are® %WPBH%QFWP%WE‘Y% Prodrugs of the above conpounds can be
i ncluded inihhe ieens 2hidk GrvRtie@ihicH WS Cbﬂbav@%y,effcfre&}ahﬁ:fé]ess of an
orally adm nistered drug is dependent upon the drug’s efficient transport
across. the mucestarasesprt linsbdsuForaenteri desivalivaithe ester i3 derivest Gomhhpat i ¢
circul aty on. Dr t are effective af rent er al 1 ni.gtration but

| ess eftecti ve%gf"g%%,a"‘idrm%‘ﬁ%s"zﬁbﬁ gyinslgrrran okegplte&?ikﬁgwfig%%sggﬁgd%{r@% too short,
may be 25 chem aigtilatives)dhefdndide inay be derpred drougtht @arboxylcpriddiicigyios a drug

whi ch has been chenmicall|ly nodified and may be biologically inactive at its
site of action, ﬂb"tﬂ“_‘mm"l’? %V%%GF&EQHXB?WWW1 ed by one or nore
enzymati c 0of) Ot NRptided v)fﬁdh%aﬂe%@o?%d b9 s%&ﬁio%ﬁﬁﬂépe&ﬁ@if&téiﬂﬁei orm This
chem cally nodified drug,, or prodrug, “should have a different

phar macoki net i ¢ 4opeptide @ay be conpledde dhet drupmalsciln ylacaydeborddomption pt i on acr oss

ot ober 5005 vo 00 B akins Shebris pou by AR AT B Rh BB b, 1y 1
(for an increaseandans.pl asma half-life, for exanple). These chemi cal

nodi ficatio e.(1), Ester or am de derivatives which . be cl eaved
by, for exapl g%enj\)ratnges }hat accumulate at a site of action t%rough membrane sérgc¥lon

of a prodrug form or modified prodrug form.
(4j Any combination of 1 to 3.
15
It will further be appreciated by those skilled in the art that certain
moieties known to those skilled in the art as "pro-moieties”, for example as
described in "Design of ‘Prodrugs” by H Bundgaard (Elsevier) 1985, may be
placed on appropriate functionalities when such functionalities are present in
20  compounds of the invention also to form a "prodrug". Further, certain compounds
of the mvention may act as prodrugs of other compounds of the invention. All
protected derivatives, and prodrugs, of the compounds of the invention are included

within the scope of the invention.

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

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

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

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



esterases or |ipases. For ester derivatives, the ester is derived fromthe
5 carboxylic acid noiety of the drug nol ecul e by known mk&fistobde@p05am de
derivatives, the am de nay be derived fromthe carboxylic acid noiety or

t he amweomeisgtdy of the drug nol ecul e by known neans. (2rtRegdides which
may be recogni zed by specific or nonspecific proteinases. A peptide may be
coupled to the drug nolecule via am (EIF bond formation 10 with the am ne or
carboxylic acid noiety of the drug nolecule by known neans. (3)
Derivatives that accunmulate at a site of action through nmenbrane sel ection
of a prodrug formor nodified prodrug form (4) Any conbination of | to 3.
15 It wi | [infesieh dinctgesedp pbsseptaane ds pyotabbys dugkiol kwd fagh thiab the t“soffat certain
noi eties known to those skilled in the art as.,'pro-noieties, for exanple
e ©descr A sHLBRE s bietarEprdnied 2o eRRBIERCEPR R Y 1555 ey
be pl aceaghiGiizaPRnqRiids ¥ith bl 89| Whieh atdile SipdhelidiCiht @Madtintal s are
present in_20 conpounds of the invention also to forma "prodrug". Further,
certai n copslinmadnorgreliendvelyiy B prodrugagfitercabsemptippogriageohydselyéed conpounds

of thg i Sw@?;eit]ﬁ%eoﬁde acmé)f)ﬁ,%fe&}ugeri vatives, and prodrugs, of the

conpound I'nvention are 1 ncluded wthin the scope of the invention.
25 Research has shown that the oral absorption of certain drugs nay be

i ncreased by the preparation of "soft" quaternary salts. The quaternary
salt is ter oag 51'3’“&}1%?%‘; RFYC §%FF% P ATV A PE@SFH%Sr Prglamq't%t ernary

salts, e.fids (Wehl& LS, ChbmER) bRY 9GS 5BEUBY 2385 UGHOealyel P! VST S.

"Soft" quaternary salts ' have uSeful physical properties corrparé'd with the
basi ¢ dr ugouy of the sminosacidsacar b8@stenfiethbbly iknpwmayedss. Prodregssad sdhpared with
ot her, .s

nor 39Sed i BaveRh i b dRR i sty B B 608 o 0 vesase 11

368). The last two citations are hereby incorporated by reference.

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

asphyxia, in cardiac arrest, and status epilepticus.



PCT/ 1 B02/ 01146 intestine. Increased absorption is probably due to the fact
that the "soft" quaternary salt has surfactant properti é&OambthSOScapabl e
of form'n ncelles and unionized ion pairs with bile acjd etc., which
are abl"gO §%%&Net rate the intestinal epitheliumnore ef?‘%@i‘?‘\?@l‘&“ The
prodrug, after absorption, is rapidly hydrolyzed 5 with release of the
active parent drug. Am noacyl -glycolile and -lactic esters are known as
prodrugs of amno acids (Wernuth C. G, Chemistry and |Industry,

1980: 433-435). The carbonyl group of the am no acids can be esterified by
known means. Prodrugs and soft 10 drugs are known in the art (Palomno E.,
Drugs of the Future, 1990; 15(4):361- 368). The last two citations are

her eby i ncor por AtskéllddyphiysicemenitebOnisie etrdedimine tthe hppldprinevenbii@nican al so
relate to ﬁﬂfra eutic use of the present caonpounds as agents for treating

or relievi% CPEOTHSCRRtbIS 19, o b disk etfe £t PXAMRIPs Bireles as
neur odege Bk, %ﬂ%ﬁ&ﬂﬁ%ﬂnﬁﬁé&ﬁ%&b HetfSRW e re%&hﬁwﬁ{ i d' sease,

Hunti ngton's di'sease, Parkinson ase, otrop at er al
Sclerdsis. The present |nvent| on can al so cover treatl ng neur odegenerative

di sorders ternpd agute b a|n ur |nc ut. are not limted
Co oty ore. < MBS aRBblifanl A alo b8 narided TR AAf Yo st St B infiofiaf i

vascul ar ish weas Gorane rBmyneal 50acal ﬁﬂ hefnkd pAAl AQut@pain 1§6§1ﬁhté§ilorbtﬁ$€dl| ar
accident (CVA) and includes acute thronboenbolic ~stroke t r oke i ncl udes

both foc aandaﬁassgwéwmwxﬂsmmcawmpﬁﬁle sm@ﬁwe@nweua $ysteni. éﬁmmpkeeraea)r al
i schem C (e\xl%ﬁvérl%;l ét Qt?crh ﬁg r HB&'{ tﬁr e;Q lgl e”fml%%‘i’%”p%a%

cerebral |sc em a se vasc sor ers my
under gbi rtggemmabhmdalgmokaardtzﬁroayﬁl@n@hﬁ)pﬁqjain &alshyllyaﬂeﬁﬂelﬂears el ﬁebﬁ@t‘ir@g,scul ar or
vascul ar urgi C%EPZS procedures in general, or diagnostic vascul ar

procedur ?f&h%@}‘b’b’@é‘lﬂes Wt%@nwsa?ﬁ’é nspehagenis pamsnBxamples dent s
are head bLf ghtdBic Sk Mdludo %Qntars&w@ed %thI @H&dﬁﬁé’ (sk&10F ARBEIR sAROH 2,

hypoxi a, hypoglycem a, hypotension as we simlar 1njuries seen during
pr ocedur edieilmml@rdmhhaﬁ, bstpearflugisp apkydosing \spondditis, Bem-hegtgiaat (nonvent i on
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asphyks a, ahd) e dhsd6cidtell etith BAceR! Pekiph&hl [ RRFHAMSy and post-herpetic
neuralgia. Other pain is nociceptive. Still other pain is caused by i-njury or
infection of pe;riphera! sensory nerves. It includes, but is not limited to pain from
peripheral nerve trauma, herpes virus infection, diabetes mellitus, éausalgia,
plexus avulsion, néufoma, limb amputation, and vasculitis. Neuropathic pain is
- 20 also caused by nerve damage from chronic alcoholism, human immunodeficiency
virus infection, hypothyroidism, uremia, or vitamin deficiencies. Neuropathic pain
includes, -but is not limited to, pain caused by nerve injury such as, for example,
diabetic pain. Psychogenic pain is that which occurs without an organic origin
such as low back pain, atypical facial pain, and chronic headache. Other types of
25  painare: inﬂidmmatory pain, osteoarthritic pain, trigeminal neurélgia, cancer pain,
diabetic neuropathy, restless leg syndrome, acute herpetic and postherpetic
neuralgia, causalgia, brachial plexus avulsion, occipital neuralgia, g_éut, phantom
limb, burn, and other forms of neuralgia, neuropathic and idiopathic pain
syndrom_e.
36




18 Cct ober 2005 WO 02/ 08839 PCT/1B02/01146 12 A skilled physician wll be

able to determne the appropriate situation in which subjeebkrates
susceptible to or at risk of, for exanple, stroke as well as suffering
from sW@RHE0SE®Y® admi ni stration by nethods of the presentPCGIfiBéHeIldh. 5 An
enbodi ment may al so be provided that the conpounds of the invention can be
useful for the treatnent of acute an]% chronic pain. Acute pain is usually
short-lived and is associated with hyperactivity of the synpathetic
nervous system Exarrpl es are postoperative pain, such as follow ng a

dental extraction, mgraine, headache, 10 tri emnl neur al gi a and

al | odyni a. CAmeHcE cpbiodimant G%%Yafﬂiw M@Wﬁﬁéﬁﬁﬁ’guﬁbﬁ fi E)‘%é"rg’i"giﬂtfor’i’gto FPom3 to 6
mont hs 6f BRhRR-dikxapl es  of
chroni C%S%anlﬂﬁ%%ﬁg%?%gg?ft gésg%)lgrllg{% és\?\nﬁ)?%aﬁu%ségﬁ?%mk Fet a dllsor ders such
as rheyamhdarg tarstibss dsssciatod athapdrivnial loss, canﬁ;dpa&umgp spndVhdre is a
sero-negative (non- rheuHaaim d) art hrogat hi on-articul ar rheumatl sm and

peri - ar Pirers igndeneyofon dpmuliay gogirpaps of sgue Fﬁf Qf AGPEERS I, ALEESSUe B pher al
neur opat hye ARds@ROThateiRehi GeasN8MMR! BrRs &F RRPrlSbA. The ' diggddsRPbEve. Still
other pain Is caused by injury or infection of peripheral sensory nerves.
It incl udeptesdion i§ madotpriniarily &g quenphcationy @ﬁaitmmrph@r pdtientsr weoads auna,

h f b I
neuroma, T AGICRT PHAOR dandiy pHISgC R Beisgtp b gagy. P 0"

caused bxbynsrrye%r@iﬂ;gagﬂoéxétomlﬁ@rmm@teal £0InQ| ks, muﬂnms fie. Pedfbei ency
virus infection, hypothyroidis urem a, Qr vitam n_deficiencies.

Neur opat Hiepresaion Rt e or it Briet Rexchiatiie Raging >calmailpraerode athsy ner ve
0 UGy SUEle@ayl %eeﬁxaé%hogm  AREG BA MmodiRKENRO e B b8 t 1Al Whi ch

occurs without an organic origin® suc ck paim atypical facial
pai n, anditefationd th@aﬁlachewnﬁ] Jil@ires‘syqneSSm:h 25 nmbmnm,edlfﬁcﬁltyanwnlh ory pain,

osteoarthritic , trigemn neur ,_cancer di abet
neur opat Wncqné@ ?‘é ack %Ee%fyﬁa?‘a%gs ?L‘f?%‘a}ﬂ%‘iﬂbﬁ‘i g ﬁ'd‘ tdbe ﬁ'@Pﬁ%@
neur al gi gy, &wt&a@eﬁ%ﬁsﬂIaébvenla§&t1§>s§¢4uht§ic®ag[ﬁ§@§ Qtn;anecwmhgl a, gout,

phantom 1inb, bum and other fornms of neural gia, neuropathic and
i di opat hiRiagmistic and Statistical Manual of Mental Disorders (Fourth Editton) referred to

15  as the DSM-IV-R manual published by the American Psychiatric Association,
1994.

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

visceral pain, and gastrointestinal disorders. The viscera encompasses the

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

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

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

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

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



syndronme. 30 18 COct ober 2005 WO 02/ 085839 13 PCTI 1 B02101146 Anot her
enbodi nent may al so provi de conpounds of the invention t &8 Qaoban8@fSul in the

treat me ression. Depression can be the result of j sease,
seconda%otg%még’s ess associated with personal |oss, or idi g%g?ﬁdllgm?ir?sori gi n.

There is a strong tendency for famlial occurrence of sone forns of
depressi on suggesting a 5 nechanistic ldause for at |east sone forns of
depression- The diagnosis of depression is nmade primrily by
guantification of alterations in patients' nood. These eval uations of nood
are gener al;l¥; r y tad i+ a -

neur opsyc hol:nglgigﬁé &‘ﬁ%’%‘a’i"?"é gét% é%h?g?'?%g{eg gg‘?ééséff {élgc ralgéal’?hlg Clll—llz(ihr:n't ? on

Depr essi on pRan assgeidteal witly dysrenoBhieafpeRsy phinat ysiits Rad pager&Gadlse. Nuner ous

ot her 10 scal es have been devel oped to quantify and neasure the degree of
nood alterations in patients with depression, such as insomia, difficulty

W th concentr #ekoRmugfak RhofRelo%:t §8&HVRHS wpbn VI thitGasNERseiRAd guil t.
The standards for diagnosis of depression as well as all psychiatric

di agnoses hyrersepbitivily dHaitiing .Y, (i92§hDudscSaht 28} shvatleblealrcavmantalofof  Ment al

D sorders (FQo h Edition). referred to, 15 as t DSM LV- R manual publ i shed
byt he. anePrRat pelfvh epiie RERERS (G, hon et AT blipBAES Fhebl osed
herei n canugddae et mslagmin, bt Whesd heape®ittuselis 1ititsa Bl &kl Rivieise oMbks
gastrointestinal disorders. The viscera enconpasses the 20 organs of the

di gestive EASIOSNEIOFINEs PopigatieeTi fematien, t mbammatiopgahshe dppdenym a8 part of
t he digestj y [.n i - WM t I r Lyided into
i gest e oERy & SRR AREREPOALAY bt el SR AL AR b
encount(er ebuigadibs®i thempeitivalusd @G ) ligitsd bge nfddsirabledside hefféarn anclodimiy bowel

di sorders (FBD%)@and the inflammatory bowel diseases (IBD). These G

di sorders FHEPRP™S resprigfony depfRteon fOlghaaen sad SPUSedOI™M3t are currently only
noderately controll ed, , ' ' :

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

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

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

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

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

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

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

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




including -- for FBD, gastro-esophageal reflex, dyspepsia, the irritable
bowel syndrome (I1BS) and functional abdom nal pain syndi®@etobdABB), and -
for 1BD, Crohn's disease, ileitis, and ulcerative colitis, and all '
regul arly produce visceral pain. It has been shown recently in these

pat hol ogies, in particular the irritaldlae 30 bowel syndrone and dyspepsi a,
that the visceral. pain threshold is decreased, 18 Cctober 2005 WO

02/ 085839 14 PCTf M2/01146 indicating a visceral hypersensitivity. O her
types of visceral. pain.ipclude the . pain. associated.wth dysmenoryhea,
baPvi o path; SERRES s 06 e SheransinE e Yot ltams @i RABEICH coacke

sel ecti Ve'c&rréé@@ﬁtiﬂ% nfttS PLERI (RO, BRch mayBEPGHRAARY inVdthdtddFaf iy ng M 3.
(1998) Drugs 56:11-21) Available treatmen%(s of" pain fall into two main
cat egor i eRedyction nafntbe eqosiesierindangt nitionf benmyhoo dyphenylgesthyl wsted depivativeat il d
pai n, but 3"’?) se therzH)eulﬁic uﬁﬁti limted by G adverse effects (gastric
er osi on, BV '%aﬂfec@ P A EIBR S nf | ammati on of the duodenum and col on);
(2) norphine and rel ated opioids, used to treat noderate to severe pain 10
but whose t her Fpedtgy 4B6 BeSplovitiel el nfeyhodnfde sicatihd @ Gkehee eblbered Fromcl udi ng
constipation, respiratory depression, tolerance, and abuse potential 15 20
The conpoGPREPEY-s dHBaEs, c athadds dypekigeds.ulcramalt Wisordesnt mewrdegengigiivety and
of panic gg, fEDnStﬁ@ﬁrS%icm’ Means. st andard nmacolegdigal RIQkpdures.
Thus, according’to a 'second aspect "of the pres invention, there is
provi ded the use of a compound according to the first aspect for use in
medicine. As a third aspect, there is provided the use of a conpound
according to the first aspect in the manufacture of a nedi canment for the
treatment of a disease selected fromepilepsy, faintness attacks,

hypoki nesi a, cranial disorders, neurodegenerative disorders, depression,
anxiety, panic, pain irritable bowel syndronme, sleep disorders,




25 osteoarthritis, rheumatoid arthritis, neuropathol ogi cal disorders,
visceral pain, functional bowel disorders, inflammatory1boweberdd@eases,
pai n associated with dysnenorrheal, pelvic pain, cystitis, pancreatitis
and neuropathic pain. 30 A fourth aspect of the present invention provides

a proces preparation of a conpound accordin irst aspect
conpri si E\S&%%I?s%ggci d treatnment of the corresponding ?%‘55@9&%@3% [ al kyl of
1-6 carbon atonms carboxylic acid ester derivative; 18 COctober 2005 14a (ii)
Hydrol ysis of the corresponding cyclilgZ lactam (iii) Reduction of the

corresponding nitro / acid derivative, which nmay be optionally unsaturated;
or (iv) Reduction of the corresponding nitro / benzyl or diphenyl nethyl

ester derivalh¥Bme, stdth QbofR¥OEs1QREARAMhbYmMFAAMARY, SeurofdiRIdRidARY al so be
provided a nethod for treating a disease sel ected from epi I'epsy,

fai nt ness, ahitoxders, Viggsoli paisi Bnctiopaln bewel ddiserderar énflapmiptosy caiskr at i ve

di sorders, SSJ: X| i I 1T | . QOct ober
2005 w0 02/ SBRESPHERANS) B yhpabhen i piihy bR fid pEMECared

ost eoart hri tonsprisingeathmihigletngirat therapaisicaliyeeffetiod aloogt ofila caapweondier s,

vi sceral _pain, functjonal di sorders, inflanpatory bowel diseases,
pai n assdci %Ftleé@d\l}%ﬁof‘h}" @ﬁ@ﬁ%\r&kéﬁ’,awlén B%?Br‘?,fs% E?E}“P%E' and pancreatitis
conprising adm nistering a therapeutically effective anount of a conpound

5 selected fromfornula (I)-(XXV) to a mammal in need of said treatnent.
The bi ol ogi cal adei biologicek agthetycofrfsuerdeposnds RE theyjeveolioh miybbe nmeasured

in a radioligand bjindi ng assay.usin 3H].ga ntin and e a subuni t
derived froMEssEiedHea gpdplgeap ﬁ’é‘lflé“g( %&V Fﬁll& ﬁgﬁfgaé@pe t."P.aF& &msg ayake 10
V.UK , Oford.J.,, .Thurl ow R., Woodr uf f VAN '/ANCEJ. Bi ol .
Grom." 16065 daddehorg bottite RS (GRe 105 o ONERG T DERIRERS] M or nM

a28 bi ngg ngvaiKi, roffatd I, Thurlow R., Woodruff G.N., ADVANCEADVANCEJ. Biol.
Chem., 1996;271:5879-5776). Results may be expressed in terms of pM or nM
028 binding affinity.

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

treatment of pain, include:

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



The conpounds of the instant invention may be adm nistered in 15

conbi nation, either separately, sinultaneously or sequent$atioycr 2062 h one or
nore ot her pharnacol ogically active agents. Suitable agents, particularly
for the treatnent of pain, include: (i) opioid anal gesics, e.g. norphine,

her oi n, Wgw&ggﬁhone, oxynor phone, 20 | evorphanol, | M?J P‘kan,
nmet hadone, nepéri di ne, fentanyl, cocaine, codeine, dihy roco&elne,

oxycodone, hydrocodone, propoxyphene, nal mefene, nal orphi ne, nal oxone,

nal t r exone, buprenor phi ne, butorphandﬁ, nal buphi ne and pentazocine; (ii)
nonst eroi dal antiinflanmatory drugs (NSAIDs), e.g. aspirin, diclofenac, 25
di flusinal, etodolac, fenbufen, fenoprofen, flufenisal,

f1 urbi prof ersecdbaghitaf, eilbutildiewmsddhakiopentdt eiidheiopeitmadeatiallg haeptableec! of enamn ¢

aci d, msfenan]c_ aci d, nabunetone, naproxen, oxaprozin, phenyl butazone,
pi r oxi cam s#¥ndac, tol netin, zomepirac, and their pharmaceutically

accept abl & §9) ! ShenAllidzeinds RRVAE! Wl BbASEIANESs.o C: BlordERPAIRL L 2!
apr obar bi taﬁ,aj but abarl%ze?lal.s, but gbi tal, maph(g)bhr i al et har bi t al |
met hohexi tal , peHeetrpalsi Wizcpaph dhisizepant, t larazepag, Quezspem, XOGZepaD, 02/ 085839

PCTI 1 B02£ 01146 l[@iago%lq?g%ﬁ%g}E}{S%T%%M%h%cﬁgﬁgg&ﬂsal , thiopental and their

phar maceuti cal | y accep nzodi azepi nes having a sedative
action, e.g(vichlHr shtagppepehadeg a sadhtiveazémaes, dighahgdramine fytilagdepam

| orazepam oxazepam .temazepam . 5.triazolam and their pharmaceutically
acceptabl e salt ,f°’é’9‘}laﬁlfle’aﬁ5@g]wm*?’ IF Z‘&"'%‘H‘EAFIW@“EE"F’P llye g.

di phenhydr am ne, gcRafidvi@gaite,  promet hazi ne, chl or pheniram ne,
chlorcyclizine and their pharnmaceutically acceptable salts; (vi)

m scel | aneo(¥d) semisesllapepug ucedatiyey| utueh hi #8 deglut &b ammeprobamate,

10 methaqualone, dichloralphenazone and their pharmaceutically acceptable
salts;

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

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

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

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

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

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

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

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



10 net haqual one, dichl oral phenazone and their pharnmaceutically acceptable
salts; (vii) skeletal muscle relaxants, e.g. bacl ofen, casOsoksaos |

chl orzoxazone, cycl obenzaprine, methocarbanol, orphrenadine and their
pharmaceutically acceptable salts, 15 (viii) NVDA receptor antagonists,

e.g. dex phan ((+)-3- hydroxy N et hyl nor phin nmetabolite
dextrorph E@@ 53 hydr oxy- N net hyl mor phi nan) , ketan?ﬂ%/ﬁﬁgﬁgﬁfl
pyrrolqu|noI|ne gui none and ci s-4-(phosphononet hyl ) - 2-

pi peri di necarboxylic acid and their 1pharmaceutically acceptable salts; 20

(1 x) al pha-adrenergic active conpounds, e.g. doxazosin, tansul osin,
clonidine and 4-am no-6, 7-di net hoxy- 2- (5- net hanesul f onam do- 1, 2, 3, 4-

tetrahydr of sqayi nabnyiil Aidyddpei, tibusith RRONKOPindNik 11 eyl T ©

ant i depressants e.d. desipramne, impramne, anytriptiline and
nortriptiline; Zaltsggom)sts,a(uR RS, §-arsftaflucuog¢ﬂmmmbwih&@pmb gabapenti n,

pregabal in and val ate; X, ake.iphjbitors, e.g.
fluoxetine, par 6?&%’%@ 9- ‘BF‘PQrg‘L“%‘EWE 1321#‘{ [ﬁéﬁﬁslﬁ@cmﬁgl i) mixed _
ser ot oni n- nor adr hdﬂﬁthﬁ&k&%aﬂsﬁmbr&f(‘l‘h!{t@ﬁ 5- [E(zg 332121[(11@)11[3‘]350 venl af axi ne
and dul oxetl ne; xi v) noradrenaline reuptake 1 nhibitors

reboxetithe; 1 856& eromsthybphey lstharg Seddlurophemdzd-01146 17 (xv) Tachyki ni n
N t t 2 t t
(NK) antagoni st gy, r?ﬁ{hﬁu?@d%t?%lb%tzm o-BHfc lrﬁ@‘gﬂ%@f ei@/ﬁ{-%@p agoni st s,

(aR, 9R)-7-[3,5-bis(tri enz
t et rahydr o- 9- rretlar;ep}tﬁlt (Mpl%thﬁlﬁ@[ié-memoxy—ﬁi-[ 1, 4] di azoci no[ 2, 1-

o e S DR LpoLs B b aRTa ad 9 <19 ©
nor phol i nyl {xvpt ths]caama aflafoHtD) -e3odybatid, - foltbradia, - propiRerideMroShih ,
10 chloride and darifenacin;
{xvii) PDEV inhibitors such as sildenafil, vardenafil and Cialis (Trade Mark);
{xviii) COX-2 inhibitors, e.g. celecoxib, rofecoxib and valdecoxib;
{xix}) Non-selective COX inhibitors (preferably with GI protection), e.g.
nitrofturbiprofen (HCT-1026);
15 (xx) coal-tar analgesics, in particular, paracetamol;
(xxi) neuroleptics, such as droperidol;
(xxit) Vanilloid receptor agonists, e.g. resinferatoxin;
(xxin) Beta-adrenergic compounds such as propranolol;
(xxiv) Local anaesthetics, such as mexiletine;
20  (xxv) Corticostenods, such as dexamethasone
(xxvi) serotonin receptor agonists and antagonists;
{(xxvii} cholinergic (nicotinic) analgesics; and

{(xxviii)miscellaneous agents such as Tramadol®;

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

suitable container.
30



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

(trifluoromethoxy)phenyl ] net hyl am no] - 2- phenyl - pi peri di neg O2@ba 3oy xXVvi )
Muscarini c antagoni sts, e.g oxybutin, tolterodine, propiverine, tropsium
10 chloride and darifenacin; (xvii) PDEV inhibitors such as sildenafil,

var denaf ivbol?zZogss% alis (Trade Mark); (xviii) COX-2 in

cel ecoxi b, rorecoxi b and val decoxi b; (xi x) Non-sel ect

bR

(preferably with G protection), e.g. nitroflurbiprofen (HCT-1026); 15

(xx) coal -tar anal gesics, in particul&r, paracetanol;

(xxi) neuroleptics,

such as droperidol; (xxii) Vanilloid receptor agonists, e.g.
resinferatoxin; (xxiii) Beta-adrenergic conpounds such as propranolol;
(xxiv) Local anagfié Bsthpouads T InvntioEen/be hifiste?@ didne\but 61 t i cost enods,
such as dexamet hasone (xXxvi) serotonin receptor agonists and antagonists;

(xxvii) cholgchaplite adpyinigered nan admantere sith ssvitallel pharsagsedti¢a) ni scel | aneous

vent i on andvTRar B EpD)oreers AL AR Rl o eRRER

YeT¥ly) of the present

ni'stered separately,
sequent i al | adnonistsition hhdstamks] pharmatéutisal prdetce ifeppropriate weniliarzs caxt ends to a

kit co I s§ ng .a conpound of fornmula .(1)- , _one oy nore_other
t her apgg{ i cbea%gﬂjf g‘“%‘ﬁ%‘?f APIESTHARYSS; @?‘f(é‘l}%d&gmvo‘érﬁooréo{ogﬁﬂsa % cont ai ner.
30 1S Cct ob@mpdfithof\he D2éA8R B b&6IT InBQRRS 144848 mbagica obmesmds of the

i nvention can be administered alone but will ‘general

|y be adm nistered in

an adni xt ur<Pwsed+pr septrollpd-eelessdBiceut i cal  exci pient (s), diluent(s) or

carrier selected with regard to the intended route of

The compounds of invention can be administered, for example but not

10  limited to the following route: orally, buccally or sublingually in the form of

tablets, capsules, multi-and nano-particulates, gels, films (incl. muco-adhesive),

powder, ovules, elixirs, lozenges (incl. liquid-fitled), chews, solutions,

suspensions and sprays. The compounds of the invention may also be

administered as osmotic dosage form, or in the form of a high energy dispersion

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

descnibed in Ashiey Publications, 2001 by Liang and Chen. The compounds of the

invention may be administered as crystailine or amorphous products, freeze dried

or spray dried. Suitable formulations of the compounds of the invention may be in

hydrophillic or hydrophobic matrix, ion-exchange resin complex, coated or
20 uncoated form and other types as described in US 6,106,864 as desired. Such

pharmaceutical compositions, for example, tablets, may contain excipients such as

microcrystalline cellulose, lactose, sodium citrate, calcium carbonate, dibasic

calcium phosphate, glycine and starch {preferably com, potato or tapioca starch),

mannitol, disintegrants such as sodium starch glycolate, crosscarmellose sodium

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

polyvinylpyrrolidone, hydroxypropylmethylcellulose (HPMC), triglycerides,

hydroxypropylcellulose (HPC), bentonite sucrose, sorbitol, gelatin and acacia.

Additionally, lubricating agents may be added to solid compositions such as

magnesium stearate, stearic acid, glyceryl behenate, PEG and talc or wetting

30  agents, such as sodium laury} sulphate. Additionally, polymers such as

carbohydrates, phospoholipids and proteins may be included.



adm ni strati on and standard pharnaceutical practice. |If appropriate
auxiliaries can 5 be added. Auxiliaries are preservativedg Catobér-2085 dant s,
flavours or colourants. The conpound of the invention may be of

i medi at e-, del ayed-, nodified-, sustained- , pulsed- or controlled-rel ease

type. Th ds of invention can be adm ni stered, e but not
10 Iinitgﬁgﬁgagﬁé followng route: orally, buccally or£§ﬂgﬁpﬁggglly in the
formof tablets, capsules, multi-and nano-particul ates, gels, filns (incl.
muco- adhesi ve), powder, ovules, eli*®rs, lozenges (incl. liquid-filled),
chews, solutions, suspensions and sprays. The conpounds of the invention
may al so be admnistered as osnotic dosage form or in the formof a high
energy dispersion 15 or as coated particles or fast-dissolving, fast
-disintegrating dosage formas described in Ashley Publications, 2001 by
Li ang and Chen. Tha# dspapiaaatdisseivingilosage fparations Fpkmapsenidinst er ed as

crystal || ney gt Rms ARONS AL OSh, SLEARES: it Btspigy dried. Sultable

formul ations o npoun the 1 nventi e 1h hydrophillic or
hydr ophobi ccrscamstlosd sodiuex clospryione diascodooid ethyt araryletd, @iyl 20 uncoated form

and other types as described in,U ) 864 as.desjred. Su

e s | (s BeBER A REPromy ol keols? Hae B T SIS CLBER exci i ent's
such as MM gEGOT Meth&ryliteanieeldvalndiepol AR @R lycoR ikl sitich/s#licea cal ci um
carbonate, dibasic_ cal cium phosphate, glycine and starchgépreferably corn,

potato or t@iprigesodinmstach slycalatensadiim stearyifinagieasoritod gomlited Ssdi um st arch
| | at e, ; 0di i il icates, d
glycolate, f Isﬁﬁgﬁ}gﬁ'@ dr‘ﬁ%@olﬁﬁg%\&b%ﬁcirﬁﬂ% ﬁ%{itﬁ%@Dﬁ%ﬁc%&d@hﬂ Icates, an

granul ati on uch as p yl pyrro

hydr oxypr opytomghdwplubdity of the drug sitist@hce used, geywdere e drug shysthnoxigpr opyl cel | ul ose
(HPC) , ntoni,te sucrase, .soyhital elatin and acia . Additionally,

| ubri ca? ngln cd%ﬁf% %I%g@sﬂ?gl 8%?3??{‘“5%? }’EPE?B%JS@"?":%&H%%S as nagnesi um
stearate, sipatahd idithle Plancisylling abapetonn citée @Bshrédl c or wetting 30

agents, such as sodium |l auryl sul phate. Additionally, polyners such as
car bohydr at es, phospoholipids and proteins may be included. 18 Cctober 2005

WO 02/085839 PCH.BORY Qés;é}eqorm, such as tablets are manufactured by a standard

process, for example, direct compression or a wet, dry or melt granulation, melt
15  congealing and extrusion process. The tablet cores which may be mono or multi-

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

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

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

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

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

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

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

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

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

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

hydrocolloid agents and combinations thereof. Moreover, formulations containing

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

30



19 Fast dispersing or dissolving dosage fromul ati ons (FDDFs) may contain
the followi ng ingredients: aspartane, acesulfane potassi tsDcobdrr20@5 aci d,
croscarnel | ose sodi um crospovi done, diascorbic acid, ethyl acrylate, ethyl
5 cellul ose, gelatin, hydroxypropyl nethyl cellul ose, magnesi um stearat e,
manni t ol , met hacryl ate, mnt flavouring, poly | ycol, funed
silica, QW ??%%Xkdioxide, sodi um starch gl ycol ate, sogﬁﬂﬁﬁﬁgﬁﬁgyl fumar at e,
sorbitol or xylitol. The terns dispersing or dissolving as used herein to
descri be FDDFs are dependent upon tB@ solubility of the drug substance
used, i.e. where the drug substance is 10 insoluble a fast dispersing
dosage form can be prepared and where the drug substance is soluble a fast
di ssol vi ng dosageLifal forkARefifatBhERR88 soldtifs, S etk SRS Aicenhdishs, such as

tabl ets are manufactured by a standard rocess, for exanple, direct

conpr essi on for example; waigr v watempspryleneaghyrohsalgions. fRor paregfergbiigston ng and

extrusi on pfAag et ¢ - Wh i.r | ayer may
be coated W!Il @ﬁ‘?g‘%ﬁ?%‘%?’fté e eof\(/)g P@%%? ém@rl]'%\%ll’} q?ﬁqﬁ%ﬁg&rlﬁtwé%ﬂ%ég{mposi tions
of a sim | asolutiopeAqueyusssobitiomsesuitatbd foy erdl @se chi bé pemredrby displyirigdse such as

elatin,_starch or HPMC capsul es,.. Preferred excipients ji.n.this 20 regard
O oo T ceues cobpageniin YaRE g adizsiahlr FOloGNa: DesP SahiALE 83U o vy ght

pol yet hyl engictbyf® hSontsldsebifbdC AGRRRE P BifsioNB ¥uitidicCbP ot @6 8 bé | 1 ers in
soft or hard capsules such as gelatin capsule. For aqueous and oily
suspensi onsmadeoby dispasging theyfinghysdisided eetive| qopapeaent fthwatep FPBUYIEROLDT t he

i nvention I 1 |.0 I 1.av, i ng agents,
col ouring @%ﬁtﬁ%@, gﬁéﬂg%gﬂ&\% HE: S%’éﬁéedr(r:u @$;§ﬁg§%§%?&g&d§%eﬁg{% agents and
wi t h di | uentsboaxymbthglselivddserand ethbramal-knowmrsosgpghdingagghtgcol , net hyl cel | ul ose,
al ginic $cid or sodium al ginate, glycerin, oils, hydrocolloid agents and
combi nat¥ ons t her eof . Moreover, formul ations containing these conpounds

and exci pi ent' s’ M cBRpRnBSShEsteRt ivahivn DinQlede all@ist@ast i tution with
wat er or ot her SU|tabFe'veh|cIes before use. 30 18 COctober 2005 WO

02/ 085839 injection, that is, intravenously, intramuscularly, intracutaneously,

intraduodenally, or intraperitoneally, intraarterially, intrathecally,
intraventricularly, intraurethrally, intrasternally, intracraniatly, intraspinally or

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

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

325  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



PCT/ 1 B02101146 20 Liquid form preparations include sol utions, suspensions,
and emul sions, for exanple, water or water propylene gl ygokioBal2085 ons. For
parenteral injection Iliquid preparations can be forrmulated in solution in
aqueous pol yet hyl ene gl ycol solution. Agueous solutions suitable for oral

use can ed by dissolving the 5 active conpone | r and
addi ng sﬁ??@%ﬁgééolorants, flavors, stabilizing and t%#% eﬁ*@%ﬁagents as

desired. Aqueous suspensions suitable for oral use can be mde by

di spersing the finely divided active2tonponent in water with viscous
material, such as natural or synthetic gums, resins, nethylcellul ose,

sodi um carboxynet hyl cel | ul ose, and ot her well-known suspendi ng agents. 10

The conpoundsovier teitBerPIGRERN a hiiMER! fof Rx&Afl 8l@PPbRA K Biskeses by
injection, that is, intravenously, intranuscularly, intracutaneously,
i nt r aduodenahixgd corppanatt papicld, farezamply withmhesphelinidd) rdny a denpavedenecal 1y,

intraventri i : Latr J |y | C jally,

|t aspi nal [eif ke st bRl Bahn sl o BSb DR nting N BPERE °,

i nfusion, neteniser {preferablyj aacdtamiserousingi eltralntdradyhanics on ptodadend fiues. For such
parenteral administration they are best used in . the formof a sterile
aqueous gol H‘ﬁ?’]or‘?,r @E@Hé’hs‘i"é‘h r WihAsH stﬁ?)r’rls? %)Fé"(t@q‘_r‘ Fgﬁpem‘fﬁt €fan i ncl ude

m cel | es) WaickBrodEMofoaitiahd @idARrofRRMARESS dichRYSettaAublethadd . a fOr _
exanpl e, enough salts or carbohydrates such as gl ucose to nake the sol ution

20 i sot oni chydrefipopratkgac surhas d dulebiviraBusirethaps A 344 [wedeguarkBIsry buf f er ed
(preferably | J S E . fornms of

par ent er al 123?72183 ﬁ?’?thglgt?é@géptrﬁ)ea%g@ﬁ gg&%@gg?@nﬁéﬁp f %?)?ﬁ? gﬁgfe’séeri | e

non- aqueous fisthert perflseritated alsydidcasbdn Gintls as iParflubgbinn@rade markpor dilgk ycer i des,

and fat aci.ds, includipng oleiLc acid. The preparation of suitable
par ent et “FORRI € oifsArAS of AP PUTSeR oSt e o85S RO RN o
| yophi | i sat ﬂ&éhﬂiﬁcdﬂﬁ%ibﬁ&in%@cﬁmhb%@%r RYmétérad dRAbantP MEHeFRE8Mise g al
t echni ques wel | -known to those skilled in the art. Aternatively, the
active i ngPUAIRSs PRED, ISEFaY.n 2ipEGErorf Bebwitesrmay ropiainita Gofulitx I9Ta sui t abl e
vehicle (e. thperﬁfoﬁ lolf e adBVE 9&3}5‘511}:5,eee.g.%§ra) mBFEO L ettfifol (optionally,
aqueous ethanol) or a suitable agent for dispersing, solubilising or extending
15  release and the propellant as the solvent, which may additionally contain a
lubricant, e.g. sorbitan trioleate. Capsules, blisters and cartridges (made, for
example, from gelatin or HPMC) for use in an inhaler or insufflator may be
formulated to contain a powder mix of the compound of the invention, a suitable

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

20  leucine, mannitol or magnesium stearate,

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

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

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

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



30 Al'so, the conpounds of the present invention can be adm nistered

intranasally or by inhalation. They are conveniently del ilg@&ce8ei2003 he form
of a dry 18 Cctober 2005 WO 02/ 085839 PCT/ 1B02/ 11146 21 powder (either

al one, as a mxture, for exanple a dry blend with |lactose, or a m xed
conponent for exanple with phospholipids) fr owder

i nhal er ‘WBQQ&gg#oso spray presentation froma pressugatﬂggﬁ% ai ner

punp, spray, atom ser (preferably an atom ser using el ectrohydrodynam cs
to produce a fine 5 mist) or nebulis@2, with or without the use of a
suitabl e propellant, e.g. dichlorodifluoronethane, trichlorofl uoronethane,
di chl orotetrafl uoroet hane, a hydrofl uoroal kane such as

1,1,1, 2-t et r pilh upkoaBANG, (A1 ¥3fdibh & d of th
1,1,1,2,3,3, 3- heptafld%ropr%Fane HEA 2§E§A [Hﬁgde %ﬁ%?m{ %ar%on di oxi de,
a  further pmmﬁhumrmnqykdehyﬂmmcamhbnwawche&mxﬂemm umhmm chloadke nar k) or

ot her 10 su able g n ressurlse rosol . the dosage
ity be AVEBEEE RN isa 5 NG 1 Pl R A Yy o8 PR e amount
The pressurgg@aohﬁgahémyeﬁsl spray, atom ser or nebuliser may contain
a solution or suspension o the active conmpound, e.g. using a m xture of
et hanol ?optlonally aqueous ethanol) or a suitable agent for dispersing,
sol ubilising or gihfifleRnd SahSthaa ti¥ifhdlion REHRELLARIade the sol vent,

whi ch may addltlonéﬁﬁ 8gnta?n&% | ubricant, eﬁg. $ ﬁtan triol eate.

Capsul es, btqpmaﬁyt@thmh:camtcosad@pasal(}rmdhansdbmallyeimmpmle fim henfggml ati n or

HPMC) for us in.a i nsuffl at or e for ated to contain a
Douder . B B st Bl it S o Rl B BE P A ShE et “hace. cuch
as | actose @jamsfimi Csﬁm%ﬁd:h&wﬁ&ﬁxﬁb%ﬂ@pbng&dﬁlﬁrbﬁbaﬁag@nﬁ&oémulﬁ@nﬁ euci ne,
mannltol or magnesium stearate. Prior to use in a dry powder fornulation or

suspensit®n fitsembinatiens thepol i on sychpRlisatans. tB%?Pﬁ?ﬂ?HBthl%eH%Vq‘antl on will
be m croni sgg, bteQ.:u eﬁ eﬁ%r%iébél@et&hﬁ f&oerxamﬂl B! d MBkte B¥th bR RS Ofmé typi cal |y

consi dered as an 5 mcrons). M croni sation could be achieved by a
range of rrefdibﬁmg frmreraémdﬂmud Ispp}ab)Im wétte petrolatum, propylene glycol,

polyoxyethylene polyoxypropylene compound, emulsifying wax , fixed oils,

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

15  water, sorbitan monostearate, a polyethylene glycol, liguid paraffin, polysorbate
60, cetyl esters wax, ceteary! alcohol, 2-octyldodecanol, benzyl alcohol, alcohols
such as ethanol. Altematively, penetration enhancers may be used. The following
may also be used polymers, carbohydrates, proteins, phospolipids in the form of
nanoparticles (such as niosomes or liposomes) or suspended or dissolved. In

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

phonophoresis and sonophoresis.

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

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

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

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



mlling, fluid bed jet mlling, use of supercritical fluid crystallisation

or by spray drying. A suitable solution fornulation for 188etobdr 2806 at om ser
using 30 el ectrohydrodynamcs to produce a fine mst may contain from1l Vg
to 10ng of the conpound of the invention per actuation and the actuation
vol ume 8 Cctober 2005 WD 021085839 PCT/ 1B021 froml to
100l . An3$%%@§$m ornul ati on may conpri se a conpound ofgéﬁésyﬁﬁﬂ%ntion,
propyl ene glycol, sterile water, ethanol and sodiumchloride. Alternative
solvents may be used in place of prop¥lene glycol, for exanple glycerol or
pol yet hyl ene glycol. 5 Alternatively, the conpounds of the invention maybe
adm nistered topically to the skin, mucosa, dermally or transdermally, for
exanpl e, in shdRndigisTh isea‘onia,d;mfhdjud%agét@ae lsalink Qdrl 8ferabB), b dofionsiheam

oi ntment, dusting powder, dressing, foam Til'm skin patch, wafers,

i npl ant, spd$ymEc, PR adjusted, steaileratine. Arpodyrass may de aaded sockeasdrasendbi nat i ons
h f. Fog ' | f ' ' b
21 sl 6 b B SRR MR

suspended exanp ute w nore of the
foll ow ng: (signkyddxypropyinietiyitetinipet helratyatnylcelhilése, pethylakthiloss), opr opyl ene

gl ycol , . pol yoxyet hyl ene. pol yoxypr opyl ene. c ound nul si fyi ng wax, fixed
oils, .ihcl %‘Xﬁ??{éPOQXFﬁ?ﬁ%g?‘}%O%WBYeP%,g% §ite ahively, fhey may gaci ds,

i ncl udi ng  ofofth6la@e inthn olftmeRtseth aspRirdlhtumbr MING ST EiaindbBoratd RAS ¥Rt hyl ene
glycol, liquid paraffin, polysorbate cetyl esters wax, cetearyl

60, yl €
al cohol , 2-deradeble et ahsorbablsgalsppnags.colegen) erinenthindseradale{egs et hanol .
Al ternativel td n : : i.ng may al so
be used po?asbl)zr;%)rr'1 gﬁ&ggﬁg’oﬁ%g{}%f E[ﬁ;greg'? gﬁlg g%%ﬁg‘g’g‘btﬁ"ﬁ%% EQ%s%c‘ﬁpfﬁe f or m of
nanopart i cl systefss sch as siosonps@ntigosomed. | Fonsolatiens noay bswpp@nted or di ssol ved. In

20 addijj on he y be del.i vered usi l.ont pphor esi g,...el ect roporati on,
phonoph dr es‘?ogltbéf?% wsqﬁlr?d]ﬁ?%?@ Yes§ucﬁ\laf Effnﬁglg?wélp glopg%elﬁ&%g%ﬁgeyof t he
i nvention cagy hedeideredisigiofdphoresis. They may also be administered in the ear,

using for example but not limited to the drops.

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

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

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

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

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



rectally, for exanple in the formof a suppository or pessary. They may

al so be 25 adm nistered by vagi nal route. For exanple, thgeetobapasitions
may be prepared by mxing the drug with a suitable non-irritant

exci pi 8P 82/08§8¢h as cocoa butter, synthetic glyceride eSIEE®20I1146

pol yet hyl ene glycols, which are solid at ordinary tenperatures, but

| i quefy and/or dissolve in the cavitysto rel ease the drug. 30 The conpounds
of the invention may al so be adm nistered by the ocular route. For

opht hal m ¢ use, the conpounds can be formul ated as mcroni sed 18 Cct ober
2005 WO 02/085839 PCT/1B02/ 01146, 23 suspensions in isotonic, pH adjusted,
sterile sdP§cHgnisgs inclydesbyf gignot %ggteéld? fqiucesd. pasal, psdeaserierabH adj ust ed,

sterile sahinfntefif® YpVeil JFRYbIREnARRREEsSUCh as crossed |inked polyacrylic
aci d, pol yvinylal cohol’, hyaluronic acid, a cellulosic polymer (e.g.

hydr oxypr opyl net hyl cel | ul ose, hydroxyet hyl cel | ul ose, nethyl cellulose), or

e or mul at ed | GHBFHEHPRaRRAO ST P Eeredy by ey ol sach Y T
i ncor gor afofifl iRt Prdpafitioflew adpdivRIctC o RS 0ANAY! CorifhinkP APFRBriakO! | agen)

or non-bi odegradable (e.g. silicone) inplants, wafers, drops, |enses or
del i ver eciughtatigsaek theupdtve enmpaneps ulle unyg ydosagss fermpe lvanheanp quokessdor

cueh s, st T ARl AR, o Bt B SR RE L g

i ont ophorgeskaed Tidytsmaapsalespahd ovdens st esigld drnathpeuleqr Alsolsh@dinfror exanpl e
but not Ilimted to the drops, The conpounds of the invention nay al so be

;Jsed in lcflﬂ??ﬂen@ﬁli“o??“v\*}?@c # capsuies, Epdetofesbeh 9. lozspgr dtselt pT Hscamr e fisown to
or mypne a&@fy@ﬁgggg?@ea- b %)r %f%e&ow”@kggemfwﬂ%%ﬂnslgitug@ugﬁcﬁ‘h%()f mation

of a drug- In conpl ex may the s ssol ution
rate, tastoerponekiing uilni dascapicpiviahipt yngnbd eariedoabdjustest fpom@el ing of a drug .

For ms. and BACRIAE doi BiF POUFOLT. ARPERCSH (HFDaRs RoleYaProlbe pive oo oo°
ggg}ﬂt iecgfdo%o%ﬁthm Medialetthe dAYCnad 8% allninisRYedOBirdd S BfleAgaiRNasd e | T ary
example, capsules of 100 or 300 mg. In therapeutic use, the compounds utilized in
15  the phammaceutical method of this invention are administered at the initial dosage
of about 0.01 mg to about 100 mg/kg daily. A daily dose range of about 0.01 mg
to about 100 nig/kg is preferred. The dosages, however, may be varied delﬁending
upon the requirements of the patient, the severity of the condition being treated,
and the compound being employed. Determination of the proper desage for a
20  particular situation is within the skill of the art. Generally, treatment is initiated
with smaller dosages which are less thanrthe optimumn dose of the compound.
Thereafier, the dosage is increased by small increments until the optimum effect
under the circumstances 1s reached. For convenience, the total daily dosage may

be divided and administered in portions during the day, if desired.
25 |

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

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



e.g. as a carrier, diluent or solubiliser. Al pha-, beta- and
gamma-cycl odextrins are nost commonly used and suit abl elggaiotdresisar e
descri begyd ghod€dsf- 91111172, WO A-94/ 02518 and WO A- 98/ 55¢48mp@B1illde t erm
“adm ni stered’ 1 ncludes delivery by viral or non-viral techniques. Viral
del i very nmechani sns include but are noE limted to adenoviral vectors,
adeno- associated viral (AAV) vectors, ﬂerpes viral vectors, retroviral

vectors, lentiviral vectors, and bacul oviral vectors. Non-viral delivery
mechani snms i ncl qugs, &HﬁhdamﬁdtaﬁaﬁeQﬁaﬁafé@ﬁm@nnlhbpﬁbmnsphmmnmmnkmbosones
| i pof ectin, cationic 30 faci al anphi philes and conpi nati ons thereof.

The rout es PBIPOSitiOR ERINPRERY qsth@xflpéwﬂzoe emf‘omé BCFPHBOYID 1146,
24 mechani | yde r t, 4 asrl rHE@'Th
parenteral, R rh r g? n ée)lsjfirlm"ﬁlla &?oaﬁlldcgll Ig}g%né&bﬂéﬁgia%w?%*ut esca ©

phar maceut |p<hajmap:reﬁ@<aﬂ aioumsitﬁ)npnnajr il wbtympriseunng odaﬁamgepﬁammolbgncalﬂmh 5
formthe preparation is subd|V|de into unpﬁydoses ontalnlng appropriate

quanti ti es 26HVE pEENEANAFBOS A AP mﬁ%%mﬁﬁ BEEREP!S GITHFSan be a packaged
preparation, the package containi antities of preparation,.
such as packeted tablets, capsulgg?ﬁéié g%%&;%:rgn vials or anpoul es.
Also, the unit dosage formcan be a capsules, tablet, cachet, or |ozenge
itself, or it can be the 10 appropriate nunber of any of these in §ackaged
form The quantl ffre giboae tcouwoupdsrpdh batsynthegisadn fromd hgekgiprgsallat-i dd) may be

varied or ust.ed fr accord h partlcular

appl i cation %ﬁﬁ ioygu ?%ﬁEéRgng%gmac F?gmn%g%%gﬁwgako n nedical use the
drug nmay be adnlnlstered three tines daily as, for exanple, capsul es of
100 or 300 ny. In therapeutic use, the conmpounds utilized in 15 the

phar maceutical nethod of this inveljtion are adgrinistered at the initial
dosage of about 0.01 ng to about 0 ny/ kg y. A daily dose range of
about 0.01 ng to about 100 ng/ kRg-+$-Areferre The dosages, however, may
be vari ed depending upon the req enents of/The patient, the severity of
the condition being treated, and e conpoung)belng enployed

Determ nation of the proper dosage
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Intérmediates of formulae (1) to (6) above are believed to be novel and
constitute a further aspect of the present invention. Parficularly suitable

intermediate ketones according to the present invention are selected from:

- (la) ’ '\(43) and (5a)

15



20 particular situation is within the skill of the art. Generally,
treatnment is initiated with snmaller dosages which are | e8scibarridhe
opti mum dose of the conmpound. Thereafter, the dosage is increased by snall
increments until the optinumeffect wunder the circunstances is reached.
For convepi the total daily dosage nmay be divid inistered in
portionsﬁﬁgﬁﬂﬁgn?he day, if desired. 25 30 The pharna?gﬂﬁﬁggﬁgﬁgnposition
according to the present invention can, if desired, also contain one or
nmore other conpatible therapeutic agéats. In particular, the conposition
can be conmbined with any one or nore conpounds wuseful in the treatnent of
pain, such as those |listed above. 18 Cctober 2005 WO 02/085839

PCTI EBO2/ 01146 25 Thus, a fiMettmMeaspect f the present invention provides a

pharmaceutical conposition c rising t herapeutically ef fective amount |
of a compound according to t first ﬂeand a pharmaceutically

acceptable carrier. The phar Zgélcal i.tion may al so conprise one

or nore pharnacologically activ gents and re than one pharmaceutically

acceptabl e carriers. GENERAL METHODS 5 The above conpounds can be
synt hesi sed fromthe ketones (1) (12) below, in which R and R2 have the
same meani ng&rigys yethedsdposyatheszing the abavijetongs ary seRyut PEiPWRY R1 R2

5 A. Syntheses of Ketones 1-12

{1) Svynthesis of Xetones of type {1).

0
R‘I L nllR2
1
For Example:
10
0
}—OME FOH OMs
}”OMB -—OH : %“-OMs
13

MeQ,C HO,C
-— -———
MeO,C. HO,C



(4) 8(6) RR (2) RR R R R2 (5) (9) CLIIl 0110 (12) 10 (6) (10

Internmedi ates of fornmulae (1) to (6) above are believed ti®eCopbsiaves and
constitute a further aspect of the present invention- Particularly suitable
i ntermedi ate ketones according to the present invention are selected from
O la) " (4a) and (5a) 15 18 Cctober 2005 WO 02/ 085839 PCTI |1 B02/01146 Me
(62) I\/e) (‘?3&”" Wous(rre% hods for synthesizing the abovECKBRYREY ar e set out
below. 5 A Syntheses of Ketones 1-12 (1) Synthesis of Ketones of ,type
(1). | For Exanpl e: 27 '

(a) The known diester (13) is reduced to diol (14) e.g. by lithium aluminium
hydride m an organic solvent e.g. tetrahydrofuran or diethyl ether at a

temperature of 0°C to reflux.

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

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

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

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

(d) The alkene (16) above is added
¢ to a mixture of carbon tetrachloride or ethyl acetate and acetonitrile to
which water, sodium periodate and ruthenium (I1I) chloride were added,
15 and stirred at a temperature from —40 °C to 80 °C to produce carboxylic
acid of formula (17); or
* to a mixture of potassium permanganate in water and dichloromethane in
the presence of a phase transfer catalyst such as tetrabutylammonium
bromide to produce (17).
20
(e) The carboxylic acid (17) is added to a mixture of an alcohol such as methanol
and a concenirated acid such as sulphuric acid or hydrochloric acid at a

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

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

temperature to give ketone (19).

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



10 13 4 Me02C HOC MRC ' HXRC 18 26 14 17 16 19 18 Cctober 2005 WO

02/ 085839 PCT/ 1B02/ 01146 27 (a) The known diester (13) i $80edbgadst o diol
(14) e.g. by lithiumalumnium hydride in an organic solvent e.gqg.
tetrahydrofuran or diethyl ether at a tenperature of OCto reflex. 5 (b)
The di al LS, added to met hyl sul fonyl chloride in el

triethyl #ﬁ%oskﬁ%% di chl oronet hane a -60C to 40C to prglya‘icjfceoga&?gnesyl ate of
formula (15). (c) The dinesylate (15) is added to a solution of lithium

al uminium hydride in a solvent such28s tetrahydrofuran or diethyl ether at
a tenperature of fromOCto 10 reflux to produce an al kene of formula
(16). (d) The al kene (16) above is added to a m xture of carbon

t et rachl ori d@) @kniksivydf kaesdsar ema aggehonitrile to which water, sodium
periodate and ruthenium (I'M chi oride were added, 15 and stirred at a

tenperature from-40 Cto 80 Ctp produce garboxylic acid of fornula (17);

or to a mxture of potassiump nganat € yn water and di chl oronet hane in
the presence of a phase transfe at al yst ch as tetrabutyl amoni um
brom de to produce (17). 20 o <, Rt “R2
4 5
For Example:

K3 o 2,

& %
2

OH 0
24 25 26

5 (a) Theknown alkene (21), see B.D. Kramer, P.D.Bartlett, J. Am. Chem. Soc.,

O
3

OH
& “, &
B 4 22

1972, 94, 3934, is mixed with an organoborane such as disiamylborane,
thexylborane or 9-BBN in a solvent such as diethyl ether or tetrahydrofuran at a
temperature of 0°C to room temperature. The resulting organoborane is mixed
with a solution of concentrated sodium hydroxide and hydrogen peroxide to give

10 an alcohol of formula (22).

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

(3@vnthesis of ketones of type (3)



(e) The carboxylic acid (17) is added to a m xture of an al cohol such as
met hanol and a concentrated acid such as sul phuric aci dignDctayanoghl oric
acid at a tenperature of roomtenperature to reflux to produce di ester of
formula (18). 25 (f) The diester (18) above is added to a strong base such
as sodiu J or potassiumtert-butoxide in a sol as
tetrahydﬁg ﬁggﬁgﬁt reflux tenperature to give ketone ¥§§§miyg?;The ket one
(19) above is added to a m xture of dinethyl sul phoxide and water 30 at a
t emperature of 100-180C to produce k@Pone of fornula (20). WD 02/ 085839 28
(2) Synthesis of ketones of type (4) and (5). 0 RI' 1R2 4 For Exanple: OH
21 23 PCT/1B02/ 01146 5 (a) The known al kene (21), see B.D. Kraner,
P.D.Bartlett, J. Am Chem Soc., 1972, 94, 3934, is mxed with an

or ganobor ane such as di si anyl bor an®,. ~ti®@xyl borane or 9-BBN in a sol vent
such as diethyl ether or tetrahydrof nat a tenperature of 0OC to room
tenperature. The resulting organobor is mxed wth a solution of
concentrat ed sodi um hydroxi de and hydyr ogen peroxide to give 10 an al cohol
of fornmula (22). (b) The al cohol (22) is oxidized, e.g. with an oxidi sing
agent such &8 EX@AWHi um tri oxi de, pyri di ni um di chromate or pyridini um
chlorochromate in a solvent such as dichlorongfhane or acetone to give the

ket one of fornula (23). A siml process, c be used for ketone (25)
except that the starting > e Y

27 28 29

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

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

temperature to give the ketone of formula (28).

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

15

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

7N

8

AL,

0] o)

9

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

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

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

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

general formula (76)



material is the known al kene (24), see B.D. Kraner, P.D.Bartlett, supra.

(). Synthesis of ketones of type (3) 18 October 2005 WO 02% 086832080 3 For
Exanpl e: PCT/1B02/ 01146 27 28 29 (a) The known ketone (27) see patent
application US 60/160725, is added to a 5 strong base such as |ithium

di i sopropyl.am de or |ithium hexanethyldisilazide follg met hyl ati ng
agent sue%oggmﬁﬁ?hyl i odide in a solvent such as teﬂr%#ﬁ%#g%ﬂﬁhn or

di ethyl ether at a tenperature of between -100C and room tenperature to
give the ketone of fornula (28). 10 (3®) The ketone of fornula (46) above is
further nethylated with a nethylating agent such as nethyl iodide in the
presence of a strong base such as lithium diisopropylamde or |ithium
hexanet hyl di sil azide in a solvent such.as tetrahydrofuran or diethyl ether

at a tenperature of between -100C an om tenperature to give the product
ketone of formula (29). 15 (4). S the of ketones of e (9) and 10 . 10
These ketones are known conpounds, se . Y. Chen, L.Ghosez, Tetrahedron

Letters, 1990, 31, 4467; C. Houge, A M FPimgue- Hesbain, A 20 Mckel, L.
Ghosez, J.P.Declercq, G Gernmain, MVan Meerssche, J. Am Chem Soc.,
1982, 104, 2920. These ketones may al so be prepared fromthe known

unsat urated ket opgreghictiol dyydlogéRfisnvith G/ BhablS cRyRREh A4RHC in a

suitable solvent such as ethyl acetate.

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

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




WO 02/ 085839 30 PCT/1B02/ 01146 by reduction by hydrogenation with a
suitabl e catalyst such as Pd/Cin a suitable solvent sucfoashens
acetate. 5 (5). S thesis of ketones of te (2). For Exanple: 30 M Me MeQ2C
CO2Me H2C 35 0 36 to 2 M MO 37 HOOH 31 34 CO2H (a) The known
car banat e‘#)SO see W Von der Saal, R Reinhardt, H M__Seidenspi nner, J.
Stawi t z, .0%&#3??, Li ebigs Ann. Chem, 1989, 703; Z RESFWRHI46R vt ovi c,
J. Serb. Chem Soc., 1988, 53, 595, is reduced using 18 Cctober 2005 WO -
02/ 085834 PCTI 1B02101146 31 lithium & um nium hydride in a solvent such as
tetrahydrofuran or diethyl ether at

lithium aluminium hydride in a solvent such as tetrahydrofuran or diethyl ether at

a temperature of 0°C to reflux to give 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, diethyl ether, dimethylsulphoxide or dimethylformamide at
10 a temperature of 0°C to reflux to give the dicyanide of structure (33).

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

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

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

a temperature from —40 °C to 40 °C.

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

30 ketone (36).




a tenperature of OCto reflux to give diol (31). (b) The diol (31) is added

to met hyl sul phonyl chloride in pyridine or 5 triethyl amlgectobter 2005

di chl oronet hane at a tenperature of -60C to 40C to produce dinesylate of
formula (32). (c) The dinesylate (32) is added to sodi um or potassium
cyanide in a solvent such as tetrahydrofuran, diethyl_ether

di nmet hyl s‘ﬁ?ﬁﬂ@?’f:‘ae or dinethylformam de at 10 a tenpe?%r{wao%fﬁ 0OCto
reflux to give the dicyanide of structure (33). (d) The dicyanide (33) is
added to a concentrated solution of pdtassiumor sodium hydroxide at a
tenperature of 50C to reflux to give diacid (34). 15 (e) The diacid (34) is
esterified to diester (35) by addition: to a mxture of iodonethane in a
sol vent sel ' NE, 4 G r f t r,oh uran,

ol Uene or 14 e SO ClOg MO ARRAIE o nf b Bhhy ShiBRCTAY

1, 8- di azabi cwyat¢rg} & tegnBiatme of 10D-180Y ©DBiduce kataneof fdramiar{d7)or 1, 5- |
di azabi cycl o[ 4. 3. 0] non-5-ene (DBN) is added and stirred at a tenperature
20 from-40 Cto 110 C; or to a mxture of nmethanol and a concentrated
aci d such ag).Bihihbils bfketeslofaype Tyrdrgochl oric acid at a tenperature ranging
fromO Cto 100 C or to trinmethylsilyl digzorrethane and nethanol in
benzene or toluene at a tenperatuyre fromg40 Cto 100 C or 25 to

di azonet hane in a solvent such as{ b geneé&:uene, di chl oronet hane at a
tenperature from-40 Cto 40 C. (TJ"%the diestgr (35) is added to a strong
base suchq as sodi um hydri de or potrlassium #®ert-butoxide in a solvent such
as tetrahydrofur at reflux tenperature to give 30 ketone ). 18

Ot ober 2005 WD P86 TS bpesanps mide vsipd mieniuy UK 55 Fa6) above i s
added to a parktJUHSoRfS-GiKTR RYHL ASH| THREBEIER: Afshmerry, 1999, 10, 1903,

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

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

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

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

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

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



water at a tenperature of 100-180C to produce ketone of fornula (37). (6).

Synt hesis of ketones of type 7 and 8 0 R A-K R 7 a Ket ongec@bertzbds type
can be made using rutheni um conpl exes, see S-W Park, J-H. Son, S—G Ki m
K. H. Ahn, Tetrahedron: Asymretry, 1999, 10, 1903. For Exarrple ~Nz M

O 38 RuL = ligand 39 Me Me The known al kene ( N| shi yama,
Y. ltoh, ﬁy%\a@@éﬁgto, S.B.Park, K ltoh, J. Am Chem Sg@lmgigigﬁg_{ 116, 2223,
was stirred with a ruthenium catalyst such as CL2Ru(pybox-ip)(CH2=CH2) in
a sol vent such as dichl oronmet hane or335 chloroformat a tenperature of 0OC

to roomtenperature to give ketone of structure (39). 40 41 42 20 (a) The
known al cohol (40), see M Asam, Bull. Chem Soc. Jpn., 1990, 63, 721,

T.Sato, Y. GabRéne of Bihk@RaY aSteinperdtufelbfl SBYR 1o TéTluk a0 QaeOR AEdHOL b |
formula (41).

(b) The alcohol of formula (41) is added to an oxidising agent such as chromium
5 trioxide, pyridinium dichromate or pyridininm chlorochromate in a solvent

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

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

0

R1 R2
G

il

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

10 For Example:

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

60°C to reflux to give ketone of siructure (44).
(8). _ Synthesis of ketones of type (11) and (12)
: ;0 : 0

an (12)

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

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



1983, 24, 4123, is mxed with diiodonethane and an al kyl zi nc such as
di met hyl zinc or diethylzinc or a zinc-copper couple in alg8okwbaoduch as 18
Cct ober 2005 WO 02/ 085839 PCTI I BO2I1 01146 33 tol uene or benzene at a
tenperature of -60C to reflux to give an alcohol of forrmula (41). (b) The
al cohol q&o%g&ﬁgﬁa (41) is added to an oxidising agent, Jidschromum 5
trioxide, pyridiniumdichromate or pyridiniumchlorochronate In a sol vent
such as di chl oronet hane or acetone to give the ketone of formula (42). (7).
Synt hesi s of ketones of type (6): RL3& 6 10 For Exanple: 43 44 The known
ketone (43), see WA.WIlczak, D.|l.Schuster, Tetrahedron Letters, 1986, 27,
5331; D.LSchuster, J.Eriksen, J. Og. Chem 1979, 44, 4254, is mxed with
di i odonet hane and an al kyl zi nc such as di nethylzinc or diethylzinc or 15 a
zi nc-copper couple in _a solvent such as toluene or benzene at a tenperature

of - 60C to ?ef| JMagke Igfvars Rpasmsgs Ryyno; Heshainfrisque 4ywe Mayie; Bymashesi s of

ket ones of type 2 i #‘%}'ﬁ j of (11) can
be found in the ?%ﬁag%qﬁ‘é’ g%’e%‘%’%?n%“é@?%ﬂg@%%? 4 0S @“&@g%ga?%?gn of

bi cycl o[ 4. 2. 0] octyivadditernsof kétkrieg andketdbanigaiusaky i dlefppak ub ki yo, Shi zen

Kagaku Hgn (19732311611%%0(%.6(_1;%), J[§7(%‘;t2q9£5 2005 WD 02/ 085839

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

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

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

15
The above ketones can be transformed into amino acids using one of the

following general methods A to E, as illustrated below for ketone (1) where
R'=R?=methyl.

20  Method A:

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

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

25 sodium- or potassium-hexamethyldisilazide, butyllithium or potassium

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



34 PCT/1B02101146 Marko, |stvan; Ronsmans, Bruno; Hesbai n-Frisque, Anne
Mari e; Dunmas, Stephane; Ghosez, Leon; Ernst, Beat; G eut&Ogtobiansos

I ntranol ecul ar [ 2+2] cycl oadditions of ketenes and ketenimniumsalts to
olefins. J. Am 5 Chem Soc. (1985), 107(7), 2192-4. Chen, Lian Yong;

Ghosez, LegR,oglydy of chiral auxiliaries for the intgﬁ,‘gﬁggg,@g%ﬁr [ 2+2]

cycloadditron ot a ketenimniumsalt to an olefinic d A new
asynmetric synthesis of cycl obutanones. 10 Tetrahedron Lett. (1990),
31(31), 4467-70. Preparation of (12)3&an be found in Marko et al., supra.
B. Conversion O Ketone Starting Materials Into Amno Acids O The

I nvention 15 The above ketones can be transfornmed into am no aci ds using

one of the dRlchOWuld 8 NREMydFIriRRddifethAfdmardRle) |dlibt§i_%lr adiesd el ow for
ketone (1) where R =R2=nethyl. 20 Method A: 45c (a) e ketone (20) is

converted tolimeibasulfoxidsdt eiemperatuasia)thaypngedeom 78fC ta 109°Gi t h a _
trial kyl phosphono acetate such as triethyl phosphonoacetate in the presence
of a base. Suitable bases include sodium hydride, potassium hydri de,
lithium or (b3 Nitsambthuit ioaddeatia sl urnthardrestenydsd) 8y lacvicies] aaditiyh | 1 t hi um or
pot assi ug1 tert-butoxide. The reaction.may be carried out in a polar
aprotic organifction apthspagsensgof 2Reseoi B8P pRIGH pgONIp salyent 852 50| vent such

2t o temper at G olEA0C 1PANPE CoE o PED N BRREYC™S adided
to the unsat uimied edsdétmbutfldbmonhyn afhidridbaddtraadthiytguamidine, 1,5-diaza-
bicyclo[4,3,0]non-5-ene, 1,8-diazabicyclo[5,4,0]undec-7-ene, a sodium or
potassium alkoxide such as potassium ters-butoxide, potassium carbonate,
10 sodium hydride or potassium fluoride. Suitable organic solvents include
tetrahydrofuran, diethyl ether, dimethylformamide, dimethylsulphoxide,

benzene, toluene, dichloromethane, chloroform or tetrachloromethane.

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

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

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

20 20°C to 80°C.

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

25



5 reaction in the presence of a base and in a polar aprotic organic sol vent
at a tenperature of -20C to 100C to give the nitroester (#6bpberS00st abl e
bases include tetrabutylamonium fluoride, tetranethyl guanidine,

1, 5-di aza- bicycl o[ 4, 3,0] non-5-ene, 1, 8-diazabicyclo[5, 4, 0]undec-7-ene, a
sodi um or i um al koxi de such as potassiumtert-b . de ~potassium
carbonatéwoﬁg&gggiun1hydride or potassium fluoride. Supégﬁbg&%?ganic

sol vents include tetrahydrofuran, diethyl ether, dinethylformm de,

di met hyl sul phoxi de, benzene, toluené¢ dichl oronethane, chloroform or
tetrachl oronet hane. (c) Reduction of the nitro ester (45b) and ring closure
by reaction of the resulting 15 amno group with the ester group gives the
cyclic | act apefd®g). Hydrogenation may be in the presence of a catal yst
such as Raney nickel, palladiumon charcoal or rhodium catalyst or other

ni ckel or pall adi um cofitai ning catglyst,,dn a sol:vent such as nethanol,

et hanol , isopropanol,  ace+a efi_c_aci g\ILM¥- di oxane, chl oroform
or diethyl ether at a ﬁ%gperature IETY t @ r ange a9 20C to 80C. (d)
Hydrol ysis of the cyclic Iactan1(45c5 e.g. usingjidyueous hydrochloric acid
at a concentration of from0.01 Mto 12 M and o%tionally in the presence
of a solvent such as 1, 4-dioxane, acetic acid oy water produces the am no
acid (46). 25 WD 02/G385839 Met hod B; (9) The ketgne (20) is condensed with
an al kyl cyanoaceta ‘o't"”ze*ampl £yanoggéhete in an organic

sol vent selected from Wehe, benz¥nt™xyl enes @ 3-cphiept ane to which
acetic acid and (3-al &ine or ammonfum acetate, of® piperidine are added.

e 1 1 ) s, B STRELA Mo By SRy e

wat er by, f exanp se 0 a rap or

Si eves, to pregapecddieincanangmd @iventiscfecteditom tothéde, bdkehid) kylthe ogyanoest er
(47) is converted to dicyanide (48) by treatnment with potassium cyani de or
sodi um cyani dé-heRtapgtie rVRiFY aestikaifid 2B¢ Fralamng Or  amymeniug; aeeldice oF s ref | uxed

and water is neByed Y adde® TIRARRLE is MEfedC PelipaRart &5k 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 (¢) The cyanomethyl group of dicyanide (48) converted to an
ethoxycarbonylmethyl group by reaction with ethanol in toluene or benzene
saturated with gaseous hydrochloric acid. The reaction temperature may be
from —30 °C to 40 °C.

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

closure gives lactam (50).



trap. 15 (c) The cyanonethyl group of dicyanide (48) converted to an

et hoxycar bonyl net hyl group by reaction with ethanol in toOeneraddsbenzene
saturated with gaseous hydrochloric acid. The reaction tenperature nay be
from-30 Cto 40 C. 20 (d) The cyano-group of the resulti ng cyanoester (49)
i's reduceg, drogenatlon i n met hanol, ethanol or eth acet ate using a
cat al yst Q0585 ckel, palladium pl atl num or r hodi E#[Hio 2181 i‘ﬁerrperat ure
from1l5 Cto 60 C, after which ring closure gives |lactam (50). (e)

Hydrol ysis of the lactam (50) e.g. usiZng aqueous hydrochloric acid at a
concentration of fromO0.01 Mto 12 Mand optionally in the presence of a
sol vent such as 1, 4-di oxane, acetic aci d or water produce the amno acid
(51). 5 Meth : ; t a 4F -/\-CO H
NC  NCO t - ~\ &q@ﬁ%ﬁ gﬂﬁghla%t%zzé@ & Eﬁ"%\/jcé';qLE"oﬁ deD&hlomN%? e CDH 57 °
(a) Cyanoest e¢n0(m¢fﬁ}i01il of @@@I@@lM)toaIZrMm@omlwﬂlmmmrmMﬁtﬂmvwnI ori de,

brom de 10 orsucﬁ) ldf inh a dr S etrah gran, 1, 4- di oxane,

n- hept ane, tol vene, i of(?ﬂ?lace'tl orwa%rgrq[dg%eti'l ‘ther at a
tenperature from-100C

5 Method C:

Fh
co E‘ CO.‘,Et COZH
CO, Me COMe ED\—CO Me

l

: \-COH

(2) Cyanoester (47) is added to a mixture of benzylmagnesium chloride, bromide

10‘ or iodide, in a dry solvent e.g. tetrahydrofuran, 1,4-dioxane, n-heptane,
toluene, diethyl ether, or zerz-butyl methyl ether at a temperature from —100°C

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

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

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

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

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

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

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

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



to 110C resulting in cyanoester of fornula (52). (b) The cyano group of
cyanoester (52) is renoved by neans of a base e.g. 15 pa8@assbar00ydr oxi de,
sodi um hydroxi de, |ithium hydroxi de or cesium hydroxide in a solvent e.gqg.
et hyl ene glycol, 2-nethoxyethyl ether, 1,4-dioxane or diethylene glycol.

The m xt i irred at aterrperaturefromZSCto oducethe
car boxyl 3@83%{‘?88@% formula (53). 20 (c) The carboxyli cégﬁpéﬁ%lﬁ up of acid

(53) is protected by conversion to its alkyl of 1-6 carbon atons ester,
e.g. its methyl ester (54). For this3purpose, acid (53) my be added to a
m xture of iodonmethane in a solvent selected from dichl oronet hane,

chl orof orm tetrahydrofuran tol uene or 1, 4-dioxane to which a base such 18

Cct ober 2005&5\/@1@2{1&%?&%& u\ﬁ@g,z’i-gﬂél-df Dﬁﬁ? tlrlamme or 15-
1, 8- di azabi cycl 0] 5. 4. 0] un -ene ‘i et hyl"am ne or 1,5-

di azabi cycl cﬁlazaBlcml@{éﬁMfﬁeel(e@EN) I!E'Gadddﬂ@d stirmetl attai tempetatate feom enper at ur e
from-- 40 Cto %&Q%f%; 1§r°C to a m xture of nethanol and a concentrated acid
such as sul phuri d1 2 hydrochloric acid at a tenperature ranging

fromO Cto 100 fgam@ixturé @ffhéthﬂﬁl Ml sSdohydnethiod e kdea e sﬁmdn-m&lhwol in
benzene or toluene at a n’gerature from-40 Cto 100 C, or to
@

di azomethane i n Bydesh %‘itamé hlegpesaryBpging figm Vehdo 189 Cw %r onet hane at  a
tenperature from. 4 | gn)ﬁsgyﬁpazgn hihe (fd J&ﬁageﬁﬁﬁgéd% O&pto‘ﬁye{né Qﬁ%r esul ting

ester (54) is oxidize a carp oxyl1c "aci Wi th sodi um

peri odate and rutchmmaum(rdarhl—)w&htoomoct@ om a m xture of car bon

tetrachl oride or hyl acetate and acetonitril (i/ya{ ter i s added.
2685 ¥ 'efne; !

The mixture is® sfoi i37gmethpnen asplyent sphyas Pive 15
carboxylic acid {Rmperature 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 2
mixture of carbon tetrachloride or ethyl acetate and acetonitrile to which water
1s added. The mixture is stirred at a temperature from —40 °C to 80 °C to give
15 carboxylic acid (55).

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

e to 2 mixture of a base selected from triethylamine or
diisopropylethylamine and a solvent selected from toluene, benzene,
20 | xylenes, tetrahydrofuran, diethyl ether or #-heptane to which
diphenylphosphoryl azide (DPPA) is added and stirring at a temperature

from 0 °C to 150 °C to produce the isocyanate of formula (26}; or
e to cthyl chloroformate or isobutyl chloroformate and a base such as
triethylamine or diisopropylethylamine in tetrahydrofuran or acetone or
25 diethy}l ether at a temperature of -40 °C to 78 °C followed by addition of
sodium azide in water and tetrahydrofuran or acetone followed by addition

of toluene or benzene and refluxing.

(f) The isocyanate and ester groups of compound (56) are simultaneously
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



(e) The carboxylic acid group of acid (55) is converted to isocyanate by
addition to a mixture of a base selected fromtriethyl ang neobdr 2005

di i sopropyl et hyl ami ne and a sol vent selected fromtoluene, benzene, 20

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

di phenyl | azide (DPPA) is added and stirring rature
fromO CR?QW@B&% to produce the isocyanate of fornul aﬁ%’t}%ﬂ;&l&g%e to ethyl
chl orof ormate or isobutyl chloroformate and a base such as triethylarnine
or diisopropylethylamine in tetrahydd8furan or acetone or 25 diethyl ether
at a tenperature of -40 Cto 78 C followed by addition of sodium azide in
wat er and tetrahydrofuran or acetone followed by addition of toluene or
benzene and soblehtbitings 1,4-HloxdrtCackB®aribdtiater 36 SroBsde@he Ahiab B&d @f7).conpound (56)
are simultaneously 30 hydrolysed to am no and carboxylic acid groups, e.g.
by aqueous hydrochloric acid at a concentration of from0.01 Mto 12 M
optionally MiHol®.presence of a WO 02/085839 FCT/ 1B02101146 39 sol vent
such as 1, 4-di oxane, acetic acid or water to produce the am no acid (57).
Method D " ~CO2H CO2L-Bu 60 5 (a) As a first stage in protecting the
carboxylic acid grpréci—d——(-S " NeTPhs__cqnueptes#o its chloride (58)
by reaction at a tenperatdie of fTPDMM40T to 148X Widdyae. g. oxalyl

chl oride or thionyl ¢hloride in an Hprotic organf ¢ sol vent e. g

di chl oronet hane, chloroform diethyl ether, tol uenﬂ{or tert-butyl nethyl
ether to which 0.01 nol percent to 10 not percent N, N 10

di met hyl f or mami de (DVF) is added. {b) The chloride (58) is converted to its

tert-butyl ester, ““b%Pz’Y“’eac_t_l i TTEOMer t - EN ~adagohol in an aprotic
organi c sol vent e.gi~dMdbr onet haMme, “-€hiter of or'm igilayl ether, toluene,
or tert-butyl methyl 6"etlher to which &y, N 60

X — O

P e E e

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

10 dimethylformamide (DMF) is added.

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

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

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

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



15 diisopropyl ethylam ne (D] PEA) or triethylamne is added. The reaction
m xture is stirred at a tenperature from-40C to 110C t ol1poadhee0dshe ester
of formula (59). (c¢) The phenyl group of ester (59) is oxidized to a

carboxylic acid group by 20 reaction with , sodium periodate and rutheni um

(1) chlori i.n a mxture of carbon tetrachloride or_ethyl acetate and
acetonitrv?éhﬂ‘ﬁgé?’ahi ch water is added. 18 Cctober 2005 R@"@é/‘ﬂ%ﬂ%%

PCTI 1 B02/ 01146 40 The reaction m xture is stirred at a tenperature from -40

Cto 80 Cto produce carboxylic aciddof fornula (60). (d) The carboxyl
group of acid (60) is converted to an ester group by addition 5 to a

m xture of iodonmethane in a solvent selected from dichl oronet hane,
chioroform fileaiiyg piliite Muiink@ btiPRptinds fodllay a0k sr-ehigbing, base such
as 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-eng (DBU), triethylamne or 1,5-

di azabi cycl ofatho3yld avehefForsmdn ((OBN) i s added and stirred at a tenperature
from-40 Cto 110 Cto produce the ester of fornula (61); or 10 to a

m xture of nethanol and a concentrated acid such as sul phuric acid or
hydr ochl ori @) ati darBbxyh glo@prpRdchll (80)ds @ivertedgo b edterQrduptby ad@ifiorC; or to
trinmethyl silyldi azonet hane, and net hanol in benzene or, toluene at a

t enper atlr e f rorfe-24ixture gf ipdemethang in arsglvent Sslepted Framediphorgmebpigant such as

benzene, L0l ueneudlfih QEQRFIEARR, Buent Br 34 ATRSE & HhEn BAM . C to. 40 T

(e) The tert-butoxy group 15 renove rom r (6 by reaction with
trifluoroacetic mcil@-disgabicgadd[Fdifundegy7-enk MBI neiethatamminec lwir ol 5f or m

1, 4-di oxane, tef.rahydrafyran i et ether, or tert-butyl nethyl ether.
The reaction mi xi‘%%g%%&f‘g@wléf@a (ﬁé lsaihﬁg‘?‘rﬁé%mflét ?fe CrBE to 110C to
gi ve carboxyli c fesh d4®fC tof100 PO Ppro@k thelehter ditfernasd @1);9f oup of acid (62) is

converted to isocyanate (63) by addition . o
10 » to'a mixture of methanol and a concentrated acid such as sulphuric acid or

hydrochloric acid at a temperature ranging from 0 °C to 100 °C; or

s to trimethylsilyldiazomethane and methanol in benzene or toluene at a
temperature from —40 °C to 100 °C; or

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

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

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

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

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



to a mxture of a base selected fromtriethylamne or 25

di i sopropyl ethyl am ne and a sol vent sel ected from tol uenés$ Obtehaenes,

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

di phenyl phosphoryl azide (DPPA) is added and stirring at a tenperature
fromO0 C {8, or to ethyl chloroformate or 'SOb“ti‘éTlﬁ!&/ﬁ’ﬁﬁ’J ormate and
a base such as 0 triethylam ne or diisopropylethylam ne

tetrahydrofuran or acetone or diethyl ether at a terrperature of -40 Cto
78 C fol l owed by addition of 18 CctoHlér 2005 WD 02/ 085839 41 CN sodi um
azide in water and tetrahydrofuran or acetone followed by addition of

tol uene or benzene and refluxing. (g) Sinultaneous hydrolysis of the

i socyanat e asndiveshside @r watpSandf tegaiyp@ansh (168ktond fillotked By AAliRAWS

hydrochl oric Cld t a co tration of from0.01 Mto 12 Min the presence
or absence oﬁ"“ﬁ e3e] ﬁH‘H%“gl 4-di oxane, acetic acid or water gives
the amino acid (64) I\/bt hod E: 10 69 47 ,R PCT/1B02/01146 /r COR2Et --N
u2e~ ~- | ~C4 - - 2 NC 65 (a) Q/anoester (47) is reacted with

al lyl rragnes(a]rﬁllﬁlﬂiw@?@l@ély{lfﬁlms@ﬁﬂtﬁesowar@te apd, esteryaronpg 0 s¢rapouod k&) i de and a

di al kyl ZS nc Slé.cgh b?ﬁq&bﬁﬁ}m{dcﬁo% allll af'a C8RBtation of from 0.01 Mto 12 M

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

water gives the amino acid (64).

Method E:
: CN H J R
CO.Et EO}NCO Et EQ\_
a7 " NG 85 oo

| |

H = Y. R

- .— X

; COZH Cone = COZME
T 67

10 69

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

butenylmagnesium chloride and a dialkylzinc such as dimethylzinc or a copper

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

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

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

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

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

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

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

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

addition



(I') salt such as copper (I) iodide or copper (I) cyanide in a dry organic
solvent 15 e.g. tetrahydrofuran, 1, 4-di oxane, n-heptane, 180kweaef0di et hyl
ether or tert- butyl nethyl ether at a tenperature from-100 Cto 110 Cto
give an wunsaturated addition product of forrmula (65). (b) The cyano gr oup

of addit| ct (65) is renoved by reaction with 0 e
FRoEhaRY R

pot assi um X1"de, sodi um hydroxi de, |ithium hydroxi

hydr oxi de i n an organi c solvent selected fromethyl ene glycol,

2- met hoxyet hyl ether, 1, 4-dioxane or2di et hyl ene glycol. The reaction

m xture is stirred at a tenperature from25C to 250C to give a carboxylic
acid of fornmula (66). 25 (c) The carboxylic acid group of acid (66) is

converted toean agh&hixkOMioMineiidid 4 QvehBseticaltom ARG MR, 085839

PCT11B02101146 42 to a m xture of iodomethane in a solvent sel écted from
di chl or onet helderoformhietahytirafiran, tttdumhyaﬂdiquto whithebase guchas 4,8¢i oxane to

whi ch a base such._a A°) |c 0] 7-ene_(
triethyl am ne ordlizaglcy%logza I cycl &%?(rjlﬁn ﬁ&fgﬁ&? N) Oﬁagl%ggjded and
stirred at a 5 ﬂxm&lyabymo]ﬁwmmﬂ&CIDBmovihAOaﬁeﬁoapdloehm taheaest er of

formula (67); or to a xt ur e_of ano n acon ntra d acid such as
sul phurlg aci d ol MPABFGOENP ofY cco’é’cliqgtbaf"%{o‘?'@ reétleﬁ? {ﬁb"from 0Cto

100 C; or to .trio%ﬁi’drébfﬂiérﬁhﬁ?%&&ﬁ&‘ﬁuﬁ@@ﬂ@&&%@Eulhl@;r#&%@iﬁ%?e or tol uene
at a tenperature from-40 C 100 C or di azohet hane 1n a sol vent

such as benzene, h)tdmm@lmeﬁmdlatmﬂempm{ehmaﬂroma°Cé¢rb@}°eﬂ gre from-40 Cto
40 C. (d) The Junsat ur rou n er oxi di ze sodi um
periodate and * r‘ﬂttlﬁ'é‘?ﬁ%ﬁ?q(ﬁlaf“fg?f%‘ﬂ“&ﬁ“ dngt P}Viﬁ TErE Yt tog'ﬁ’rl%8

tetrachl ori de orteﬁb&g{m@@@haﬁ@od@ 1apecagetonitrile to which water is added.
The m xture is stirred at a terrperature from-40 Cto 80 Cto give a

car boxyllPc acid ©fdigzemaiipze ip@@plvent 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 (IlI) chloride in a mixture of carbon tetrachloride or ethyl acetate

15 and acetonitrile to which water is added. The mixture is stirred at a
temperature from —40 °C to 80 °C to give a carboxylic acid of formula (68).

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

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

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

CO,EL

Method F

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

described hereinabove.




(e) Carboxylic acid (68) is converted to amno acid (69) as in nmethod C. 20

The above ketones can al so be transforned into am no aci d8 Oasbarg0dhe of the
foll owi ng general nmethods F to G as illustrated bel ow for ketone of type
(9). Method F (70) 25 NO, NH, COH COH (71) (72) (a) The ketone is
converte nitro ester (70) according to the net ribed

her ei nabgv\yégﬂ&%%&ct ober 2005 WO 02/ 085839 43 5 PCTI | Bog%%fﬂgﬁ%g) Nitro
ester (70) is hydrolysed with a suitable base, such as aqueous sodi um
hydroxi de to give nitro acid (71) whfeh is reduced by suitable

hydr ogenation, e.g. H2 on a palladiun carbon catalyst in a suitable

sol vent, such as ethanol to give the amno acid (72). Method G RQ2C (73)
NH2 CO2H ( 7%) Nitfd dster (700 hytdbiset witieglsuitable base,/shph asdy@ecs Bdign benzyl  or

di phenyl met hyl, may be, prepar from.the ketone according.to any of the
general met %ﬂ?xﬂ%é‘&gﬁ%gﬁm aﬁ'ﬂggg."v}’ﬁg’]}w \éccﬁi%ﬁ’ F‘Btaglset frogsugtion. &8converted to
the am no aci 4,64 Apaliineesbéd QRIRYIn a suitable solvent, such as ethanol to give

the amino acid (72).
5
Method G
- —
3 "““\Noz "“\NHZ
RO,C COR COMH
(73) (74) | {(75)

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

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

catalytic hydrogenation in a suitable solvent.

15
Compounds of the invention may alternatively be prepared from the known
unsaturated version of a ketone of type (8) as follows in Methods H and I:
Method H
e —- e rrrr—— B ——
Q it LN
0 A NO, NO, ""'\NH
ROIC COZR COZH COZH :
6
20 " 78 (79) (©0)

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

general methods described hereinabove.



catal ytic hydrogenation in a suitable solvent. 15 Conpounds of the
I nvention may alternatively be prepared fromthe known uheabbsrad®d version
of a ketone of type (8) as follows in Methods H and I: Method H NH2 CO2H
20 (76) (77) (78) (79) (80) (a) Ketone (76) is converted to the unsaturated
nitro es according to the general nethods desgti r ei nabove.
18 Oct obé‘f‘s%%gg3?/\o 02/ 085839 PCT/ 1B02/ 01146 44 (b) N tl?(l‘(:)rll’%gﬂ(gr&US) i s
hydrol ysed with a suitable base, such as aqueous sodium hydroxide to give
nitro acid (79) which is.reduced by HW§drogenation, e.g. H2 on a
- pal | adi unf carbon catalyst in a suitable solvent, such as ethanol to give
the amino acid (80). 5 Method I - 0 (76) R®RC (81) NO COR

(b) Nitro ester (78) is hydrolysed with a suitable base, such as aqueous sodium

hydroxide to give nitro acid (79) which is reduced by hydrogenation, e.g. Hy on a
palladiumycarbon catalyst in a suitable solvent, such as ethanol to give the

amino acid (80).

5
Method 1
( W o
0 3 NO, “NH,
RO,C CO,R COM
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
interchangéaiﬁle with other protecting groups of a similar nature, e.g. where an

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

25

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

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



NH, COH (82) (83) 10 (a) The unsaturated nitro ester (82) may be prepared

fromthe ketone (76) according to the nmethods generally 18lesw@birlech
her ei nabove. (b) The nitro ester (82) is converted to the amno acid (83)
by reduction by catalytic hydrogenation in a suitable solvent. 15 A

pharnaceg&égg&%%9acceptable salt of a conpound of thenggﬁﬁﬁbggﬂ;nay be

readily by m xi ng together solutions of a co t he
invention and the desired acid or base, as appropriate. The salt may
precipitate fromsolution and be col#fected by filtration or nmay be
recovered by evaporation of the solvent. 20 Referring to the general

net hods above, it will be readily understood to the skilled person that

wher e pr ot ecdthdd thafhied WOSShaw R tdir6Vi8EE contd88LactbrdingRE I PRRER! | ¥
i nt erchangeable with other protecting groups of a simlar nature, e.g.

where an adhenfeup i s described as being protected with an ethyl group,
this may be readily interchanged with any suitable al kyl group, suitably a
Cl-.al kyl group. 25 It will be readily understood to the skilled person
that particular steps in the general nethods presented herein above may be
sui tably_conbined in any 18 Oct ober 2005 WO 02/085839 PCTI 11302101146 45
ot her mahner not shown to provi de a conpound according to the present
invention. 5 Thus, in summary, the invention provides: (i) a conpound of
the formula |I-XXV or a pharnmaceutically acceptable salt, 10 solvate,
pol ymor ph or pr ofhws.ug sutraargche invention grqypdssiess for the preparation of a
conpound of the formula |I-XXV or a pharnmaceutically acceptable salt,
sol vat e, pol ynorph or pro-drug thereof;

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

10 solvate, polymorph or pro-drug thereof;

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

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

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

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

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

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

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

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

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

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



(ii1i1) a pharmaceutical conposition including a conpound of the formula I
XXV or a pharnmaceutically acceptable salt, solvate, pol ynmeOplabero@d o- 15
drug thereof, together with a pharnaceutically acceptabl e excipient,
diluent or carrier; (iv) a conpound of the formula I-XXV or a

phar rra_celqgg%@{!]sjs%gaccept able salt, solvate, polynorph, %’ﬁfgﬂs"%ﬂ‘% or

conposi t ereof, for use as a nedicanent; 20 (v) use of a conpound
of the fornula I-XXV or of a pharmaceutically acceptable salt, solvate,

pol ynmor ph, pro-drug or composition thereof, for the manuf acture of ‘a

medi canment 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

phar maceut i C(aiul)yan35e1&ﬁ@rﬁ@alateloett@%ﬂnulaq%)veaaﬁ('faqum)n(ml}ptr13) r(m drug or

conposition thereof, for the manufacture of a nedicament for the treatnent
of any of tH@7XdMu(E1)end2):inentioned herinbef ore; (VI i) a nmethod of

treatment of; )an%gfofth{e irEaine ALY ot‘tﬁlaec ﬁ@n%hih&ﬁ%nﬂ%@hb&%d

her i nbef or e, reating sal an e tive 30 anount of
a conpound of thelnﬂommﬁrmesladmiﬂbfstmmg\mapatmnphwmcbafeucthmtm&gnt acceptable salt,

| vat | i t h 8 October 2005 WO
021 08553 PCTI | OB ESTRMB Ry IeP 5 o8 oL UMl YRS §8 t e f ol o
(la), (4a)-(7a),cotp@lnd df tdnnulaIZ8XV ahd #Hurthel paft) adesftd) . (81) or (82); (ix) a

method for the treatnment of any of the conditiaons_nentioned herinbefore,
whi ch conpr{4es th@memfgtc@mmgmp@faccpmq%@fﬁoﬁn%&m mdpirthreat nent, 5

ei ther sinultaneglisliic SRAAGAHE bin Moo B SRRy 15 GORBIAGE ben of a
conmpound of for and a furt pal n agent ([ use of a
conbi nati on of angofithevositains entanedhdrinkeforecamatt a f urt her
10 (xi) aproduct containing a compound of formula I-XXV and a further
therapeutic agent as a combined preparation for simultaneous, separate or
sequential use in the treatment of any of the conditions mentioned

herinbefore.

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

and intermediates.

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

NH, HCI
CO,H

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

white solid.




t herapeutic agent for the manufacture of a nedicanment for the treatnent of
any of the conditions nmentioned herinbefore; and 10 (Xxi) 18QptobeiBOO5S
contai ning a conmpound of forrmula I-XXV and a further therapeutic agent as
a conbi ned preparation for simnultaneous, separate or sequential use in the

treat nen of the conditions nentioned herinbef he present

i nventi oh”ﬁ?éz"q%%ﬂst rated by the following non-limti n éﬁ@ﬂ%‘ﬁé‘%ﬁ and

i nternedi ates. EXAMPLE 1 f (1R, 5R, 6S)-6- ( Am nonet hyl

bi cycl o[ 3. 2. 0l hept -6-yl | acetic aci dh§drochloride 20 0 NH2. HG CO2H The

i socyanate of preparation 9 (approx 9.33 mml) and 6N hydrochloric acid
(30 M) were refluxed for 18 h. The mxture was allowed to cool, diluted 25

with water ('GONRIR (400NORXYLBRISEN 94 ¥ b @Jmfmlr@rs?mmra@ A& xudd, m). The

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

sol i d whi ch 2wes(1Hnauitled 464 tHh mt 1§ (13k 8), 2638 (Hhdi)alb®8 G, mi 1.8-1.64 gi ve 0.92 ¢
of the titl t ober 2005 WD 02/ 085839

PCTI | 502/01@5‘;’“5’?‘0%1%&@) 4‘1§Wﬂs‘£§% lctiﬁééﬁ '=7.94 (311, br s), 3.15
(1H, d), 3mM(sJ(HPCQ)nuzmvm2HCImlsquu n) 2.46 (IH, m, 2.42 (1H d), 2.33

(1H, d), 1.98 (1H, 1.59 (111 48-1.28 (3H, m,
1.23 (1H deyM L(ﬂwélg(y%%(3u}ﬁ5i)wwéﬁr@w¢ffolm 05109@'\?5 efopiBliTgy aDS3 (3)
150 mm x 4. et % S E iy iv. 0.1%form c acid)
Ret enti on T‘?l%lq%ggé en%%bﬁ pur?t%ﬁl{I b?% ?HJS(— 0.127 in methanol) =
-12. 4 [a]p(c= 0127mrnethanol)=-12 4°

Microanalysis: Found: C, 54.64; H, 8.19; N, 6.42. C,oH,sNO;.HCI requires C,

54.67; H, 8.26; N, 6.38%.

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

Alternatively:

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

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

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

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

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

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

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



M croanal ysis: Found: C, 54.64; H, 8.19; N, 6.42. ClOH17N022Cl requires C,

54.67; H 8.26; N, 6.38% 10 Melting Point (Perkin El mer19S&éher 2088C
Al ternatively: EXAMPLE 1 A 15
[ (1R, 5R, 6S) - 6- (Am nonet hyl ) bi cycl o[ 3. 2. 0] hept-6-yll acetic acid

hydr ochl qg.i nitro acid of preparation 32 (2.0g; in (either
1:1 | PA %ﬁﬁ‘”’%}gl 1 MeON: H20 (40ni; 20nl/g) was hydro‘g%ﬁ’ggag@)‘tfsi ng 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 th& filter pad washed with 1:1 | PA H20
or 1:1 McCN: H20 (20nml). The <conbined filtrate and wash were concentrated
under vacuum and azeotroped dry wth further IPA or MeCNto yield the
title CO”DOE[ﬂéi:sﬁ-ﬁ '@hmslﬂtﬁlgfafﬂﬁméﬂ Jolith va$ @thrdted (Nithét&@ aceidle BXAVPLE 1B

f (1R 5R 6@ 6- (Am _nonet hyl ) bi cycl o[ 3. 2 Olhept-6-yllacetic acid hydrochloride
The | act am oecrptalssd asingacctoitiile: egw&ﬂaﬁtﬁle)cmaaepmhiﬂlébg)h| oric acid (57
m of a 6N solution) were refl uxed together for 6 h. The m xture was
allowed 30 to cool and then diluted with water (60 m). The aqueous | ayer
was washed EKALﬁﬂdiKbloronethane (2 x 100 nt) flltered and t hen evapor at ed
under reguc , |- pressure. The
resulting o T S S [vinr-imeiv ' ' -ate and
recrystallised u5|ng acetonltrlle mater 1:1to glve the title conpound

(4.51 g). EXAMPLE 1
f (1R 5R, 6S1- 6- (A‘Hien‘t%'ﬁ? o) Bydegeblosids of Bxapwis 1 d248) ét@étqleolé{eqldn(z\m tterion)

The am no a??ﬂnf%‘tf gff{hlt@oefﬁe Qélu% e%jdsteﬁ%o ﬁﬁﬂ? Y8l SeRh Yedhi I N 7. 25m

H20 (3.3ml/ g n was a 5, |n|t|aly wi t h about
1.6nl ag. NaGM| adbNaGH, rbat fiyalip with smmadldpa)p’éacmeomqbﬁ‘bu@ NeQHY d4e¢ NaOH_ The

10  precipitated zwitterion was stirred for 8 hours at 8°C and the slurry filtered and the

residues washed with ice-cold water (6ml). The water-wet filter cake was slurried
in IPA (15mi) and refluxed for 10 minutes. After cooling to ambient temperature,
the slurry was filtered, and the residues washed with IPA (Sml). The filter cake
was reshurried in IPA (15mt), refluxed and cooled to ambient temperature. The
15  slurry was filtered- and the residues washed with IPA (5Smi) 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
[(15.55.6R}-6-( Aminomethylbicyclo[3.2.0]hept-6-yi]acetic acid hydrochloride

N

NH,.HC!
CO,H
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 mi) and extracted with dichloromethane (2 x 50 ml). The

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



10 precipitated zwitterion was stirred for 8 hours at 8C and the slurry
filtered and the residues washed with ice-cold water (6ndDctofdre0dmt er - wet
filter cake was slurried in IPA (15m) and refluxed for 10 m nutes. After
cooling to anbient tenperature, the slurry was filtered, and the residues
washed w 5ml). The filter cake was reslurried_jin | 5nml),

refl uxed ‘&ﬂ&%ﬁ%ﬁed to anbi ent tenperature. The 15 sl u]FJF@'RRg@‘ |Ite2 ed -and
t he resi dues washed with IPA (5m) and dried under vacuumat 40C to
constant weight to yield the title céfpound as a crystalline solid (1.4g).
Mel ting Point (Perkin Elmer DSC7): 208C 20 EXAMPLE 2

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

hydrochl or i dgasi&i Jmethﬂ%étateaﬁ@ac@foni@me id 0.9 g 4Pthé &RPESpohid & nmol ) and 6N
hydrochloric acid (30 m) were refluxed for % h. The m xture was al | owed
to cool, dilawkigsolilth water (100 nl) and extracted with dichl oromet hane (2

o T TR TR TR IRy BpRL Sasure Lo

washed \é\nthzaizlom qaﬁlgtzatﬁe(iﬁnﬁ) amet(m?;dg,gz 336(1de)9|19&(%;1 %égsmﬂ 6'ghe t|t|g
conpoun = 7.94 (3H r s
3. rlrg 1H df2H, :41)01755(@H md)“s 9287@}{9141@% 2.46 (1H, m, 2. 42((1H d), >

233(1H d% @@@1 §464 5 (2H, m, 1.59 (1H n), 1.48-1.28
(3H, M, %“’?1 E'/ RIVS?? mz [ (MHHCO)+] 184. LCVB (Prodi gy
ODS3 (3) 15DCMﬂ(i?roﬁlgr(DDS&j(Spﬁ)liﬁmmménmﬁt%mdﬁrItOﬂ%@cehmtﬂleﬁ%form c

ii{gd) Ret enbl nfo;nrrlnrcrgcu_l) Retcn%omﬁmcéggfngn, 1'06‘% pull%a] D (¢ =0.351in methanol) =

[¢]p (¢ = 0.35 in methanol) = +13.0°

10
EXAMPLE 3
[(1RS,5RS.6RS)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yljacetic acid
hydrochloride
{+)
o
s NH,HC!

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

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

| H-NMR {400 MHz, d-DMSO):  =7.84 (3H, br s), 2.92 (1H, d), 2.85 (1H, d),
2.75 (14, t), 2.69 (1H, d), 2.59 (1H, d), 2.39 (1H, t), 1.81-1.62 (4H, m}), 1.41-1.30
25 (4H, m).
LRMS (APCI): m/z [(MH-HCI)*] 184 _
LCMS (Prodigy ODS3 (3p) 150 mm x 4.6 mmid column, 20-100% Acetonitnle +
0.1% formic acid) Retention Time = 4.27 min, 99.8% purity.



EXAMPLE 3 11RS 5RS 6R -6- (Am nonethyl)bicyclo 3.2.0 h t-6- 1 acetic acid
hydrochl ori de 15 The i socyanate of preparation 17 (approA8®ctbBerrzotd ) and 6N
hydrochloric acid (15 ml) were refluxed for 18 h. The nmixture was al |l owed
to cool, diluted with water (60 m) and extracted w th dichl oronethane (3
x 50 n1) eous 20 phase was concentrated under J essure to
give a yeWL@g/oggﬁldl d which was washed with ethyl acet a%‘g%%%égetomtrl | e
to give 0.45 g of the title conpound as a white solid., 'H NVR (400 MHz,
d,-DVMSO): 8 = 7.84 (3H, br s), 2.92 (50H, d), 2.85 (1H, d), 2.75 (1H, t),
2.69 (1H, d), 2.59 (1H, d), 2.39 (1H, t), 1.81-1.62 (4H, m, 1.41-1.30 25
(4H, m. LRVs (APCl): mz [(M+HO)+] 184 LCMS (Prodigy ODS3 (3p.) 150 nmm x
4.6 mmid colum, 20-100% Acetonitrile + 0.1%formc acid) Retention Tinme =
4.27 min, 99.8%purity. 18 Cctober 2005 WD 02/ 085839 50 PCTI | B02l 01146
EXAVPLE 4 [(WSR) 7- (Am nonet hyI ) bicyclo[4.2.0]oct-7=yllacetic acid
hydr ochl ori d H I ) n.22 (3.20 g,
17.9 mml ) WS Hestee S F SR ate B o HO (50 ).
After 4hrs the mxture was cool ed to roomterrperature and washed with

di chl oronethane (2 x 30 m ). The aqueou hase was col |l ected and the

sol vent renoved in vacua. The residue turated

( (+)

The lactam of preparation 22 (3.20 g, 17.9 mmol) was heated to reflux in
1,4-dioxane (15 ml) and 6N HCI (50 ml). After 4hrs the mixture was cooled to

room temperature and washed with dichloromethane (2 x 30 ml). The aqueous

10 phase was collected and the solvent removed in vacuo. The residue was triturated
with ethyl acetate and the resulting solid collected by filtration and dned under
vacuum to give 2.74 g of the title compound as a white solid.
'"H-NMR (400 MHz, D,0): 3.24 (2H, m), 2.58 (2H, s), 2.39 (1H, m), 2.03 (1H,
m), 1.76 (2H, m), 1.59-1.10 (7H, m), 0.96 (1H, m).

15 LRMS (APCI): m/z [(MH-HCI)"] 198.

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

20
NH HCI

' CO H
@y

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

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



W th ethyl acetate and the resulting SO|Id collected by filtration and
dried under vacuumto give 2.74 g of the title conpound sol id.
" H NWR (400 MHz, D20): 3.24 (2H, m, 2.58 (2H, s), 2.391§?GQP&%$&§2 03
(111, , 1.76 (2H nm, 1.59-1.10 (7H, n), 0.96 (1H, nm. 15 LRVS (APCl):

mz [( 198. EXAMPLE 5

f(1RS, 6R§H§éé?6%w(Anlnonethyl)blcyC|o[4 2.0]oct-7- yl]ace Gy
hydrochl ori de 20 "NH2. HCI CO2H Di phenyl phosphoryl azide (0.43 nm, 1.98
mmol) was added to a stirring solutiéh of triethylanmine (0.28 m, 2.03
mmol ) and the acid of preparation 29 (0.47 g, 1.96 25 mmol approx) in
toluene (15 m) at roomtenperature under nitrogen. The m xture was stirred

for 16 hrs ed R IMB YR gdnQadondic 1obnlﬂ§ ‘brikélendiNédMpSOgRs al l oved to
cool, diluted with ethyl acetate (6 washed with saturated 18 Oct ober

2005 WO 02/ oﬁmyestlwasmqudm@aﬂ@cedacrémm@dhn h%ueﬂe;‘éﬁl carbonate (2 x

100 ). DT bRene o fikufth oMHERD-mI. Miftr PORK BUmER. LRBMER under 1 educed

pressure an e resul'ting ye tore X 1n 6N HO (20
m). After mﬂmhmmmmﬁmnmmmwuﬁmdmmmdﬂhhhﬂdﬂh@cClméﬁnﬂbmpdm&whﬂ@ﬂand washed

ith dicpl 2 x.60 n t h Th
phase vad clHEER I saiis s reli ool ot e brige™™ T e v

triturated wdsidle Rbdtiriturdedivih thndethtd and @6 Wshiltiigsdlial collecedlblyect ed by
filtration and dried under vacuumto gyve 0.304 g of title_conpound as a

white sol i 8ltratipp ppdriried guderppcuum do BVEE} 04 30@416(09#?906# avdge(1H d), 2.68
(1H d), 2.6dyg

'H-NMR (400 MHz, d¢-DMSO): 3.04 (1H, d), 2.99 (1H, d), 2.68 (1H, d), 2.62
10 (1H, d), 1.98 (1H, m), 1.83 (1H, t), 1.69-1.28 (9H, m), 1.00 (1H, m).
LRMS (APCI): nv/z [(MH-HCI)'] 198.

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

15 © |
Palladium (1g, 10% w/w on charcoal) was added to a solution of
bicyclo[3.2.0]hept-2—en—6—one (12 mi, 111.3 mmol) in ethyl acetate (100 ml) and
the mixture was hydrogenated for 6 hours at 30 °C and 483 kPa (70 p.si.). The

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

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




10 (IH, d), 1.98 (IH in), 1.83 (IH t), 1.69-1.28 (9H, m, 1.00 (1H m.
LRVS (APCl): mz [(MH+HO)+] 198. PREPARATION 1 (IRS, 5RS -@iﬁc 2005
cclof 3. 2. A heptan-6-one 15 (+l1-) OO0 Palladium(lg, 10% 8%erc%arcoal)

was added to a sol ution of
mml) in et
hours at ¥%9
and the sol vent was evaporat ed under

bi cycl o[ 3. 2. 0] hept-2-en-6-one (12 m,

111. 3

hyl acetate (100 m) and the m xture was hydrogenated for 6
igons ubi

f¥d 483 kPa (70 p.s.i.). The reaction

the title conpound as a colourless obRE. vmax(filrn)/crn' 1777.

MHz, CDC13):.S = 3.54 (1H, m), 3.19 (IH, ddd), 2.88 (1H mn), 2.49

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

PCT/ 1 B02/ 01146 52 A solution of (1S
(50.0g; 462mml) in EtOAc (375nl)
(5.0g) at 60psi for 8 hours at 5 a

|

1
WWYs filtered |
reduced. 20 pressure to give 12.1 g of |

' H NVR (400 |
(1H,

- bi cycl o[ 3. 2. 0] hept - 2- en- 6- one’
hydr ogenat ed usi ng 50% wet 5% Pd/ C
t tenperature. The reaction m xture

was filtered through Celite, and the f9ltrate concentrated under vacuumto
yield 41.3 g of the title conpound as a colourless oil. "H NVR (400 MHz,

cbC13): S =3.55 (IH m, 3.20 (1H, m, 2.90 (1H, m, 2.50 (1H m,
1A soRéibn ER@S,KRSBE}?CIO[&Z0]hept-2-en-6-one’ (50.0g; 462mmol) in EtOAc

(6H, m.

10

15

20

25

(375mL) was hydrogenated using 50% wet 5% Pd/C (5.0g) at 60psi for 8 hours at
ambient temperature. The reaction mixture was filtered through Celite, and the
filtrate concentrated under vacuum to yield 41.3 g of the title compound as a
colourless oil. '

'H-NMR (400 MHz, CDCly): & = 3.55 (1H, m), 3.20 (1H, m), 2.90 (1H, m), 2.50
(1H, m), 2.0-1.5 (6H, m).

'Ref: EP0074856

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

(+F)
\-CO,Et
NC

The ketone of preparation 1 (22.4 g, 204.1 mumol), ethyl cyanoacetate (21.7
m}, 204.1 mmol), ammonium acetate {15.7 g, 204.1 mmol) and glacial acetic acid
(11.7 ml, 204.1 mmol) were refluxed in toluene (220 ml) using a Dean-Stark trap.
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 (Si0,,
heptane/ethyl acetate, 95:5 to 7:3) to give 30 g of a 6:4 mixture of isomers of the
title compound as a yellow solid.

v film)em™ 2225, 1725, 1640.

2.0-1.5



PREPARATI ON 2 Ethyl (2E/Z)-(1RS

5RS) - bi cycl o[ 3. 2. 01hept - 6-yl i dene(cyano) et hanoate 15 The %8 one

preparation 1 (22.4 g, 204.1 nmol), ethyl cyanoacetate (i va r’r12 204. 1

mml) anmoni um acetate (15.7 g, 204.1 mol) and gl acial acetic acid (11.7
, 204. re refluxed in toluene (220 m ) usin Stark tra

20 Afterj‘ggﬁ%s%%gem xture was all owed to cool and dil u?gﬁ‘%?ﬂ"et hyl >

acetate (300 m), washed with water (3 x 150 m), brine and dried (MSOH).

The sol vent was evaporated under redBiced pressure. The residue was

chromat ographed (Si 2, heptane/ethyl acetate, 95:5 to 7:3) to give 30 g of
a 6:4 mxture of isoners of the title conpound as a yellow solid. 25

PCTT 1 02) 011 Ta A Do N poct S et Bt 2aas Y DRUBIRES) 6 o .
31632( iHSSW)?# 363(136d4fﬂﬂ 9@@5) m), 2—'@&1Hl¢nﬁz 2"1? (2. ﬂﬁ(( $H]. 5ﬂ,t25)H ,m), 11 ( 1H3 ?5
ElH 135' %m)d%(aymorzso )—(rQﬁ!P 8?1‘) “S% @ﬁ’?‘ﬂq 3elkS (152‘31"&22% 4y, 2.02

(IH, m), (1( m’yﬁﬁz([lﬁHdt mh@oh%%(@ﬁﬂﬁh(lé 1L VB (A G130 (3 g). [ M H - 204.
PREPARATI ON' 3" Et h

6RS) - 6- bsanz;aRMSdMC@[@/ﬂh@ﬁiam 6-yll(cyano)acetate (+1-) Ph CO2Et NC 10
The cyanoester of preparation 2 (10.0 g, 48.7 mol) in THE (60 nl) was
added over | h to a stirring solution of benzyl magnesi um chloride (78 m of
a 1M sol ut PREPARABIONEB, 78 mml) in THE (100 m) at -78 C under argon.

Af t t t.th t hed b
et St B o s RSP B s it VS auenched by

10
The cyanoester of preparation 2 (10.0 g, 48.7 mmol) in THF (60 ml) was

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

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

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

 voe(filmyem™ 2247, 1741.

LRMS (APCI): m/z [M-H] 296.

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




15 ammoni um chl oride solution (40 m ). The m xture was allowed to warmto
room tenperature, and dilute hydrochloric acid (150 -M)I%/\T@ Dbadg&g. The
aqueous | ayer was extracted with ethyl acetate (3 x 100 3 “Ihe “conbi ned
organic |layers were washed with brine, dried (MgSO4) and the sol vent was
evapor at reduced pressure to give the title c a mxture
of di ast:‘?%gﬂ(ggg#grs and as a 20 yellow oil which was u‘g‘gﬂ’%@ﬁ‘a@ n the next
step. vmax(film/cm' 2247, 1741. LRVS (APCl): mz [MH 296. PREPARATI ON
4 25 [(1RS, 5RS, 6SR) - 6- benzyl bi cycl o[ 342. 0] hept-6-yl Jacetic acid 18 Cctober
2005 WO 02/ 085839 PCT1l B02/01146 54 CO2H Ph The m xture of the

di astereoneri c cyano-esters of preparation 3 (20.3 g, 68.4 mmol) and

pot assi um hydr oxi de (23.0 g, 410.4 ) were heated to 160 C5 in ethylene
glycol (350 m) for 38 h. After thi newﬁ_he m xture was allowed to cool
and dilute hydrochloric acid (300 m s added carefully. The m xture was

extracted with ethyl acetate (3 x 20 “)P,@nd t he conbi ned organic
fractions were washed with brine, dr §8 MySO4) and t he sol vent was
evapor at ed under reduced pressure. The&-Fesi due was chromat ographed (Si Q2,
hept ane/ et hyl acetate, 8:2) to 10 give 14.6 g of the racemc

di astereoneric title conpound as a white solid. Vmax(0hn)/cm ' 3344, 1704.

"H NVR (400 Mz, THERGKRY¢ ofhedidstdddombria 2ydbkistenyof pRp@Rti¢dlH20d)g, 2. 97 (1H, d),
2.64 (2H, 2.34 (1H, d), 2.24 (1H d), 2.13 BlH, m, 1.84-1.59 (3H, m,
1.50- 1. 32%&111@91). dndpofaggim bmﬂwée. (2302 $\pHpmoRaverphaaisdtnif05C 5 1R SR 6

-6-bent §bi & il yRend pBycOt 5 mP forks3C Sitter t13CH e, the mixture was allowed to
cool and dilute hydrochloric acid (300 ml) was added carefully. The mixture was
extracted with ethyl acetate {3 x 200 ml) and the combined organic fractions were
washed with brine, dried (MgSO;) and the solvent was evaporated under reduced
pressure. The residue was chr(.)matographed (8103, heptane/ethyl acetate, 8:2) to

10 give 14.6 g of the racemic diastereomeric title compound as a white solid.
Voax(film)ycm’™ 3344, 1704,
'H-NMR (400 MHz, CDCl): & = 7.31-7.22 (5H, m), 3.02 (1H, d), 2.97 (1H, d),
2.64 (2H, m), 2.34 (14, d), 2.24 (1H, d), 2.13 (1H, m), 1.84-1.59 (3H, m), 1.50-
1.32 (4H, m).

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

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

,m\

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

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



Ph 20 CO2H (R)-(+) - a- Met hyl benzyl am ne (6.67 g, 55 mml) was added to a
stirring solution of racem c acid of preparation 4 (24 Js gt%'e% Q&DI)
di ssolved in ethyl acetate. The acid salt precipitated ou? o]? t2 € solution
as a white solid. This was recrystallised three tinmes fromethyl acetate
to give 8.5 of the acid salt. Further 25 recrystallisation of the residue
gave an a‘aﬂiog?séWQI batch of 8.5 g of the acid salt. 18P EABHE %2005 WO

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

di chl oronet hane, washed with dilute 38ydrochloric acid, brine and dried
(MgS™) . The sol vent was evaporated under reduced pressure to give 5.0 g
of the title conpound as a white solid. HPLC [Chiralcel OD 250 x 4.6 nmm

col um  (Mobi ke phaGEh 099,%059e§mc enil{a‘i(% drehloffheRfARE, wtheﬁ%iEZ':dglhg:: Retenti on

time = 5.1 mn (94%ee). [a] C . in chloroform = .2 The second
bat ch of t hehglbdhlomggciddien od (MeStuorihmselmentwas ovapereigd underh di | ute

hydr ochl ori c_aci brine.an ri LMISOA Q. i achurther 5 g of acid
of ‘5ot eo.  TotEHTiE I RlHoBol AR A 1 5SS &Ry - 6- bensyi b
cyclo f 3.2 HPLOHOhir@edl JOIXZR0 xC4. 6 frintlcolimb PMotdephisse 29 0% Badahgn0%f t he sal t

generated by addition of (9)-(-)-a- t hyl ben am ne. HPLC [Chiralcel OD
250 x 4.8 %8%1915(’%6%Be‘ﬁww@%ngfdﬂéﬁg%g‘%/%% 20 | PA cont. 0.5%

TFA) ] : Ret enti on=ti A8, Fidofonm 8 42Pp% ee). [aln (c = 1.0 in chloroform
117 3 PREPRERTT o i Siffofort)
The second batch of the salt was taken up in dichloromethane, washed
with dilute hydrochloric acid, brine and dried (MgSQOy) to give a further 5 g of
acid of 86% ee.

10 Sinnlarly prepared was:

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

15

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

[a]p (¢ = 1.0 in chloroform) =+17.3°

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

25




Met hyl f (1R 5R, 6S?-6-benzyl bi cycl of 3. 2. 0i heut-6-yl |l acetate 25 1 8 Cctober

2005 WO 02/ 085839 PCTI1B02101146 56 Ph CCO2Me Trimet hyl sid ¥l di azomet hane
(17.7 m of a 2Msolution in hexane, 35.4 mmol) was added atro Wise to a
stirring solution of acid of preparation 5 (7.85 g, 5 32.1 mml) in a

m xture e (90 mM) and nethanol (22.5 m) at argon. The
m xture %&g5§+#§ged to warmto roomtenperature and s?‘pi(ﬁ(ﬂégﬂﬁ%‘rﬁ 4 h. The
sol vent was renoved under reduced pressure and the residue was taken up in
ethyl acetate (150 m ), washed with $aturated sodi um hydrogen carbonate
(150 m), dilute hydrochloric acid (100 m ), brine and dried (MJSX). The
sol vent was 10 evaporat ed under reduced pressure The residue was

chromat ographed (Si 2, heptane/ethyl .acetate, 9:1) to give 7.0 g of the
title conpound as a colourless oil. x(fihn)lcm 1736. 'H NWVR (400 MHz,
CDA 3): 8 = 7.28-7.21 (5H m, 3.67 (BH, s), 2.97 (1H, d), 2.92 (1H, d,),
2.65-2.60 (2H, m, 2.26 (1H d), 2.18 }“H d, 2.08 (1H m, 1.82- 15 1.52
(3H, m, 1.48-1.22 (4H, m. LRVsS (APCI rW‘z [ MH¥] 259. [a]D (c =0.11 in
met hanol ) = -24.1 PREPARATION 8 20 [LlF@

63) - 6- ( 2- met hoxy- 2- oxoet hyl ) bi cycl o[ 3. 2. 0] hept-6-y| lacetic acid The ester
of preparation 7 (7.0 g, 27.1 mmol) and sodi um periodate (81.1 25 g, 379.3

ml ) were st rr%&ggﬁymomemeﬁmbmemmsgmgnmﬁexm@c@swmtrl le (100 18
COct ober 2005 WO 02/0 PCTI 1B02/ 01146 57 m) and water (150 ml) for 5

m nut es. Theumilxwasraddadakopyosd ted stiming selutigmcpf acid of preparation 5 (7.85 g,
5  32.1 mmol) in a mixture of toluene (90 ml} and methanol (22.5 ml) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 4 h.
The solvent was removed under reduced pressure and the residue was taken up in
ethyl acetate (150 ml), washed with saturated sodium hydrogen carbonate (150
mi), dilute hydrochloric acid (100 ml), brine and dried (MgSQO4). The solvent was
10 evaporated under reduced pressure The residue was chromatographed (SiO;,
heptane/ethyl acetate, 9:1) to give 7.0 g of the title compound as a colourless oil.
Vmasu(film)/em™ 1736.
'"H-NMR (400 MHz, CDCL): 8 = 7.28-7.21 (5H, m), 3.67 (3H, 5), 2.97 (1H, d),
2.92 (1H, d,), 2.65-2.60 (2H, m), 2.26 (1H, d), 2.18 (1H, d), 2.08 (1H, m), 1.82-
15 1.52(3H,m), 1.48-1.22 (4H, m). '
LRMS (APCI): m/z [MH"] 259.
falp (c =0.11 in methanol) = -24.1°

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

" “\
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



r ut heni 'um(III) chloride hydrate (0.11 g, 0.54 mmol) was added to the

reaction mxture. The reaction was allowed to warmto rqg@ctogerrr%&ature and
stirred for 24 h. Diethyl ether (150 m) was added and t nt Xtu

stirred for 40 minutes. 5 Dilute hydrochloric acid (200 mM) was added to

t he m xt ' was then extracted with ethyl acet 00 m). The
conbi ned%ﬁgﬂ%sgﬂfracti ons were washed with saturat eg}’@a@ﬂ' hi osul fat e
solution, brine, dried (MJSO4) and the solvent was evaporated under

reduced pressure to give the title cdfipound as a yellow oil. 10
vmax(film/cm'3 1733, 1715. 'H NMR (400 MHz, CDC13): S = 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. 49mz_? ahd w(af’e'flélﬂ{)ri'ﬂl) forSlﬁl}ﬁuésAﬁfﬁla}mxtﬂiervafs%&&d #4>C 2h@ PREPARATI ON 9
Met hyl [(1R, 5 68) Isoryi/anatorret hyl ) bi cycl or 3. 2. 0] hept - 6-yl ] acet at e NCO

C02Me 20 Di prehspium@Uhehdonde hydraigd0.0 Be.A554mmob ovas addedto thaggactisnded to a
stirring 0 aC|d of
preparati on%%bﬂ %&fea&@h%pm&f%d@ wg’?ﬂﬁﬁggnﬂeﬂc?% %W%Shﬁg(gm} enperature
under n| t r ogie Miethyietint {50 nd) wasaddalt and thednik twre Badstitred for A6 miinwss. war ned to 35
C for The, m.xt ur al | d. to cool | ut wi th ethyl

acet ate ?15?%")“%@@5&‘1%1&98%@1% 8‘\3{3 ghe EE h'§t5 tﬁ’f"hydrogen Y

car bonat e ( kpffacid)withdihy) GectAOG ;@lrooeﬁk) (m?e@ﬂﬂ)mezf Bfranis BlaM@nt weds renmoved

under reduced pressure to give e title conmpound as a yellow

oi | . vmax (ﬂwaﬁhﬁwmsatumodlzmhi%@g%dumem@ﬁﬂ@@aﬁd @dgO4wmdsbe 085839 58
PREPARATI ON g dQe lYRl8 ¥} apdrated BnddR redfio iR &s kil tfeifd Re Btidcdnftind 4% 1 acetate

yeliow oil.
10 vmndfilm)em™ 1733, 1715,
"H-NMR (400 MHz, CDCL,): & =3.65 (3H, s), 282276 (3H, m), 2.55-2.49 (3H,
m), 2.65 (1H, m), 1.81 (1H, m), 1.73-1.69 (2H, m),1.49-1.28 (4H, m).
LRMS (APCI): m/z [M-H] 225.

15 PREPARATION 9 _
Methyl [(1R.5R.65)-6-(IsocvanatomethyDbicyclol3.2.0]hept-6-yllacetate

. .\\\
NCO

CO,Me

20 Diphenylphosphory! azide (8.45 ml, 39.2 mmol) was added to a stirring
solution of trethylamine (5.6 ml, 40.4 mmol) and the acid of preparation 8 (8.78g,
388 mmolj m toluene (80 ml) at room temperature under nitrogen. The mixture
was stirred for 3 hours and then warmed to 35 °C for 1.5 hours. The mixture was
allowed to cool, diluted with ethyl acetate (150 ml), washed with saturated

25 -aqueous sodinm hydrogen carbonate (150 ml), brine, and dried (MgSQ,). The
solvent was removed under reduced pressure to give 8.7 g of the title compound
as a yellow oil.

Vmax (film)/em™ 2265, 2171, 1733,



5 PCTJI B02101146 Trimet hyl silyl di azonethane (5.7 m of a 2M solution in

hexane, 11.4 mvol) was added dropwi se to a stirring sol yfiqn he acid
of preparation 6 (2.77 g, 11.3 nmol) in a m xture of to%gﬁtgbe?ggdsrﬂ) and
met hanol (7.5 m) at O C under argon. The m xture was allowed to warmto
roomte re.and stirred for 4 h. 10 The sol vent d under
reducedngfé@‘t#@gand the residue was taken up in et h%é@gé@\t‘g (100 m),
washed with saturated sodi um hydrogen carbonate (100 m), dilute
hydrochl oric acid (100 m), brine and8dried (MySO4). The sol vent was
evapor at ed under reduced pressure The resi due was chromat ographed (S Q2,

hept ane/ et hyl acetate, 9:1) to give 2.84 g of the title conpound as a
colourless oil. 15 "H NWR (400 MHz, CDC13): S = 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.(&%&}“ 082- 1.52 (3H, m), 1.48-1.22 (4H, in); [a]D (¢ =
0.11 in met hanol ¥ &sca-cben2lrRRERABATADNG Aackt

S, 5S, 6R) - 6-(2- 5*5.5*_ -oxege 1y I CcyC } ? ept-6-yl] acetic acid CO H
2 COZMe The ester of preparation 10 (7.0 g, 27.1 mmol) and sodi um
periodate (81.1 25 g, 379.3 nmmol) were stirred together in ethyl acetate

(100 m), acetonitrile (100 18 Cct obé\ZOOS WD 02/ 085839 59 PCT/ | B02/ 01146
m) and water (150 ml) for 5 m nutesi3he nmi xture was cooled to 0 C and

ruthenium (111) chloride hydrate (0. 11}~ 0.54 nmol) was added to the
reaction mixture. The reaction was akjowdl to warmto room tenperature and
stirred ;or 24 CO,Me

Trimethylsilyldiazomethane (5.7 ml of a 2M solution in hexane, 11.4
mmol) was added dropwise to a stirring solution of the acid of preparation 6 (2.77
g, 11.3 mmol) in a mixture of toluene (30 ml) and methanol (7.5 ml}) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 4 h.
10  The solvent was removed under reduced pressure and the residue was taken up in
ethyl acetate (100 ml), washed with saturated sodium hydrogen carbonate (100
ml), dilute hydrochloric acid (100 ml), brine and dried (MgSO4). The solvent was
evaporated under reduced pressure The residue was chromatographed (Si0,,
heptane/ethy! acetate, 9:1) to give 2.84 g of the title compound as a colourless oil.
15 'H-NMR (400 MHz, CDCL): § = 7.28-7.21 (5H, m), 3.67 (3H, s), 2.97 (1H, d),
2.92 (1H, d,), 2.65-2.60 (2H, m), 2.26 (1H, d), 2.18 (1H, d), 2.08 (1H, m), 1.82-
1.52 (3H, m), 1.48-1.22 (4H, m);
[a]p{c =0.11 in methanol) = +23.1°

20 PREPARATION 11

1]acetic acid

$ Cof
CO,Me

The ester of preparation 10 (7.0 g, 27.1 mmol) and sodium periodate (81.1
25 g, 379.3 mmol) were stirred together in ethyl acetate (100 ml), acetonitrile {100



h. Diethyl ether (150 m) was added and the m xture was stirred for 40
mnutes. 5 Dilute hydrochloric acid (200 m) was added t 9c Hh béﬁzﬁﬁ&'re whi ch
was then extracted with ethyl acetate (3 x 100 nl). The conbi ned organic
fractions were washed with saturated sodiumthiosul fate solution, brine,

dried ( 1) and the solvent was evaporated under re ressure to
gi ve th%ﬁ’?i"@s%%rrpound as a yellowoil. 10 "H NMR (4‘(’%‘3‘9}%&%@1‘%M 3): 8 =
3.65 (3H, s), 2.82-2.76 (3H, m, 2.55-2.49 (3H m, 2.05 (1H m, 1.81
(1H, m, 1.73-1.69 (2H, m, 1.49-1.28% (4H, n). PREPARATION 12 Methyl 1S 5S

6R -6- isoc anatoneth 1 bic clo 3.2.0 he t-6- 1 acetate 15 NCO CO2Me
D phenyl phosphoryl azide (2.4 m, 11.1 nmol) was added to a stirring

sol ution of ntﬁ?hﬁwéﬁmd}ﬁl)Q‘&-S@nﬂhtes.l'ﬁhedrniﬂﬂﬁ?é\)msadaglcal&ﬁo@@iardl of preparation

11 (11.0 mmol approx) in toluene (30 nl) at roomtenperature under
ni trogen. Thetheoumi(ik gileridechydras (0 el0-p iy wasagdeditn dhefpaction e was al | owed

to cool, di i . I k ur at ed
aqueous sodljirl ﬁﬁ%ﬁ?%&%&ﬂ%%ﬁ‘gﬁﬁwg %g@t%ge%@%ﬁ%@ﬁ%%ﬁ 1‘3% ed (MgS™M) .
The sol venth.vid@thybstimyr €b0utijlens sddediareithe mixtas waestirreddon®d rinetet. i t | e conmpound
as a yelJowQil, v,,. ax (fi /e’ 5,.2151, 1734. 25 PREPARATI ON 13
for - buty ! Dltekydsesisesi b Fen addes b wf Bt e fitidiot at e WO

02/ 085839 64 tRktedvik etBi ab2ak Y3 x ¢00 AN dBe dntfiedBrgant i ftibikBlere Was added

dropwi se to a stirring solution of the acid of preparation 4 (2.34 g, 9.58
nml ) in div#shedt witbsaagied gogom thiosulfate solution, brine, dried (MgSOx) and the

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

10  'H-NMR (400 MHz; CDCl): § = 3.65 (3H, s), 2.82-2.76 (3H, m), 2.55-2.49 (3H,
m), 2.05 (1H, m), 1.81 (1H, m), 1.73-1.69 (2H, m), 1.49-1.28 (4H, m).

PREPARATION 12
Methyl [{ 1S,SS,6R)'—6;(§ocyanatomethvl}bicvclo[B.2.0]hent-6-yﬂacetaté
15
s NCQO
AN
CO,Me

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

solution of triethylamine (1.6 mi, 11.4 mmol) and the acid of preparation 11 (11.0
mmol approx) in toluene (30 ml) at room temperature under nitrogen. The

20  mixture was refluxed for 2 hours. The mixture was allowed to cool, diluted with
ethyl acetate (150 ml), washed with saturated aqueous sodium hydrogen carbonate
(2x 150 mii,'bﬁne, and dried (MgS0Q,). The solvent was removed under reduced
pressure to give the title compound as a yellow oil.
Vimax (film)/em™ 2265, 2151, 1734.

25
PREPARATION 13

tert-butyl [(1RS.5RS.65R)-6-benzylbicyclo[3.2.0Thept-6-yl]acetate




5 m) under argon at 0 C. Dinethylformam de (0.3 nl) was carefully added
and the mxture was allowed to warmto roomterrperaturelge)gtogéri 5(55ed for a
further 4 hours. The solvent was renoved in vacuo and the resi 3ue diluted
with dichloronmethane (20 m). 2-Methyl propan-1-0l1 (10 m) in

di chloro 20 m) was carefully added to the react|i ] Xt ure under
ar gon fo{{?%gﬁ@?%é 10 dii sopropylethylamne (2.5 m, 14?&%?1@.6 The m xture
was stirred for 17 hours and then taken up in ethyl acetate, washed with
sat urat ed aqueous sodi um hydrogen c&Pbonate (2 x 200nl), and dried
(MgS™) . The solvent was renoved under reduced pressure and the residue
was chromat ographed (Si @2, heptane/ethyl acetate 95:5) to give the title
conmpound (2.40 g) as a yellow oil. 15~ymax(film/cm 1727. 'H NVR (400 MHz,
CDC13): S ~ 7.28-7.21 (5H, m Ph), 2 (1H, d), 2.92 (1H, d), 2.64-2.56
(2H, m, 2.16 (1H, d), 2.09 (1H, d), 04+I-Q1H, nm, 1.80-1.50 (3 H m,
1.48 (9H, s), 1.47-1.20 (4H m. 20 PREPABATI ON 14

f(1RS, 5RS, 6SR) - 6- (2-tert - But oxy- 2- oxoét h c ccllo[3.2.0lhe -y |]acetic

aci d WO 02/ 085839 61 The ester of prep&%tfq“on 13 (2.4 g, 7.99 mml) and
sodi um periodate (23.93 g, 111.8 nmol) were stirred together in ethyl
acetate (24 m), acetonitrile (24 m) and water (36 m) for 5 mnutes. The

m xture was cool @ghlfienPrife @2 mll 10 MeRiolWds kiiddd ddpwisd tda shiyidpat e (0. 033 g,
0.16 mmol ) was added to the reaction 5 mixture. The reaction was allowed to

war m t o r oosnlttiomel fetagidef pregaratiqnrd @4 20?5 mmop) in dicklopgpeteape €30 (60 nl) was
dded t 1. xt I ] . ] hl or i id
0T S0 S I O B B Mg 2T

e mxture IC hen e Wi th ethyl
acetate (3 the hiiftuflwas allb@ed oM &shoomganpetatire and stivred foves farthasdshed with

brine, dried SAH). and the solvent was evaporated . under reduced 10
pr ;ssur e ![Oh%(“i/ hleﬁ)@l"‘?‘i“t"faé r%ﬁ%&ﬁ&“%ﬂ@é@%?gg‘@)@“?g%ﬁgﬁ/el I owuoi .
v, . (fil ”)/Cﬂi\:hlgfl%%éthaﬂgéig-rrgyﬂ:ﬂéﬁyl(ﬂ%nw (1R IBdichiSromethadd(20l H d), 2. 71

(1H, d), 2.43 (1H, d),
ml) was carefully added to the reaction mixture under argon followed by

10 diisopropylethylamine (2.5 ml, 14.4 mmol). The mixture was stirred for 17 hours
and then taken up in ethyl acetate, washed with saturated aqueous sodium
hydrogen carbonate (2 x 200ml), and dried (MgSOy4). The solvent was removed
under reduced pressure and the residue was chromatographed (SiO,, heptane/ethyl
acetate 95:5) to give the title compound (2.40 g) as a yellow oil.

15 Viex(film)fcm™ 1727,

'H-NMR (400 MHz, CDCls): § = 7.28-7.21 (SH, m, Ph), 2.98 (1H, d), 2.92 (1H,
d), 2.64-2.56 (2H, m), 2.16 (1H, d), 2.09 (14, d), 2.04 (1H, m), 1.80-1.50 3 H,
m), 1.48 (9H, s), 1.47-1.20 (4H, m).

20 PREPARATION 14

]acetic acid

-2-oxoethylbicyclo[3.2.0]h t-6-

(+)

ll“\
COH

-CO-Bu



(1H, d), 2. Ol (I H,r | n') , 1.86-1.64 (3H, m, 1.52-1.36 (6H, m, 1. 45 (9H,S) -

LRVS (APCI): mz [MH 267. 15 PREPARATI ON 15 1RS SRS 6SR; 814" bqgt-But OX
-2-oxoeth I bic clo 3.2.0 he t-6- 1 acetic acid r mnethyl tte (2+-} 20
CO2Me CO2t-Bu Trinethyl silyl di azonet hane (4.3 m of a 2Msolution in

hexane, was added dropwi se to a stirring so ' the acid of
pr epar at ?‘3&0%% .78 g, 6.63 mmmpl) in a mxture of to+¢jl[é¢?§ﬂ?lg m) and
nmet hanol (6 m) at O C under argon. The mxture was allowed to warmto
roomtenperature and stirred for 24 86 h. The sol vent was renoved under

reduced pressure and the residue was taken up in ethyl acetate (100 m),
washed with saturated sodi um hydrogen carbonate (100 mnml), dilute

hydrochl oric aci ey é&& OEL%PHQMDQ% 3¢ 760 ﬁﬁ%ﬁ%"“&§%ﬂ§@' vent was

evapor at ed under reduce essure to gl ve nmpound as a yel |l ow
oi | . 18 Cct o3ap3 2003 .3winaP weB58381 6gether irt ¢thyllandtite (34 ml), z@donitriE (APCl): m z

[10080) 208 Bl 24245, REEEANTL N A6, AR By 2 VL o

ruthenium (III) chloride hydrate (0.033 g, 0.16 mmol) was added to the reaction

5  mixture. The reaction was allowed to warm to room temperature and stirred for 24
h. Diethyl ether (60 ml) was added and the mixture was stirred for 40 minutes.
Dilute hydrochloric acid (150 ml) was added to the mixture which was then
extracted with ethy! acetate (3 x 100 ml). The combined organic fractions were
washed with brine, dried (MgS0,) and the solvent was evaporated under reduced

10 pressure to give the title compound (1.78 g, 83%) as a yellow oil.
Viax(film)/cm™ 1728, 1714,
"H-NMR (400 MHz, CDCl): 8= 2.78 (1H, d), 2.71 (1H, d), 2.43 (1H, d), 2.38
(1H, d), 2.01 (1H, m), 1.86-1.64 (3H, m), 1.52-1.36 (6H, m), 1.45 (9H, s).
LRMS (APCI): m/z [M-H] 267.

15
PREPARATION 15
[(1RS.5RS.6S8R)-6-(2-tert-Butoxy-2-oxoethyl)bicyclo[3.2.0]hept-6-yl]acetic _acid
methyl ester '
+)
" co,Me
20 CO t-Bu

Trimethylsilyldiazomethane (4.3 ml of a 2M solution in hexane, 8.6 mmol)
was added &ijdpwise to a stirting solution of the acid of preparation 14 (1.78 g,
6.63 mmol) in a mixture of toluene (24 ml) and methanol (6 ml) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 24
25  h. The solvent was removed under reduced pressure and the residue was taken up
in ethyl acetate (100 ml), washed with saturated sodium hydrogen carbonate (100
mi), dilute hydrochloric acid (100 ml), brine and dried (MgSO;). The solvent was

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



Trifluoroacetic acid (5 mM) was added dropwi se to a stirring solution of
the ester of preparation 15 (approx. 6.63 mmol) in di chhopereireme (15 n)
at 0 T. 10 The mi xture was allowed to warmto roomtenperature and stirred
for a further 17 hours. The m xture was washed with saturated aqueous
sodi um hy. ocarbonate solution until it reached nguf 4} and
extracted&\il)m tgﬁtﬁga chloronethane (50 m). It was then reac’fﬂg&?led to pH 4
with dilute hydrochloric acid. The mxture was then further extracted with
di chl oronethane (2 x 50 m). The 15 d@nbi ned organic fractions were washed
with brine, dried (MJSX) and the sol vent renoved under reduced pressure.
The residue was purified by chromatography (Si02, 8:2 to 6:4 heptane/ethyl
acetate) to gi Vﬁﬂ,ﬁ/&ﬁim 2f the title conpound as a colourless oil.
vmax(fil rr)/cm 3200 1738, 1705. 'H NWVR (400 MHz, CDC13): S = 3.68 (3H,
s), 2.84-2. TARMAHARGT): ngz M-OBui2093H, n), 2.03 (1H, m), 1.80 (1H nj,
1.79-1. 32 (6H, m. LP "M5s (APCl): mz [MH 225. PREPARATION 17 25 Met hyl
1RS SRS 6R -6-(isocyanatonmethyl) bic clo 3.2.0 h t-6- 1 acetate 18 Cctober
2005 WO 02/ mﬂom PCT/ 1 B02/ 01146 Di phenyl phosphoryl azide (0.61 ni,
2.82 mmol), ' : 90 o] d
pr epar at i“on &6 3 ' e (15 m) for 6
h. The mixture was aIIovved to cooI and dlluted vvlth ethyl acetate (60 m).
The resulting solution was washed with saturated aqueous sodi um hydrogen
carbonate (150 m ), brine, and drie MySO4) . The sol vent was renoved
under reduced pressure to give the Ie(+ﬁorrpound as a yellow oil.
Rf (hept ane-ethyl acetate, 9:1) 0.36. |.x

CO,Me

COH

Trifluoroacetic acid (5 ml) was added dropwise to a stirring solution of the

ester of preparation 15 (approx. 6.63 mmoi) in dichloromethane (15 ml) at G °C.

10 The mixture was allowed to warn to room temperature and stirred for a further 17
hours. The mixture was washed with saturated aqueous sodium hydrogen
carbonate solution until it reached neutral pH and extracted with dichloromethane
(50 ml). ¥t was then reacidified to pH 4 with dilute hydrochloric acid. The
mixture was then further extracted with dichloromethane (2 x 50 ml). The

15  combined organic fractions were washed with brine, dried (MgSOy) and the
solvent removed under reduced pressure. The residue was purified by
chromatography (SiO;, 8:2 to 6:4 heptane/ethyl acetate) to give 0.63 g of the title
compound as a colourless oil.
viax(film)em™? 3200, 1738, 1705.

20 'H-NMR (400 MHz, CDCl): 5 =3.68 (3H, s), 2.84-2.73 (3H, m), 2.61-2.48 (3H,
~m), 2.03 (1H, m), 1.80 (1H, m), 1.79-1.32 (6H, m).

LRMS (AI;CI): m/z [M-H] 225.

PREPARATION 17
25  Methvl [(1RS.5RS.6RS)-6-( isocyanatomethyl)bicvclo[3.2.0]hent-6-vl]a¢etate




10 vmax (film/cm1 2259, 2171, 1736. PREPARATION 18 (1
RS, 6SR) - 8, 8-Di chl orobi cycl o[ 4. 2. A octan-7-one 15 CI  CopRghciobin2083 phat e
(2.0 g, 8.0 mmol) was dissolved in water (75 m) and added to zinc dust (30
g). The mxture was stirred for 2 hours. The m xture was filtered and the
sol i d colygghmdszeWashed twice with acetone and dried up@iﬁg} a¥@gguum at 100 C
for 24 hrs. A portion of the activated zinc (8.0 g) was a edlto a 20

sol ution of cycl ohexene (10 m, 98.9 nnmol) in diethyl ether (180 m).

Trichl oroacetyl chloride (10.48 m, $3. 96 mmol) in diethyl ether (20 m)
was added at such a rate to keep the mxture at reflux. After the addition
was conplete, the mxture was heated to reflux for 4hrs. The m xture was
cooled to room tenperature, diluteg~ith diethyl ether (50ml) and
carefully poured into an 25 agueous\s3g \A£+%t ed solution of sodium

bi carbonate. The m xture was acidifijed with 2N'HC and the organic phase
separated. The ether extract was M/asﬂ\@ot,@e water and then with saturated
aqueous sodi um bi carbonate. The orga ',&éfhése was 18 Cctober 2005 WO

02/ 085839 64 PCT/1B02/01146 col |l ected, @fied (MJSO) and the sol vent
removed under reduced pressure. The residue was purified by flash

chromat ography (silica, EtQAc: Heptane 1: 9% to give 8.62 of the title
conpound as a cll@@henylphosphmerkaidd @t ek 2. ol)igegthylamineif0.Af/mRL( 400 MHz,

. prepan IO e ol b0 ool ftegfhnca b 225 58 151

toluene (15 ml) for 6 h. The mixture was allowed to cool and diluted with ethyl

acetate (60 ml). The resulting solution was washed with saturated aqueous
sodium hydrogen carbonate (150 ml), brine, and dried (MgSQ4). The solvent was
removed under reduced pressure to give the title compound as a yellow oil.
Ri(heptane-ethyl acetate, 9:1) 0.36.

10 vmax (ﬁlm)fcm'[ 2259, 2171, 1736.

PREPARATION 18
(1RS,65R)-8.,8-Dichlorobicyclo[4.2.0]octan-7-one

" 0]
g
/-
(‘..‘J:—-CI e
15 Cl
Copper (1) sulphate (2.0 g, 8.0 mmol) was dissolved in water (75 ml) and

added to zinc dust (30 g). The mixture was stirred for 2 hours. The mixture was
fittered and the solid collected, washed twice with acetone and dried under
vacuum at 100 °C for 24 hrs. A portion of the activated zinc (8.0 g) was added to a
20  solution of cyclohexene (10 ml, 98.9 mmol) in diethyl ether (180 ml).
Trich]oroacétyl chloride (10.48 ml, 93.96 mmol) in diethy! ether (20 ml) was
added at such a rate to keep the mixture at reflux. After the addition was complete,
the mixfure was heated to reflux for 4hrs. The mixture was cooled to room
temperature, diluted with diethyl ether (50ml) and carefully poured into an
25  aqueous saturated solution of sodium bicarbonate. The mixture was acidified with
2N HCI and the organic phase separated. The ether extract was washed with water

and then with saturated aqueous sodium bicarbonate. The organic phase was



(1RS, 6SR) - 8, 8-di chl orobi cycl o[ 4. 2. J octan-7-one (preparation 18) (8.60 g,
44.6 mmol ) was heated to reflux in acetic acid (100 m) giggjatoggr%o;iust
(29.0 g, 15 446 nmol). After 4 hrs the m xture was cooled to room
tenperature, diluted with diethyl ether (200 m) and washed with 2N NaOH
(2 x10 ?@gs hen with saturated agueous NaHCO3 (4 . The et her
phase vvaoyaég egtged, dried (MgSOX) and the sol vent vvasPélgﬂr?g%@é%under
reduced pressure to give 4.79 g of the title conpound as a clear oil. 20
vmax(film/cm 1 2930,1776. 1H NWVR (460 MHz, CDC13): S = 3.27 (1H, m), 3.12
(1H, m, 2.42 (2H, m, 2.20- 1.02 (8H, nm. PREPARATION 20 25 Ethyl (2z/
-(IRS,6R , -bicyclo[4.2.OLct-7-ylideneethanoate 18 Cctober 2005 WD

02/ 085839 6%offéelad] Biba/ (MeE4R) sna diclalveitderhsied thQdasiusaRiredsee. The oi |, 1.46 g,
*36.6 mmol ) was_ suspended in dry tetrahydrofuran (150 m) and cooled to O
C. Triet hylrﬁﬁwﬂ%ﬁﬁ%@@tb&tf@sqW@Eatﬁy?PhJé?‘Bc%ﬁEfpl}mﬂﬁ@%@do and the mixture
stirred atgi@e@?i Bfﬂa@tiil@b ouﬁd?soeléféa!r?ﬂ of

(1RS, 6RS) - bi cycl o[ 4. 2. 0] octan-7-one 5 (preparation 19) (4.78 g, 38.5 nmol)
in THE (20mb)(filay/coi'e2939,0@620 and the mixture stirred at 0 C. After |hr the

m xture S, t m.to room tenperature, di] ut i t.h et hyl
acetate %\goéﬁw\ﬂéﬁﬂml&i§‘ﬁ33“\-‘1&21‘5?229%%1}&@@&}%'1$ﬁ221£nﬂ’§ani c phase was
col l'ected, dgd.gdy(dep?) and the solvent renoved under reduced pressure.
The residue was purifi‘ed by flash chromat ography (Silica, 10 Et OAc: Hept ane

3:20) to give 5.49 g of the title conpound as a clear oil. vmaX(fihn)/cm1l
2929, 1715’Pliﬁ_]5 ng—|z CDCI3): S =5.63 and 5.58 (1Hin total - E/Z
isomers, 2 . 2H, nm), 3.38-2.98 (2H, m, 2.79-2.35 (2H, m,
2.13-1. 05 ({URS,6RS)-BicytiMD.(1864-Y-oneT z [ VE{] 195.

10

- e
( f on

(1RS,68R)-8,8-dichlorobicyclo[4.2.0]octan-7-one (preparation 18) (8.60 g,

44.6 mmol) was heated to reflux in acetic acid (100 ml) with zinc dust (29.0 g,

15 446 mmol). After 4 hrs the mixture was cooled to room temperature, diluted with

 diethyl ether (200 ml) and washed with 2N NaOH (2 x 100mi) and then with
saturated aqueous NaHCOg {4 x 100ml), The ether phase was collected, dried
(MgS0,) and the solvent was removed under reduced pressure to give 4.79 g of
the title compound as a clear oil.
20 vam(film)om™ 2930, 1776.

"H-NMR (400 MHz, CDCly): § =3.27 (1H, m), 3.12 (1H, m), 2.42 (2H, m), 2.20-
1.02 (8H, m),

PREPARATION 20
25  Ethyl (2Z/E)-( 1RS,_6RS)-bicvclo[4.2.0100t-7-@eneethanoate

u,, E:(/\W COzEt
L Ry ev8




15 PREPARATI ON 21 Et hyl
((1RS, 6RS, 7SR) - 7- (ni tromet hyl ) bi cycl o[ 4. 2. O oct - 7-yl ] acet @b oberdod +/--) 20
(2Z/ E)- (1RS, 6RS) - Bi cycl o[ 4. 2. 0] oct - 7-yl i deneet hanoat e (preparation 20)
(5.47 g, 28.2 mml ) was heated to 60 Cin tetrahydrofuran (50nl) with

ni tromet Wﬁ%‘%ﬁ%ﬂﬁmrﬂ) 56.4 mol ) and tetrabutyl ammoni gﬁ/{dgﬂ? 146de (IMin

THF, 42 After 18 hrs the m xture was c 0 room
tenperature, diluted with ethyl acetate (200 nl) and washed with 2N HCl (2
x 25 100m ) and then with brine. The érganl ¢ phase was collected, dried
(MgS™) and the solvent renoved in vacuo. The residue was purlfled by
flash chromatography (silica, EtOAc: heptane 1:9) to give 4.73 g of the
title conpound a:Sodim:dMﬁd@{ﬁlﬂ%di@ﬁrsioa)l(lbilIMG/g;BﬁGrﬂ:ﬁﬁ)ZWas'LSM 1731, 2936. NO

| COPEt 18 Qctober, 2005 2/.085839 PCT/.| B 6 66 ' H- NMR (400 Mz,
cDC13): S = W Oﬁ?“z‘ %WVQWQT?“ &3‘339)@9353% ﬁn 2.57 (1|(4 m, 2.22
(1H, r’r), 2. Qﬁethjll os onoﬂoe&@e ’\%Bblmln%Sﬁamz) Vl&s%&(ﬁeﬁ'ﬂﬂd menn;fm?e@hﬁ%h'l t), 110
(1H, M. LRVB : 256. 5 PREPARATI ON 22

S, 6S, 7R) Sptr® r:y #15{84A2019 I AHRS. AR - higyplof 2. Oloatiam"/‘-cme one 10 Ethyl [(1
o5, o 76l B ¥R 1 s it apighe (P opareflon
Ni ckel cat amjpgtrestimielat &rtCah frodphiae mmﬁrehyad rabgmﬂ tgagrmto b8R kPa ( 70
temperature, diluted with ethyl acetate (200 ml) and washed with 2N HCI (2 x
150ml). The organic phase was collected, dried (MgSQ,) and the solvent removed
under reduced pressure. The residue was purified by flash chromatography (Silica,
10 EtOAc:Heptane 3:20) to give 5.49 g of the title compound as a clear oil.
vmax(film)em™ 2929, 1715, 1186.
H-NMR (400 MHz, CDCl;): & = 5.63 and 5.58 (1H in total — E/Z isomers, 2 x
m), 4.15 (2H, m), 3.38-2.98 (2H, m), 2.79-2.35 (2H, m), 2.13-1.05 (11H, m).
LRMS (APCT): m/z [MH ] 195.
15
PREPARATION 21
Ethyl {(1RS.6RS.7SR)-7-(nitromethyl)bicyclof4.2.0]oct-7-yl]acetate

(é coEt

(+5)

20 (2Z/E)-(1RS,6RS)-Bicyclo[4.2.0]oct-7-ylideneethanoate (preparation 20)

(547 g 28.2 mmol) was heated to 60 °C in tetrahydrofuran (50mi) with
nitromethane (3.05 mi, 56.4 mmol) and tetrabutylammonium fluoride (IM in
THF, 42 rnl, 42.0 mmol). After 18 hrs the mixture was cooled to room
temperature, diluted with ethyl acetate (200 m!) and washed with 2N HCI (2 x

25  100ml) and then with brine. The organic phase was collected, dried (MgSQ,) and -
the solvent removed in vacuo. The residue was purified by flash chromatography
(silica, EtOAc:heptane 1:9) to give 4.73 g of the title compound as a clear oil.
Vean(film)om™ 1182, 1547,1731, 2936.



p.s.i.). After 4 hrs the catalyst was renoved by filtration through celite
and the 15 sol vent renpved under reduced pressure to giVeg 3,258 “?g t he
title conpound as a clear oil which solidified on standing. V' ? ilm/cm’
2919, 1712, 1677. 'H- NWR (400 MHz, CDC13): b = 5.61 (IH, br. s), 3.46 (2H,
m, 2.42 2.18-1.01 (12H, nm. 20 LRVB (APCl): 180.
PREPARATI%%IHZZI%éaE?hyI (2E/2)-(1 RS 6RS -bic clo 14.2.0 %é(;‘i:@%l&ﬁ&dene c ano
et hanoate 25 CN 18 Cct ober 2005 WD 02/085839 PCT/1B02/01146 67 The ketone
of preparation 19 (2.85 g, 23.0 nmol 0 ethyl cyanoacetate (2.45 ni, 23.0
mol ), ammoni um acetate (1.77 g, 23.0 mvol) and glacial acetic acid (1.32
m) were refluxed in toluene (40 mM) using a Dean-Stark trap. After 6 h,
the mxture s (4D0edi, COXY! 5 2a@3 @H uhedl 1 'm}ggtztml(zﬁgﬁ;,atse (150 m),
washed 5 with water (50 m), brine and drledwél\/% O4). The sol vent was
evapor at ed utidle). 3 &diHem).grl{sHr w), 1Pa1 Han), due-1vid{"Brmbidb é¥laphed (Si 02,
hept ane/ et hy)l 1%3{?% 4:1) to give 2.76 g of a m xture of cyano-esters as
a yel |l ow sol” d. ’ (400 MHz, CDClI 3): 8(mmjor isomer); 4.26 (2H, q),
3.36 (1H, ni.RMS QPQRky/z [NH'12568 (1H, m), 1.30-2.18 (8H, m), 1.33 (3H, t).
10 5(m nor isomer) = 4.25 (2H, q), 3.48 (1H m, 3.23 (2H m, 2.58 (IH,
m, 1.30 2.18 (8H m, 1.32 (3H, t). PREPARATION 24 15 Et hyl

f (I RS, 6RS, 7TRREPARRGIGN DI cycl oF4. 2. A oct-7-ylj(cyano)acetate 20 The
cyanoest er of 12.5 mmpl) in THE (60 m) was added
over 1 h tolk j adink2ionen chloride (20 M of a 1M

10
Ethyl [(1RS,6RS,7SR)-7-(nitromethyl)bicyclo[4.2.0}oct-7-yl]acetate
(preparation 21) (4.70 g, 18.4 mmol) was shaken in methanol (150 ml) at 30 °C
over Raney Nickel catalyst under an atmosphere of hydrogen gas at 483 kPa (70
p.s.i.). After 4 hrs the catalyst was removed by filtration through celite and the
15  solvent removed under reduced pressure to give 3.23 g of the title compound as a
clear oil which solidified on standing.
Vaa(film)/em™ 2919, 1712, 1677.
'H-NMR (400 MHz, CDCL): 8 =5.61 (1H, br. 5), 3.46 (2H, m), 2.42 (2H, m),
2.18-1.01 (12H, m).
20 LRMS (APCI): m/z [MH'] 180.

PREPARATION 23

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

25
CN

e, I%\ COzEt
(A - (+I .)

W



solution in ether, 20 mol) in THE (20 m ) at -78 C under argon. After
stirring for 2h at this tenperature, the m xture was queg Bypsaddi tion
of saturated amonium chloride solution (10 m). The mx?g)rgﬁg?/\rlaéosgllomd
to warmto room 25 tenperature, and dilute hydrochloric acid (30 m) was

added. T s layer was extracted with ethyl ace 40 m ). The
conbi ned%?%%%?%ﬂ ayers were washed with brine, dri edlg%g@)'%and t he

sol vent was evaporated under reduced pressure to give a m xture of

di astereoneric cyano-esters. The resitdue was 18 Oct ober 2005 WO 02/ 085839

68 PCT/1B02/ 01146 chromat ogr aphed (Si 02, heptane/ethyl acetate, 4:1) to
give 3.53 g of a mxture of diastereoneric cyano-esters as a clear oil.

R1( hept ane- et hyl m%taﬁeeofp%gl}aﬁan 9 @%s %;28:0(!15&1&1 chifItfandAdthte 1740. 5
PREPARATI ON 25 [ (1RS.6RS. 7SR) - 7-benzyl bi cycl ol 4. 2. Aoct-7-yl | acetic acid
Ph / CORH (+2-4F mlp 2FRenmel) mmmeniym aretatet(b7 e Bn2T-0 sl bavd -slasiabpostiof

reparation ' . } i (3.8 g, 67.9
ﬁr ngl) wer eaﬁég}g%ﬁ 63% f Fﬁ@%@@gg“é@ﬁ@%@%ﬁ*ﬁﬁ? f gﬁ“? h. After
this time, hjitbemixtirames siksvedltd avbahd dilutzd elith ethybacdiateutl 80 my)lwashbd ori ¢ aci d
was added carefully until. the, sol.uti acidic by 15 er. The
m xt ure gas wétﬁf‘”ra Eklsé)dnq\&mbpﬁeélf edﬁ@"@%ﬂﬁ%ﬁﬂiﬁfbﬁ?ﬁ Va%ﬁ‘g$ﬁ‘gjaepconbi ned
organi ¢ fr agddie¥aprosti€ Tﬁ&bﬁ@e‘%a&'ﬂh@ﬁfaﬁ%ﬁﬁpﬁgdi@@ ,(Mﬁ%)athﬁﬁéethfé? sol vent

ro

was evapor ated under_ reduced pressure. e residue was c mat ogr aphed
(Si 02, et hyf:lhodvw T hepfanxture afcyme-estopeas2 yelow seid. t he raceni ¢

di ast er eOMerg §vR (400 MHz, CDCl): 8(major isomer); 4.26 (2H, q), 3.36 (1H, m), 3.02
(2H, m), 2.58 (1H, m), 1.30-2.18 (8H, m), 1.33 (3H, 1).
10 &{minor isomer) = 4.25 (2H, q), 3.48 (1H, m), 3.23 (2H, m), 2.58 (1H, m), 1.30-
2.18 (8H, m), 1.32 (3H, ).

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

Ph
( §.,..,,{C02Et
\\“" C N
(+F)

20 The cyanoester of preparation 23 (2.75 g, 12.5 mmol) in THF (60 ml) was
added over 1 h to a stirring solution of benzylmagnesium chloride (20 mi of a 1M
solution in ether, 20 mmol) in THF (20 ml) at —78 °C under argon. After stirring
for 2h at this temperature, the mixture was quenched by addition of saturated
ammonium chloride solution (10 ml). The mixture was allowed to warm to room

25  temperature, and dilute hydrochloric acid (30 ml) was added. The aqueous layer
was extracted with ethyl acetate (3 x 40 ml). The combined organic layers were
washed with brine, dried (MgSQ,) and the solvent was evaporated under reduced

pressure to give a mixture of diastereomeric cyano-esters. The residue was



acid as a yellow oil. 20 'H NWR (400 MHz, CDC13): 8 = 7.31-7.22 (5H, m,
3.08 (1H, d), 3.00 (1H, d), 2.56 (1H, m, 2.44 (1H, d)11§03§5b Ghs d), 2.25
(1H, n), 1.98 (1H, m, 1.75 (1H, t), 1.71-1.30 (7H, m, 1H m. LRMS
(ES-), '"mz [MH 257. 25 PREPARATION 26 .tent-butyl

[ (1RS, 6RSy, enzyl bi cycl o[ 4.2.0]oct-7-yl | acetate 2005 WO
02/ 085839 é@%ﬁ %2/01146 69 CO2t-Bu ,, / Oxalyl chl ong@%@g 7.62
nol ) was added dropwi se to a stirrin solution of the acid of preparation
25 (1.79 g, 6.93 mml) in dichloronmetfane (25 5 m) under nitrogen at 0 T.
D nethyl formam de (0.25 m) was carefully added and the m xture was
allowed to warmto roomtenperature and stirred for a further 4 hours. The
sol vent was tbhmme@rabned\/(amph@mdc/éthﬁ ab@ae,0nB t6ligive 86d gwifk nixtolie®li| or omet hane
(20 M). 2- P/ 'E‘)’F gan-l-ol %9 q1 jn dichloromethane (20 mM) was
carefully ad 563{68 PeCYBAEHTHP 61%f pile under argon followed by 10

di i sopropy! eih)iand-GRyladetite, W:1) =lf3* mMmol ). The mixture was stirred for 18
hours and then sat ur at ed aqueous sodi um hydrogen carbonate (30 m) was
added. The mxﬁluﬂ/ema"éfé)ltm(hct ed with ethyl acetate (3 x 50 nl) and the
conbi ned organic fractions were washed with brine and dried (MgSQX). The
sol vent s renoved under reduced pressure and the residue was

chr omat ogr a[HREPARSITIDN ept ane/ et hyl 15 acetate 98:2) to give ester (2.42
g). 'HNWR (400 VHz CDCI3) S=17. 33 7.19 (5H .M, 3.05 (1H, d), 2.96 (1H,
d), 2.53 (I HORYORS;/SRY-Tbengylbigyglo[4.Ologt-dyllaceticagd ' 1. 72 (1H, t), 1.65-1.55
(2H, m, 1. 48 (9H s), 1.47-1.00 (6H, m. 20 PREPARATI ON 27

[ (1RS, 6RS, 7SR) - 7- (2-tert-But oxv-2-oxoet hvl )b| cvclof4.2. A oct-7-vllacetic

acid Ph
(+F-)

10

The mixture of diastereomeric cyano-esters of preparation 24 (3.52 g, 11.3
mmol) and potassium hydroxide (3.8 g, 67.9 mmol) were heated to 160 °C in
ethylene glycol (75 ml) for 72 h. After this time, the mixture was allowed to cool
and dilute hydrochloric acid was added carefully unti! the solution was acidic by

15 pH paper. The mixture was extracted with ethyl acetate (3 x 100ml) and the
combined organic fractions were washed with brine, dried (MgSQO,) and the
solvent was evaporated under reduced pressure. The residue was chromatographed
(S10,, ethyl acetate:heptanc 1:4 ) to give 2.11 g of the racemic diastereomeric
acid as a yellow oil.

20 'H-NMR (400 MHz, CDCLY: § = 7.31-7.22 (5H, m), 3.08 (1H, d), 3.00 (1H, d),
2.56 (1H, m), 2.44 (1H, d}, 2.38 (1H, d), 2.25 (1H, m}, 1.98 (1H, m), 1.75 (1H, 1),
1.71-1.30 (7H, m), 1.10 (1H, m).

LRMS (ES): m/z [M-H] 257.

25 PREPARATION 26
tert-butyl [(1RS,6RS,7SR)-7-benzylbicyelol4.2.0%oct-7-vlJacetate




1

CO2H C02t-Bu ~" 'rrr/ (+1-1 The ester of preparation 26 (6.93 nmol) and
sodi um periodate (20.75 g, 25 97.02 mmol) were stirred r et hyl
acetate (20 m), acetonitrile (20 mM) and water (30 m) ?Q%%Q%}zg%?es The
m xture was cooled to O C and ruthenium (I11) chl oride hydrate (0.03 g,

0. 14 moly, W ded to the reaction m xture. The Ph 8?!6 2005 WO
02/ 085839 9 | B0O2101146 reaction was allowed to vvarm o roo

tenperature and stirred for 24 h, Diethyl ether (100 m) was added and the
m xture was stirred for 40 mnutes. BPlute hydrochloric acid (150 M) was
added to the m xture which was then extracted wth ethyl acetate (3 x 100
m ). The conbined organic fractions were washed 5 with brine, dried (MgSO)
and the sol vent was evapor at ed under meduced pressure to give 0.64 g of
acid. 'H NWR (400 MHz, CDC13): Ei (()'tEL d, 2.75 (1H, d), 2.61-2.48
(3H, m, 2.17 (IH m, 19518 n? 1.78-1.30 (7H, m, 1.44 (9H, s).
10 PREPARATI ON 28 [ (1RS, 6RS, 7S 6~ -{tiert - But oxy 2-oxoet hyl

bi cycl oF4. 2. 0l oct-7-yl |l acetic aci ‘d rmeth. |l ester CO2Me OCRt - Bu (+1-) 15
Trinmet hyl silyl di azonmethane (1.2 m of a 2M solution in hexane, 2.4 mol)
was added dropw | uti.on of the acid ofmglr]eparatlon 27

(0.64 g, a}?aljt(i%hﬁ‘)riaé (0r6|’7lrrrﬁ97.g§) mmoll) was added dropwiseto as
' solution of the acid of preparation 25 (1.79 g, 6.93 mmol) in dichloromethane (25
5 ml) under nitrogen at 0 °C. Dimethylformamide (0.25 ml) was carefully added
and the mixture was allowed to warm to room temperature and stirred for a further
4 hours. The solvent was removed in vacuo and the residue diluted with
dichloromethane (20 ml). 2-Methyl propan-1-ol (9 ml) in dichloromethane (20 ml)
was carefully added to the reaction mixture under argon followed by |
10 diisopropylethylamine (1.8 ml, 10.4 mmol). The mixture was stirred for 18 hours
and then saturated aqueous sodium hydrogen carbonate (30 ml) was added. The
mixture was extracted with ethyl acetate (3 x 50 ml) and the combined organic
fractions were washed with brine and dried (MgSO,). The solvent was removed
under reduced pressure and the residuc was chromatographed (8i0,, heptane/ethyl
15 acetate 98:2) to give ester (2.42 g).
"H-NMR (400 MHz, CDCls): 8 =7.33-7.19 (5H, m), 3.05 (1H, d), 2.96 (1H, d},
2.53 (1H, m), 2.30-2.18 (3H, m), 1.90 (1H, m), 1.72 (1H, 1), 1.65-1.55 (2H, m),
1.48 (9H, s), 1.47-1.00 (6H, m).

20 PREPARATION 27

1lacetic acid

COMH

”""a" /Cozt‘BU
( (/)

The ester of preparation 26 (6.93 mmol) and sodium periodate (20.75 g,
25 97.02 mmol) were stirred together in ethyl acetate (20 ml), acetonitrile (20 ml)
and water (30 ml) for 5 minutes. The mixture was cooled to 0 °C and ruthenium

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



2.28 mol) in a mxture of toluene (10 m ) and nethanol (2.5 mM) at 0 C

under argon. The m xture was allowed to warmto roomte 2 nd
stirred for 16 20 h. The solvent was renoved under reducg%é%t?féégszg?% and the
residue was taken up in ethyl acetate (150 m ), washed with saturated

sodi um h arbonate (100 m), dilute hydrochl or] i 00 m),

bri ne ané%rg% 3 MySO4) . The sol vent was evapor at ed. t‘ﬁ%@@’?‘é uced
pressure to give 0.65 g of ester as a yellowoil. "H NVR (400 MHz, CDd 3):
S =23.66 (3H, s), 2.83 (1H, d), 2.74701H, d), 2.57 25 (IH d), 2.49 (1H,
d, 2.15 (1H, m, 1.94-1.78 (3H m, 1.72-1.06 (84 m, 1.43 (9H, s). 18
Oct ober 2005 WO 02/ 085839 PCT/1B02/ 01146 71 PREPARATI ON 29

j (1RS. 6RS, 7SRctién Wes MQWWMQﬁﬁmp@faﬁ&&&ﬁ[sﬁnad frogh: Dishfacetic acid

Co2Me 5 Trifluoroacetic acid (3 m) was added dropwi se to a stirring

sol ution of ¢thes (I@wéwawidml wdh@mv@wemw@wé@orgm nEnytes. g | n
di chl orometﬂﬁﬂ o%cqh)i f Qa.?adﬁa %%M %%%x Qeparmto room
or ours.

tenperature And stlrre urt e mxture was washed
Wi th satur aWﬁH cthylezciats (smdﬁﬁuml)hymeogBMnecbcagdnmmwomm mwashednd t hen

extracte eth Thea s 10 layer was acidified to
o oh aphpane Jre BRI atidRs B S e ST ety acet o o
(2 x 50 M) to gie0.60P8Bf R organic fractions were washed with brine, dried
(MySO4) and, t%e sol vent renoved under reduced}gressure The residue was

purified by HhMRHABMELEPCIS §2 2.8 (B B2 7 ﬂh?lﬁlé’c‘@t(&ﬁe)l)to give O0.47

f d 8 = 3.67 (3H, s),
080 (in ay T Pl g Gip it BT TR, W%%@%i) By, 2.49 (14 in).
2.14 (1H, m), 1.95-1.81 (2H, m), 1.70 (1H, , 1.63 (IH m, 1.55-1.30
(57 102 Gld A e REPARATI O 30

[(1RS.6RS 7SR)-6-(2-tert-Butoxy-2-oxoethyvl)bicyclo[4.2.0]oct-7-vl]acetic acid
methyl ester |

CO,Me
"“"é- / COZT'BLI
( (+)

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

15

was added dropwise to a stirring sclution of the acid of preparation 27 (0.64 g,
2.28 mmol} in a mixture of toluene {10 ml) and methanol (2.5 ml) at 0 °C under
argon. The mixture was allowed to warm to room temperature and stirred for 16
20  h. The solvent was removed under reduced pressure and the residue was taken up
" in ethyl acetate (150 ml), washed with saturated sodium hydrogen carbonate (100
mi), dilute hydrochlonc acid (100 ml), brine and dried (MgSOy). The solvent was
cvaporated under reduced pressure to give 0.65 g of ester as a yellow oil.
"H-NMR (400 MHz, CDCls): & = 3.66 (3H, s), 2.83 (1H, d), 2.74 (1H, d), 2.57
25 (1H,d), 2.49 (1K, d), 2.15 (1H, m), 1.94-1.78 (3H, m), 1.72-1.06 (8H, m), 1.43
{(9H, s). ' '



20 Ethyl 12 -E)-(1R 5R)-bicyclo[3.2.0] hept-6-ylidene acetate/ ethyl (22)-(
IR, 5R)- bic clo 3.2.0 he t-6- lidene acetate CO2Et 25 A 5@lyki,2%0
triethyl phosphonoacetate (53.4g; 238.3mml) in THE (25n1_) was added to a
suspensi on of 60% sodi um hydri de di spersion (9.53g; 1 8 Cctober 2005 WO
02/ 0858394 §o/6a5she 1BO2101146 238. 3mmol ) in THE (75nL) npém‘,m‘&g t he
t enperat ure %etween 5-15C. A solution of
(IR 5R) - bi cycl of 3. 2. 0] hept an-6-one (preparation | A) (259, 226.9mmol) in
THE (150nl) was added maintaining théltenperature between 5- 15C. The
reaction mxture was stirred at anbient tenperature for 30 mnutes then 5
water (10OrL) added. The phases were separated and the organic |ayer
cont ai ni ng pmmh@hpgmound was used directly in the next step. 'H NWR
(400 MHz, CIX : (1H d), 415(2H q) 340(IH m, -3.20 (111,
m, 2.90 (I ' goethyhbi 4. Jacatigacid) . 10
PREPARATI ON 31 Et th 5R 6S -r6n| t rorret hyl b| cycl 0[3 2 0] hept - 6-yl] acetate
15 The THE solution of the conpound of preparation 30 (assum ng 40.9g of
conpound in a total volune of 225nL) @@sediluted with THE (270m ).
TBAF. 3H20 (93.1g; 295. Ommol) ands[ilyt cA33. 9ol ) were added and the

K

solution heated at reflux for 4 w=/Th® reaction mxture was cool ed and
concentrat ed under reduced pressye— Teluene (330nL) was added and the 20
bi phasi ¢ m xture washed with water (I165nL), 2Mag. HC1(165m. + 100ni) and
then furi her watTiflupidabericlacid Thai)pvasdiddd-despatisti toiasgiring solafien dfaler was dried
over MSO4 and_concentrated under reduced pressure to gl ve the title

conpound as®SiEr of HEPFAIRTE4P-P5 EoHR el in dickierapetnne OmINRF® o0 Mz, CDC13):
S = 4.80 (2} mflure Fasallow’lio Wim 16 1&bm l(:ﬁub'erame -sfited for a further 16

hours. The mixture was washed with saturated aqueous sodivm hydrogen
carbonate solution and then extracted with ethy! acetate (50 ml). The aqueous

10 layer was acidified to pH 4 with dilute hydrochloric acid and then extracted with
ethyl acetate (2 x 50 ml). The combined organic fractions were washed with
brine, dried (MgS0,) and the solvent removed under reduced pressure. The
residue was purified by chromatography (SiOs, 6:4 heptane/ethy] acetate) to give
0.47 g of acid as a yellow oil. -

15 'H-NMR (400 MHz, CDCls): § = 3.67 (3H, s), 2.84 (1H, d), 2.78 (1H, d), 2.74
(1H, d), 2.66 (1H, d), 2.49 (1H, m), 2.14 (1H, m), 1.95-1.81 {2H, m), 1.70 (1H,
m), 1.63 (1H, m), 1.55-1.30 (5H, m), 1.07 (1H, m).

PREPARATION 30 _
20 Ethyl 2BE)}-(1R,5R)-bicyclo[3.2.0]hept-6-ylidene acetate/ ethyl (27)-(1R.5R)-
bicyclo[3.2.0]hept-6-vlidene acetate

CO,Et

25 A solution of triethylphosphonoacetate (53.4g; 238.3mmol) in THF
(25mL) was added to a suspension of 60% sodium hydride dispersion (9.53g;



25 (1H, m, 2.55 (2H, mM, 2.20 (1H, m, 1.9-1.4 (7H M, 1.25 (3H, t).
PREPARATI ON 32 (1R, 5R 6S)- f6-(nitronmethv_1)bicy_cl o[ 3. ﬁ&g%ﬁzﬁ yllacetic
acid 1 8 October 2005 WO 02/085839 PCT/1B02/01146 73 Q sol ution
of the nitro ester of preparation 31 (200g; 828.9annol) in THE 5 (1.0L)
was comnbi 2M aq. NaCH (1.04L; 2.08nol) and sti nmbi ent

t enper at u‘?gq 8 hours. The biphasic m xture was di lﬁé’@%ﬂ%}l{% t ol uene
(500nm) and the | ayers separated. The aqueous was adjusted to pH 1-3 with
conc. ag. HO and extracted with CHZ&12 (1. QL + 600nL). The combi ned
product-contai ning CH2Cl12 | ayers were concentrated under reduced pressure
to yield the title 10 conpound as an orange oil, which set to a solid
(163.49). ' HigNR EDChhaishe o & 2k twech; 9511, ), 2. 60
(3H, m, 2.20 (1H, )::) %gs faintag 4 &ﬂé ° Bwe (QS:H .
PREPARATI ON ®Bitips of (IR,5R)- blcyclo[3 20]heptan—6 one (preparatlon 1A) (25g,

(1RS, 5RS, 6S Y, ne The
nitroester %’é% 4 rg?iﬁnl)?w%%é@& %’%@%F@éﬁg‘lﬁrﬁgk@gﬁ%g met hanol
(125 nm) at12%. Ql@x\é@cfhohlhﬁ%t&ie vﬁa@@m@@l  ahbietttmptister: farBtahinmepihes e of 20
hydr ogen_gas at 345 kPa i.). After 24 hrs the catal yst was renoved

by filt?at Matr ¢iRPmhhpdd Eaeehaswre Pr@aetﬁd@étimtheewwr AACEEPYBE 1 educed

pressure. T hed (Si 2, ethyl acetate) to

give the |a§t%§1%é?§h‘g‘g‘ﬁd%§'i%ﬂgg B PEBBALER"CS, Lo5sa0 PCT(1B02/ 01146 74

"H NVR (400'HARMR CROIHz, (DELP 5865.69 HH,hD), 4.55 21B.¢0B.4@RdH, 8)), 3.20 79- 2. 70 (1H,
(1H, m), 2.90 (1H, m), 2.55 (1H, m), 1.8-1.5 (5H, m), 1.30 (3H, 1).

10  PREPARATION 31
Ethvl (1R.SR.68)-[6-(nitromethylbicyclo[3.2.0lhept-6-vi]lacetate

15 The THF solution of the compound of preparation 30 (assuming 40.9g of
compound in a total volume of 225ml) was diluted with THF (270ml).
TBAF.3H,0 (93.1g; 295.0mmol) and MeNO, (453.9mmol) were added and the
solution heated at reflux for 4 hours. The reaction mixture was cooled and
concentrated under reduced pressure. Toluene (330mL) was added and the

20  biphasic mixture washed with water (165mL), 2M aq. HCI1 (165mL + 100mL) and
then further water (165mL). The product-containing toluene layer was dried over
MgSO0, aﬁ(t'concentrated under reduced pressure to give the title compound as a
red/brown oil (90% {over 2 steps)).

H-NMR (400 MHz, CDCl;): 8 = 4.80 (2H, m), 4.15 (2H, m}, 2.85 (1H, m), 2.65

25 (1H,m), 2.55 (2H, m), 2.20 (1H, m), 1.9-1.4 (7H,m}, 1.25 (3H, 1).

PREPARATION 32
{(1R.5R.68)-[6-(nitromethyl)bicyclo[3.2.0Thept-6-yllacetic acid




m, 2.54-2.47 (1H, n), 2.32 (IH d), 2.12 (1H t), 2.03 (1H d), 1.86-1.60

(3H, m, 1.57-1.38 (4H, m. Mcroanalysis: Found: C, 72;48:blr 280515 N
8.43. G OHI5NO requires C, 72.69; 5 H 9.15;N,8.48% [a]D --28.4 (250
Phar maceuti cal Conposition Exanples 10 In the foll owi ng Exanples, the
active c an be any conpound of fornmula 1-XXV

phar maceut | ??A}Fﬁ%ﬁaccept abl e salt, solvate, or physiol o%ﬁ{ﬂg}?“f uncti onal
derivative thereof (i) Tablet conpositions 15 The foll owi ng conpositions A
and B can be prepared by wet granul at/Bon of ingredients (a) to (c) and (a)
to (d) wth a solution of povidone, followed by addition of the magnesi um
stearate and conpression. 20 Conposition A 25 ng/tabletmtablet (a)Active
i ngredi ent 250250 (b) Lactose B. P.21026 (c) Sodi um Starch d ycol | at e2012

(d) Povi done B. P. 159 (e)Magnesi um St earate53 500 300 Conposition B
ng/tablet ng/tablet 30 (a) Activ gredi ent 250 250 18 Cctober 2005 WO
02/ 085839

""No,

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. HC]

and extracted with CH,Cl; (1.0L + 600mL). The combined product-containing
CH:CL layers were concentrated under reduced pressure to yield the title

10 compound as an orange oil, which set to a solid (163.4g).
"H:NMR (400 MHz, CDCl3): & = 4.80 (2H, m), 2.85 (1H, m), 2.60 (3H, m), 2.20
(1H, m), 1.85 (1H, m}, 1.70 (2H, m), 1.6-1.4(4H, m).

PREPARATION 33
15  {1RS,5RS.65R)}-Spiro[bicyclo[3.2.0lheptane-6_3 -pyrrolidin}-5'-one

The nitroester of preparation 31 (13.0g, 53.9 mmol) was shaken in
methanol (125 ml) at 25 °C over Nickel sponge catalyst under an atmosphere of
20 hydrogen gas at 345 kPa (50 p.s.i.). After 24 hrs the catalyst was removed by
filtration through Arbocel and the solvent evaporated under reduced pressure. The

residue was then chromatographed {SiO,, ethyl acetate) to give the lactam (4.76
g). |



PCTI 1 B02/ 01146 75 (b) Lactose 150 150 - (c) Avicel PH 1016026 (d) Sodi um
Starch dycollate2012 (e) Povidone B.P.159 5(f) Mgnesi um §L&aL-a5R53 500300
Conposition C mtablet 10Active ingredi ent 100 Lact ose200 Starch50 Povi doneb
Magnesi um St ear at e4 15359 The foll ow ng conpositions D and E can be

pr epar ed ‘g&ﬁ‘—ﬁ‘;”é@?t conpressi on of the Oadm xed i ngredilg&tn%gw'{g@i | act ose

used in f on Eis of the direct conpression type. tion D
ng/ tabl et 25Active ingredient 250 Ma%nesi um Stearate 4 Pregel ati ni sed
Starch NF15 146 400 Conposition E ng//fable t 30Active ingredient 250

'"H-NMR (400 MHz, CDCly): 8 = 5.86 (1H, br. 5), 3.40 (2H, s), 2.79-2.70 (1H,
m), 2.54-2.47 (1H, m), 2.32 (1H, d), 2.12 (1H, 1), 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%.
[o]p —28.4° (25°C)

Pharmaceutical Composition Examples

10  In the following Examples, the active compound can be any compound of formula
I-XXV and/or a pharmaceutically acceptable salt, solvate, or physiologically

functional derivative thereof.

(i) Tablet compositions

15
The following compositions A and B can be prepared by wet granulation of
ingredients (a) to (¢) and (a) to (d) with a solution of povidone, followed by

addition of the magnesium stearate and compression.

| 20  Composition A
mg/tablet mg/tablet

(a) Active ingredient 250 250

(b) Lactose B.P. ' 210 26

(¢) Sodium Starch Glycollate 20 ' 12
25 (d) Povidone BP. 15 9
(e) Magnesium Stearate S 3

500 300

Composition B
mg/tablet mg/tablet
30
(a) Active ingredient . 250 250



Magnesi um Stearate 5 18 COct ober 2005 WO 02/ 085839 Lactose Avicel 5 76 145
100 500 PCT/ 1B02101146 Conposition F (Controlled releaselggﬁgg§i?§pn) m
tabl et (a)Active ingredient500 (b)Hydroxypropyl nethyl cel l'ul ose f

(Met hocel K4M Prem unm) (c)lLactose B.P.53 (d)Povidone B.P.C. 28 (e)Magnesi um
Stearate’, 15 The conposition can be prepared by nul ati on of
ingredieﬁyég?égg?o (c) with a solution of povidone, fB&ﬁ%&%@&gﬁ addi tion
of the magnesium stearate and conpression. 20 Corn-position G
(Enteric-coated tablet) Enteric-coatéd tablets of Conposition C can be
prepared by coating the tablets wth 25ng/tablet of an enteric pol yner
such as cellul ose acetate phthalate, polyviinylacetate phthal ate,

hydr oxypr opybyretialese el doul ose phthalgge, or anionic

(c) Avicel PH 101 60 26

(d) Sodium Starch Glycollate 20 12

(e) Povidone B.P. 15 9

5 () Magnesium Stearate ) 3
500 300

Composition C

mg/tablet
10 Active ingredient 100
Lactose 200
Starch : 50
Povidone 5
Magnesium Stearate 4
15 359
The following compositions D and E can be prepared by direct compression of the
admixed ingredients. The lactose used in formulation E is of the direct
compression type.
20
Composition D
mg/tablet
Active ingredient 250
25  Magnesium Stearate 4
Pregelatiniséd Starch NF15 146
400
Composition E
mg/tablet
30  Active ingredient 250

Magnesium Stearate | 5



25 polyners of methacrylic acid and nethacrylic acid nmethyl ester (Eudragit
L). Except for Eudragit L, these polyners should also ipghude. 585 ( by
wei ght of the quantity of polymer used) of a plasticizer to prevent

nmenbrane cracking during application or on storage. Suitable plasticizers

i ncl ude (j ht hal ate, tributyl citrate and triac 8 Cctober
2005 vm>3%§8@%%§ 77 Conposition H (Enterlc coat ed conﬁ%%ﬁ?gﬁgﬁélease

tabl et) PCT/1BO2101146 Enteric-coated tablets of Conposition F can be
prepared by coating the tablets wt% 50ng/tablet of an enteric polyner
such as cellul ose acetate phthal ate, 5 polyvinyl acetate phthal ate,

hydr oxypropyl net hyl - cellul ose phthalate, or anionic polyners of

met hacryl i c 13gi,¢k and nmethacrylic acjg nmethyl ester (Eudgragit L). Except
for Eudgragit L, these polymers should also include 10% (by wei ght of the
quantity ofﬁp@k&ner used) of a plasiQcizer to prevent nmenbrane cracking
during application or on storage. &ritable pl astici zers include diethyl
pht hal ate, tributyl 10 citrate ana riacetin. (ii) Capsule con ositions 15
Conposition A 20 25 Capsul es can be prepared by adm xi ng the ingredients of
Conmpositjon D above and filling two-part hard gelatin capsules with the
resulting mxture. Conposition B (infra) nay be prepared in a simlar

manner .  Conpgaldsiteh FRCORFBPRILaE: coldbéfibdyve | ngredi ent 250

mg/tablet
(a) Active ingredient 500
(b) Hydroxypropylmethylcellulose 112
10 (Methocel K4M Premium)
(¢) Lactose B.P. 53
(d) Povidone B.P.C. 28
(e) Magnesium Stearate 7
700
i5

The composition can be prepared by wet granulation of ingredients (a) to (c) with
a solution of povidone, followed by addition of the magnesium stearate and

compression.

20  Composition G (Enteric-coated tablet)

Enteric-coated tablets of Composition C can be prepared by coating the tablets
with 25mg/tablet of an enteric polymer such as cellulose acetate phthalate,
polyvinylacetate phthalate, hydroxypropylmethyl-cellulose phthalate, or anionic
25  polymers of methacrylic acid and methacrylic acid methyl ester (Eudragit L).
| Except for Efudragit L, these polymers should also include 10% (by weight of the
quantity of polymer used) of a plasticizer to prevent membrane cracking during
application or on storage. Suitable plasticizers include diethyl phthalate, tributyl
citrate and triacetin.
30



(b) Lactose B.P.143 (c)Sodium Starch d ycol | at e25 (d) Magnesi um St ear at e2 420
30 Conposition C ng/capsule WO 02/085839 5 10 15 20 25 (@3 AGthd8005
i ngredi ent 250 (b) Macrogol 4000 BP350 600 Capsul es can be prepared by
mel ting the Macrogol 4000 BP, dispersing the active ingredient in the nelt
and fill i‘gg(’# -sgart hard gel atin capsules therewth. Conposition D mca
sul e Acti %? di ent 250 Lecithin100 Arachis O 1100 459" Hg]di'ﬁes can be
prepared by dispersing the active ingredient in the lecithin and arachis
oil and filling soft, elastic gelatif7capsules with the dispersion.
Composition E (Controlled rel ease capsule) mca sule (a)Active
I ngredi ent 250 (b)M crocrystalline Cellul osel25 (c)lLactose BP125

Composition H (Enteric-coated controlled release tablet)

Enteric-coated tablets of Composition F can be prepared by coating the tablets
with 50mg/tablet of an enteric polymer such as cellulose acetate phthalate,

5 polyvinylacetate phthalate, hydroxypropylmethyl- cellulose phthalate, or anionic
polymers of methacrylic acid and methacrylic acid methy! 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 diethy! phthalate, tributyl

10  citrate and triacetin.

(ii) Capsule compositions

15 Composition A

Capsules can be prepared by admixing the ingredients of Composition D above
and filling two-part hard gelatin capsules with the resulting mixture, Composition
B (infra) may be prepared in a similar manner.
20
| Composition B

mg/capsule
(a) Active ingredient 250
25 (b) Lactose B.P. 143
{c) Sodillu'n Starch Glycollate 25
. {(d)  Magnesium Stearate 2
420

30 Composition C
meg/capsule



(d)Ethyl Cellul osel3 513 The controll ed rel ease capsule formul ati on can be

prepared by extruding mxed ingredients (a) to (c) usin er, then
spheroni sing and drying the 30 extrudate. The dried pell g%gagl%&é:dggt ed with
a release controlling nmenbrane (d) and filled into two-part, hard gelatin

capsul es. ber 2005 WD 02/085839 79 5 10 15 Conp j (Enteric
capsul e) “r{é?g%gssgl e (a)Active ingredient250 (b)M croc?@#gﬁﬂlﬁe

Cel | ul osel25 (c)Lactose BP125 (d)Cellul ose Acetate Phthal ate50 (e)Di et hyl
Pht hal at 5 555 PCT/ | B02/ 01146 The ent@8i c capsul e conposition can be
prepared by extruding m xed ingredients (a) to (c) using an extruder, then
spheroni sing and drying the extrudate. The dried pellets are coated with
an enteric nmenbrane (d) containing a plasticizer (e) and filled into
two-part, hard gelatin capsul es. Conposition G (Enteric-coated controlled
rel ease caps(ﬁl e) Achvemeedenlpsul es of Comsition E can be prepared by

coati ng thew‘iontl\ﬁ%r%:%}?aodo%lease pell ets,ad th 50ng/ capsul e of an enteric

pol ymer such”as ce ose acetate 20 ph | at e, pol yvi nyl acet ate pht hal at e,
hydr oxypr opyl net hyl cel | ul ose pht hal at e, 66Gir
5

Capsules can be prepared by melting the Macrogol 4000 BP, dispersing the active
ingredient in the melt and filling two-part hard gelatin capsules therewith.

Composition D

10 mg/capsule
Active ingredient 250
Lecithin 100
Arachis Oil 100

15 450

Capsules can be prepared by dispersing the active ingredient in the lecithin and

arachis oil and filling soft, elastic gelatin capsules with the dispersion.

Composition E (Controlled release capsule)

20 : mg/capsule
(a) Active ingredient 250
(b  Microcrystalline Celiulose 125
(c) Lactose BP 125
25 (d)  Ethyl'Cellulose 13
' | 513

The controlled release capsule formulation can be prepared by extruding mixed
ingredients (a) to (c) using an extruder, then spheronising and drying the
30  extrudate. The dried pellets are coated with a release controlli_ng membrane (d)

and filled into two-part, hard gelatin capsules.



ani oni c polyners of nmethacrylic acid and nethacrylic acid nethyl ester

(BEudragit L). Except for Eudragit L, these polyners sho cl ude
10% (by weight of the quantity of polymer used) or a pl ggtg)lct?%%g?by
prevent nenbrane cracking during application or on storage. SU|tabIe

pl asti ci ude di ethyl phthalate, 2.5 tributyl
triaceti Z‘%E)?)F)oé}?%l ntravenous i njection conposition 30 %&'ﬁ@%&il gr edi ent
0.200g . Sterile, pyrogen-free phosphate buffer (pH 9.0) to 10 m 18
Cct ober 2005 WO 02/ 085839 .80 5 10 PCIPI B02101146 The active ingredient is

di ssolved in nost of the phosphate buffer at 35-40 0 C, then nmade up to

volume and filtered through a sterile mcropore filter into sterile 10 m

glass vials (Type 1) which are sealed with sterile closures and overseals.

(iv) Intranuscul ar injection conposition Active ingredient0.20 g Benzyl

Al cohol 0. 10 Q_@?&M&i@mﬂs@ﬂﬁb Water for Injection g.s. t03.00 m The
active ingredient is dissolved in the gl yﬁ%&ﬂﬂg‘{'}i The benzyl al cohol is
then 15 added and di ssol ved, and water a 3 mM. The mxture is then

filtered thf{gughAatietisgredientmi cropore filter 250 sealed in sterile 3 nl
gl ass VI Typ conp05|t|on 2 Active ingredient 0.25g
Sor bi t ol SO|G$}[I oﬁh‘ir?’%%éal g (ilulost 1. 00g Sodf¥m Benzoate 0.005g

(c) Lactose BP 125
(d) Cellulose Acetate Phthalate 50
(e) Diethy! Phthalat ]
555
10
The enteric capsule composition can be prepared by extruding mixed ingredients
(a) to (c) using an extruder, then spheronising and drying the extrudate. The dried
pellets are coated with an enteric membrane (d) containing a plasticizer (¢) and
filled into two-part, hard gelatin capsules.
15

Composition G (Enteric-coated controlled release capsule)

Enteric capsules of Composition E can be prepared by coating the controlled-

release pellets with 50mg/capsule of an enteric polymer such as cellulose acetate
20  phthalate, polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate, or

anionic polymers of methacrylic acid and methacrylic acid methyl ester (Eudragit

L). Except for Eudragit L, these polymers should also include 10% (by weight of

the quantity of polymer used) or a plasticizer to prevent membrane cracking

during application or on storage. Suitable plasticizers include diethyl phthalate,
25 ' tributyl citrate and triacetin.

(ii1) Intravenous injection composition

30  Active ingredient ' 0.200g
Stenle, pyrogen-free phosphate buffer (pH 9.0) to - 10 ml



Fl avour 0.0125nml 25 Purified Water g.s. to 5.0nl The sodi um benzoate is

dissolved in a portion of the purified water and the soigb&gﬁr?&kution
added. The active ingredient is added and di ssol ved. The "resulting
solution is mxed with the glycerol and then nade up to the required 30
vol ume w the purified water. 18 October 2005 WO 02/085839 81 (vi)
Supposit&@@ogﬁﬁﬁgsition PCTIIBOZI01146mIgsuppositoryPCT Yo
i ngredi ent 250 5Hard Fat, BP (Wtepsol H15 - Dynamit NoBel)1770 2020 O
One-fifth of the Wtepsol H15 is nelfged in a steamjacketed pan at 45 C
maxi mum The active ingredient is sifted through a 2001m si eve and added to
the 10 nolten base with mxing, using a Silverson fitted with a cutting
head, until a O snooth dispersion is achieved. Mintaining the m xture at
45 C, the remaining Wtepsol H5 is added to the suspension which is

stirred to epsure a honqgeqﬁus m X. The entire suspensionois then passed
t hrough a 25bMEACKYSINEPHeE isgissojved iy pest obthe phgphals budter ¢35r4ubus stirring,

al | oned to aeﬁknaaé_).qumg J@lmn%tan@ﬁitﬁg@lﬁﬁ r Est@le RRrdpoteiRr fnto derflég al i quots of

the mxture are filled into suitable plastic nmoul'ds and the suppositories
al |l owed to ¢@oil ghss iado(Hype ipedich are ecaled with sterile closures and overseals.

5
(iv) Intramuscular injection compaosition
Active ingredient 0.20g
10 Benzyl Alcohol 0.10g
Glycofurol 75 145g
Water for Injection q.s.to 3.00 ml

The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then
15  added and dissolved, and water added to 3 ml. The mixture is then filtered

~ through a sterile micropore filter and sealed in sterile 3 ml glass vials (Type 1).

(v) Syrup composition

20 Active ingredient 0.25¢
Sorbitol Solution 1.50g
Glycerol 1.00g
Sodium Benzoate 0.005g
Flavour 0.0125ml

25  Purified Water  qs. to 5.0ml

The sodium benzoate is dissolved in a portion of the purified water and the -
sorbitol solution added. The active ingredient is added and dissolved. The
resulting solution is mixed with the glycerol and then made up to the required

30 volume with the purified water.



(vii) Pessary conposition mess 20Active ingredient (631m 250 Anhydrous
Dextrose380 Potato Starch363 Magnesi um Stearate7 1000 251g6p ngM%

. . . . . CtoDer

ingredients are m xed directly and pessaries prepared by conpression of the
resulting mxture. (viii) Transdermal conposition 30Active ingredient
200mg 18 2005 WO 02/ 085839 82 Al cohol USP 0.1 xyet hyl
ceIIquségﬁ%#$§%62/01l46 The active ingredient and. al %ﬁ%ﬁhﬁg% are gelled
wi t h hydroxyethyl cellulose and 5 packed in a transdernal device with a
surface area of | OcnR. Biological D& a The conpound of exanples 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. 18

Cct ober 2003288448833 RpSsttionlCLAl M5 1. A conpound of any of the forml ae |
- XXV:

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 450C
maximum. The active ingredient is sifted through a 2001m sieve and added to the

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

. s . 0 .
smooth dispersion is achieved. Maintaining the mixture at 45 C, the remaining
Witepsol H1S is added to the suspension which is stirred to ensure a homogenous

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

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

suppositories allowed to cool to room temperature.

(vil) Pessary composition

mg/pess
20  Active ingredient (631m) 250
Anhydrous Dextrose 380
Potato Starch 363
Magnesium Stearate _7

1000

25
The above ingredients are mixed directly and pessaries prepared by compression

of the resulting mixture,

(viii) Transdermal composition
30  Active ingredient 200mg



(1) H®2C NH2 HO2C NHz vRI Rz 5 XVIII XIX !;-Rl Rz2 PCT/1B02/01146 H2 X

RIR2 (IV) (VUg H2NL. 1 H2Nti, HORC ,~ HORC ' O- (XI) (X | > HOC
NH. . H(O,\C/:)r(HLZch, () cirh RLR2 (XVIT S od 1 o pHiabbes

WO 02/085839 PCT/IB02/61146

82

Alcohol USP 0.1ml
Hydroxyethyl cetlulose

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and

5  packed in a transdermal device with a surface area of 10cm2.

Biological Data

The compound of examples 1 and 4 were tested in the radioligand binding assay
described herein and were found to have binding affinities of 46.8 and 600nM
10  respectively.



wherein R and R2 are each independently sel ected from hydrogen, strai ght

or branched al kyl of 1-6 carbon atoms, cycloal kyl of froq’g%ct%ber%‘?]

at ons, phenyl and benzyl, subject to t he provi so that except I n the 10 case
of a tricycl ooctane corrpound of formula (XVI1) R and R2 are not H2N.

Ho2C , . g%/%gé vaae L, NR2 (XITT) (V) H2ZN1 (1 X) Wﬁ% (X) HO2C
NH2 R . H2N HzN  HOG HOC 1" j NHz HO2 ~" H®2L C ~Hz

(XVl) 18 Cctober 2005 WO 02/ 085839 Pcsi'sl'f MD2/ 01146 84

CLAIMS

1. A compound of any of the formulae I - XXV:

] L)

HO,C NH, H

0C NH,
6 ,(R1 d(
Vi (Vi

HZN\ HZN\
HO,C h > HO.C ED HO.C V[[) HO. C\/EO
2 2
[ih4) XN (Xit}
HOC THZ

R2 R2 g Ro
o xIv) o)
p (Xvit)
Hozc E)HOC ?:O ) HOC\,EEj
XVl

HAN,

e O™ O ™t D “"*"v:(}
X

wherein R' and R are each independently selected from hydrogen,
straight or branched alkyl of 1-6 carbon atoms, cycloalkyl of from 3-6
carbon atoms, phenyl and benzyl, subject to the proviso that except in the

10 case of a tricyclooctane compound of formula (XVIT) R' and R? are not



si mul t aneousl y hydrogen; or a pharnmaceutically acceptable salt or solvate
thereof. 2. A conpound according to claiml1, wherein R %16 tIggﬂ%&h
represent 5 nethyl. 3. A conpound according to claim1 or 507 “a | t
solvate or prodrug thereof, selected from ((1 R 5S)-3-Am nonethyl-1,

5- di net - hi lo [3.2.0] kept-3 -yl)--acetic 10 acid; |
S, 5R) -3%4%'Pﬁd(§g%§hyl -1, 5-di met hyl - bi cycl o 3. 2. 0] hept --%C”E/P*)("g’&’ééﬁi c acid;
((1R, 5S) - 3- Ami non®et hyl - 6, 6- di net hyl - bi cycl o[ 3. 1. 0] hex-3-yl)-acetic acid;
15 ((1S, 5R) - 3- Ami nonet hyl - 6, 6-di net B41 - bi cycl o[ 3. 1. 0] hex-3-yl)-acetic
acid; ((I
S, 2S, 5R) - 2- Am nonet hyl - 6, 6-di et hyl - bi cycl o[ 3. 1. 0] hex-2-yl)-acetic acid,;
((1 R 2SsimByanZevuty Noyrdrolph;- 6r 62 Qilreimbyduilahlly cheareptibld .sAlthex-@iwdig - aceti c
20 acid; ( S, 2R, 5R)-2- Am nonet hyl - 6, 6-di net hyl - bi cycl o[ 3. 1.0]
hex-2-yl 148k ic  acid; ((1 R 2R 5S)- 2- Ani nomet hyl - 6, 8- di met hyl - bi cycl o
[3.1.0] hex-2-yl)-acetic acid; 25 ((1R
5R, 6S) - 6- Ami nonet hyl - bi cycl o[ 3. 2. 0] hept-6-yl )-acetic acid;
((1S, 5S, 6S).- 6- Aricorapeint ydcednilimg ctb aflBm21, 0y hergin -1~ yid RAdeth repsesén;
((I'R 5R, 6R) - 6- Am _nonet hyl - bi cycl o[ 3. 2. 0] hept-6-yl)-acetic acid; ((1
S, 55, 6R) - 6- Am ‘hyl - bi cycl o[ 3. 2. 0] 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-yl)- 30 acetic
acid; 18 October 2005 WO 02/ 085839
3 A compound according to claim 1 or 2 or a salt, solvate or prodrug thereof,
selected from:
((1R,58)-3-Aminomethyl-1,5-dimethyl-bicyclo[3.2.0]hept-3-yl)-acetic
10 - acid;
((15,5R)-3-Aminomethyl-1,5-dimethyl-bicyclo[3.2.0Thept-3-yl)-acetic
acid;
((1R,58)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0Thex-3-yl)-acetic
acid;
15 ((1S,5R)-3-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-3-yl)-acetic
acid;
((1S8,28,5R)-2- Aminomethyl-6,6-dimethyl-bicyclo[3.1.0Thex-2-yi}-acetic
acid;
((1R,28,55)-2-Aminomethyl-6,6-dimethyl-bicyclo{3.1.0Thex-2-yl)-acetic
20 acid;
((18,2R,5R)-2-Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
((1R,2R,58)-2- Aminomethyl-6,6-dimethyl-bicyclo[3.1.0]hex-2-yl)-acetic
acid;
25 - {{1R}5R,6S)-6-Aminomethyl-bicyclo[3.2.0]hept-6-yl)-acetic acid;
' {{18,5S,65)-6-Aminomethyl-bicyclo[3.2.0}hept-6-yl)-acetic acid;
((1R,5R,6R}-6-Aminomethyl-bicyclof3.2.0)hept-6-yl)-acetic acid; .
((18,55,6R)-6- Aminomethyl-bicyclo[3.2.0hept-6-yl)-acetic acid;
cis-{(1S,2R,4S,5R)-3-Aminomethyl-2,4-dimethyl-bicyclo[3.2.0Thept-3-y1)-

30 acetic acid;



-PCT/ 1 B02/ 01146 85 trans-((1 :
S, 2R, 4S, 5R) - 3- Am nonet hyl - 2, 4- di et hyl - bi cycl o[ 3. 2. 0] heptl- %-%b%r-zoo'g:eti C
acid; ((1 S,5R 6S, 7R)-3-An nonet hyl -6, 7-di met hyl - bi cycl of § 5. hept - 3-yl ) -
acetic acid; 5 ((1

S, 5R, 6R, 79),+3- A, nonet hyl - 6, 7-di net hyl - bi cycl o[ 3.2.0] h -3-vl)- acetic
nerd (( 1@&0%@%99 B astanide

S)-7-Am nonet hyl -3, 3-dimethyl -tricyclo[3.3.0.0]oct-7-yl)-acetic acid:
((1R, 6R, 7S) - 7- Ami nonet hyl - bi cycl o[ 4. 350] oct-7-yi)-acetic acid; 10

1S, 6S, 7S) - 7- Ami nonet hyl - bi cycl o[ 4. 2. 0] oct-7-yl)-acetic acid,

| R, 6R, 7R) - 7- Ami nonet hyl - bi cycl o[ 4. 2. 0] oct-7-yl)-acetic acid,

1S, 6S, 7R) - 7- ApLOATSLRMS; '-%w_&%ét%@i@ fiefhgt! % 6BLI 6 1néh 3%1)-

1R, 7R, 8S) - 8- Am ngrre’t h)&l ’%I)cyc 0[5 2" 0 ’n—gn- 8)%’ c-yglcgtzl c] gﬁi §’;)

| S
1R
1

, 7S, 8S) - &eWpaadsnet hyl - bi cycl o[ 5. 2. 0] non- 8-yl )-acetic acid; 15
, 7R, 8R) - 8- Ami <hicycl o[.5..2.0l.nop-8-y1)- i c.aci.d; and
S, 7S, 8R) - 8- A%E%%‘?%b%%@%%@%?%}l ﬂwg-?%ﬁkﬁéi‘iliﬂeevi-efba. 4. A
npound accor di sgtid seidiny one of clains 1-3 or a salt, solvate or prodrug
ereof, _sel ecte ronm 20 . . .
TSR 89 - 6. ( AMSIRBRASY 3 Yreigeme67-GstitbeygIp 2Bhept 340 o
(1S, 5S, 6R) - 6- ( Afposd-hy! ) bi cycl o[ 3. 2. 0] hept - 6-yl Jacetic acid; [(1
RS, 5RS, 6RS) - 6- (Am nomet hyl ) bi cycl o[ 3. 2. 0] hept-6-yl] acetic acid;
[ (1RS, 6RS, 7SR) - 7{ {(B2$dHo rdntipdndthy] S yledimpthyRirioyael8 370.lbdtefed)-aastiaci d; and
[ (1RS, 6RS, 7RS) - 75c{d9\n‘i nomet hyl ) bi cycl o[ 4. 2. 0] oct-7-yl]acetic acid. 25 5. A
conpound according 'to any one of clainms 1-4 or a salt, solvate or prodrug
t hereof , whi ch i@IR,6RRSpRADNofethyl-bicyclo[4.2.0]oct-7-yl)-acetic acid;

(Am nom.?b hyl) bi C( %,gg,%S)?'r’—%nri]}le()pr)l{e_th%igilc%{callg[g.t2i.Oﬁoc%-%i-y%-ac]étalc %é;ober 2005
{(1R,6R,7R)-7-Aminomethyl-bicyclo[4.2.0]oct-7-yl)-acetic acid,;
((18,68,7R)-7-Aminomethyl-bicyclo{4.2.0]oct-7-yl}-acetic acid;
((1R,7R,88)-8-Aminomethyl-bicyclo[5.2.0Jnon-8-yl)-acetic acid;
((1S,78,88)-8-Aminomethyl-bicycio[ 5.2.01non-8-yl)-acetic acid;

15 ((1R,7R,8R)-8-Aminomethyl-bicyclo[5.2.0]non-8-yl)-acetic acid; and
((18,75,8R)-8-Aminomethyl-bicyclo[5.2.0]non-8-y})-acetic acid.

((
((
((
((
((
((
((
co
th
[(
[

4. A compound according to any one of claims 1-3 or a salt, solvate or
prodrug thereof, selected from:

20 [(1R,5R,65)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yllacetic acid;
[(18,58,6R)-6-(Aminomethyl)bicyclo[3.2.0}hept-6-yl]acetic acid;
[(1RS,5RS,6RS)-6-(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid;
[(1RS,6RS,7SR)-7-(Aminomethyl)bicyclo{4.2.0Joct-7-yi]acetic acid; and
[(1RS,6RS,7RS)-7-(Aminomethyl)bicyclo{4.2.0]oct-7-yl]acetic acid.

25

5. A compound according to any one of claims 1-4 or a salt, solvate or
prodrug thereof, which is [(1R,5R,68)-6-
(Aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid.



86 6. A pharnmaceutical conposition conprising a therapeutically effective
anount of a conpound according to any one of clains 1-5 g@ ait)erzoo5
pharmaceutically acceptable carrier. 7. A conpound accor 0"any one of
claims 1-5 for use in nedicine. 8 Use of a conpound as clained in any of
clainms 1-5 in the manufacture of a nedicament for the treatnent of a

di sease selected fromepil epsy, faintBéss attacks, hypokinesia, cranial
di sorders, neurodegenerative disorders, depression, anxiety, panic, pain,
irritable bowel syndrome, sleep disorders, osteoarthritis, rheumatoid
arthritisg. neunppstidnahegitiesl cdmpositions compﬁgmgah tmap%unémptdfmﬁbe bowel
di sorders, |nflannatory bowel diseases, pain associated with

dysnenor r heal , 2BOHYS @f Hempoundaccerding oAy mgot clama A anskar opat hi ¢ pai n.

9. A process f onpound according to any of clains
1- 5, conpri5|§515%§ %&ﬁﬂ@ %E%%%gggﬁﬁ§82/085839 PCTI 1 BO2/ 01146 87 (i) Acid
treatnent of the corresponding isocyanate / alkyl of 1-6 carbon atons

car boxyl i d. aci c estmpundeciovditig weany(dne)of elaiine I yisios uef intiedicdoe. r espondi ng
cyclic lactam (iii) Reduction of the corresponding nitro/ acid

derivativ

the corr e?bomm}g Oﬁ?a%lﬁp%?ppug%ﬁgﬁianﬁ? ﬁ@%l%ré?as}'ﬁg lggé%é"lanv%if@f’wug{ég? \%}i ch
nmay be optionakledidaffeat B5rahe theathfint 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 dysmenorrheal, pelvic pain, cystitis, pancreatitis and

neuropathic pain.

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

5, comprising:




10
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(i) Acid treatment of the corresponding isocyanate / alkyl of 1-6 carbon
atoms carboxylic acid ester derivative;
(i) Hydrolysis of the corresponding cyclic Jactam;
(111) Reduction of the corresponding nitro / acid derivative, which may be
optionally unsaturated; or
(1v) Reduction of the corresponding nitro / benzyl or diphenylmethy! ester

derivative, which may be optionally unsaturated.



