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1 Amino Acid Derivatives This invention relates to a-amino acid
derivatives derivatives. More particularly, this invention relates to
a,a-disubstituted-a-amino acid derivatives and to 5 processes for the
preparation of, intermediates used in the preparation of, compositions
containing and the uses of such derivatives. The compounds of the
present invention are alpha-Z2:0808 GRS HRIAINERgands (also known as
alpha-2-delta ligands) and as such are useful in the treatment of a 10
number of different diseases. An alpha-2-delta receptor ligand is a

ThisdayrRNABICRERES te angraitrrAsidotiehiy filiveanceaivriivashaires particularly,
haz2- S e calc e

t@?mggieﬁ@\uﬁégﬁgsof g%b%%ems%%gggjﬁ%jv%%geﬁgr% ges%i%e m%ﬁénves and o

fiecanses(cfoy. tipe prdpBialicDhef. e ediziet0 ) Sb68+Vahyppeparation of,

SR T he SR o ML 2002, 6203)

485-496). Alpha 2-delta receptor ligands are also sometimes known as

ABA o e mon own 2-delt and eted
T RS AT O ERNA o0 WA 2 Septor ligands
( preg&paim(seldiphdel-thal ttrdidentanka by ricad LG bapersgiubianhe treatment of a
antiz conv Ispnt whi ch is_marketed for the treatment of ileps .
P SR BSREL® R0 ghE e NS g s a molecue
vethizdy biadsed aoypsobidepeenf dnegsywhitlcgdotentiaty hiawkappeefeatkI2b subunit.

HEPELiER s S arEaler pRiEneN ek SelPCY e AR QIR Kol 1 e
the gastrointestinal trac greater me 0 IC S yand more favourab

vﬁmahﬁwmkmem pleperiies). iOtter pteteitiad dévantagesiincludzogreavern., 1996,
| f d | d
e S Y e eR O I8 563 o

d, lower a debrease I‘ICI
Fvarvesrg!/In 20first 5S®ct,1 BeeFel iBroited acdmpeudd ofdoriutartiscol., 2002,

69@)38485-496). Alpha-2-delta receptor ligands are also sometimes known as

GABA analogues.

Among known aipha-2-delta ligands are marketed drugs such as gabapentin
{sold under the trade mark Neurontin) and pregabalin {soid under the trade mark
Lyrica). Gabapentin is an anti-convulsant which is marketed for the treatment of

epilepsy. Pregabaiin is marketed for the treatment of neuropathic pain.

There is always a need fo provide new drugs, which potentially have improved
properties (e.g. greater potency, greater selectivity, better absorption from the
gastrointestinal tract, greater metabolic stability and more favourabie
pharmacokinetic properties). Other potential advaniages include greater or lesser
penetration of the blood brain barrier, according {o the disease targeted, lower

toxicity and a decreased incidence of side-effects.
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(U) O,,R7 NH2 or a pharmaceutically acceptable salt or solvate thereof,
wherein R'is: (a) branched Co Cyo alkyl, other than 4-methylpent-1-yl
and 1- rmethyipent-1-yi; or 10 (b) C,-C5 alkyl substituted by one C3-C8
cycioalkyl group, other than cyclohexyjmethyi; and R8 is methyl,
optionally substituted with one or more fluoro groups. In a second aspect,
there is provided a compound selected from: 15

SUBIBERG ethyl-L-norleucine:

I(2SjteaRinscE -TSIene Rddwa B WBFABBIAIK &Cidrmula (I1):
(2S)-2-amino-5-ethyl-2-methylheptanoic acid;
(2S)-2-amino-3-cyclobutyl-2-m panoic acid; and
(2S,5R)-2-amino-2,5-dimethyl ic acid; or@pharmaceutically
acceptable salt or solvate théteof. O«lgya third aspect, there is a
compound selected from: (2S)-2-aipnp-4-ethyl-2- methylhexanoic acid, or
a pharmaceutically acceptable salt or Solvate thereof. In a fourth aspect,
qhérehgpnaageticaphacervebie Salbmpesiterdibidio wi2srempound
ot fermula (11), or a pharmaceutically acceptable salt or solvate thereof, as
(dgfined abgupcAsd apharmagnkyicalypereniable ACREYIBATN ang 1.

ula

aspect, thereiii}s.pr&x{,ii_d.lq?é;akcrompound of formula (ll), ora

Ezarmace(gtl Hy %&?ﬁg b(f.e salt or solvate thereof, as defined above, for

Bée as 30°aHied SRR AR feetCindiciaalioligeaa, other than
combinatiByFieEiBigeiadmpound of formula (1) as defined above, or a
@rarmaceutically acceptable salt or solvate thereof, and another

PhArmaeRI0giaibnaaivRIBRMBRMdith one or more fluoro groups.

In a second aspect, there is provided a compound selected from:
2,5,6-trimethyl-L-norleucine;

(28)-2»amino—3—cyciopentyl-2~methytpmpanoic acid;
(2S)~2——amina-s-ethyfmz-methyiheptannic acid;
(2S}—E-amino~3-cyciobuty!-2~mathyipropanoic acid; and
(2S,5H)-2-amino-2,5-dimethylheptanoic acid:

~or a pharmaceutically acceptable salt or solvate thereof.

in a third aspect, there is a compound selected from: (25}-2-amino-4-ethyl-2-

methylhexanoic acid, or a pharmaceutically acceptable salt or soivate thereof,

in a fourth aspect, there is provided a pharmaceutical compaosition including a
compound of formula (Il), or a pharmaceutically acceptable salt or solvate thereof,

as defined above, and a pharmaceutically acceptable excipient.

in a fifth aspect, there is provided a compound of formula (i}, ora
pharmaceutically acceptable salt or solvate thereof, as defined above, for use as

a medicament.



5 In a seventh aspect, there is provided the use of a compound of formula
(11), or a pharmaceutically acceptable salt or solvate thereof, as defined
above, in the manufacture of a medicament for the treatment of pain. The
disclosure therefore provides, as embggiment A, the use of a compound

of 10 formula (I):2 R"OR2(l) 0,.,RNH 14 R or a pharmaceutically
acceptable salt or solvate thereof, wherein R1 is C1-C6 alkyl, said CI-C6
'alﬁwlﬁﬁi@%ﬁbﬁﬁ%@t@mm@@% BRBBINAIEE BN oREsooReWId of
foraid irli 5@%@%%@@9%%%9&@%@9:an%e@aamgrgaﬁwgowate

groups; R3 is H. (C1-C6 alkyl), aryl, indanyl or (

faﬁfﬂ%@aéraaﬁ%m@rc@%m@gm@mtfgmcfemmalkyl)C(O)

arylC(O)-, or a natural a-amino acid residue linked through its carboxyl
group to form an amide; R5 is C1-C6 alkyl, C1-C6 haloalkyl, C3-C8

5 IoyRRNRNBAERECH 8 is Drgedthapme! axempmiénamf formula (11), or a
pHARISEEGEY QR e Ao SIRP ERIP RelRsiR AR R dNERRRE: in the

Cl C6 alkyl, C3-C8 cycloalkyl, CI-C6 alkoxy and cyano; and 20 R6 is H,
"@ain@féﬁfkﬁﬂ 8f @@@@@a@mﬁw 10 theaRBAGERERITGT a medicament for
the treatment of pain. The disclosure further provides, as embodiment B, a

compound of formula (II): OH R8 (II) O R7
The disclosure therefore provides, as embodiment A, the use of a compound of

10 formula {I):
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WO 2006/114707 PCT/IB2006/001086 3 R7 is: (a) branched C6-Clo
alkyl, other than 4-methylpent-1-yl and ?—methylpent- 1-yl, (b) C2-C6 alkyl
substituted by one or more flouro groups, other than 1- 5 fluoroeth-1-yl,
heptafiuoropropyl, 2,2-ditrifluoromethyleth-1-yl, pentafluoroethyl,
2-fluoroeth-1-yl, 2-fluoropent-1ryl and 2-fluoro-3- methylbut-1-yl; (c) CI-C6
alkyl substituted by one C3-CB cy#loalkyl group, other than
cyclohexylmethyl; 10 (d) ethyl su stitgted by one(gryl group, other than
where aryl is phenyl or phenyCsubsti ut@g’E by an -NH2, iodo or methoxy
group (regardless of other substitutiQp); (e) C3-C4 alkyl substituted by
aryl, other than where aryl is phenyl, 4 dihydroxyphenyl or

3,4- dlmethoxyphenyl 15 (f) C5-C6 aﬁyl substituted by aryl; (g) C1-C2

Ik bstltute Cs Co h) C3-Cq alkyl substituted by C1-C6
S ¥ (T%%xage{ca L d}ér?'gééi%"%%%t? o) lrtﬁ"?f‘i C6 alkyl
substituted by aryloxy, other than (2- 20 methoxyphenyl)oxytnethyl

4- YR yl t r met
§ Egﬁ% ol e‘n% et e N S B isg e o more

efioxB floord emyolgtpxymethyl and (2-
methoxy -4-chlorophenyl)oxymethyl; (k) methyl substituted by hexylthio or
or C4 C6 alkyl substituted by C,-C6 25 alkylthio; (I) CI-C6 alky!

Rilisstiteted hyptisra by cdiséitkpitiby athercharoreytiaiiexyithipmethyl; or
R®is H, (C1-Cg alkyl), aryl, indanyl or (C+-Cs alkyhoxycarbonyloxy(C-Cg alkyl);

R is H, (Cs-Cs alkyl)C(O)-, arylC(O)-, or a natural a-amino acid residue linked

through its carboxyl group to form an amide;

R” is C4-Cs alkyt, C1-Cs haloalky!, C2-Cg cycloalkyl or aryt:

aryl is pheny! or naphthyl, each optionally substituted by one or more substituents
selected from haio, -NR°R®, C-Cy alkyl, Ci-Cs cycloalkyl, C.-Cs alkoxy and
cyano; and

R®is H, C4+-Cs alkyl or Cs-Cg cycloalkyt;

for the manufacture of a medicament for the treatment of pain.

The disclosure further provides, as embodiment B, a compound of formuta (11):
OH .

)\{R (n
O "‘uR7

NH,

or a pharmaceutically acceptable salt or solvate thereof, wherein
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(m) CI-C6 alkyl substituted by arylthio, other than phenylthiomethyl, (4-

chlorophenyl)thiomethyl, (4-fluorophenyl)thiomethyl, 2- 30 (phenylthio)

ethyl, é?-chlorophenyl)thioethyl, (4- methoxyphenyl)thiomethyl and

W@-ﬁ?@ 658phenyl)thioethyl; RB is methyl, optionally substitted HreP¢PE 086
or more fluoro groups; 4 aryl is pheng or naphthyl, each optionally
substituted by one or more substituents selected from halo, -NR9R9,

RCisC6 alkyl, C3-C8 cycloalkyl, Cj-C6 alkoxy and cyano;and 5 R9 is H,

C1-C6 alkyl or C3-C8 cycloalkyl. In t b finitions, hal
108V, GHIGTENDFtr A R pFUTBI TS B RO ) e
groups cbwtaining the requisite number of carbon atoms can, unless

: ified. b : ]
ST ety SR P G o o S ooEE i ey

t-butyl. Eergags tfdlkoxy eiaibieseieRy! ethoxs, drdidpexgnethyieth-1-vi,
propoxy,jajy ;adé%\}exvm%%atﬂw-ﬁ?dé-—'ﬂ%}%ﬁm Plesel 2-fiuoro-3-
y

cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cyclohep®gtnBhHteinBodiment Aa, the disclosure provides the use of a

CO(EPOU@1-@@&?&%@5{%5{2{@9@“%%@“@@@6 aGFapkaale sRiLE! Seivatethan

thereof, wherein R3 and Fg4 are both H and R1 and R2 are as defined
above in¥RIBBAINMEMERYFor the manufacture of a medicament for the

tremens® pailb Qe ppedisnen Aboihe sisstosie wrevisasyihe yaenyl or
of a comppund of formula (1), ora rmaceutically,acceptable salt or
colvate NS SHRRUIHIEES B Ee. BSacinat B et b aaidices of
A or embatienent8ktuROg;as defined in embodiment A and R2 is methyl,
for,the manufactuyr ' r r pai e
en‘é%dime%lgAc%m%}&%gﬁéﬁﬁf\% St ﬁejs%%?ﬂ)éﬂn%pgu rd%;‘éﬂ?%la&‘i
(), or a sitydmexynealycichépiinhayieiiNiate thereof, wherein R3

anﬂ R4 aFe_ g&gﬁpg&@ﬁg}{g&@f%{gdiment A or embodiment.A.a, R2is
as defined above in embodiment A or embodiment Ab and R1 is:
(@)  Ci-Co alkyl substituted by Cs-Cg alkoxy;
(hy  Cz-Cs alkyi substituted by‘CrCG alkoxy,
(i C1-Cg alkyl substituted by C3-Cg cycloalkyltoxy;
) C-Ce¢  alkyl substituted by  aryioxy, other than (2-
. methoxyphenyl)oxymethyl, (4-methoxyphenyljoxymethyl, (4-
chiorophenyl)oxymethyl, (2,8-dimethyiphenyljoxymethyl, (2-methoxy-5-
chlorophenyloxymethyl, (2-methoxy-5-fluorophenyljoxymethyl and (2-
methoxy-4-chlorophenyljoxymethyt; | ‘
(K} methyi substituted by hexyithic or or C4-Ce alkyl substituted by Cy-Ce
alkylthio;
) Cy-Cs alkyl substituted by Cs-Cg cycloalkylthio, other than
cyclohexylthiomethyl; or
(m) C4-Ce alkyl substituted by arylthio, other than phenylthiomethyl, (4-
chlorophenyl)thiomethyl, (4-fluorophenyijthiomethyl, 2-
{phenylthio)ethy!, (4-chlorophenyi)thioethyl, (4
methoxyphenyl)thiomethyl and (4-methoxyphenyl)thioethy!;

R? is methyl, optionally substituted with one or more fluoro groups;
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30 (a) C1-C2 alkyl, said C1-C2 alkyl being optionally substituted by one or
more halo, -R5, -OR5 or -SR5 groups, R5 being as defined in
embodiment A; or 5 (b) unsubstituted t5-c7 alkyl or C1-C2 alkyl
substituted with one group selected from C3-C8 cycloalkyl, aryl or aryloxy,
aryl being as defined in embodiment A; (c) branched, unsubstituted

2088 phayl s cartthwikRaaibeminea it BREIESS RUpCsaaisIORiR FHbstituents

-C2.c I ryl gloxy, arylheing as_glefi j bedi :
B o e o s aiRoxy and

c¥@EIepaRtyimethyl, cyclobutylmethyl, cyclopropylethyl, phenyloxyethyl or
chlorophenylmethyl; or 10 (e) 2-ethyl-but-1-yl, 3,3-dimethylbut-1-yl,
E:%-ethyipent- -y, 3-methgg;ent-1- yl, 2-methylbut-1-yl, 3-methylbut-1-yl,

Hdth{dpere-algy ey clopearftymaabil cyclobutylmethyl,
2-cyclopropyleth-1-yl, 2- (phenyloxy)eth-1-yi or (3-chlorophenyl)methyl; for
the manufacture of a medicament for the treatment of pain. 15 In

IR @Rie Balitiiomscioalord B dsareombelin bt BEpmalI B js oprgferably
fidRasMsIceuisAlly AgSaPiAResRILQr §%\@§ thereahinbenedn R4isAs number of

defined above in embodiment B and R8 is methyl. 20 In embodiment Bb, ,

CHOARBIGSUFEPIoHIESE PEIRPYISAEERIARLA ISy anphedrRacsanichmy chain.

EaGaABIabIesalkyr sabvade thrvesi, wherein Reds\asideiinsd a INi-butyl, -

,embc?diment B o9r embodiment Ba anh(ﬁ?_? :} éa?@réﬂ%C6é%lk§l, Y Sec,

ootiveraRantRHignAseRmAiGraft alifRethyidnee - piethosy figpxy. r-propoxy, -

@59@5&5}4@%&@[}@ %ﬁ&ﬁycﬁﬁy&wﬂﬂFhr?ﬂh%'"@iy255xampies of cycloalkyl
hyl; CI-C2 al

cyclohexylmet yl substituted by aryloxy, other than (2

. Y,
PREHBSEHRPRARIy RYSIRPU . ARG M IR Rt £y cloheptyl
chlorophenyl)oxymethyl, (2,6-dimethylphenyl)oxymethyl, (2-methoxy-5-
chlorophenyl)oxymethyl, (2-methoxy-5-fluorophenyl)oxymethyl and (2-

in embodimént Aa, the disciosure provides the usé of a compound of formuia (1),
or a pharmaceutically acceptable salt or solvate thereof, wherein R® and R* are
both H and R' and R® are as defined above in embodiment A, for the

manufacture of a medicament for the freatment of pain.

in embodiment Ab, the discicsure provides the use of a compound of formula (1),
or a pharmaceutically acceptable salt or soivate thereof, wherein R® and R* are
as defined above in embodiment A or embodiment Az, R' is as defined in
embodiment A and R? is methy!, for the manufaciure of a medicament for the

treatment of pain.

in embodiment Ac, the disclosure provides the use of a compound of formula (1),
or a pharmaceutically acceptable salt or soivate thereof, wherein R® and R* are
as defined above in embodiment A or embodiment Aa, R? is as defined above in

embodiment A or embodiment Ab and R’ is:
(a)  C4-C; alkyl, said C+-C; alky! being optionally substituted by one or more
halo, -R®, -OR® or -SR® groups, R® being as defined in embodiment A;

or
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methoxy-4-chlorophenyl)oxymethyl; 2-methylbutyl; or 30

chlorophenylmethyl; or (b) 2-ethyl-but-1-yl, 3,3-dimethylbut-1-yl,

3-ethyipent-1-yl, 3-methylpent-I- yl, 2-me&thylbut-1-yl, 4-methylpent-1-yl,
cyclopentylmethyl, cyclobutylmethyl, 2-cyclopropyieth-1-yl,
2-(phenyloxy)eth-1-yl or (3- chlorophenyl)methyl. 6 Specific preferred
cofpountssieglitiirfitdiné distkyswee &rethosdkiibtiedtstihdet xaittplese group
section b rma i ageepahle, %‘lf? - :
thereof. 5‘?’%%%?;@%%5@ Sfe gn%%?ﬂﬂ’d%%r%é% in the %?sgcll?)%ﬁé?seﬁ sfined in
3-chloro-@pteat@@yi-f-phenylalanine; 4-phenoxy-L-isovaline;

2,5-dimethyl-l -nodeucine; _ ) - :

o o e O S CTaAH S5 s ! substituted with one
pharmac@lificallpalesdpthbiersalks and Quieaticthaadf ot shpgklbandtdging as
that com%m%@maﬁ&l}@ﬁﬁall also compounds of formula (1),

being those compounds of formula (I) which are novel per se. 15

C equ@ﬁwé@aﬁw@efe@m@y@é@mpo@H@dnﬂﬂarhnulaﬁejfwmntyhoum@éylbutyi,
understood, ip,Felah it eamPounde, of fprmutia (I a3 Wl Rhaimaceicalixyethy|
acceptable salts of compounds of formula (1) include the acid addition and

base salt®téiespriesimnaiyh@d addition salts are formed from acids

whigh for@-@f?ﬂ/ﬂ%{é’P‘T@ﬁtss,@z@mek%zmuﬁ%ﬂhﬁé REnRSPAN S hathyinent-1-

benzoate, besylate, bicarbonate/carbonate, bisulphate/sulphate, borate,

camsylat¥! citrate? sapiigiyt-dsylate, forragindhitraty! gluceptansthylpent-1-yi,

gluconate, GieoRMHeeRy NeXalQERRERREAIG, NDeNZat8opopyieth-1-y,  2-
hydrochlorﬁe/chlorlde, hy%robromide/brdﬁhﬁ?de, hydroiog%e/i%digg, v

isethional®aeyeYifiaiey hes @) RiarpRiy imesiiate,
Hethy pupRaRnIrbiy R idReesy BianBItnAe nh falg orotate,

oxalate,

in embodiment Ba, the disclosure provides a compound of formuia (i), or a
pharmaceutically acceptable salt or soivate thereof, wherein R’ is as defined

above in embodiment B and R® is methyl.

in embodiment Bb, the disclosure provides a compound of formula (), or a
pharmaceutically acceptable salt or soivate thereof, wherein R® is as defined
above in embodiment B or embodiment Ba and R’ is:

{a)  branched C¢-C; alkyl, other than 4-methyipeni-1-yi and 1-methyipent-1-
yi: C4-C; alkyl substituted by one C3-Cg cycloalkyl group, other than
cyclohexylmethyi; C4-C, alkyl substituted by aryloxy, other than (2-
methoxyphenyhoxymethy|, {4-methoxyphenylhoxymethy!, {4~
chlorophenylhoxymethyl, (2,6-dimethyiphenyloxymethyl, (2-methoxy-5-
chiorophenybhoxymethyt, (2-methoxy-5-fluorophenyhoxymethyl and (2-
methoxy-4-chiorophenyljoxymethyt; 2-methylbutyl; or
chiorophenylmethyl; or

(b) 2-ethyl-but-1-yl, 3,3-dimethylbut-1-yl, 3-ethylpent-1-yl, 3-methylpent-1-
vl Z2-methylbut-1-yi, 4-methylpent-1-yl, cyclopentylmethyl,
cyclobutyimethyl, 2-cyclopropyieth-1-yl, 2-(phenyloxy)eth-1-yt or (3-
chiorophenyl)methyi.
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palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen
phosphate, saccharate, stearate, succinate, tartrate, tosylate and
trifluoroacetate salts. 30 Suitable base alts are formed from bases which
form non-toxic salts. Examples include the aluminium, arginine,
benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium, tromethamine and

a5 15, NSO T LCTIRANON08 L EMSalS IR Sted i e

ases may also be forme emisu e an
HremipigeiseciansbsiParank tisnobasonapldisalty, areeplabthsekopnd soivates
rpaceutical Salts: Properties, Selection, and Use by Stahl and
Wermuth (Wiley-VCH, Weinheim, Germany, 2002). Pharmaceutically
acceptable salts of a compound of fora ula (I) may be prepared 10 by one

Fﬁ{gﬂge&%‘?& @?H&?ﬂﬁﬁgﬂd@%&?%@@ﬂw% eq gf formula (1) with

esired acid or base, (i) by removing an acid- or base-labile protecting
Jgeblgyrerenhasmieibie-LrBhmerialenitetthe compound of formula (1) or by
4rj5géqxl% L@g@ﬁgiﬁﬂ@@ cyclic precursor, for example, a lactone or lactam,
using the desired acid or base; or (iii) by converting one salt of the
Zeoreipoatity ot foerelsietdadother by 20 reaction with an appropriate

(BS0LHASE 2 QeSS 05 ulighle igRoxshange column. All three

reactions are typically carried out in solution. The resulting salt may
amedsitatesneandliselborecrelanid salio Attt prlyatesdeoiratd by

evaporation 25 of the solvent. The degree of ionisation in the resulting
salt may vary from completely ionised to almost non-ionised. A compound

losfupritie) MiRRichRTamPRAIR Ff HasahasIE aAlP AYréliPar@mppeunds of
saidligcarpoxuaroun and wilkexiinat PaYsigiadicsl pHvAschzwiderieReber se.
Consequently, all references to compounds of formula (i) below should be

understood to refer to compounds of formula (11} as well.

Pharmaceutically acceptable salts of compounds of formula (1) include the acid

addifion and base salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic salts.
Examples include the acetate, aspariate, banzoate, besylate,
bicarbonate/carbonate, bisulphate/suiphate, borate, camsylate, citrate, edisylate,
esylate, formate, fumarate, gluceptate, gluconate, ghucuronate,
hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroicdide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate,
methylsulphate, naphthylate, Z-napsylate, nicotinate, nitrate, orotate, oxalale,
palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate,

saccharate, stearate, succinate, tartrate, tosylate and trifiuoroacetate salts.

Suitable base salts are formed from bases which form non-toxic salts. Examples
include the aluminium, arginine, benzathine, calcium, choline, diethylamine,
diolamine, glycine, lysine, magnesium, megiumine, olamine, potassium, sodium,

fromethamine and Zing salfs.
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A compound of formula (I) may exist in both unsolvated and solvated
forms. The term “solvate' is used herein to describe a molecular complex

W@%ﬂ?ﬁ'ﬂ%q; the compound of formula (I) and a stoichiometric %ﬂﬁgunt of

: CT/1B2006/001086
ne of more 8 pharmaceutically acceptable solvent molecul€s, Tor

example, ethanol. The term “hydrate’ is employed when said solvent is
water. Included within the scope of the disclosure are complexes such as
clathrates, 5 drug-host inclusion complexes wherein, in contrast to the :
HafQEemeRtionsss spiMatesdherdiKa13nchROR B RseakimpieiChiISishate
or non-stoichiometric amounts. Also included are complexes of the drug
anbREIHARFIWS 8RiRore organic and/or inorganic components which may
be in stoichiometric or non- stoichiometric amounts. The resulting

complexes may be ignised, pgytially 10 iQnised, or nan-jgnised. For. a )
PO Bon DNt RoRHIE, SALS. SRErhASRBISK o) Fhsstiacelli satts

Proslefiban Solapmist] 9E). b dinaSimhiainefsVencesho(& eyRgGihd/séinheim,

Gformunla gaé%flude references to salts, solvates and complexes thereof
EhG30%svatds and complexes of salts 15 thereof. A compound of
formula (1), as hereinbefore defined, may exist in one or more crystalline

- rRRIC oL, | icfarms (including optical, geometrie and 1o nranared
PEANRAARENP LLINEIfYNE ofE LORBRRES RARMENIT A bo propared
by @tte 20 meraaiiRsomei@#sims and prodrugs are within the scope of

. the present invention and are further described below. All references to a

.compound of formula (I) should be interpreted accordingly. include ]
(ithirPhhe gt BPRETHRAUGELPS Iara el BVHIuE 6t TR ) gf@e

wherein R3 and/or R4 is a group which is converted to H following

administration of th dt | (preferably a hyman), S
(BompRirBE a4 R Ao Bk S TRUE L HRANELE. (REh gl

have fitdelosmo opthrmecological attifidtyntieni§etvebycangwipeming a suitable

administered into or onto th ) e ' oe]yafel Msired acid
formu B WREHER hgéénﬁ?ﬂﬁ%% %oﬁgﬁgéogf&ﬁ%gm po u%ud{g%? avin[g

the desiledeictivity as alpha-2-delta ligands. Such prodrugs can be
converted, for example, by hydrolytic cleavage.

(i) by converting one salt of the compound of formula (I) to another by
reaction with an appropriate acid or base or by means of a suitable ion
exchange column.

All three reactions are typically carried out in solution. The resulling salt may
precipitate out and be collected by filtration or may be recovered by evaporation
of the solvent. The degree of ionisation in the resulting salt may vary from
completely ionised to aimost non-ionised.

A compound of formuia (1) in which R® and R* are H has a basic amino group and

an acidic carboxy group and will exist, at physiological pH, as a zwitterion.

A compound of formula (1) may exist in both unsoivated and solvated forms. The
term ‘solvate’ is used herein to describe a molecular complex comprising the

compound of formula (I) and a stoichiometric amount of one or more
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Typically, R3 is an alkyl group, preferably a Ci-C6 alkyl group. Specific
examples of suitable alkyl groups are ethyl, isopropyl and n-butyl.
Alternatively, R3 can be WO 2006/114797 PCT/IB2006/001086 9 an aryl
group (wherein aryl is as defined above), such as phenyl, or an indanyl
group. In other suitable embodiments R3 can be an

rAIRyIORYEHIISENY| BERERIEIROEPIVaNt ImRecHRD droFaBIRle. ethanol. The term
‘-F%ﬂ&@é* %@ag@ Phel BAHRREAQIQARL (see Journal of

armcology and Experimental 5 Therapeutics, 311, 1, 324-335) or a
cyclic carbonate linked via a methylene group. Typically, R4 is an

ABNRRIOURAG GRS B8 O RAKYNQ" LR (Where s hthrates,

Is as defined above). Specific, examples are methylccarbonyl, 10

dsepiapsicaiBbiPanePRBIREarboRFIeifer fativeli#e4 ritaythe afforementioned
LRI 361 Fesidupipingd: thraughits cathodigraimpdaiforsp ﬂBr@-’%@%hiometrto

The naturally occurring amino acids, particularly glycine, alanine an _
afaphatErerefeichiichvatsertrinyea paiftie (ErTsRTHBIMHOFING e a8cde organic

4H9HUgiaRd AR Ry kehicaibnls claaxed e aplive COMBRURCHIMIMO or non-

may be accurately assessed using a number of in vitro tests and in vivo .
sApiPhipMRIdIS!s APTRUREY hyBfb|ySIBLEHMChCYRRIB RSB DRroleRiFsRa Partially

IGARRIO SRS RRIONSHBE ARG SiBfes RIMOIRPAIRS NG BICTRSINRS Sci., B4
see, for example, Journal of Pharmacolc%g% and Experimental

(Fheldpautrat doy HalspliesdAUgrSSER 78R, 14, 1231-124; 20

International Journal of Pharmaceutics, 166, 1, 45-53; and Toxicol. Lett.,

82-83, 439-445. Rat liver microsome homogenates are particularly useful
Hietaigglgard!l IrplarBneasaye GraEBBE dstY BrHvEstYate Prsgrugierences to

JIePeslifratlrayRneusn sad abrhapmasekineics, witlh both therasiMes of salts

rinciple and the prodrug provides information about the relative
tgﬁf&%ilability of the prodrug, the ability of the body 25 to hydrolyse the
prodrug and the rate of hydrolysis to the active species (see Antimicrob.
Agents. Chemother. 42, 3, 647-653). A proposed screening strategy for

FaSORRRHIF AUE aehBenasverTRinPRieEn eSS (BiRYeRISHIG one or more
&@mmmpa%w@ g G SR BSHUrthaEIMGRmagenan thedsRtric and
of prodrugs may be found in Pro-drugs as Novel

tautomenic isomiers), in an isoiopically labelled form or as a prodrug. Ali such
crystalline/isomeric forms and prodrugs are within the scope of the present
invention and are further described below. All references 1o a compound of

formula (I} should be interpreted accordingly.

included within the scope of the disclosure are compounds of the formula (i)
wherein R® and/or R* is a group which is converted to H following administration
of the compound fo a mammal (preferably a human). Such compounds are
known as prodrugs. Thus, these derivaiives, which may have little or no
pharmacological activity themselves can, when administered info or onto the
body, be converted into compounds of formuta () wherein R® and R* are both H,
such compounds having the desired activity as alpha-2-delta ligands. Such

prodrugs can be converted, for exampie, by hydrolyiic cleavage.

Typically, R* is an alkyl group, preferably a C;-Cs alky! group. Specific examples
of suitable alkyl groups are ethyl, isopropyi and n-butyl. Altarnatively, R® can be
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Delivery Systems, Vol. 14, ACS Symposium Series (T. Higuchi and W.
Stella) and Bioreversible Carriers in Drug Design, Pergamon Press, 1987

W@%{gflﬁvﬁoche, American Pharmaceutical Association). 19(:5’/@266*@0?}&%6

compounds of the formula (1) other than those involving R3 an
groups are also within the scope of the disclosure and can, for example,
be produced by replacing appropriate functionalities present in the
AL GRpEPER BYRIRHLRI(LINh A AR SHOWRPHB R Skfguingany
grﬁé\ﬁagrlr@%éﬁé@'m&g@'&r@%ﬁmi’eeGRSeraaX&mpele, wliesigradionyloxyalkyl
rodrugs by H. Bundgaard ( ' . Some f
9518 rugs ir"ixﬁg:ordat"i1 e with%ﬁ@%i%%%hclude’,@ﬁvﬁg}%ﬁg&@r@%und or
-GHi CR)BO(D YO MRIngse rindanymalseadnd &yaamanto g0 fuartiongigerimental
-NH2 or.-N here,R ;6,44 Ide: e
TSRS wHuan, o Oy B S AT AR & fretvione
gawino functionality of the compound of formula (I) is/are replaced by
(C,-Clo)alkanoyl. Moreover, certain compounds of formula (1) may
themselvef act as prodrugs of 15 other compounds of formula (). Also

Timinadid Rithinah CTepEBieg B HERBSTIEIEHEIIES AleomPodntéary!)
ok fumulaf)ithat isigpmRoLRgsdormaddmyivedRgirdriistatian@ihonyl,
_the drug. Some examples of metabolites in accordance with the _ ,
isgRBYIR AAKIRSONPRHEREPIY L oHSERARY BT Y 1) SR iy acid
réﬁﬁ%'t e %ﬁ'roh%w?i?/resmmkgl;%fg@we tdaemﬁ (£xH@mtas; HRgHYidiirally
ere the compound of formula (1) ¢ontains an alkoxy group, an hydro
BRI R PRI B S v AT S e S ST C)
contains a tertiary amino group, a secondary amino derivative thereof
-NR'R2 -> -NHR' or.-NHR2): 30 (iv),where the com ;
VBRI oE GO R AR DR e A e A P sty
ciétiva)] (o) thieesetine compound & fornutaail \isomeiHRiehh @agRaRsIOtYsHNg 2
nﬂm&] &eﬁ%"%‘rﬂ}’& {haeeahRh 1R PR #ldels. Prodrug hydroiysis can be

characterised in vifro using a range of tissue fractions including simple
homogenates and microsomes: see, for example, Journal of Pharmacology and
Experimental Therapeutics, 294, 2, 580~587; Life &ci, 62, 14, 1231-124;
international Journal of Pharmaceutics, 166, 1, 45-53; and Toxicol. Lett., 82-83,
439-445. Rat fiver microsome homogenates are particularly useful in this regard.
in vivo assays can also be ulseci to invesiigate prodrug properiies. Intravenous
and oral pharmacokinetics with both the active principle and the prodrug provides
information about the relative bioavailability of the prodrug, the ability of the body
to hydrolyse the prodrug and the rate of hydrolysis to the active species (see
Antimicrob. Agents. Chemother. 42, 3, 647-653). A proposed screening sirategy

for assaying prodrugs has been given in a recent review (Current Drug

‘Metabolism, 2003, vol 4, no. 6, p 483).

Further information on the use of prodrugs may be found in Pro-drugs as Novel
Delivery Systems, Vol. 14, ACS Symposium Series {T. Higuchi and W. Stella)
and Bioreversible Carriers in Drug Design, Pergamon Press, 1887 (ed. E. B.

Roche, American Pharmaceutiical Association).
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11 Compounds of formula (1) containing a further asymmetric carbon
atom can exist as diastereomers. Where structural isomers are
interconvertible via a low energy barrie@tautomeric isomerism
(‘tautomerism’) can occur. This can take the form of 5 proton tautomerism
or so-called valence tautomerism. It follows that a single compound may

Resibigmofecpmn s sé Brastrimenimineibaedanhinase Bopend the and R*
PEERNLASCRRIIG AR alh didisseomeiR- 2R dauiguelefoups %lth%xample, be

compounds of formula (1), including compounds exhibiting 10 more than
PoRBUYRE ShisERedsia, aRarpikRiR SWIGRnalitineroBeeabfinalbe incgeygnds of

18Hm AR H O A AR RS KR RIRIN A5 RUNLRA I 15, QRUCHYRCUNB. moieties’

for example, d-lactate or /-lysine, or racemic, for example, d/-tartrate or dl-
ardiRpRIDEIDIgSIEBTINR Mal2BeiaspidisadiyasiveflioRandenarguésisevier,

gl known to those skilled in the art, for example, chromatography and
fractional crystallisation. Compounds of the formula (I) are a-amino acids
with a defined stereochemistry at the a-carbon atom. Conventional

deRimigusmIoES PIGRRMHANSRIALRN QEOHnAMCIUENRRIGEESsure include,

include chiral synthesis from a suitable optically pure precursor or _
wesHutiBE SR RatEnate RIPHE rddeRRittabTSa BaRGNaBf VRt veCeRIRY amino

RIa%ARRle (Uil Hiolnpessyredayid ehromatogiaphy (HELS): for example, a

Alternatively, the racemate (or a racemic precursor) may be reacted witha
C@@ﬁﬂt&ﬂe"b"ﬁﬁi@ﬂy aBtie CHRBOTIRY. PRe PESURING ShadtyEeRf of the amino

FNKEYSM ijﬁaé%@ﬁf@éﬁ,ﬁh9%@%%@95@@@@%5@5%@1—Cm)ﬁikanoyl.

crystallization and one or both of the diastereoisomers converted to the
corresponding pure enantiomer(s) by means well known to a skilled

NRSISe SERGRLieRMRHSaHYE BrGRAA @BMPOKRNS et eebidingfbdrugs of

using chromatography, typically HPLC, on an asymmetric resin with a
WShifO PR cSopiietiRyB1H: hydrocarbon, typically heptane or hexane,
containing from 0 to 50% by volume of isopropanol, typically from 2% to

20%, and from 0O to 5% by WO 2006/114707 PCT/182006/001086 12
Alsruineldres WithiaihRsIgpRaly e 0sRetin At stshniipt afiGompounds of

sthealbas, that is, compounds formed in vivo upon administration of the drug.

Some exampies of metaboliies in accordance with the disclosure include

(i) where the compound of farmuia (!) contains a methyl group, an
hydroxymethyl derivative thereof (-CH; -> -CH>OH):

(it} where the compound of formula (1) contains an alkoxy group, an hydroxy
derivative thereof (-OR -> -OHj);

(i)  where the compound of formula (i) contains a tertiary amino group, a

secondary amino derivative thereof (-NR'R? -> -NHR" or -NHR?);

(iv)  where the compound of formula {I) contains a secondary amino group, a

primary derivative thereof (-NHR" -> -NH);

{v) where the compound of formula (I} contains a phenyl moiety, a phenol
derivative thereof (-Ph -> -PhOH); and
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affords the enriched mixture. Stereoisomeric conglomerates may be
separated by conventional techniques 5 known-to those skilled in the art -
see, for example, Stereochemistry of O"réanic Compounds by E. L. Eliel
and S. H. Wiley (Wiley, New York, 1994). Examples of isotopes suitable
for inclusion in the compounds of the invention include isotopes of
hydrogen, such as 2H anal 3H, carbon, such as "C, 13C and 10 chlorine,

o AT R b e SRy, B gfom oon oxe

PhdgsivierNeiich/ dsaersianisalprameiicAas BES oaYRITPle via a low energy
Hantericallvsiaeied Gampainds abiawrdia =§%&P5§5&W?lﬂst99§%&é the form of

incorporating a radioactive isotope, are useful in drug and/or substrate .
igteRe @idtPmeiETst0Hies-CRiefaumianase imstopmssiamurt, felosys, dit 2 single

C@ﬁ%%ri}&nlpgy e%ﬁ‘bigﬁqoqgrﬁi%ﬂaé%%@chp{sm;?etﬂémpse in view of their

ease of incorporation and ready means of detection. 20 Substitution with
heavier isotopes such as deuterium, i.e. 2H, may afford certain

ERATBREUHRIAHVaIagES e SHIYRg Trem GreairmBelRROlrSabiliNsiFeomers. and

example, increased in vivo half-life or reduced dosage requirements, and
pdinraaia R HREEIRPRUME T REIRTRHIRES. PRictingiaapaavitiss exhibiting

rRORIPR SrAIiNg isotapassaiisAs BHY TRkt and 3Norandie ussihy Also

in Positron Emission Topography (PET) studies for examining substrate

IngkKIRBrasecpargdiketopikinaastR tbshRRd theSer FéRfamis pedisally active,
fEENSIAhHRE RIGRRISR DYr J0\RIMYERIIORZLISARNIGUESKAUAIIO WIASRrrate or di-

skilled in the art or by processes analogous to those described in the
agtbspanying Examples and Preparations using an appropriate
isotopically-labeled reagent in place of the non-labeled reagent previously
employed. 13 Pharmaceutically acceptable solvates in accordance with

LR RERRSRENE BlUAE IRBIEAIRRERYIRARNAIGRR (P ehpitaifsatBh fayvpdo those
SRPERPIEaE SHPSHUESG Bl a%%rﬁﬁr@%ﬁi RE R AMSOn 2 ThRstaliisation.
-2-de

compounds of formula (1), being alpha Ita receptor ligands, are

Compounds of the formuia () are c-amino acids with a defined stereochemistry
at the c-carbon atom. Conventiona!l technigues for the preparation/isolation of
individual enanfiomers include chiral synthesis from a suitable optically pure
precursor or resolution of the racemate (or the racemate of a salt or derivative)

using, for example, chiral high pressure liquid chromatography (HPLC).

Alternatively, the racemate (or a racemic precursor) may be reacted with a
suitable optically active compound. The resulting diastereomeric mixture may be
separated by chromatography and/or fractional crystallization and one or both of
the diastereocisomers converted to the corresponding pure enantiomer(s) by

means well known to a skilled person.

Enantiomerically-enriched compounds may also be obiained using
chromatography, typically HPLC, on an asymmetric resin with a mobile phase
consisting of a hydrocarbon, typically heptane or hexane, containing from 0 to

50% by volume of isopropanol, fypically from 2% to 20%, and from 0 fo 5% by
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potentially useful in the treatment of a wide range of disorders. The

treatment of pain, particularly neuropathic pain, is a preferred use.
- 9&?&8 4%gal pain is an mpor';apt protect'lve mechanlsm designed to warn

of 10 danger from potentially injurious stimuli from the exterfﬁ(%‘rl%s2006{001086

environment. The system operates t ?ough a specific set of primary

sensory neurones and is activated by noxious stimyli via peripheral -
valamedriciyatsiaminenturiselviiiah, SRS0EaRYRg: NBIRSHIERNSY Of thgpluate
affier@eean)icHeaessisansory fibres are known as nociceptors and are

characteristically small diameter axons with slow 15 conduction velocities.

Nociceptors encode the intensity, duration and quality of noxious stimulus
Snddiyonrtuie afdghgiotopaipapimegllyo rgamsettpraje otionvintimas pisehniques

o IQ%HS%’%‘“&QI%{%'&? ﬂ%’\%}ﬂ“—ss Q%BP%B?&.‘P;(&)% @%F&b‘&?e&{_ letry of Organic

nociceptivé™ nerve Tibres of which thére are two m )

Compsiizde dyvand.CEiblesdrior-my8lpmddierhbaw ek gtated by
nociceptor input is transferred, 20 after complex processing in the dorsal
horn, either directly, or via brain stem relay nuclei, to the ventrobasal

Enninass dnigekenesrstdtaiteckiidrelvsisre tRdheeRERATBEDHA The invention
r@aneratesh Rainmay-ssnsiatvdie sladsitied asiasHie o, duanissAtate®c and
;Qain beqgins suddenly sgﬁ and is short-lived (ygually in twelve weekg or 55
fesSNRIERSEUR &SolrltdliRlififa SY58cAR cduddUnen S Fhecifitand
nintranshisafteri®sharpiafint sexggen|t dadheakifbof faimtkiat *Cnppesiphorus,
afﬁper sggﬁific i jurige%?bresulti g%fr@ surgery, dental work, a strain or a
ngﬁ 5. Acute PARRIEEs %%%pb erally result in any persistent
psychological response. In contrast, chronic pain is long-term pain,

chological resp ong-te
e S A examumple ofooe

ingraEabah arcdeaep@anRopg, @18, Paitlinisbetcansipe fathgtrate tissue
dResiRe e pRssaleiR) (ERIPA RVBNEh1SYREraMmEnDaK PRINaRE2AEHE-14, je.

,£ancer pain, arthritic pain and chronic post- surgical gagain. WO

300819 PerieURsY /HSSHH RS0 RTBURPFRHENV I BLBSIARIPAREIST JeEaraERtion
dpadwdissueexit dsgasscasirauma, the characteristics of nociceptor

activation are altered and there is sensitisation in the

Substitution with heavier isotopes such as deuterium, fLe. ®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.

Substitution with positron emitting isotopes, such as ''C, '°F, 0 and N, can be
useful in Positron Emission Topography {(PET) studies for examining substrate
receptar ocoupancy.

Isotopically-labeled compounds of formula (1) can generally be prepared by
conventional techniques known to those skilled in the art or by processes
analogous to those described in the acéompanyéng Examples and Preparations
using an appropriate isotopically-labeled reagent in place of the non-labeled
reagent previously empioyed.
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periphery, locally around the injury and centrally where the nociceptors
terminate. 5 These effects lead to a hightened sensation of pain. In acute
pain these mechanisms can be usefulﬁi% promoting protective behaviours
which may better enable repair processes to take place. The normal
expectation would be that sensitivity returns to normal once the injury has

Fledisacriicallyraprariap i 1hoRipRin ek dnedy pélisdhsitlipgipgure include
tRUIBSKhEIBIRORINS NRAASSTAEI) 4Bl DG LS, IBNGERRMS SYRICELNYHYed, .0,

This injury often leads to abnormalities in sensory nerve fibres associated
Defth fectsgipngica-BRdSBerrant activity (Woolf & Salter, 2000, Science,
288, 1765-1768). Clinical pain is present when discomfort and abnormal
sensitivity feature among 15 the patient's symgg)ms. Patients tend to be

ThateReiRIgdRons dREME PlesERiWitAlRFBUSPRllE syRiseias. Brds, are

HERIBNSIASiIAe: 1SRRRREAS BARN IS G 08 L BYTIAG BEatment of
stabbln%; 2) exaggerated pain responses to noxious stimuli

P& )Y ARV PR DRSIceEH aRdI S hocuous stimuli
(allodynia - Meyer et at., 1994, Textbook of Pain, 13-44). Although 20
Fpatients suffering from various forms of acute and chronic pain may have

dIRAICSFRDRAHS, it @ UniPRTHR mBENERIMES RREBEIaMeraRighrtniay warn of
dasseiore rredterdifprem et est siiatagies. FRINSABRISO MRiRIPIBent. The

be divided into a number of different subtypes according to differing

SYatRBHIRRGERIGS, IRERKIRg 2nSEREHAVESINRANRIIEBFY &vdPeeirdpRFRNSs and is
RAE12E NPGEsVe BRAUR MHUSSRIREHESHEARINTKIAE nEdeasRSEMLle Millan,
with the potential to cause Injflf%b Pain afferents are activated by

|

P38 AU NGHERRIAl by ndciEpiBsealatieWite DRFSEISIRPACTvERS are known
Reuienedpibe spingl erel e driiEheirderminglianeldrs &xdnen with slow
relayed up the spinal tracts to the brain 30 where pain is perceived (Meyer

cenduciggavaiaciiietk IPPaRPIPEaYcPAE QivaIRISEY noLi@lRBrand quality of
nsdtvaseswaitisoasohaflerert semeifisgsgMyslipalgtbiytaliadiBrefection to the

transmit rapidly and are responsible for sharp and stabbing pain

SEHHARIHs I REEHRRY IR B Ylbfed HANSRIPEP SRR Patadfy nociceptive
reepyaheeslul @hathihaRaliteMedaralp tyseyere AEHICHRREICERING RABA) and C
1s a prominent WO 2006/114707 PCT/1B2006/001086 ) ,

fibres (non-myelinated). The achivity generated by nociceptor input is iransferred,
after complex processing in the dorsal horn, either directly, or via brain stem relay
nuclei, to the ventrobasal thalamus and then on to the cortex, where the

sensation of pain is generated.

FPain may generally be classified as acute or chronic. Acute pain begins suddenly
and is shori-iived (usualiy in tweive weeks or less). It is usually associated with a
specific cause such as a specific injury and is often sharp and severe. It is the
kind of pain that can occur after specific injuries resuling from surgery, dental
work, a strain or a sprain. Acute pain does not generally result in any persisient
psychological response. In contrast, chronic pain is long-term pain, typically
persisting for more than three months and ieading to significant psychological and
emotional problems. Common examples of chronic pain are neuropathic pain
{e.g. painful diabetic neuropathy, postherpetic neuralgia), carpa! funnel
syndrome, back pain, headache, cancer pain, arthritic pain and chronic post-

surgical pain.
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15 feature of pain from central nervous system trauma, strains/sprains,
burns, myocardial infarction and acute pancreatitis, post-operative pain
ajn following any type of surgical procedure), posttraumatic pain, renal
w(((:% |ce,6(/:1§‘r‘17c';(}e7r pain and back pain. Cancer pain may be chrorﬁg%ﬁﬁﬂgﬂ%{ﬁoss
as tumour related pain (e.g. 5 bone dé?n, headache, facial pain or visceral
pain) or pain associated with cancer therapy (e.g. postchemotherapy
syndrome, chronic postsurgical pain syndrome or post radiation

VEYESaMEe), EAREAT RRIR MRS 0 AsHiNTERRONSRtRlishRIBod erRdYna, the
immunotherapy, hormonal therapy or radiotherapy, Back pain may be .
iR B FB AR TR D ST R ATEH BB o R BRI e n the

pafdueantanetieini saerailiay ivintsepraispiarntiaciescsibiers terminate.
osterigr longitudinal ligament. Back pain may resolve naturally, but in
B PRSIt here f U s 0 SRR bt Pl i, A these
nesriditicmekish barubefubairicutamgtitgoilizigntva Ddlaviopeghithisaimsy better
currentl fin in Injtiate aysed rimar, ion
ST PSSR Uk A BT o vo e
stmsifvibandidissate antelomeetdhs nsuvopamhibealkr e itORPREsds many

cfﬂ%ﬁ% disarders.with diverse acliologie s, THeseCIHAE QML HRAMass and is
imited Ef’o, periphera neun%pathy, dlafJ_etlg neuropathy, post herpetic
ofienr Aldfa leripRivams éﬁ)sﬁ%'ﬁ?réﬂ‘@‘i‘&-bgﬁlwaiki%&g ){ﬁﬁﬁ%éﬁt nAfpalities in

SBRLIRP BN PIBRIO HIHH AW wrARR Auapel YR HeMaperakBhctivity (Woolf

post-stroke pain and pain associated with chronic alcoholism,
ShyadaTy IR S BRMec AU ItipRP sH&Rsis, spinal cord injury, Parkinson's

disease, epilepsy and vitamin deficiency. Neuropathic pain is pathological

' A[o} ' le. It.is oft | after the.origi
e Fal R ST B R T S A S e i aone

the pptibattsquatitpiohtise (Wﬁerﬁantemnqidm 13)¢ 3 M@EIQSBSQUS and may
ptlhgggn%% Y BRI tgﬁﬁo%gﬂcsr?mﬁtﬁmsdmﬁ%éﬁj feabdRaneous

ey are often heterogeneous even between patients with the same
péiiseadichroay e DeBobring 0o Stk 7). ssagaerpisd AAINRSPRNRES 10

AARRO 1 HADP. (hPPERLIRA RT3 ah858) 186/ droaudaeluse sRemiaineafocuous
pain, which can be continuous, and paroxysmal or al%ngrmal %o‘ﬁ\)d I%HH
%%H'iaéarW%Fé?gési%%re%%@cﬁ'sé‘r% Vit‘ljexiboo of Fain, 13-44). ‘Alindugh
patients suffering from various forms of acute and chronic pain may have similar
symptoms, the underlying mechanisms may be different and may, therefore,
require different treatment strategies. Pain can aiso therefore be divided into &
number of different subtypes according to differing pathophysiology, including
nociceptive, inflammatory and neuropathic pain.

Nocicaptive pain is induced by tissue injury or by intense stimuii with the potential
o cause injury. Pain afferents are activated by transduction of stimuli by'
nociceptors at the site of injury and activate neurons in the spinal cord at the
level of their termination. This is then relayed up the spinal tracts to the brain
where pain is perceived (Meyer et al., 1994, Textbook of Pain, 13-44). The
activation of nociceptors activates two types of afferent nerve fibres. Myefinated
A-delta fibres transmit rapidly and are responsible for sharp and stabbing pain
sensations, whilst unmyelinated C fibres transmit at a slower rate and convey a

dull or aching pain. Moderate to severe acute nociceptive pain is a prominent
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to a noxious stimulus) and allodynia (sensitivity to a normally innocuous
stimulus). WO 2006/114707 PCT/ B2006/001086 16 The inflammatory

wB@&;%ﬁ?i%’? complex series of biochemical and cellular eveg&sm%%if\}/ ted

. 0 : 0
in response to tissue injury or the presence of foreign substances, W(}?lg )86

results in swelling and pain (Levine aR Taiwo, 1994, Textbook of Pain,
45-56). Arthritic pain is the most common inflammatory pain. Rheumatoid
fegiyige £8en8IBnE AN HREBBANTSHEY R hRYRIE iAo STERRIRRIAES, burns,
myjeralaRedniepotHes RN ddineuparieid-akI i ds-aprmivebeRUgSsT following
disability, The exact aetiology of rheumzéioid arthritis ii un{.(nown, but . d
A HER ﬁ&ﬁ%iﬂ@éi&&??&&é‘é? hRP DO FaE RN IR ST GRATTA MBI 20
backyphinintiowent{8ire neanbe ddysoit 180 4ubex e bk P aielaBOY @107 ) (e.g.
‘ ate ¢ almost 16 il ) _ .
L B i T by QoL drah e St with oancer
thetay ¢ opesBhgeatbeBay s wiiians isespucteostsinaieaiseais syndrome
ol iR SadRAneOf B ABpuGHARInCiRATCRAYaLIND B b IRREBHE 1o
problem of enormous magnitude (Houge & Mersfelder, 2002, Ann

chatapihesarerMiBlaTheaRy MeeianAbtARTamO AT TEdisti e afack pain

fr%@b%ga@e 15 Monlred Qi’r@dﬁﬁhé@‘i?@é@@ﬂﬁ% sfekidnedicabaantifhes of the
because of the  associated _pain, Arthritis has a significant impact on

usbRhoksEhI I HhFAE TR RIS PRIZSRINA tSBEHRS 1e3diffcatprsterior
lopigitisgibaityighlatettlifBabrkytosingagpeadylitisriatalstia tieumalisrdispagents,
ﬁalat C uFe?Sarthritisjsgf the Eging ﬁnd sacroiliaf%_li{oints. It (\g/ﬁ{'es frognCh be
Wit Pt e 1EBhe o BEER pain HTAY Ocet SO TRISUGIEUTIE 1O AT
pehicuiy g sebaiigtiag.attacks the spine, peripheral joints and other body
organs. Another type of inflammatory pain is visceral pain which includes

pain associated with inflammatory bowel disease (IBD). Visceral! pain is
Neairppeiveinit Jateurmenis drieed, amieaieiodinisasotassganbyoptmeimary

iSRS HINAL SaMLYioh NRSHO ISR IRCUASIhE RN IRIRagRIER ¥adRRied by

of the digéstive system. Pain associated with the viscera can be divided

 Uiaengi padilisgaser ansathush NRolRidiy SN RALRS, R8I NEBMIRRSRRE many

deirasrielgchoaplssie tnRidob Hisurdsss thaleasiseut are not limited 1o,
peripheral neuropathy, diabetic neuropathy, post herpetic neuraigia, trigeminal
neuralgia, back pain, cancer neuropathy, HIV neuropathy, phantom limb pain,
carpal itunnel syndrome, central post-siroke pain and pain associated with
chronic aicoholism, hypothyroidism, uremia, multiple sclerosis, spinal cord injury,
Parkinson's disease, epilepsy and vitamin deficiency. Neuropathic pain is
pathological as it has no protective role. I is often present well after the original
cause has dissipated, commonly lasting for years, significantly decreasing a
patient's guality of life (Woolf and Mannion, 1899, Lancet, 353, 1858-1964). The
symptoms of neuropathic pain are difficult to treat, as they are ofien
heterogeneous even between patients with the same disease (Woolf &
Decosterd, 1999, Péin Supp., 8, 8141-5147; Woolf and Mannion, 1899, Lancei,
353, 1859-1964). They include spontaneous pain, which can be coniinuous, and
paroxysmal or abnormal evoked pain, such as hyperalgesia (increased sensitivity
to a noxious stimulus) and allodynia (sensifivity to a normaily innocuous
stimulus).
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pain include functional bowel disorder (FBD) and inflammatory bowel

disease 30 (IBD). These G1 disorders include a wide range of disease

states that are currently only moderately controlled, including, in respect
WO 1§ %tro- esophageal reflux, dyspepsia, irritable bowe¥ g?ﬁg%ﬁ’ﬁ'@ow%

(IBS) and functional abdominal pain $§ndrome (FAPS), and, in respect of

IBD, Crohn's disease, ileitis and ulcerative colitis, all of which regularly
TREORieenVIsaerplimeiRsOther tppasieol Yea0fI6 ibiigdTcal and cellular events,

PCT 1B2006/001086 r c el

E#1e?120rrhea cy§? tléj aﬁ%g p%anc!?J %plt{% an% e %g%&%ﬁ@&?ﬂ gﬁ%tances

whmbd'dsa‘ttsomeww(ﬁrphlnaﬁa\(éwmﬂpw@éf@wglet% Tirdhegk sfpdain,

B2 o OB RANORRARRS? G PRI RAIRBIAAARAS! PAR. NAKRUMatoid

nociceptive and neuropathic components. Other types of pain

dinersreisL0p) phieCRMMgTRSHGMAEGISERRIBIEINS GRdions ifyRgyeloped

BRI, JM%@%ﬁp%ﬁﬁﬁﬁs@@mﬁ%l’\(%@@@ BeUR@i) The exact
arthropathies, non- articular rheumatism, dystrophino athy

RIS R BB MU S RIUBYBRYBRIL TR YA RS RUGgEHY thet
bkﬁ;ﬁL@éﬁ@ﬁlﬂﬁh@adﬁﬁ@@gwagmaimgaﬁh?&belEnpfﬁtano(emmmn & Jayson,
stenosis arditis omenon sgleredg a_.and skel I
AR BN BBaa D Codh e e Hoaon wpition
Aa:ueaxmdsnm@walrwrrvpﬁtbmatlawabemﬁuetme{émacbedeg@r&maﬁy& oint disease,.

d mixed head c ciat

s%ratg}rg %Wd o\jﬂ(ﬂ)erg?&51 ?[%ﬂgm m(%%dlgrﬁg@ jﬁ & @pgéqﬂ\g%%g ?)gln ﬁ?ﬁl%g}o 40
roithoath gnthensganet wmmﬁ@m@mm@raﬁyamsmakmnmea public health

gHPBRP”%% ofdRamHiRd) arepoteBEAlHSaEY indhe iisalimrrl of alblstds Ann

pain but are particularly useful in the treatment of neuﬂ)ﬂ% athic pain. 25

Phisire aenthBRini®nd CoSiiUMaS artHeiLRl (1 89¢ phesthem tisBRINM$E3S5).
HsaiMeatftanitsease oatometictwhichésitantablentsing secause of the
a?s!ggc?sazte%elpam Arthritis has a significant impact on psychosocial and physical -
function and is known 1o be the leading cause of disability in later life. Ankylosing
spondylitis is also a rheumatic disease that causes arthritis of the spine and
sacroiliac joints. It varies from intermittent episodes of back pain that occur
throughout life to a severe chronic disease that attacks the spine, peripheral

joints and other body organs.

Ancther type of inflammatory pain is visceral pain which inciudes pain associated
with inflammatory bowel disease (IBD). Visceral pain is pain associated with the
viscera, which encompass the organs of the abdominal cavity. These organs
include the sex organs, spleen and part of the digestive system. Pain associated
with the viscera can he divided into digestive visceral pain and non-digestive
visceral pain. Commonly encountered gasfcroinl‘cestinai (Gl) disorders that cause
pain include functional bowel disorder (FBD) and inflammatory bowel disease
(IBD). These Gl disorders include a wide range of disease states that are
currently only moderately controlled, including, in respsct of FBD, gastro-
esophageal refiux, dyspepsia, irritable bowe! syndrome (IBS) and functional
abdominal pain syndrome (FAPS), and, in respect of IBD, Crohn’s disease, ileitis

and ulcerative colitis, all of which regularly produce visceral pain. Other types of
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ligand. Such conditions include epilepsy, gastrointestinal disorders,
premature ejaculation, burning mouth syndrome, bladder disorders (such

Wg%%gﬁg (i%tylve 30 bladder), faintness attacks, flbromyqlgla, @éprg Desia. . e
cranial disorders, hot flashes, essential tremor, chemical dependéencies

and addictions, withdrawal s'ymptorﬁé,7 associated with dependencies or
addictions, addictive behaviours, spasticity, arthritis, inflammator

¥

y
visgistadrgie. fcieaniboidainhassowated amifii S yrspaasE ediuregstis and
paPkGRaRRINA PYNHEQRe, Premenstrual 18 dysphoric disorder, tinnitus,

gastric damage, Down's syndrome, demyelinating diseases (e.g. multiple
sclerosis and amylolateral sclerosis), cerebral vascular disorders due to
It ScoledasSREABIE thatalvinwspeabtipriadave. udepibeativitaietomd thus can
subaraghnaid haemorrhage or cerebral pedema), head trauma, spinal 5
O SRR G oD AT g Tt Back R AT O SALE hALy oot
ndoiceptilia @y pessapatiecycomppmidentts of intracranial hemorrhage, in
perinatal asphyxia, in cardiac arrest and in status epilepticus.
Alpha-2-delta ligands may also be useful in the treatment of delirium,
Othenbyiies ahgaiminelitideand other cognitive or neurodegenerative
disorders (e.g. Parkinson's disease, Huntington's 10 disease, Alzheimer's
disease, senile dementia, memory disorder, vascular dementia). They

* m2gibe ueRHliing th&d@atniytBieraaiAiaht dissiues sudndddiakinegiualaia,
dysliasiagisRasiiciings TMEHe SaXRA(AREHRERHARY aRGoRRNKS, nor-

akinetic-rigid syndrome and extra-pyramidal movement disorders. They
RGN bENGUBTEH T B ARRIAP BRI e pXNEBRRIYRIB o PaI¥BRRT IS Sind
depeasstamiglepressive disorders, bipolar disorders, anxiety disorders,
panic, borderline personality disorder, schizophrenia; psychatic disorders,.

* bAYRR oG RGN R LSO Wi In SAE Tkt aRBH i GO carcical
disgegelican cheionat st rdiserdessc 2kl oRthagodp it ofdnomubkei@yedoma

can be E%fl glred ch,i con\{jeentlonal routes such as by the procedures

d&&Gided hnéués'eneeir% mg{%ds presented below or by the specific

« mbtrutipaiescsiiet mstheifeamplErietitignraigiaine Priaratfanansestigraine
Or I BIRILRY e&*ﬂ?ﬁ%ﬁ*ﬂ%@&&ﬂ&%ﬁ RS HRsE A %iROG HBRASSRS and

any one or mote of these processes f%r preparing Re compounds
headache associated with vascular disorders; and

e orofacial pain, including dental pain, otic pain, burning mouth syndrome and
temporomandibular myofascial pain.

The compounds of formula (1) are potentially useful in the treatment of all kinds of

pain but are particularly useful in the treatment of neuropathic pain.

Apart from pain, the compounds of formula (I) are potentially useful in the
treatment of any disease or condition which is treatable using an alpha-2-defia
figand. Such conditions include epilepsy, gastrointestinal disorders, premaiure
ejaculation, burning mouth syndrome, bladder disorders (such as over active
bladder), faintness- attacks, fibromyalgia, hypokinesia, cranial disorders, hot
flashes, essential tremor, chemical dependencies and addictions, withdrawal
symptoms associated with dependencies or addictions, addictive behaviours,
spasticity, arthritis, inflammatory disorders (e.g. rheumatoid arthritis,

osteoarthritis, psoriasis), diuresis, premenstruai syndrome, premenstrual
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25 of formula (1), in addition to any novel intermediates used therein. In

the following general methods, R1, R2, R3 and R4 are as previously

defined for a compound of formula (1) ?J%Iess otherwise stated and Ph is

phenyl. 30 According to a first process, (A), a compound of formula (I),

wherein R3 and R4 are H, may be prepared by the hydrogenolytic o
dyephstaetidiseidecotipiivid of tHmURTAYRWB VDS BYadoyme, demyelinating

dREA4EL09001 086 1 LB RRR. anid 1aMNb A B vihawrin RIapthR2 vascular

are as defined above. The hydrogenation'is typically carried out using a

diRRIRe ®f AyBroGerPSUih &% hydreRen Gare RipBReAdiciRTs0s (e.g. cerebral
i ABIRRSHUR iR ECTRISRIY TAR0sNSAEh Al LB JENETI MR Pt uma, spinal

catalyst such as a palladium, platinim or rhodium catalyst (preferably a

CRE BRI ABH TP UANR i G as0RBR R PEEHISH I IdasiemceERgigtroke. in
cHAY-Rlseybe ssed igdncreasp dhrerate of redelionn|n anielsiieshe, in perinatal

procedure, a solution of the compound of formula (1) in a suitable

2SHNEHE SRS BT SisAReate ks8I BIPCarBotRdRdIgands may
aineshiarisacd dreeanaiad aF akawiitd kE8nda0aPshd ARMBBALNEhD other

of formula (Ill) may be prepared by treating an imine of formula (IV): 0 R1 ,
cegnilva\?y PRUIBAGRERSIPR'CISISoESiAdE apb ek iDRATBisRRtMd Bintington’s
dieeauta: RZNeitMeheiRiBR2 issan efineshahare ananbhys disstitrkle vascular

metal, optionally bearing one or more further Ii%]ands; or by treating an

diﬁwgg}oﬁﬁgpé RAY: @eob,e_s_eﬂ.ﬁzgz the treatment of movement disofders such as

akinesias, dyskinesias, spasticities, Tourette’s syndrome, Scoft syndrome,
palsys, akinefic-rigid syndrome and extra-pyramidal movemeant disorders. They
may also be useful in the treatment of sieep disorders, mood disorders,
depression, depressive disorders, bipolar disorders, anxiety disorders, panic,
borderiine personality disorder, schizophrenia, psychotic disorders, behavioural
disturbances associated with mental retardation, autistic disorder and conduct

disorders.

Al of the compounds of formula () can be prepared by conventional routes such
as by the procedures described in the general methods presented below or by
the specific methods described in the Examples section and the Preparations
section, or by similar methods thereic. The present disclosure also
encompasses any one or more of these processes for preparing the compounds

of formuia (1), in addition to any novel intermediates used therein.

in the following general methods, R", R?, R® and R* are as previously defined for

a compound of formula (1) unless otherwise stated and Ph is phenyl.

According to a first process, (A), a compound of formuta (1), wherein R® and R*
are M, may be prepared by the hydrogenolytic deprotection of a compound of

formula (I



N (VI) Ph 20 wherein R2 is as defined above, with a compound of
formula: R1M1 (VII) WO 2006/114707 PCT/1B2006/001056 20 wherein
R' and Mare as defined above. In such an imine addition reaction the

WO gL HEAllic reagent of formula (V) or (VII) is typically an Brg4Rahtfithipss
or an organomagnesium derivative.8n organomagensium (Grignard)
reagent, wherein M1 is MgX, X being a halide, is preferred. The reaction
is carried out in a suitable 5 inédt solyent such as tetrahydrofuran or
diethyl ether at low temperaturg, typically between 0 and -78C. In a
preferred procedure, a solutivn ofthe.compound of formula (IV) or (VI) in
a suitable solvent, such as tetrahygrofuran, i§itheated with a suitable
Grignard reagent of formula r (VII), respectively, at -50C and in the
presence of boron trifluoride etf erate. 10 Compounds of formula (IV) and
(VI) can be prepared by the co g'ensation of a compound of formula: OH
I--( HH2 (VIII) Ph with, respectively, a compound of formula: O R' XO

wgggﬁgbsﬁg C%%%%%‘Ea‘é@%?%p %goq\r%(?vﬁ%ngyérgg%%é !gnaajel;( ytlg}ggcr:éahy carried

out using a source of hydrogen such as hydrogen gas, cyclohexadiene or

5 ammoniuin formate (preferably hydrogen gas) and a transition metal cafalyst
such as a palladium, platinum or rhodium catalyst (preferably a palladium
catalyst). An acid, such as hydrochloric or trifluoroacetic acid, may also be used
to increase the rate of reaction. in a preferred procedure, a solution of the
compound of formula {lil) in a suitable solvent, such as ethanol, is treated with

10 palladium on carbon and hydrochloric acid hydrogenated at about 414 kPa (60

psi).

A compound of formula (1) may be prepared by treating an imine of formula (IV):

O

R?

I av)

]

Ph
15 wherein R' is as defined above, with a compound of formula:
RZM (V)
wherein R* is as defined above and M’ is a suitabie metal, optionally bearing one
or more further figands; or by treating an imine of formutla (VI):
Qo
7]

N (Vi)

Ph

20 wherein R? is as defined above, with a compound of formula:
R'M' (Vi)
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(xt o wherein R2 is as defined above and X is Ci-C6 alkyl. The

condensation may be 20 carried out under basic, neutral or acidic

conditions and generally requires elevated temperatures a é
W&a%%‘e‘;&o?eaction times. In a typical procedure, a solutionr&cs)j ?{]ﬂeBZOOGIO(}lO%
compound of formula (VIII) and the cébhpound of formula (IX) or (X), in a

suitable solvent, such as trifluoroethanol, is heated at about 80C in the
whessimed ahd dklaydrasripligehtaniealdauehortimingapisition gastion the

oé%gw?\r}]%@f?g %%éﬁ?%@?é{&k%&%@) &t @HW@W@&‘HW@W@@@HH&S% or an

are either commercially available or easily prepare

-0m pared by ,
organaERUAREING SIRBRRMBWN O TR QIIRGPPSINEh( GHERRLY £FagH, yheren
MO R,Q@B@Tﬁb'@ﬁ%@@g% (sricsenl GUim peensive argadiout in a suitable
_Transformations” by Richard Iﬂagrocl%légﬁi }/C@ Pu?éis\t\l! res’rrlanc'v)a%rby icall
inerereREst 5167 FedREBIRSHEG R AR S EBhBothds etz &Sp y
beheIen (Rnand/ePRAmre peifbtedy e pteparedsotuiiononfigberzgrgiound of

formul wherein R3 and/or R4 are H by simpl i . :
R Ao RO W S I ey s U5gied i
saltide Migndrdsteadennoidaractiofié)majii, frspetinGhmptehrisiaad in the
Organic Transformations referenced above. Alternatively, according to a
pégg%rr‘l%ep%%gg%:‘ {E i?glﬁemsﬁgﬁh%%df formula (1), wherein R3 and R4 are

H, may be prepared by hydrogenolytic deprotection of a 15 ring-opened

C; QJFT%FH&H%(W@ BRI Zd e iRl pifd O shesatiRs aish of a

re as defined above. The hydrogenation is typically carried out using
RREAWRISIHOEBYEN such as hydrogen gas, cyclohexadiene or
ammonium formate (preferaply hydrogen gas) and a transition metal

VIl
catalyst NH, (Vi)
Ph
with, respectively, a compound of formula:
o
R‘I
X0 i
X (%)

wherein R’ is as defined above and X is Cy-Cs alkyl; or a compound of formula
(X}
O

| JH(RQ
XO
)

O

wherein' R? is as defined above and X is C+-Cs alkyl. The condensation may be
carried out under basic, neuiral or acidic conditions and generally requires
elevated temperatures and/or proionged reaction times. In a typical procedure, &
solution of the compound of formula (Vi) and the compound of formula (IX) or
(X), in a suitable soivent, such as trifiuoroethano{, is heated at about 80°C in the

presence of a dehydrating agent such as 4A molecular sieves.
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20 sugh as a palladium, platinum or rhodium catalyst (preferably a

palladllumbcatalyjt). An acid, such as hydrochloric or trifluoroacetic acid

may also be used to increase the rate of reaction. In a ’
WO _ : pr

8%@8{]% a solution of the compound of formula (llia) ineg%;{ﬁ%gloeﬁml{)%

sol\l/)ent, SL(IjCE e;s propan-2-ol and \A%&er, is treated with palladium on

carbon and hydrogenated at about 414 kPa (60 psi). 25 A compound of
Cofupmutds(ibforayise (KR aBy HEMifY 4| ?ﬁe‘*)SP?B?ﬁ{ﬁ’l%{‘?’(?@Y%FaﬁW) or
eadl E\%{?Qﬂ%@%@ﬂ&é‘{m&ﬁ‘dﬂmﬁm DriollevedHay dkiisttneerswithediher as a

suitable acid or base. Suitable conditions for such an imi iti .
restdiactiorearaTee dEsKsEL 598%}@@@9%38&5 e |§‘9a°lbm“r§¥e%*r‘?§’§“°'%n Organic

| TrAiGeeddRna IUtiRRAhe Alic¢aseyMTsf Rubiiske(s|)rin. haualsiierence

solvent, such as tetrahydrofuran, is first treated with a suitabl i
e _ , e Grignard
to $agHERFPLPISNRARRATCM ©78C in the presence WO 2006/114707

PCT/IB2006/001086 22 of boron trifluorlde tetrahydrofuran complex,

followed by, treat i i i QMY -
Coge-R 8‘§ljd%rr§1 @%}hﬂﬂgﬁiﬁ? gﬁlﬁnﬁﬁﬁf g?formula%%gv?*@e?g{gm
coRBAmR4f Sarmbath(, wheyainematnskphd prelgrdd BY 1 grét}g;gggzcat

tra\%ﬁ op%g%fgaﬁéwﬁj\%% g% N&ida et DDy iBene i3 648 amide

erein | ] are as defined above. The hydralysis is typicall .
anecostaslisteenningth 'a&eloRF bERY cRRIy9EH aflad ORI, Qroanic
Trgl@f@}ﬁ%ﬁgﬁy@@%ﬁcé@ ég_g(@\,g{pical procedure, a solution of the '
compound of formula (XI) in water is treated with 6 molar hydrochloric
acid and heated to about 100C. A compound of formula (XI) may be

- AlRSRRARI Dy e iditien of syemidegmaess, (B), a compound of formula (i),‘
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wherein R® and R* are H, may be prepared by hydrogenolytic deprotection of a
ring-opened compound of formula (ia)

: H g .
Ph’lu N E"?l RE

j \f (lila)
HO O"/)\OH

wherein R' and B2 are as defined above. The hydrogenation is typically carried
out using a source of hydrogen such as hydrogen gas, cyclohexadiene of
ammonium formate (preferably hydrogen gas) and a transition metal catalyst
such as a palladium, platinum or rhodium catalyst (preferably a palladium
catalyst). An acid, such as hydrochloric or trifluoroacstic acid, may also be used
io increase the rate of reaction, In a preferred procedure, a solution of the
compound of formula (llia) in a sultable solvent, such as propan-2-ol and water,

is treated with palladium on carbon and hydrogenaied at about 414 kPa (B0 psi).

A compound of formula (llla) may be prepared by treating an imine of formula
(V) or (V1) with a compound of formula (V) or (VI followed by treatment with a
suitable acid or base. Suitable conditions for such an imine addition reaction are
as described above for process (A). In a preferred procedure, a solution of the
compound of formula (VI in a suitable solvent, such as tetrahydrofuran, is first
treated with a suitable Grignard reagent of formula (Vll) at -78°C in the presence
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compc_)und of formula (XIl): R1~ R2 O,.S+,~N (XIl) H3C+CH3 15 CH3
wherein R1 and R2 are as defined above. A preferred source of cyanide

wofﬂfoéﬂ%ﬂﬁqition isa cqmpound of formula M2CN wherein W2rigpacitaidloss
cation, optlc_m_ally bearing other Iig%lﬁds. Most preferred is a
dialkylaluminium cyanide such as diethylaluminium cyanide. The reaction

Is carried out as a solution in a suitapl nert :
o e e SR SRR B SHER A o bl
aciPERfCAseaRRIUEdyofeitompacidd of formula (XI1) in a mixture of

isoproanol and tetrahydrofuran is treated with diethylaluminium cyanide at
a temperature of between -78 and -20C. WO 2006/114707

AcRETNE RDEGIINL 086 AlGInTBRMaBHTBrATIRIDYIR A BeisiaRranty
are%ﬁ ﬁgmggége?ﬂm%ﬂnge%rgiﬁ?@@dﬂﬁé QydroNER &3 D4ikde of formula

_ with a compound of formula (XIV): RR2 II (XIV) 50
(Xlwherein R1 and R2 are as defined above, under dehydrating conditions.
Typically the reaction is catalysed bya Lewis acid (e.qg. titanium
tetraethoxide). In a preferred egure, a solution of the compound of
formula (X111) and the compound df'femula (XI1V) in a suitable solvent

(such as tetrahydrofuran) is (O treated with titanium tetraethoxide at a
temperature of about 50C. 'S (Xb)

H,C CH,
CH,
wherein BR' and R? are as defined above. The hydrolysis is typicaliy accomplished
with acidic or basic catalysis in an agueous solvent at an elevated temperature.
in a typical procedure, a solution of the compound of formula (Xi) in water is
treated with 6 molar hydrochloric acid and heated to about 100°C.

A compound of formula (XI) may be prepared by the addition of cyanide o a
compound of formula (XiI): '

HSC"‘ Ch,
CH,

wherein R' and R? are as defined above. A preferred source of cyanide for the
addition is a compound of formula MECN wherein M® is a metal cation, optionally
bearing other ligands. Most preferred is a diaikyiaiuminium cyanide such as
diethylaluminium cyanide. The reaction is carried out as a solution in a suitable
inert solvent such as tetrahydrofuran, dichioromethane or'diethyi ether. In a
preferred procedure a solution of a compound of formuia (XIf) in a mixture of
isoproanol and tetrahydrofuran is treated with diethylaluminium cyanide af a
temperature of between -78 and ~20°C.
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Comppunds of formula (XIIl) and (XIV) are either commercially available
o.r}&easny prepared by standard methods well known to the skilled person,
W' [hes asq@ result of common general knowledge (€.9. se€pcy/rma006/001086
ompreh_enswe Organic 15 Transformations' by Richard Larock (1999,
VCH Publishers Inc.) or by referené® to specific published procedures.

According to a fourth process, (D), a compound of formula (1), wherein R

A campRATERS HIMIR ) SRR DERP B BRAPE SRS TEr A o

forrﬁﬁggr@m?rmula 20 (XV): CH30 2 R ."R1 (XV) O NH2 wherein R1 and
R2 are as defined above. The hydrolysis may be carried out under acidic
or basic conditions. In a typiCa| dure, a solution of a compound of
formula (XV) in agueous hydrochloric acid igdigated under reflux for 16
hours. 25 WO 2006/1147 24)06/001086 24 A compound of
formula (XV) may be prepatéd Py the methanolysis of a compound of
formula (XVI): Y202 R NR1 ( )6?) CH3 Y--ri N CH3 OY wherein R1

.and Ré%‘ i dYlandY2

wit REEES, %@%;@W)?” an are each selected from 5

%ni”& aﬁéyﬁhe reaction may be ca}?rried out with acid or base catalysis.
Ina typlqal procedure, as lon dR'a compound of formula (XVI) in
methanolic hydrochloric acid is stirred at (gpwi) temperature for about 72

hours. A compound of formula (&VI) may be prepared by the alkylation of
a compqund

wherein &' and R? are as defined above, under dehydrating conditions. Typically

the reaction is cat-alysed by a Lewis acid (e.g. titanium tetraethoxide). in a
preferred procedure, a solution of the compound of formuta (XIll) and the
compound of formula (XIV) in a suitable solvent {such as tetrahydrofuran) is
treated with titanium tetraethoxide at a temperaiure of ébout 50°C.

Compounds of formula (XI) and (X1V) are either commercially available or easily

‘prepared by standard methods well known to the skilled person, either as a result

of common general knowledge (e.g. see 'Comprehensive Organic
Transformations’ by Richard Larock (1998, VCH Publishers inc.) or by reference
to specific published procedures.

According to a fourth process, (D), a compound of formuta (1), wherein R and R*
are both H, may aliernatively be prepared by the hydrolysis of an ester of formula
(XV):

CH.O
3 HE

O ““,Ri (XV)
NH,
wherein R’ and R? are as defined above. The hydrolysis may be carried out

under acidic or basic conditions. In a typical procedure, a solution of a compound

“of formula (XV) in aqueous hydrochioric acid is heated under reflux for 16 hours.
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10 of formula (XVII): Y2C N R (XVII) CH3\ N CH3 OY1 wherein R1, Y1
and Y2 are as defined above, with a compound of formula R2L1, wherein
R2 is as defined above and L1 is a suitable leaving group. L 1. f
WW’?&&F%ularly bromo), trifluoromethanesuiphonate or {r&]‘ﬁﬂ(ﬁ)&é@ﬁ%
methanesulphonate. 15 Typically, tB& compound of formula (XVII) is
deprotonated with a base, such as butyl lithium, in an inert solvent such
A esriisshytietierameteardfioftnan, b IcweraraseRYuBuSRIRRPlRs of a
range -7/ -200) olution of the alkylating agent in an inert solvent is
COWeCﬁJQ é%é%ﬁ%%)lgﬁé red procedure, a solution of the compound of
formula (XVII) in tetrahydrofuramthreat@d with n-butyl lithium at 20 -78C
and an excess of the alkylating agent is then added. A compound of
formula (XVII), may be prepare ¥y the-aguble Qﬁwl)ation of a compound
of formula (XVIII): WO.2006/11 70} T/IB2006/001086 25 O HN R
(XVIl) CH3.I/NHC reimyR1 is as defined above. Typically, the
compound of formula (XVIII)}4 onated using a base (e.g.
potassium tert-butoxide, potassium hexamethyldisilazide or sodium
wi{RYEIeN a0 inert Solyapinien8B il affahyUeafrah ardliadbyl sifuated from
surtable alkytating agent, such as an alkyl hal%giépartlcularl an_ alkyl. N 2
Cnmitiey). of ken taRgHSDIABN SR S8fEeth QUi G’H]é’gﬁaﬁg? i‘s’“fh‘*é%s‘s' “
AP Al derapesalyiaiRirem a28dmisoieamde mpaTatur &) drprshedolic
procedure, an excess of trimethoxonium tetr?f 'U%E)%Q%EHSJ&'_S used as

h%@@"@[gﬁﬁgcé@es}ﬁrrfg at room temperature for a

A compound of formula (XVI) may be prepared by the alkylation of a compound

of formula (XVH):

Y20

N%‘\(F‘1 (XVIH)

CH, N
CH, OY'
wherein R'. Y' and Y* are as defined above, with a compound of formula RL,
wherein R?is as defined above and L' is a sultable leaving group. {* is preferably
halo (particuiarly bromo), trifluoromethanesuiphonate or methanesuiphonaie.
Typically, the compound of formula (XVil) is deprotonated with a base, such as
butyl lithium, in an inert solvent such as diethy} ether or tetrahydrofuran, at low
temperature (usually in the range 78 to -20°C). A solution of the alkylating agent
in an inert solvent is then added. In a preferred procedure, a solution of the
compound of formula (XVIl) in tetrahydrofuran is treated with n-butyl lithium at
_78°C and an excess of the alkylating agent is then added.

A compound of formula (XVII} may be prepared by the double alkylation of a

compound of formula (XVIill):



A compound of formula (XVIII) may be prepared by the cyclisation of a
compound of formula (XIX): CH3 CH3 O CH30 N) O Rt (XIX) H-T-0
wherein R' is as defined above. In a typical procedure, a sqluti
WO&S’%B&‘HH& 15 of formula (XIX) in a suitable solvent, such ggl?cfﬁ%zeeéée??%e%
heated under reflux. A compound (’?ﬁormula (XIX) may be prepared by the
reduction of a compound of formula (XX): CH CH3 0 CH30 N'YR1 (XX), -
HOH N.~O 0 PhCH2 20 whergin R' is as defined above. The reduction
is typically accomplished usin rogBn and ‘O erogenation catalyst
such as a palladium, platinur‘ﬂ r rhofium WO@%O}% 114707
PCT/IB2006/001086 @@3 atalyst. Inipreferred procedure, a solution of
the compound of formula ( ' suitable solvent, such as aqueous
ethanolic hydrochloric acid ggjtreated with hydrogen at room temperature.
5 A compound of formula (Xxfmay be prepared by coupling an amine of
whisienulg! (RO4): BB &H30 Sk 3DymicRlX!) e compound of formula (XVILl) is

deprotonated using a base (e.g. potassium tert-butoxide, potassium

hexamethyldisilazide or sodium hydride) in an inert socivent, such as
5 tetrahydrofuran or diethyl ether. A suitable alkylating agent, such as an alkyl
halide (particularly an alkyl bromide) or an alkyl sulphonate ester (e.g. an akyl
mesylate) is then added at a temperature of from -20 °C to room lemperature, In
a preferred procedure, an excess of trimethoxonium tetrafluoroborate in is used
as the alkylating agent.
10 .
A compound of formula (XVIi) may be prepared by the cyclisation of a
compound of formula {(XIX):

CH,._ CH,

| 0
CH,O N R
o NH,

1 .
(X1X)

wherein R' is as defined above. In a typical procedure, a solution of a compound
15  of formula (XIX) in a suitable solvent, such as toluene, is heated under reflux.

A compound of formula (XIX) may be prepared by the reduction of a compound

of formula (XX):
CH,. ,CH,
0
H
- CHO N at (X%
H
o HN\&O
i
O
PhCH;”

o0 wherein R’ is as defined above. The reduction is typically accomplished using

hydrogen and a hydrogenation catalyst such as a palladium, platinum or rhodium
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with an acid_of formula (XXII): 0 HO R (XXII) HIVYO PhCH2 O 10

wherein R1 is as defined above. The acid is first activated, either by

conversion to the corresponding acid chloride or by treat '
WOLRHIE Beptide coupling agent. If the acid chloride is user)% it g%g% ormed

and then r(_aacted with the amine a$*@ solution in a suitable inert solvent

(such as dl_chloromethane or tetrahydrofuran) in the presence of a ba ,
caitsyeh msaneiptantimpostisraattion £f SsRufemBPHIE é’éiHJHHH‘ﬁwé?X) in
a sf%sﬁ{‘é%‘? ! d&ﬁ#&g%ﬁﬁ%%ﬁﬁ&&@hﬁm&efﬂm@ seteahydrafusanivith

reate a base (such as triethylamine) and a coupling agent (such
hydgerasb seRimitRsIReHMHPEunds of formula (XX1) and (XXII) are either

Eommercially available or 20 easily prepared by standard methods well
nown to the skilled person, eitrﬁ:-r as a _result of com

A erisSE QL §TER GBI RANC P DEEBREN Y Tl atian gy formta

(Xﬁg};h_ard Larock (1999, VCH Publishers Inc.) or by reference to specific
publlsh_ed proce_dures. WO 6/11459{7- PCT/1B2006/001086 27
AcgoFgcilng toba fifth process, {E}, aycompound of formula (1), wherein R3
an are both H, R1 gpd R5 aré not substituted by halo or cyano, and
R2 is methyl, may alterﬁﬁﬁ\i e _‘p%red b;p@g})lution of aracemic .
compound qf formula (la). RHO RZ (la) " CR'NH 14 R 4 s 5 Resolution
may be carried out by a number of methods u~ known to aperson killed

with an acid of formula (XXil):

0
HOJ\‘/F‘1 XX
HNo_ O

O
PhCH;~

wherein B is as defined above. The acid is first activated, either by conversion {0
the corresponding acid chioride or by treatment with a suitable peptide coupling
agent. If the acid chioride is used it is preformed and then reacted with the amine
as a solution in a suitable inert solvent (such as dichloromethane or
tetrahydrofuran) in the presence of a base (such as triethylamine). Alternatively,
as solution of the acid and the amine in a suitable solvent (such as
dichloromethane or tetrahydrofuran) is treated with a base (such as tristhylamine)
and a coupiing agen{ (such as a carbodiimide).

Compounds of formula (XXI) and (XXih) are either commercially available or
easily prépared by standard methods well known o the skilled person, either as a
result ‘of common general knowledge (e.g. see 'Comprehensive Organic
Transformations' by Richard Larock (1989, VCH Publishers Inc.) or by reference
to specific published procedures.
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in the art, including chiral chromatography, formation of diasteroemeric
derivatives (such as esters, ethers or salts), or chemical or enzymatic

kinetic resolution. Typically, a compound of formula (l1a) isp%%ﬁﬁ?ﬁd@’;j&ﬁﬁsé
WO eI or acid in a suitable organic solvent to form diastereomeric _
salts and separation is 10 achieveé by crystallisation of the least soluble

diastereoisomer. Suitable resolving agents include tartaric acid .3 4
Accdetingtives fiflarriene swidEbanpORHRFhR! %ﬁﬁ?‘%ﬁél&e?ﬁ%ﬂem R”and R

are %‘%Wﬁ“@#ﬁ?ﬁ%@é%@ shsstdeaPhedrine and /aminaatestiotsmethyl, may

lastereomeric salt resolution may also be used to incrggs

b h
‘ i A Ol
compound of formula (la),

gWherein Ra is aryl, optionally substituted with
amino, (C1-Cé6)alkylamino, ydroxyl, (C1-C5)alkoxy, sulfonate,

sulphonamide, sulfonyl, triflupronfethyl, nitrga(C,-C6)acyl or nitrile, and
Rb is hydrogen, (C1-C6)athkyl o Rhay be prepared from a compound
of formula (XXIII) by hydrogenolytic 20 deprotection H R2 a~IV R (XXIII)
Rb O O 1 CH3 Hydrogenolytic }ggprotection conditions are as described
above for process (A). Alternatifely, a compound of formula (1) can be

BRI s A e ettt ik st
in 20@6/4i4 70T RATH BAUGE/ 00 105E2E AR M pOALEE %rHﬁJIQ’@'@ﬂfﬁeme”C
de P&%}‘P\%% RERArer bystsating R 0B ess) ob R ROV ivaiVREC Finetio
resolution. Typically, a compound of formuia (la) is treated with a chiral base or
acid in a suitable organic solvent to form diastereomeric salts and ‘sepa{ation is
achieved by crystaliisation of the least soluble diasterecisomer.  Suitable
resolving agents include tartaric acid derivatives, mandelic acid, camphorsutfonic
acid, sparteins, alpha-methylbenzylamine, nseudoephedrine and aminoalcohols.
Diastereomeric salt resolution may also be used io increase the enantiormeric

excess of a non-racemic compound of formula (f).

A compound of formula (la), wherein R? is aryl, optionally substituted with amino,
(C+-Ce)alkytamino, hydroxyl, (C+-Ce)alkoxy, suifonate, sulphonamide, sulfonyl,
trifluoromethyl, nitro, (C1-Cglacyl or nitrile, and R is hydrogen, {C1-Ce)alkyl or Ra,
may be prepared from a compound of formula (XXIY) by hydrogenolytic
deprotection

2
RA_ N RH1
\(/ (XY
Rb
0”0
CH,

Hydrogenolytic deprotection conditions are as described above for process (A).

Alternatively, a compound of formula (I} can be prepared from a compound of
formula {(XXIIl) by resolution of the compound of formula (XXiH) followed by
hydrogenolytic deprotection.
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O Ol CH3 5 with a compound of formula (VII) as defined above. Suitable
conditions for the imine addition reaction are as defined above for process

Wo(f&&ﬁpﬂggganomagnesium (Grignard) reagent, wherein MigdsMgo&001086

being a halide, is preferred. in a pr%ﬁrred procedure, a solution of the
compound of formula (XXIV) in a stiitable solvent, such as

tetrahydrofuran, is treated with a suitable Grignard 10 reagent of formula

(VII) at low temperature, typically at a temperature of from 0 to -78C and
A dBrRBRESSemaiiacroRinjitayide pteprtsldnbosatingfiuosipound of

tetrahydrofuran complex. A compound of formula (XXI1V) may be prepared
formtofittdidation of an ester 15 compound of formula (X), as defined in

process (A), with an aminggcompigund @f formula (XXV) in the presence

of a suitable catalyst. Ra~NH2 b (XXV) R( Rpéitions are as described for
process (A). Compounds of foghula X XV)'are commercially available. 20
According to a sixth process (F), @ comfdound of formula (1), wherein R3
and R4 are both H, R1 and R5 ot substituted by halo or cyano, and
R2 is methyl, may be alternatively p:?epared by deprotection of a

wifPTRBHRHGh BN ARV S-Sl Oa0de R ShitabireiorRiians Rbthe

_are as defined for process (E) and R is a suitable chiral es [oup, such .,
Imigem &RIBR pd&RGEEPNIdY y|?%h§8§6?§ec S Fnay be %ilgr%feég out WO

ordRREHAGTATRC THRANOAI0ALERG 20herdin Midic Mid¥asickengitohslide, is
pr%@'r?é‘é'?’a%%?éi%r?gg rgforggg&rgfgs%q&igﬁg}%e compound of formula (XXIV)
in a suitable solvent, such as tetrahydrofuran, is treated with a suitable Grignard
reagent of formula (VII) at low temperature, typically at a temperature of from 0 1o
-78°C and in the presence of boron tifluoride etherate or boron trifluoride
tetrahydrofuran complex.

& compound of formuia .(X}(%V) may be prepared by condensation of an ester
compound of formuia (X}, as defined in process (A), with an amine compound of

formula (XXV) in the presence of a suitable catalyst.

R NH,
T ow)
R

Conditions are as described for process (A). Compounds of formula (XXV) are
commercially available.

s 3 ) 4
According to a sixth process {F), a compound of formuia (1}, wherein R and R
are both H, R' and R® are not substituted by halo or cyano, and R? is'methyl, may
be alternatively prepared by deprotection of a compound of formuia (XXVI)

O .
a
H\V/N%\OF{C (XXVI)
g R

wherein R® and R® are as defined for process (E) and R° is a suitable chiral ester

group, such as mentyl or pseudoephidrinyl. The deprotection may be carried out
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ether or aqueous citric acid and tetrahydrofuran. Compounds of formula
(XXVI) may be prepared as described in Tetrahedron; 5 Asymmetry,
1992, 3, 591-594 and Tetrahedron Letters, 1982, 23, 4259i) fﬂze 001086
WORMAHIAR9Bly, a racemic compound of formula (la) may be preparad by an
analogous process wherein R is aré&chiral ester group such as CI-6 alkyl

or benzyl. 10 A compound of formula (XXVI) may be prepared %{ rea%op
undéreacilinpmirabiof ChyitaHMNRIYBTHAE AYSHPRRIFIG SR RN BGIRHM

etn‘ég%%aéé&%?&w% OrGaRaRAoRRRA R2 (XXVIII) (XXVII) wherein
e

Is a'sultable leaving group such as ClI, Br, 1, or RdASO20 wherein Rd is
15 C1-C6 alkyl, CF3, or aryl optionally substituted with C1-C6 alkyl or

COH%E%URa%fSﬁQ%lﬁé_@fé_igiﬂwamsm@a:ﬁ?mdmmmmny:tmaume;
sucn as potassium lodide ma used 1o 1orm a m eqgll
Ao IBSh P Al FUAREON L LI it o o

ut Using an inorganic
base such as potassium carbonate or sodium hydroxide, or an organic

base such as a phosphazene ba i ' f
B A S TR A5 GLiok ARG Lo o e LA
antabghys pidesswiehetm & Sisate aghiraitesteoidion S8 &5 Foerdliyl of

temperature. Compounds of the formula (XXVII) may be prepared as
begz¥tribed in 25 Tetrahedron, 2004, 60, 5919-5930 and Tetrahedron

Letters, 1998, 3_9, 8775_- 8_778. A compound of formula (XXVII) may also
A Sr}f‘é%BﬁEFgf bYrRAMqHsaANe el berRrapariY fesanba OF &INombeend of
itSelris prepared from an amine compound of 30 formyla %XXV) bg}@? 5
foprote QORMAIOYEUSTPIRBT BREIBLEPRTHIBAER ) (RS PBRRH T or
PCT/IB2006/001086 30 0

2 LG—R'
R.\T// N\HLORC
b 2

R" 'R (XAVII
XXV

wherein LG is a suitable leaving group such as Cli, Br, |, or RIS0.0 wherein RYis
C4-Cs alkyl, CFs, or aryl optionally substituted with C1-Cg alkyt or nitro, preferably
Br or trifluorornethanesulfonyl. Additionally, an additive such as poiassium iodide
may be used to form a more reactive electrophile in-situ. Typically the reaction is
carried out using an inorganic base such as potassium carbonate or sodium
hydroxide, or an organic base suchas a phosphazene base, optionally in the
presence of a phase transfer catalyst, in an organic solvent such as
dichloromethane, tetrahydrofuran or toluene at a temperature of from -78°C to

room temperature.

.Compcunds of the formula (XXVH) may be prepared as described in
Tetrahedron, 2004, 60, 5919-5930 and Tetrahedron Letters, 1998, 39, 8775-
B778.

A compound of formula (XXVil) may also be prepared by isomerisation of &
compound of formula (XXIV) which itself is prepared from an amine compound of

formula (XXV) by a process anaiogous 10 that described in process (E).
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Alternatively, a compound of formula (XXVI) may be prepared by
methylation of a compound of formula (XXIX) 0 R~ /N OR (XXIX) Rb R 5

W OTZXIE(; ﬁk;&]ditions. comprise treating a compound of formulg Xy diéeds
suitable electrophile (e.g. methyl iodide, dimethyl sulfate, trimethyloxonium
tetrafiuoroborate, or methyl triflate) aRd an inorganic base, such as
potassium carbonate or sodium hydroxide, or an organic base, such as a
phosphazene base, optionally in the presence of a phase transfer

AlSRBIRENNABCPRIBNIGILE seivens, (SUOW pmeichi prapsthathby methylation of a
tetrahydrofuran qr t e, at'a temperature of from -78C to room

COPRRMEILRIELTRY d of formula (XXIX) may be prepared by reaction
of a compound of 15 formula (XXXwith an electrophile of formula

(XXVIII) under basic 8 ditiops: as idescribed above for process (F). O~
Ra\v -OR (X) Rb Alter%ly,

mpdﬂﬁfﬁls of thidymula (XXIX) may be
prepared as described in Letrahgdron, 2004, 60, 5919-5930 and
Tetrahedron Letters, 1998, 39, 8775 20 8778. Compounds of the formula

TypRerLorritibaPrepasedeas g ibedinpduOugn! Cemiat08dXa with a
2663-2666. 25 Accordin seventh. | d

T R P

tesubatitotentdle, halonetinyldritaieh @mbas ResaaNinhapdSHIBARMAAFSIUM

ca%%%%ﬁdo%&&mﬂlﬁr&t%gf BICAMNYURM S |an @eePhadprRens

ammonium source or amine and a cyanide source, followed tr>1y pgldr,olysis
0

basfahepiienatidraierRisnercsrahaiahass Farsieneaeiisiy iyar organic™
sdﬁ)\gﬁf}ﬁ?&pg@%ﬂﬁﬁo%ﬁbﬂe, tetrahydrofuran or toluene, at ‘a temperature of

from -78°C to room temperature.

A compound of formuia (XXIX) may be prepared by reaction of a compound of
formula (XXX) with an electrophile of formula (XXVIli) under basic conditicns:as
described above for process (F).

| 0
a :
HY’N\)LORG (XXX)
g
Alternatively, compounds of the formuta (XXIX) may be prepared as described in

Tetrahedron, 2004, 60, 5918-5830 and Tetrahedron Letters, 1998, '39, 8775-
8778.

Compounds of the formula (XXX) may be prepared as described in J. Org.
Chem, 1982, 47, 2663-2666.

According to a seventh process (G}, a racemic compound of formula (la) wherein
R® and R* are both H, R' and R® are not substituted by halo or cyano, and R?is
methyt, may be alternatively prepared by condensation of a compound of formula
(XXX1) with an ammonium source or amine and a cyanide source, followed by

hydrolysis of the resulting aminonitrile or hydantoin.
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RIAR2 (XXXI) The condensation may be carried out using an ammonia
source such as ammonium acetate or ammonium carbonate, or an amine
ReNH2, wherein Re is C'-C6 alkyl, benzyl, or aryl optiona #ﬂ '
W%?ﬂ?’é%ﬁ?%, (C1-C6 alkyl)amino, 5 hydroxyl, C1-C6 alkoxy,@éél? or?gkt}g},rﬁﬂm
sulfonamido, sulfonyl, CF3, nitro, C Ics acyl or nitrite, and an acyl anion
equivalent such as a cyanide salt. Typical conditions for hydrolysis
comprise treating the resulting@minonitrile or hydantoin with either acid
or base in an aqueous solvent.8ystem. Tyi&d)ly the aminonitrile or
hydantoin is treated with aﬁ’ueous‘:ﬁydrochloric, hydrobromic, sulphuric or
10 phosphoric aci j j wRhysroxide
TR 0 oy e
arempieratace il 0@t ek anate opiBRSNEE Helfaay BRrely fleds

e &ERF%%H he &etane BliokaigsAstitaiie keioamarr\ave saRhiRSNO,
thylimi

phosp e In the presencé of a chiral catalyst (such as a

hytiaryarid<CB AlORYdSHITBEAEAYSPBREER BHEYIt &thind HSrivEer Ce acyl of
nitARIaD R phiRidesens sriivative ebtheganmoual, alfdoaiutariio for

such as a chiral Imine, or sulfinylimine, may he.used to provide .
YRR RRrBTTBR USRS NG CeSBRe AIORTR & RISlE it sitner
acgiqﬂ{a@gfegﬁ ihgeammméﬁc{mmrmmw@auwmmmwm areh |

oth H, R1 an are not substitut : thyl,
S R R R A

phelspaomtlacX oK ARAc(IGDNMESI DY HjoRdeCD BRAREVINEFEHIORT is H,
C1-Clq alkyl '
cqg%m{rao%% Kyl ben %&%%g%fgﬁs%@}ggeb%@%y{emb%ﬂdﬂf@éﬂﬂofﬁ@fi&%ement

Iy Carried o m hypobromite or a mixture of aqueous
tesumitatLNy trHECAN bromine. Alternatively, phenyliodosylbis(triflate) in

a mixture of acetonitrile and water at room temperature wilt effect this 30
transformation. . .
Alternatively, the condensation step may be carried out either on the ketone or

on a suitable ketone derivative such as a phosphinylimine in the presence ofa
chiral catalyst (such as a lanthanide-BINOL. derived cataiyst or a
cyclohexyldiamine derived catalyst) or & chiral ketone derivative of the compound
of formula (X3¢X3), such as a chiral imine, or sulfinylimine, may be used to provide

a compound of formula (1) in a sterecselective manner.

According to an eighth process, (H), a compound of formula (1} wherein R? and

B* are both H, R' and R® are not substituted by halo or cyano, and R%is methyl,

may be altematively prepared by Hoffmann rearrangement of a compound of
formuia (XXX11)

R‘yCONHE e

7" "COR
wherein R is H, C1-C1o alkyl, benzyi or substituted benzyl. The Hoffmann
rearrangement is suitably carried out using sodium hypobromite or a mixture of
aqueous sodium hydroxide and bromine. Alternatively, phenyliodosylbis(triflate)
in a mixture of acetonitrile and water af room temperature will effect this

iransformation.
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WO 2006/114707 PCT/IB2006/001086 32 A compound of formula
(XXXI) may be prepared by desymmetrisation of a compound of formula
(XXXII1) Rf CO2Rf (XXXIIl) F 2 CO2Rf wherein Rf is as defi IRRNE 1956

WORMEAdAIPound of formula (XXXV) O Ra zCH3 R2~- OXCH O (XXXV) by
selective reaction of one of the estePgroups with ammonia or an ammonia
source such as ammonium chloride, or a suitably protected amjne

A doliopmah By D ooplolEfoh,. MAXRRRERAER RILISSHIERRISRIPMA] be
Coﬁ%ﬁﬁ% %ﬁ@yﬂm&@g&ﬁgne of the ester groups to the carboxylic acid
ollowe '

y amide coupling (for exarpple using 1,1'-carbonyl dumidazole
and ammonia in acetoniﬁi;; a%@@ﬁtempe&%[ﬂ) to give a compound of
formula (XXXII) (see An emie, ‘International Edition (2004),
43(47), 6493-6496). The esymme%risation may be 15 carried out either

witsingh & fNzy msikien example a lipase such as pig fiver esterase or
Candida Antarctica in an.agueous or ammonia based solvent system) or

Ofﬁéﬁﬁmyr@&fé?%%(&w Ipha-methyl benzyfamine followed by
hydrogenolysis using palladium d) carbon and hydrogen in an alcoholic
solvent at room temperature Qr abaueqor using a chiral catalyst and a
suitable amine or 20 ammorita rce) \Cetpounds of formula (XXXIII)

and (XXXV) can be preparedﬂfﬁfn%:gmvﬁ‘er jally avajlable compounds of
formula (XXXIV) by reaction with itable erd rophiles of formula (XXVIII)

under basic conditions as descriﬁéd in procedure F R2- COZRS CO2R9
(XHXAV)

by selective reaction of one of the ester groups with ammonia or an ammonia
source such as ammonium chioride, or a suitably protected amine foilowed by
deprotection. Alternatively, the desymmetrisation may be effected by hydrolysis
of one of the ester groups to the carboxylic acid followed by amide coupling {(for
example using 1,1-carbonyl diimidazole and ammonia in acetonitrile at room
temnperature) to give a compound of formula (XXXIl) (see Angewandte Chemie,

International Edition (2004}, 43(47), 8493-6496). The desymmetrisation may be

carried out either using an enzyme (for example a lipase such as pig iivgr
esterase or Candida Antarctica in an aqueous or ammonia based solvent
systern) or chemically (for exampie using alpha-methyl benzylamine followed by
hydrogenolysis using palladium on carbon and hydrogen in an alcoholic solvent
at room temperature or above, or using a chiral catalyst and a suitable amine or
ammonia source}. '

Compounds of formula (XXX} and (XXXV) can be prepared from commercially
" available compounds of formula (XXXIV) by reaction with suitable electrophiles of

formula XV under basic conditions as described in procedure ¥

CO,R’
R.’Z < 2
CO,R’

(XXXIV)
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25 (XXXIV) WO 2006/114707 PCT/IB2006/001086 33 wherein R9is H
C1-C10 alkyl, benzyl or substituted benzyl, or the two R9 groups taken’

Wot(o ether are C(CH3)2. Alternatively, compounds of formula&¥Xesiés andss

can be prepared from 5 commerciall i
y available compounds of
formula (XXXVI) ~CO2R9 CO2R9-[XXXVI) wherein R9 is as defined

above, by reaction with suitable el i
Bl G R

ta ﬂstgég%}rhpéqg@lqgﬁﬁ 10 Alternatively, a compound of formula (la) can
e prepared by Hoffman rearrangement of a compound (XXXIlla)
RCONH2 (XXXlla) R2/CO2Rf wherein Rf is as defined above. Conditions

A\tfgopﬁmgﬁ\u l,@ag,?gr(dpmgd'xu ?ndxgﬁéssﬂma%g@%iﬁ)/énﬁz%@m@ cemperiaRgIed from

a (X an be prep AL FRPEeUIRS of formula (XXXIII

COWWE%@@%@O%%@M %scr%zd Lfch)Qk proce%% (H) above, t()ut in th)eor
absence of an enantioselective c%@ﬁ;ﬁf’r chiral reagent. 20 Compounds
of formula (I) can also be prepare Ebu g the reactions described
above to construct a compound wherem R’ or R2 are partially formed and

then completing the synthesis by ianal aro . /
' up manipulation.
instance, a group may be carried {Kﬁ@%\ﬂ'? group pulation. For

hrough th is i
whoreiro A i cieined RRaEs M1 APRRSPSURABH ‘%%’ggg%ls'ﬁ?g %g‘ﬁ{%’g%?wm“?a

_ e ( : _ oups'are

oRETENR SN RN e Bytitiesislity 4 tistatdearcagent as

| reene and Peter Wuts (third edition, 1999, John Wiley and Sons).
Shgititsie Wmnt@@?fﬁl’"@rgup transformations are described in

Aliernatively, a compound of formula (Ia) can be prepared by Hoffman

rearrangement of a compound (K la)

RL_ _CONH
SR OO
R “CoR
wherein R' is as defined above. Conditions are as described for process ' (H)

above.

Racemic compounds of formula (XXX11a) can be prepared from compounds of
formula OO or (XXXV) using the conditions described for process (H) above,
but in the absence of an enantioselective catalyst or chiral reagent.

Compounds of formula (1) can also be prepared by using the reactions described
above to construct a compound wherein R' or R® are partially formed and then
completing the synthesis by functional group manipulation, For instance, a group
may be carried through the synthesis in a protecied form and deprotecied in a
final step. Suitable proteciing groups’ are described in 'Protective Groups in
Organic Synthesis' by Theodora Greene and Peter Wuls (third edition, 1992,
John Wiley and Sons). Suitable functional group transformations are described in
‘Comprehensive Organic Transformations’ Dy Richard Larock (1899, VCH
Publishers inc.).
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'‘Comprehensive Organic Transformations' by Richard Larock (1999, VCH
Publishers Inc.). 30 WO 2006/114707 34 PCT/IB2006/001086
OCom ounds of formula (I) may be admini.stered as crystallip%mamﬂm%

s products. They may be ol¥hined, for example, as solid plugs,
powders, or films by methods such as precipitation, crystallization, freeze
éaﬂ_ﬁ%mgycq rYiens gyapasatree deynigisidiedvesy SUBIRING fRq agHuphous

rying ma

d be used for this .5 purpase, I Qﬁ@ ! ',t mehalaner films
@Mﬁ%’?ﬂ&ﬁﬁﬁdﬁ%t % ré§%’rn %%r@%t%é?ﬁ@%r%%und‘s gﬂgfngla (1) or.in,

69 HRinRsieN st aremecipratiot cyiirleiz@ian BRGEHIMNGISR™Y drying, o
thereof). Genegrally, il Re administereaeacs farpmtatiayind Qised for this
S¥eBEIAtYH ﬁ%‘%e@@%@gﬁharmaceut%y acgceptable excipients. The
wimoexcipient’ is used herein to describe any ingredient other than a
compound of formula (1). The choice of excipient will to a large extent

depend on factors such as the particular mode .of administration,
et atacl s ASRRBIS GUBINGP A0 T SR he I p g " Ot
oouneatlied oﬁoﬁ’r‘i\ﬁgg erlisalsabinatiionsiswitbler footeealasvaligs (or as

compounds of formula (I) and methaods for thei | | Wion |
o romes oS SRR SIS D K AN e L Tt o 1

thelr JEsRarAiRR Ay be focredpharrexaaupialin aenemightm excipients. The term
Pharmaceutical Sciences, 19 it QiEmblighingraanapasypound of
16¥GP Aol r%?n%ﬂI??%&r%%;%h?ﬁ@m%nigtered orally.r@ral rors such
agminiRralioMieayhdiveohiessaiplRming], BoaHATREFRLBERRENR dARE™
gastrointestjnal tract ; iRgyabasiraimisitatiensnutyide on solubility
eﬁ?pm?eaaéb%ﬁEt&%{geécgfnggcﬁl‘jﬁgs%é?@rﬁers the blood stream directly “
frgmjtg@mwmdhamaﬁtﬁﬁ%mﬁaﬁ%‘iﬁ%‘i%ﬁ%ministration include solid
formulations such as tablets, capsules containing particulates, liquids,
powders, lozenges (including liquid-filled lozenge h I §t !
" iastuees COEIEOSUIRTETHIERE 56 0 SaEL e ByglaL of formula
smﬁ%%@rmémggsfegmtmﬁiqﬂ@paration will be readily apparent to those skilled in

the art. Such compositions and methods for their preparation may be found, for
example, in Reminaton's __Pharmaceutical Sciences, 19th Edition (Mack

Publishing Company, 1995).

A compound of formula (1) may be administered orally. Oral administration may
| involve swallowing, so that the compound eniers the gastrointesiinal ract, of
buccal or sublingual administration may be employed by which the compound

enters the blood stream directly from the mouth.

Formulations suitable for oral administration include solid formulations such as
tablets, capsules containing particulates, liquids, powders, lozenges {including
liquid-filed lozenges), chews, multi- and nano-particulates, gels, solid solutions,

liposomes, films, ovules, sprays and Jiguid formulations.

Liquid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsuies and typically

comprise a carrier, for example, water, ethanol, polyethylene glycol, propytene
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Liquid formulations include suspensions, solutions, syrups and elixirs.
Such formulations may be employed as fillers in soft or hard capsules

and typically comprise a carrier, for example, water, etha%ﬂ?ﬁ%@%ﬂ%‘ﬁ’)@?
glycaol,
methylcellulose or a suitable oil, and one or more emulsifying agents

@?%‘?r RsRgRdINgRGents aLinyiigblornoil atiothsomayoalsodie Gragifibing, agents

e reconstitution of a sqlid, for e : h QIR ef/ i
PRI SHFPRES IR AHEN §eé‘5%%gxs - %SS(P) gﬁ%%%?g@%%igﬁi%ing dgggge? e

farmsssUaibaiosslide soribeahiplExisert @Febetin Therapeutic Patents,
11 (6), 981-986, by Liang and Chen (2001). For tablet dosage forms,

depending on dose, a compound of formula (I) may 10 make rom ,
Weightsutedast deighteofomay @@%&&%@%M@%WE&YW%E#@W %&%‘{a“”g

% 1o 60 weight % of fapad i &giiaropitiercerpeuapeotic Patents,
fg‘Pﬁﬁ%% %Ié'}'}%a Pe%sﬁ Sgr?elggl‘lgy%ntain a di?rf?egran? Examples of
disitBRgrantsmanideastshaia @ﬂéﬁ@ﬁ%@%&late, sodium carboxymethyl

cellulose, calcium carboxymethyl cellulose, croscarmellose sodium,
crospovidone, 15 polyvinylpyrrolidone, methyl cellulo ' r '

e Aabiel e BrSERTORE Sty BTOBy Fo T i () ey
REEMeIfiniRsH Stavslyan sodomeniptristel GendoatgethirraismesgraimiGaly from
comprise from 1 weight %,_to 25 weight %, preferab Sweight Sniund of
@V@Ej’ﬁt%@f %%%9&52‘1‘&%3?1%%%%@%% eﬁé’ g%n%é%%sed to impaErSt?Ju
cRhRsiNE @y alitinstio getabialyforontdinion dBiNtagIaNsinEXARGECE disintegrants

microcryst%l(line celly&{o iQteSU%%Eﬁuﬁplﬁm&?ﬁ\ﬁWObé‘m: calcium

Il e’
a’l’?&lggﬁth\% I "é‘[ﬁ‘m? 6§‘yv§§ pyrrolidone, pregelatinised starch,

hyahtsaseaiy cellulosbLiorphy droRiAs eI AHERR icell RN rablet§TRRRPVIAONS:

alsg, Gontain. HUERLS. s daginsss(asnioroeamiiacthesioosdydoater, alkyl-

SBP Vl(ﬁw«{%’ ri h#%ﬂéo’ y ratf or anhydrou??gl)rm)(, m"?”{““g'é yg%gi[ and sodium

dextretetationySEsBiaR, FRILNSERsEHE cAlHRRE BIERE SR dicaSic o

¢ l@\ mé).h@é%?éﬁﬂim@rﬁhﬁntg@rbfﬁtw:ﬂ&y}ﬁiﬁﬁ?mptmnawwleigpfé)gfe 108.35 weight

surface active agents, such as sodium vl s eagg Msqrbate 80,

affel @ﬁ@%@)%%ﬁ'ﬁsséﬂﬁgﬂtd%?ﬁoge&a\ﬁ%@gé%@\%Een pr§§ent, surface

active agents may comprise from 0.2 weight // to 5 weight % of the tablet,

a%jin%grgnésremga n%?gw r{,iss%gotron z%é(}‘ﬂ%ﬂé’éwe Edé%@li 1o a tablet formulation.
Suitable binders include microcrystalline celiulose, gelatin, sugars, poiyethyten‘e
glycol, natural and synthetic gums, polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyt mgthyiceiiulose. Tablets may aiso
contain diluents, such as lactose (as, for example, the monohydrate, spray-dried
monohydraie or anhydrous form), mannitol, xylitol, dextrose, sucrose, sorbitol,

microcrystaliine cellulose, starch and dibasic calcium phosphate dihydrate.

Tablets may also optionally comprise surface active agents, such as sodium
jaury! sulfate and polysorbate 80, and glidants such as silicon dioxide anc{i talc.
When present, surface active agents may comprise from 0.2 weight % 10 5
weight % of the tablet, and glidants may comprise from 0.2 weight % to 1 weight

% of the tabiet.
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% of the tablet. WO 2006/114707 36 PCT/IB2006/001056 Tablets also
generally contain lubricants such as magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and mixtufrgiﬁ{m%/ 01086
comprise from 0.25 weight % to 10 weight %, preferably from 0.5 weight
Yo iioht8nekine corabietuDbenpasmblan georafiAciiRRrate, calcium
anti-oxidants, colourants @ riRgLagenis s IESCRYRA YRR @Es of magnesium
%%%@Fﬁaﬁﬂ?g %%gﬁ?s.e’lé x}é%ngpﬁgry?%blets contain up to about 80% of a

swapoendt fodiue [Buybsiinheé: 1eoRieRtsCeNaRt SOTRISR Bpm 0-25
binder, from abo eight Ste:aBQutrdth Weiohbigikets, famighpat 2f the
Wel %hg % to i@)lﬁgwweig’h?& disintegrant, and from about 0,25 weight
fsitetabout 10 weight % lubricant. 15 Tablet blends may be compressed

directly or by roller to form tablets. Tablet blends or portions of blends
may alternatively be wet-, dr

/ y-, Or melt-granulated, melt cong r
et aeEHRve DERAETS fﬂ@‘ff#%l%t}‘ﬁ?&‘igﬁ‘gﬁsm%?/ %%"r%’é%r%eﬁgolﬁ%%rg agents,
MRS RYeIeaaAmaKieResiiag agentoated; it may even be
encapsulated. 20 The formulation of tablets is discussed in
Pharmaceutical Dosage Forms: Tablets, Vol. 1, by H. Lieberman and L.
MatsesisDitkain Newoy abloutl 88%). fsacesnakiIsiecb iR mma fbr from

- AN VeInrantyiss A1 SURIGALK PIARIAUER BomPutlR Y weight %% to about

im 8osage forms which may be rapidly dissolving, or
rBBoseklihe Sivalimahty roatlyaboripRiskeintb RpuRB U ORI, % ifRintegrant
f%gé’i{}%%{%glﬁro?z IpAssnA-sqlyaBba homeriAnt.aiasHsiser, a
S

ifiser or  emulsifier, a viscosity-modifying agent and a solvent. Some
components of the 30 formulation may perform more than one function. A

C?H?iﬁ’&uﬂ%ﬁééom&y%@) foniedsea filmentay bebyatefieolableron tablets. Tablet

insoluble. A water-soluble compou %%pical omprises fro jc%r!ﬂja?{?nated
S BORRRITIOToR BIFTEMTFOr 0 GG e B v s e e
spletesohgsaIselWextruded before tabletting. The final formuiation may comprise
one or more layers and may be coated or uncoated; it may even be

encapsulated,

The formulation of tablets is discussed in Pharmaceutical Dosage Forms:

Tablats, Voi. 1, by H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980},

Consumable oral films for human or veterinary use are typically piiable water-
solubie or water-swellable thin film dosage forms which may be rapidly dissolving
or mucoadhesive and iypically comprise & compound of formula (1), & film-
forming polymer, & binder, a solvent, a humectant, a plasticiser, a stabiliser or
emulsifier, a viscosity-modifying agent and a solvent. Some components of the

formulation may 'perform more than one function.

A compound of formula (I} for use in a film may be water-solubie or insoluble. A
water-soluble compound typically comprises from 1 weight % to 80 weight %,
m.ore typicalty from 20 weight % to 50 weight %, of the solutes. Less soluble
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37 compounds may comprise a greater proportion of the composition,

typically up to 88 weight % of the solutes. Alternatively, a compound of

formula (1) may be used in the form o%%ultiparticulate beads. 5 The
film-forming polymer may be selected from natural polysaccharides,

proteins, or synthetic hydrocolloids and is typically present in the range
COMPIHNIS WY I ISPy RiealS iR PR ﬁ{ﬁb@‘oﬂt‘@ FPWeRFHt9E. g}tﬁ@aity up

D ESIRE HIresioNiRdNseGR & TARIAEHJEIANE- XSOl MSLIAQ1) may be

flavourings, flavour enhancers, preservatives, salivary stimulating agents,
usslinythgglanies, orudhrAiictiria ARgSils), emollients, bulking agents,
anti-foaming agents, surfactants and taste-masking agents. Films in

accordance with the disclosure are typically prepared by evaporative 15
TSinBBr AR EsLBRY TS BiitePBnRPEFEIaIOBackiY lippelysiccharides,

PSths ,T&%Wﬂﬁ&ﬁzméﬁeﬁ,igf&wgw & Wd’éﬁﬂ?'p%@@ﬁ!h{n@tﬁ@mgﬂw 0.01 to
coater dryer, or by freeze-drying or vacuuming. Solid formulations for oral
SRS oM ARg RGN AR R 188 SR EAEEEhd/or modified
release. Modified release formulations include delayed, sustained,
ulsed, controlled, tz%gl_eted and programmed release formulations.

[ORALROATHRIFIcNEERAES o riuISHERS forftie pifiedes sfthexfenbsureplorants,
Rk eseibrd dubanRalRri-N 0 @A A64ADeile) sthslBitabiRents, cooling

release 25 technologies such as high energy dispersions and osmotic and

GRS FRIbENEFe (BB HRMASPhEFRREENHoaPFIERRORES - IfRE-Toaming

R ddabrMermmebak@Rkinghayusesof chewing gum to achieve
controlled release is described in WO-A-00/35298. 30 A compound of

formula (I) may also be administered directly into the blood stream, into
FIMSCle, aEdaielandatenmal e aisSodiakledieutositalisushepareataidlevaporative
administration include intravenous, intraarterial, intraperitoneal,

ARREhREN NARHRAHACIHIZY REAGE AR, AiPetais RAFSRIAMYPPOTt o paper.

TRisamEgpHadans isubanaeevs deivenh SUiahte meansfabpaestaidr drver,
administration include WO 2006/114707 38 PCT/1B2006/001086 needle
Qi JERTGFRVIPR QG FELTIE, needle-free injectors and infusion

Soiid formulations for oral administration may be formulaied to be immediate

and/or modified release. Modified release formulations include delayed,

“sustained, pulsed, controlled, fargeted and programmed release formulations.

Suitable modified reiease formulations for the purposes of the disclosure are
described in US Patent No. 6,106,864, Details of other suitable release
technologies such as high energy dispersions and osmotic and coated particles

are to be found in Pharmaceutical Technology On-line, 25(2), 1-14, by Verma et

al (2001). The use of chewing gum to achieve conirolled release is described in
WO-A-00/35298.

A compound of formula (I} may also be administered directly into the biood
stream, info muscle, or into an internal organ. Suitable routes for such parenteral
administration include Intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, Intraurethral, intrasternal, intracranial, intramuscular and

subcutaneous deiivery. Suitable means for parenteral administration inciude



techniques. Parenteral formulations are typically aqueous solutions which
may contain 5 excipients such as salts, carbohydrates and buffering

wo 396 §4g|:ageferably at a pH of from 3 to 9), but, for some appligationsethBy
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may be more suitably formulated as dterile non-aqueous solution or as
a dried form to be used in con%unction with a suitable vehicl

i ?SUCh A infusion
nsledile, fiychgiingreeisanecde TH@%"@&%ra‘?i%ﬁdé?’ﬂgr%n@%f f afginI

ormu ns
tu d‘g}-:ir 5%63“'6 conditions, for example, by lyophilisation, may readily be
EG or%p IShed using standard pharmaceutical techniques well known to
those skilled in the art. The solubility of a compound of formula (1) used in

ﬁg?eﬂ'iré%r%%t%ﬁdﬁ%r%@r@pl:fafﬁ]rnaummmmagluﬁ@mcr@&éeﬂ BpaKecontain

use of appropriate formulation techniques, su the I f H
SR GHNE Ao F o PG OCTa eEHeLar i ey e P
Spawhedasuylated forheinumanintetiand/thenourmeaedraigesWighindarmulated
release formulations include delay i l$pdyc0nttRlleshiunction
28rGe Bl i APPSR S ﬁecéggegogrsfu a?#()%ng.ﬂ?r?ﬂgHa%(%gmpOUnd of }
farmalathpaydisdorsuatatesl Hieries dICSRMIESIWaS thixotropic liquid
for administration as an implanted depot providing modified release of the
active compound. Examples of such formulations include drug- Coalgzgexam e
Tienisraperatiby(dft natrRtegh lTRYRIGT GI9§ HGUE IR SS: A Pie:
compoy ah eI (il aleo ke arpisisseresdtopiculiathp skmasouioa

(% a, 1,6, dermally or transdermally. Typical formulations for this
pEThosRIaH glet dkrfan] M&B@%I%‘llﬂﬁ)ﬁbﬁ@oﬂﬂrons, creams, ointments,

dusting powders, dressings, foams, films, skin patches, wafers, implants,
sponges, fibres, 30 bandages apd micr ' [ ntera!
SR ST A SRR O SOUR Tt b o ey & pre
qlgppﬁ{lﬁggiash Magewtm\wﬂdgwcﬁmp?m@feﬂﬁ%ﬂ@g ‘Qt?cf’f': %ﬁbff’@'ﬁ@'q”%'
glycol. Penetration enhancer. Lbe ee, for example, J.
Ph&HRsSEE 1BEREY 8‘3-%?5%@9@%r‘?fﬁlﬂgﬁgm%%aﬁoaober 1999).

WO 2006/114707 38 PCT/IB2006/001086 Other means of topical

mini

ormuglggg igglﬂg%ﬂfa?\é‘?ré(cﬁ%iﬁlﬁ?ﬁiﬂﬂpﬁ\@?nbe formulated to be immediate
and/or modified release. Modified release formulations include delayed,
sustained, pulsed, controlied, targeted and programmed release formulations.
Thus, a compound of formula (1) may be formulated as & solid, semi-solid, or
thixotropic liquid for sdministration as an implanted depot providing modified
release of ihe active compound. Examples of such formulations include drug-
coated stents and poly(df—iactic—coglycoiic)acid {PGLA) microspheres.

A compound of formula (I} may also be administered topically to the skin or

mucosa, i.e. dermally or transdermally. Typical formulations for this purpose
include gels, hydrogels, jotlons, solutions, creams, ointments, dusting powders,
dressings, foams, films, skin patches, wafers, implants, sponges, fibres,
bandages and microemulsions. Liposomes may also be used. Typical catriers
include alcohol, water, mineral oil, liguid petrolatum, white petrolatum, glycerin,
polyethylene glycol and propylene giycol. Penetration enhancers may be
incorporated - see, for example, J. Pharm. Sci., 88 {10), 955-958, by Finnin and
Morgan (October 1889).



iontophoresis, phonophoresis, sonophoresis and microneedle or
needle-free (e.g. PowderjectTM, BiojectTM, etc.) injection. 5 Formulations

f ical. administration may be formulated to be immedigie@nrdiekoo1086
Wor%)og}g}i)ﬁé%%#elease, Modified release for@fulations include delayed,

sustained, pulsed, controlled, targeted and programmed release
formulations. 10 A compound of formula (1) can also be administered

intranasally or by inhalatjo m alxiihthe o OB@;Q@ﬁPOMWGéié%ﬁWoraﬁon,
QI%W@, ¥ %ix?ﬁré??c{)?aelxa%r%p e,@ln a dry blend with lactose, or as a

rinepeoesEmnphopapitiessiss eSRRRPIRCTBIE AR PREIITSIIBICY dfge-free
f‘%@@éﬁ@éﬁ@!@%{bﬁé&m @tggyr@ggm)@{ inhaler or as an aerosol spray

a pressurised container, pump, spray, atomiser (preferably an 15
5 atomiser using electrohydrodynamics to produce a fine mist), or nebuliser,

fgﬂﬂa%%of&tﬁfp}é%@ shaisuitablerprepeliantosnolzast to be immediate and/or
1,1,

-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluaropropang. Eor ;
rroiiachl 6RaShe oS 58 RO e R gario e, Sustained.
SXABEI L FHNRRN @F guladadriogfalitreqtt esmisddrontations. pump,
spray, atomizer, or nebuliser contains a solution or suspension of a
compound of formula (1) comprising, for example, ethanol, aqueous =

10 gihanmbcund stitaivealtjrivelagérn asiniigssrsAgntEyIaBMHkg, By inhalation,
extendjng release of i S SO| afdr RH Jina
SUEEIAT LR <O Bt R 4K bt an cloAcit act) 2o

Rifpilendseith Ediyspondias 6raiGsEARBRATEPMIRUNIS o B R pritigcked with
HcIonisafin e sies suahls prHelsrye Ralatoa ymealer tbrores an
icrs 55)- hIS’may e achieved by any appropriate commi utin% met{[;)]g()%(gjab1 an
seetnset vyl OrhAIRTgSAUTEBE ¢ PET AR g?‘gﬂﬁeﬁ?rﬁﬁ}faﬁpmspr% ASSg .y

15 E%J&W}e?%&ﬁ%%@?éﬁ%ﬁ%ﬂ@@@rﬁww hemegeaisatianix), spragtuiseg. with of

apsules (made, for example, from gelatin or )

TSR R ) B RARES, BIREIBANGLS Bl fo S yorostrane o
inhaler-os Insufspen uybre farmeulte dhttemasabise, JovaeWARK BRY cOomprise &
compound of formula (1), a.suitable. WO 2006/114707
4BiPRSRPEERAISH 1%égxam f? I8 ipovder Rase ugHNY

as lactose or starch and a performance modifier
such as /-leucine, mannitol, or ‘

20 The pressurised container, pump, spray, atomizer, or nebuliser contains a
solution or suspension of a compound of formula (1) comprising, for example,
ethanol, aqueous ethanol, or a suitable alternative agent for dispersing,
solubilising, or extending release of the active, a propellant(s) as solvent and an

_ optional surfactant, such as sorbitan {rioleate, oleic acid, or an ofigolactic acid.,

25
Prior io use in a dry powder or suspension formulation, a drug product is -
micronised to a size suitable for delivery by inhalation (typically less than 5
microns). This may be achieved by any appropriate comminuting method, such
as spiral jet milling, fluid bed jet milling, supercritical fluid processing to form

30 nanoparticles, high pressure homogenisation, or spray drying.

Capsules (made, for example, from gelatin or hydroxypropyimethylceliulose),
blisters and cariridges for use in an inhaler or insuffiator may be formulated to

contain a powder mix of a compound of formula (1), a.suitable powder base such
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magnesium stearate. The lactose may be anhydrous or in the form of the
monohydrate, preferably the latter. Other suitable excipients include
xg?ﬂmglucose, maltose, sorbitol, xylitol, fructose, sucrosg-aRhass/00108s
treilla ose. 5 A suitable solution formuldfion for use in an atomiser using
electronydrodynamics to produce a fine mist may contain from 1 pgto
20metoke comspotindind farparfarianes modkiirnsash B Hekignmannitol, or
volume may vary from I 1 i atl 6
'&?rﬂBﬁ%'é"’H c%cr%%gbgﬁd%lr%u ag(l)ﬁjr%@py er%?ﬁ%{ﬂ@?g stgﬁlqeﬁl]gy\?vai%rr?‘] or th

atbacoydiates opliefarehlpritie. e Aaaesions P%vtﬁéﬁ%‘%ﬁﬁ%éﬂ‘}g&ﬁ dextran,
@ﬁ%@%‘%"{pm&@é?Q&&%@%ﬁfw%aﬂbﬁgsr@%e@y@twﬁm@ycoI.
ul

avours, such as menthol and ievomenthol, or sweeteners, such
as saccharin or saccharin sodium, may be added to those formulations

Wﬁ?ﬁ?é%l&ﬁd?h%ﬁﬂﬂﬁﬂmmwli!gi@?Mﬁﬁheﬁmﬁm@a&ienmgwrodyn’amics
Inhaled/intranasal administration m e formu to pe immedi
gh@ﬁ’éldh'%#ié@‘?‘eﬂ‘é'ﬁ%é”ﬁ&ﬁ@?*@?"e%é%p‘89!3% gbe &%)iﬁe%orrg] eoeijs%e}]e of formula
%"ﬁé}aé&ﬂatiaﬁlm delayed;sistaioknputsadyeonirofied plagdReband typical
'programmed release formulations. In the,case.of dry ' ;
5%%%%898@%%@85%%ﬁiﬁgr&%?éir%n"edf%ry“ﬁ%%a S é]f% zﬁ \ﬂa%g \%ﬂsc , sterile
qeiie! Sehasieretdasmiom Whitsrideacstirtaateanapivendsinvbistiomae be used
typically arranged to adminj W overall
e R O
divided doses throughout the day. A compound of formula (I) may be

administered rectally ap vaginalir@idatithevdaiBhia, serre@iieners, such as

pessary, or enema. Cocoa butter is a traditional 30 sup &E\gﬁéﬁgﬁg?ﬁtg%w for

rectal@pinRahadainisimiignaay be formulated to be immediate and/or
modified release. Modified release formulations include delayed,

‘sustained, pulsed, controlled, targeted and programmed release '
foronmatigiess\\er 2006l dAT0INEE CIdHB8AIB08IN1086)A benfponuigisd o be

Iﬁ@%ﬁﬁ&;gg@%ﬁ&ﬁg s g%du%-ﬁrr?é.ﬂ%’o}oe g 0b62h, WiIGRIbH Release

icronised suspension or solution in isotonic,
formulations include delayed, sustained, puised, controlied, targeted and

programmed release formulations.

in the case of dry powder inhalers and aerosols, the dosage unit is determined
by means of & valve which delivers a metered amount. Units in accordance with
the invention are typically arranged to administer & metered dose or “puff”. The
overall daily dose will be administered in a single dose or, mare usually, as

divided doses throughout the day.

A compound of formula (I) may be administered rectally or vaginally, e.g. in the
form of a suppository, pessary, Of enema. Cocoa butter is a traditional

suppository base, but various alternatives may be used as appropriate.

Formulations for rectalivaginal administration may be formutated to be immediate
and/or modified release. Modified release formulations include delayed,
sustained, pulsed, controlled, targeted and programmed reiease formulations.



pH-adjusted, sterile saline. Other formulations suitable for ocular and aural
5 administration include ointments, biodegradable (e.g. absorbable gel

woShe g;e.,collagen) and non-biodegradable (e.g. silicone) F@'P)ﬂﬁ%ﬁmomss
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wafers, lenses and particulate or vesiédlar systems, such as niosomes or
liposomes. A polymer such as crossed-linked polyacrylic acid,
polyvinylalcohol, hyaluronic acid, a cellulosic polymer, for example,

E\yﬁéﬁ%g&i%m%@ﬂ&%' fﬁ%ﬁ“&@@’ﬁ@%ﬁlﬁﬁ{@{@?@d firkBifPeEWe eye or ear,
cellulo p

e, or a heteropolysaccharide polymer, for example, gelan gum,

ipizaly it Shpofersadiogetpe Pivan Al gRIUERAVEPE NI AL hEREEIRBrTUMCtoNIC,
EW%EJSS%H?@%W'@E% ks Ra delivared byalitophosesisr and aural
ormulations for ocular/aural administration r‘%@/ Ee formulallzﬁ%a@ be!
RRMEURRIDS dﬁa%?%%'&ﬁﬁ‘é%{‘%el‘ﬂ? SRIBHARIE rEfedsBIoRMARIFoRE! SPonges.
inolagerelayedhopuisiadegek quliked soonttitedclatgetzohiar proigramisesks and
release formulations. A compound of formula F‘Ia? may lt!)e cgmgin%g vgitrgn%r such
AT Bl REIBRH-SVERIR, S 38 AR LI 3r 2 ReabIE
deriviaiiee thitieef groypotylithydihep @9 ihwtalicobotaimpad pahjeratidn wkiuiosic
to improve its solubility, dissolution , ing,.0i dabili
BRI Gy Ty ot G S e g R utose, or
Bretnydyclitéosen cormhekesspiayssethplidaneciymial tddseyanurglygelan gum,
ful for . S ol IOR,Lou [ TolaWy
e s i A A
ahvopiisatioawieialang, ek AebeestaliNaTRy DeleriepRRIaMRuXiliary
additive, i.e. as a carrier, diluent, or solubiliser. Most commonly used for
these purposes are alpha-, beta- and gamma-cyclodextrins, examples of

TR B T AR AN BEAD SO PR ABRARRSG To be immediate
WiRHAr 9 I # 38 et /ORBLfiaad YWeaA8{bhhdfitioas include delayed,
adminjstratio toéwmaw ﬂag'f‘e ts tpe total dailly dose é}fe e%%m;?g%\qaqfo
ONFIAAR]H: ig%ﬁﬁ afif T tHE aﬁé%eo‘??r&%pforﬁgafg"ﬂa 0GR PG OF
course, on the mode of administration and the potency of the selected WO

200610446 R 6 c%?‘ﬁ%ﬂ?é’tﬁ'qtv & @l dR-ARSEmolecular
rr’?a? %pao&%%iéfeﬁgrﬁkﬁégglég 69?1 cﬁ%%e oses _anlc.s*1 may, at the

phydiyiasichisser atiovsindestiigige afsHEabisipralegilersHepein. polyethylene
glycol-containing poiymer; in order to improve its solubility, dissoiution rate, taste-
masking, bioavailability and/or stability in any of the aforementioned modes of

administration.

Drug-cyclodextrin complexes, for exampie, are founa to be generally useful for
most dosage forms and administration routes. Both inclusion and non-inclusion
complexes may be used. As an alternative to direct compiexation with the drug,
the cyclodexirin may be used as an auxifiary additive, i.e. as a cartier, diluent, or
solubiliser. Most commonly used for these purposes are alpha-, beta- and
gamma-cyclodextring, examples of which may be found in International Patent
Applications Nos, WO-A-91/11172, WO-A-84/02518 and WO-A-08/55148.

For administration to human patients, the total daily dose of a compound of
formuia (1) is typically in the range of from 1 mg io 1000 mg depending, of
course, on the mode of administration and the potency of the selected



5 These dosages are based on an average human subject having a
weight of about 60kg to 70kg. The physician will readily be able to

WOQ%EHIHF@ doses for subjects whose weight falls outside thisy¥ana8s/a0eHs
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as infants and the elderly. For the avof@ance of doubt, references herein

to "treatment" include references 10 to curative, palliative and prophylactic

tremipoent]. THieebtotehizilyadtstyrotithecatishainisdeled igapinglorangivided doses

inventio Y, Je? olig indi } ;

R e A e

baweid.on the method given in J. Biof. 15 Chem., 1996, 271(10),

5768-5776). This assay is reproduced below. [3H]Gabapentin binding

assay . Preparation of brain membranes 20 All solutions were maintained.
D

neearnionaasnt AFgsEH BHaR @BYYRE0 TR YIRS Ry TGt Weight of

hemeoenies o iRy ofimemosiBaffewt (@821 [Bualtdseld deMrEbEAdbses for
mM EGTA/10 mM H

A Ry A N L AL L

the supernatant was centrifuged at 40,000 g for 20 minutes and the 25

resulting pellet was resuspen ' \Y fi B.

S A T el Lyt R e
tortinabivs, stitingyerashprepiegasifciiggiaiedtas above twice more by
centrifugation with Buffer B, before a final re-suspension in approximately
3 volumes of storage buffer (1.25 mM EDTA/1.25 mM EGTA/25% .
Glyechintogisahmdtidpesk i, plhaB-Relfd'aedsie opcdhfraiyRniiamhdiry be
3ailioramsiof Preseipipanmibifiamgigieals weiry SiOradalar®dBaild the apd
required. Binding assay protocol: We 2006/114707 43
ROBVINP0QE/ER] 086" Binding bffBHigavapemanttopithesnaibaccaiver in J. Biol.

mbra | C iR, for 60
ir R R S R oL
in the presence of 10M pregabalin. An assay volume of 2501 was
m% ) igmgigg(gégé?embranes, 25l test 5
Cc ound/bufter/nsb, 251 [3H]gabapentin (final assay concentration
-.10nM). Separation of unbound radioligand was effected by rapid

fiprauoRRAes MAGH embranes |
All solutions were maintained at 4°C throughout. Pig brain cortex (up to 50 g)

(fresh or frozen) was homogenised in 10 volumes of Buffer A (0.32 M Sucrose/1
mM EDTA/T mM EGTA/10 mM Hepes/KOH, pH 7.4) by six strokes of a
glass/teflon homogeniser at 600 r.p.m. After removal of the 1000 g x 10 minute
pellet, the supernatant was centrifuged at 40,000 g for 20 minutes and the
resulting pellet was resuspendad in 10 volumes of of Buifer B (1 mM EDTA/1 mM
EGTA/10 mM Hepes/KOH, pH 7.4). Following 30 minutes of continuous stirring,
membranes were peileted as above twice more by centrifugation with Buffer B,
before a fihal re-suspension in approximately 3 volumes of storage buffer (1.25
miM EDTA/1.25 mM EGTA/25% Glycerol/12.5 mM Hepes/KOH, pH 7.4) to give a
concentration of about 3 milligrams of protein per millilitre. Aliquots were stored at

-80°C until required.

Binding assay protocol:



through cold 50 mM Tris/HCI, pH 7.4-dipped GF/B unifilter plates, using 2
x iml of cold 50 mM Tris/HCI, pH 7.4. Plates were left to dry before

qug&i,q?ﬂ@,f 500well microscint-40 and the amount of radiogetivit¢deenn@dss

determined using a 10 TopCount scintfifation counter. Results may be

- expressed as an IC50 in terms of M or nM. All the Examples described
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Belawgver ¢ teigialapehiin diprig2c ek alseaien mabeafrm iV as IKardes out at

ineing gffinityy( . Rrdps @o?decific binding (nsb
D R B e s o g, (1)
ahaMdeed|psatedbirdieg EHNgEa ﬁ%ﬁy!&r@%%@ﬁn%a%}ﬁéﬁ%ﬂ alin. An
%Eg%heg%g%rgﬁégmi%@ ATE/EEMRAH Fﬂsiﬂ%‘@@ﬁ)ﬁ("@f%@ﬁ%ﬂ@@@ﬁw test

ogically active compounds, particularly in the treatment of pain.

Eompoamble fteT/aipha 2520 cﬂ%ttmba@s@miéﬁﬁ@f/ BERRYURERPEHHABUNEPIM)-
gé%é%ﬂlo%}@f Oh8o Bﬁgﬁg@%@gﬂﬁﬁ'%é’&%ﬁ%@@@ salkigalupiadhere®sr a8cuum

above, may istered simultaneously, sequentially or
semarghetplh GombvhAtsAHthhd Aiapes i abilistAIfsm YHnge * 1m!
apigid ANORSE: ¢/i/merPRiney herein sy disRomRiione, @xymefploagditon of
levorphanol, levallorphan, methadone, mepe[idine,jerlléan\ég, cocaine, d using a
Esudinell difrasiotidhane hecBRENhYHFBEIRRSR K RRERY SIRiRRnIned using
ﬂgt%%ﬂ? SORIRIRRINE chalsPRe AR aXap b d uRRaesptinS, utdphiarelms of
nalbuphine or pentazocine; 30 a nonsteroidal antiinflammatory drug
(NSAMmMe.g. aspirin, diclofenac, diflusinal, etodolac, fenbufen,

~fenoprofen, flufenisal, flurbiprofen, ibuprofen, indomethacin, ketoprofen,
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ketorolac, meclofenamic acid, WO 2006/114707 44 PCT/IB2006/0010
r iR AGRAEHEE AR R, BEAERo TR B g, ovey and

RifgcRIn S Wnsae wielingrifomepitasy ¢ & jdsirbitueste Sedansieneqy.(25)-2-

R R

talbutal, theamylal or thiopental; (r) a benzodiazepine having a sedative

S S TROEHE e R SRR win st
pharmacologically active compound, or with two or more other pharmacologically
active compounds, particularly in the treatment of pain. For example, an alpha-2-
delta receptor ligand, 'particutariy a compound of formula (), or a
pharmaceutically acceptable salt or solvate thereof, as defined above, may be
administered simultaneously, sequentially or separately in combination with one

or more agents selected from:

« an opioid analgesic, e.g. morphine, heroin, hydromorphone, oxymorphone,
levorphanol, levailorphan, methadone, meperidine, fentanyl, cocaine,
codeine, dihydrocodeine, oxycodone, hydrocodone, propoxyphene,
nalmefene, nalorphine, naloxone, naltrexone, buprenorphine, butorphanol,
nalbuphine or pentazocine;

e a nonstercidal antinfiammatory drug (NSAID), e.g. aspirin, diclofendc,
diflusinal, etodolac, fenbufen, fenoprofén, flufenisal, flurbiprofen,

ibuprofen, indomethacin, ketoprofen, ketorolac, meclofenamic acid,



triazolam; (r) an Ht antagonist having a sedative action, e.g. '
diphenhydramine, 10 pyrilamine, promethazine, chiorpheniramine or

WOcr:r?olo /%Yﬂ ine; a a sedative such as glutethimide, meprobag}@i&fm2006/001(}86

ethaqualone or dichloralphenazone4) a skeletal muscle relaxant, e.qg.
baclofen, carisoprodol, chlorzoxazone, cyclobenzaprine, methocarbamol

or orplyenadingicl ¥Han M raceptoapriagonist@pgozin, phenylbutazone,
dextromethorphan Ii@-)-&h qué( -I\cl)-rryg%@/érjnp%phinan) or its metabolite
dextrofpHAHCRE)- 8! rIﬂ‘?ﬁ(y}j?\lr-ﬂm&hylmorp Inan), ketamine, memantine,
pyriologuipglisie auisoreoattis; e.g. amobarbital, aprobarbital, butabarbital,

4-(phosphanomethyl)-2-piperidinec ic-AGid; -adrenerg| ;
e.g. doQHQ%EFﬁTtan%é%f%ﬁglﬁ%[fgﬁqdina}eg%?ﬁ%gﬁrlmgbﬁ?%%%%’ eﬁgﬁobarbxtai,
5 dimethprgrxamiethacesoidiamtatbuia, deasmany ardiegamal. 2-yl)-5-

(2-pyridyl), quinazgoline:. (r) a,tricyclic_anti ressant:e.0. ipra i
imipgr/arf?i/n ) Qﬁ%/@r?pztﬁmégorhr%ck)%r}é%ptﬁﬁ]eg;ggr%r é%%ifégeﬁ{gar%‘?%g%ﬂﬁazepmde,
carbanucepiepate vaipropt 28928 pachy KFAFRAT aPXEgBRRIT, temazepam or
particular K-3, NK-2 or NK-1 antagonist, e.g.

(aR,QR@%%[@, -Bis(t(fiuoromethyl)benzyl]-8,9,10,11- . _
tetrahydro-$mehtgdedsindiayiithe Ay RTHaiiv el BalieBin g g1 - diphenhydramine,

10 IL7Ingphiidines0s13sdliane 4T AlfAManfallRR 3PLRS Bl zink3,5- bis
(trif luofomethyl)phenyl]ethoxy-3-(4-fl uorophenyi)-4-morpholinyijmethyl]
30 1s2-dihpeddniive 1 suchriool-gldatMkese gy ARFETEAIS dafifihRgralone  or

3-[[2- n‘@gb%ﬁ%gﬁwgp@nethoxy) phenyllmethylamino]-2-p henyi-p
iperid ine " (2S,3S); WO 2006/114707 45 PCT/1B2006/001086 a

museariiskateigomtsas Biphath, Stte RRARIEPropRIERRECIYpSlirzoxazone,

chloride.0ridaEfERARRE, arRalesiive426XaR inbiliberading;celecoxib,

rofecoxib or valdecoxib; a non-selective CO inpibito%_ggge‘t%rﬁ I(yé)\/\gt_r?\] %Ir oxv-N-
16 protectioh) NP4 FFBRIRDBIEASRS P: B Sy TOmetion ydroxy

methyimorphinan) or its metabolite dexirorphan ~ ((+)-8-hydroxy-N-
methyimorphinan), ketamine, memantine, pyrrologuinoline guinone or cis-
4-(phosphonomethyl)-2-piperidinecarboxylic acid;
e an alpha-adrenergic, e.g. doxazosin, tamsulosin, clonidine or 4-amino-6,7-
20 dimethoxy-2-(5~méthanesulfonamido~1,2,3,4~tei:rahydroisoquinos—z-yl)-s— '
(2-pyridyl) quinazoline;
« a fricyclic antidepressant, e.g. desipramine, imipramine, amyiriptiline or
nortriptiline;
e an anticonvulsant, e.g. carbamazepine or valproate;
25 « a tachykinin (NK) antagonist, particularly an NK-3, NK-2 or NK-1
~ antagonist, e.g. (oR,OR)-7-{3,5-bis(trifluoromethyl)benzyl]-8,2,10,11-
tetrahydro-9-methyi-5-(4-methylphenyl)-7H-{1 ,4]diazocinof2,1-
glit,7Inaphthridine-6-13-dione  (TAK-637), 5-[[(2R,3S)-2-[(1R)-1-[3,5
bis(triﬂuoromethyt)phenyl}ethoxy—s—(zi»ﬂuorophenyi)~4~morphotinyi]methy!]-
30 1 2-dihydro-3H-1,2,4-triazol-3-one (MK-869), lanepitant, dapitant or 3-{[2-
meth_oxy-S—(triﬂuoromethoxy)phenyl]methyiamino]—Q—phenyl—piperidine‘ |
(28,35);



a coal-tar analgesic, in particular paracetamol; a neuroleptic such as
droperidol; a vanilloid receptor agonist (e.g. resinferatoxin) or antagonist

—-— g%(gmgﬁ&;azepine); 10 a beta-adrenergic such as proprapelgkgaaolanabss
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anaesthetic such as mexiletine; a corfitosteriod such as dexamethasone;

a 5-HT receptor agonist or antagonist, particularly a 5-HT1B/1D agonist
suGh as:glpicipian swmasiitan sraraptdin, Zoltetadiae dARRPHRS, epsum
a cholinergic (nicqtinic) analgesic; Tramadol (trade mark); a PDEV
inhibitsh’%%‘gﬁ %rsgsqfd}gzqgﬁf%mrdenaﬁl, taladafil, 5-[2-ethoxy-5-(4-

ethypipeeginivie YIXDIpBANIRitpicHnGs Sa]egwiy R EEMmER RS RN E-
dihydro-7H-pyrazolo[4,3-dlpyrimidin:Z-0 - etyl2-bripx ion), e.g.
pyrfdin§l) &2 fﬁgrgf-t&?et yI- -a@eﬁtillglfr%jr/l)@g?éﬁﬁgoyﬁpy%goﬁg%@wm ©9
d]pyrinmigioidrbimeoten (HCT-1026);

1-(6-ethoxy-5-[3-ethyl-6..7-dli =2rk2x )-7-
oxo°42I—f‘-ﬁﬁyﬂ'}é{oﬁf&}f@tﬁ%@Sﬂ%ﬁr@%@%}gggﬁﬁgﬁﬁéyl]-4-ethy|piperazi
ne,«0ra neuroleptic such as droperidol;

N-[i-(2-ethoxygethyl)-5-(N-ethyl-N-methyl ﬁ?@%‘ﬁféf‘aiﬂﬁ iRridAIZgonist (e.g.
ylarﬁing‘)-fqﬂr}fg?/‘%zé?g%ég]é wﬂ%%r% -carbo!nyl]meth@gesulfonfr%ide;
25 a caspddzejsinayletabotropic glutamate subtype 1 receptor (mGIluR1)

antagonist;, a ' takeyin pa%ggfych as sertraline; 4 a
norédr@n%%ﬁearae%ég}%)@%r%%?b%tgg%ésr?epiajly a selective noradrenaline
reuptakelvtzbitoassibiets (5:5 peabExBaMES:30 an inducible nitric oxide

;S%mg:tsﬁeﬁ% fﬁ%ﬁ%Igrﬁg:gﬁgﬁﬁ%ﬁ%ﬁg%?;(Zs,52)-2-ami -2-methyl-
_7-[(_]afiWﬁmmm@geﬁt@f@a@g@ign%@f@mﬁefi-e}g Pé@eagoxlst such
o, SRR SRRl s doavene BamERR) anegaritiech
N-[({2-[4- (hadihgkgic (nicotinic) analgesic;

« Tramadol (frade mark);

« a PDEV inhibitor, such as sildenafil, vardenafil, taladafil, 5-{2-ethoxy-5-(4-
ethylpiperazin~'i~ylsulphony1)pyridin-S-yl]~3-ethy!-2-[2»me’:hoxyethyl]—2,6- |
dihydro—?H-pyrazo!0[4,3-djpyrimidin—7-one, 5-(5-acetyl-2-butoxy-3-
pyridinyl)-3-ethyl-2-(1 -ethyi-s-azeﬁdinyi)-2,6-d§hydro-?H—pyrazoioH,3— .
dpyrimidin—“?’—one, ‘i-{6~ethoxy-5-{3-athyl-6,T-dihydro—2~(2-metho><yethyt)-?-
oxo~2H-pyrazolo[4,3~d]pyrimidin-5-y%]—3-pyridylsulfonyi}—4—ethylpiperazine,
or N—[‘*i-(2-ethoxyethyi)~5-(N-ethy!—N~methyiam'tno)~7-(4-methytpyridin-2-
ylamino)-1 H—pyrazoloM,B—d]pyr'imidine-3~carb0nyljmethanesuEfonamide;

» a canabinoid;

» metabotropic glutamate subtype 1 recepior (mGIuR1) antagonist;

« a serotonin reuptake inhibitor such as sertraline;

+ =a noradrenaline reuptake inhibitor, especially a selective noradrenaline
reupiake inhibitor such as (8,8)-reboxetine;
e an inducible nitric oxide synthase (INOS) inhibitor such as S-[2-{(1-
iminoethyl)amino]e’fhyi]-z-methy§~i_-cysteine or (28,5Z)-2-amino-2-methyl-
711 -iminoethyl)amino}-5-heptenoic acid;

an acetylcholine esterase inhibitor such as donepezil;
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4,6-dimethyl-1
H-imidazo[4,5-c]pyridin-l-yl)phenyl]ethyléamino)carbonyl]-4-
methylbenzenesulfonamide or 4-[(1 S)-‘.’[ ~-({[5-chloro-2-(3- 5
fluorophenoxy)pyridin-3-yl]jcarbonyl}amino)ethyl]benzoic acid; and the
pharmaceutically acceptable salts and solvates thereof. Where a
combidtRpestiaetlyeeenipdlaiiasanibesadmintsipearineder more 10

h : i . o
o AR e B et TR on o1 s R T i N -ty
compriségiivire by hidreisepraraté prelmvadbuficad pbaimoisitonratnessarbonyl}-4-
one ofw@%ﬁgﬁ&?ﬂ BRA2; delta recegfor antagorys ’1@“9[‘{?—'&@0;'0-2-(3-

15 compou ormula (1), and means for separately retaining sa
compdbinorehenekyarvaietntaiimadiordirbu R edndivrREbioiRg it ket.

An example of such a kit is the familiar blister pack used for the

packaging of tablets, capsules and the like. 20 Such a kit is particularly
andtigepforrapaiiidieal hoadicrpéah s aalesomss Yeteathaiprf oral and
parenteral formulations, for administering separate compositions at

different dosage intervals, or for titrating separate compositions against
Whegnatisemrsatisstdoasiiian eeMReUNdy piediy o rAprdeis Wiredtidws or more

A5 AATUBIRER Qb A SN RE-REQVIdRR M Ay >EalSENGERORY BiE: Pt of a kit
will be appreciated that what the disclosure provides, and what will be
sslirhisdforcasdminist gfiarcehipe sdrsioeiiniR (11) or a pharmaceutically
acceptable salt or solvate 30 thereof; (ii) a process for the preparation of

a compound of formula (I) or a pharmaceutically acceptable salt or
Sgpiate ki SRIBENELS 200671 10767 SEP PR IBPBUBROELISE ! (RRAapositions, at least

FlarmaceHiisal compasitign ingiwding 8.qompaupng:of fopmuladibiordarticularly a
pharmaceutically acceptable salt or solvate thereof, together with a

GerapeeRe AfciywiedbraBRIeRsgiRn (g ePesApburRiainRentald (MyBpasitions,
FNABACLUNERIRBCCERIBRIS SBIHSONAIRIFL FAMPRKEentResRaMIE of such a

use as a medicament; _ ‘
kit is the familiar blister pack used for the packaging of tablets, capsuies and the

like.

Such a kit is pariicularly suitable for administering different dosage forms, for
exampie, oral and parenteral formulations, for administering separate
compositions at different dosage intervals, or for titrating separate compositions
against one another. To assist compliance, the kit typically comprises directions

for administration and may be provided with a so-called memory aid.

It will be appreciated that what the disclosure provides, and what will be claimed,

is as follows:

(D a compound of formula (II) or a pharmaceutically acceptabie salt or solvate
thereof;
(i) a process for the preparation of a compound of formula (I) or a

pharmaceutically acceptable salt or solvate thereof;



WOSHAY AL (vi) the use of a compounghof formula (1) or of &
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(v) the use of a compound of formula (I) or of a pharmaceutically

acceptable salt, solvate or composition thereof, for the manufacture of a

medicament to treat a disease for which an alpha-2-delta rec Ptor ligand
T/IB2006/001086

pharmaceutically acceptable 10 salt, solvate or composition thereof, for

g’;ﬁ man fﬁeﬁ?ﬁ&@ﬂﬁ‘c@%&ﬁﬁé@ﬂhf@ﬁﬂ@df%@@&ﬁ&&ﬁt ﬁfllﬁoﬁ‘ﬂiHﬁh@kﬁ or a
treatment of a mammal, |nclud|ng a human bﬁ?\ﬂfﬁ V%e anf aL(p

recept8haERABSHIGANIN GHREMAG aRPHhAPhntY Ctlv%ggtﬁ \[vath &
of a C%ﬂﬁ%a@@tmwdmmthﬁpmaceutlcalIy 15 acceptable

salt, solvate or co |t|on of Vi metho
ﬁh‘ﬁmn%lcﬂ%ﬂ?dtﬂggP Bﬁﬁ% g, t(grn)n n?)%tclﬁu%nc%%lng atlng Sgl% solvate
mammed mmmteﬁaanmmmm as compdigadientormula (1) or with a

armaceuticall acce
E‘Zrtam %\}'eﬁ m?ermeJR atg scfoggglﬁ%{%ﬁtogﬁg%W@r%ﬁ@%ﬁ%ﬁ%mame
composailtl sbfeatauta (Jk)mpgfﬁ)fmﬁdtbﬁ@@fn s euraRELiBREA LS dogrRdiRpment
active ¢ %F ﬁgﬁegé% ‘t‘?)lrlQ\‘/Wf&ﬂ Eﬁ%ﬁﬁ'@@tﬁ‘éﬁ%@*@c@}ﬂ&r%ﬁé@ﬂw@kmed

compounds of formula (I). 25 1H Nuclear magnetic resonance (

dpctrahvergermhipceamaedndisidrimii tHévbrfefp%s@tﬁﬁt?aEﬁ%@“v oceptable
Charactgfisticighamic AotHifks idrafiscsbnits pastsrizeiation cowafedtament

from tetramethylsilane using conventional abbreviations for designation of
major JeakRE FeAEERGEPA doublet; ¢, triplet; q, quartet; m, 30 multiplet;

Risibroagd ﬂéiﬁdﬂ&ﬁﬁm@ﬁ@ﬁl\@)emmm,rdedm:n@ githeman being, with an
electros y ionjsatio or, atm re ical ionisation,:
(APCI)® ﬁ%\%‘h eégt%iéwaﬁons ’have 8R E?sé'eé(ﬁ ?é:eégrfr&tmlé%mﬁ% With an
solventsf@ﬁ%ammmhlomfmmm&ﬁm{u[a (i) or with a pharmaceutically
deuterodimet ol: THF,
tetrahy(?ro?ﬁ?g%?%\%?ﬁgéngg{%%‘%?gt%%@ﬁgﬂgeggp WO 2006/114707 48
R@TYL B2606100d eSarsaluit of snimnmah Jnaledjsis sebsimga Bpiagfido treat

gravity gfa%8§n¥etg§|§ﬁ§ﬂ?i‘83 mgefs%htomtﬁatammﬂ L& hagbeen Hesshiit of a

refers t using silica

compound of form ula (1) or with a pharmaceutically acceptable salt,
solvate or composition thereof;

(i)  certain novel intermediates disclosed herein; and

(x)  acombination of a compound of formula (1} or (Il and one or more further

pharmacologically active compounds.
The following Examples illustrate the preparation of compounds of formula (0.

'H Nuclear magnetic resonance (NMR) spectra were in all cases consistent with
the proposed structures. Characteristic chemical shifts (8) are given in paris-per-
milion downfield from tetramethylsiiane using conventional abbreviations for
designation of major peaks: e.g. s, singlet; d, doublet; t, triplet; g, quariet; m,
multiplet; br, broad. The mass spectra (MS) were recorded using either
~ electrospray ionisation (ESI) or atmospheric pressure chemical ionisation {APCI).
The following abbreviations have been used for common soivenis: CDClis,
deuterochioroform; Ds-DMSC, deuterodimethylsulphoxide;, Cbz0D0,
deuteromethanol; THF, tetrahydrofuran. 'Ammonia’ refers to a concentrated



W%@BW%F%45GHZ, the actual power sypplied varying during
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gel 60 F254 plates, Rr is the distance travelled by a compound divided by
the distance travelled by the solvent front on a TLC plate. Microwave
radiation was 5 performed using machines with a power ra@%&/ﬁ;ﬁ?&&ms
e course o1§
the reaction to maintain a constant temperature. LCMS indicates liquid

ety hesana scr Cha, Choethor A e 7
-2-Amino-4-ethyl-2-m exanoic ac et . "
A D RS oy NS DRRBAFE Lalasn oy e 88 T1 using silca
@ﬁ,gg)gi&zfgmmm)s?ﬂ@man»{démmwm@pmmmmm@ged by the
0,54mmol, Preparation 1) in ak AGHeOUS, e
Wﬁﬁoﬂ%@e&%&&%l _%ﬁ@‘%ﬁ@ﬁ@ﬁ év%@]gti?’nr%%l%iﬁ%érw&rogen égglanon was
(B4AckRPe60gisy anecbinaemiibratiewer mngeues. thhite dMoainddbfeHz, the
Vé%&%l'@%ﬁé{‘r%b?él&é‘&b%shﬁ@%w%HM&B&Q@B@J&?@O%MWMH%nmam a
was evaporate er reduced pressure and the residue was 20

FieNS dehRRssHr e gitates §ord CRFRMMeSr P TRshepectrometry
&ﬁagipe@%%mégmoved and the aqueous phase was extracted with

nore dichloromethane (50m1). The aqueous phase was evaporated

under reduced pressure to give a yellow solid. The material was purified
?é/g{ign exchange chromatography on Dowex 50 WX8 resin, eluting with

- dus ammonia:water (2:98 to 14:86) 25 to give the title
COBpoURhiAs-a wWhle-esialitesalidicni). 'HNMR (CD30D, 400MHz)
8: 0.83-0.89 (m, 6H), 1.29-1.43 (m, 8H), 1.58;1,.62 (dd, 1H), 1.81-1.86
(dd, 1H). LRMS (ESI): m/z 174 [M+&Hé% 17, -H4'. 30 Method B WO
2006/114707 49 PCT/IB20064MN.0 P@,Il_lpdium hydroxide on
carbon (1.0g; 50 wt% water wet) w a suspension of
4-ethyl-2-(2-hydroxy-l-phenyl-eth Ino)-2-methyl-hexanoic acid
(Preparation 10, 10.0g; 34.0 ) in 9ropan-2-o| and water (4:1; 200 ml).
TH8thod A

Pearlman’s catalyst {0.15g) was added to a solution of (35,58)-3-(2-ethylbutyl)-3-

methyl-5-phenyimorpholin-2-one (0.15g, 0.54mmol, Preparation 1) in ethano!

)

(5mi) and 1 molar agueous hydrochioric acid (1ml). The reaction was stirred
under hydrogen gas (414 kPa, 60psi) at room temperature for 24 hours. The
reaction mixiure was filtered through arbocel and washed with ethanol (20mf).
The liquor was evaporated under reduced pressure and the residue was
partitioned between dichloromethane (50ml) and water (20ml). The organic fayer
was removed and the agueous phase was extracted with more dichloromethane
(50ml). The aqueous phase was evaporated under reduced pressure to give a
yellow solid. The material was purified by ion exchange chromatography on
Dowex 50 WX8 resin, eluting with 0.88 agueous ammonia:water (2:98 to 14:86)
to give the titie compound as a white crystalline solid {(30mg).

THNMR (CDsOD, 400MHz) & 0.83-0.8¢ (m, 8H), 1.29-1.43 (m, 8H), 1.58-1.62
{dd, 1H), 1.81-1.86 (dd, 1H).

LRMS (ESI): m/z 174 [M+H", 172 [M-H].

Method B



vessel was purged three times with nitrogen then hydrogen before the 5
suspension was then stirred under a hydrogen gas atmosphere (60 psi) at
80 C for 4 hours. The resultant solution was then filtered through

woArleaelm7and washed with propan-2-gl and water (4:1; 20PEil)[B2606/601086
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Propan-2-ol and water (4:1; 100 ml) wae added and then distilled under
reduced pressure collecting 260 ml of s%t. A further %%rtio Of as added 1o a
ROpHRe el erio VAR 8RS AP ADHI YEREF JRIL VAR £
rgurgggﬁgéigbf gﬁs)gjjgimgqgefgfﬁddwgdnﬁresﬂbmmgéathimbb@rﬁwtmﬂ-hexanoic acid
propan-2-0 ml) wa ed and.a 40 m vent

e Ot b L A A SBeE G Tee B AACE (e 2. The
aksepledvaiguyas ctivled tiraesC withe résagant shery Jxdregisad kefope the

C for 30 .mi I [ itrafy | °
R i e T P 20 °C

deerdight tosgivEhthe esldtasnashulien (3V8y Hianefilergs:, Baorguriybpoel® and
rlgum g@%ﬁ(@%ﬁ@ﬂ%%n&%@ﬁ%hﬂh@ Bidh8A-Obl. andwaler (4:1; 100

H,s), 1.57-1.63 (1 H, dd), 1,80-1.87 (1 H, dd). 20
EREnAe PSS PR HIRTD-AStHIR-AehIRERE ORI SRIL BeRigRing 260 mi of

sglphonicagicisalt-A selinneihenzene 9dphhviascdd8dbghina further 100 ml
acetonitrile (50ml) was added, to,a suspension of . .
(9598, RS RYRIRIRBI 05 (e8iosrbRRsa™ A il qyion o
i ResiAmUHe (Gt andstheidurtumech eafechentindissolwddsalienSemoved by
solution was filtered whilst hot and allgwed to co erni I\

RSB et L BRI, 1L S B E T (o served
AQBMH 2y & B8, GH22L TH(Tha HpsulEthsIurY, Was) (alirres at1 28 (g, for 30
1H), 1.88(m, 7.42( . ( Ae ith
36‘@5%&8%@%2%@ %eﬁ'@@%&%ﬁﬁ B} filnderaiangsablaeqtasefished wit

mino 4ethyl-2-methylhexanoic acid i .
pepanesalp(Rihatt skl \WBCEYE!E 57 ondsy pastBewighb ks gve the title
sqlution of P-taluene SURNQRILACIBESA M 28mmaRiRcACeRitigld); "H-NMR
m‘??WBS% dé%%oaa%%ég)we%@rﬁgf (2S)- -E%ino-&ethyl-z-methgl?}ex noLog
a¢EOEDMGE00 MHz), 3: 0.86 (6H, o), 1.28 - 1.40 (6H, m), 1.44 (3R, si 1.57-1.63

(1H, dd), 1.80-1.87 (1H, dd).

Example 1.1 ,
(2.8)-2-Amino-4-ethyl-2-methylhexanoic acid benzene sulphonic acid salt

A solution of benzene sulphonic acid (9.5¢) in acetoniirile (50mi) was added to a
suspension of (28)-2-Amino-4-ethyl-2-methylhexanoic acid (10g, 0.057moi,
Example 1} in acetonitrile (175ml) and the mixture heated until dissolved. The
solution was filtered whilst hot and allowed to cool overnight to give the title
compound as fine white needles, (16.5g, 86%) _

THNMR (CD30D, 400MHz) &: 0.87(m, 6H), 1.36(m, 4H), 1.41(m, 1H), 1.54(m,
3H), 1.75(m, 1H), 1.88(m, 1H), 7.42(m, 3H), 7.83(m, 2H) , 4 exchangeable not

seen.

Exampie 1.2
(2 5)-2-Amino-4-ethyl-2-methylhexanoic acid p-toluenesuiphonate salt




0,28mmol, Example 1) in acetonitrile (1ml) and the mixture heated until
dissolved. The solution was filtered whilst hot and allowed to cool
overnight to 5 give the title compound as fine white needles, (69mg, 70%)

woHNMR4ED30D, 400MHz) 6: 0.88(m, 6H), 1.36(m, 5H), 1.B34®1BMI)6/001086
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1.75(m, 1 H), 1.90(m, 1H), 2.36(s, 3H)59 22(d, 2H), 7.70(d, 2H), 4
exchangeable not seen. 10 Example 1

@spationiabuielisne ?Hm?ﬂﬁ%ﬁﬁf%@%{m R ARomBh da ASHALHIE M was
QAddEd lfbﬁb?tgaéﬁémpfﬂpmspzmmmuem;ammgtagmykahmumd (50mg,

i, BB S0 HE i, oo
Ae6o1ed, Ema@nsdmm))m \&5sniﬂmadolv(ﬁhﬂ)rmh@mbaﬂom inaras @vemight to
e SR AR A epsa erassle. g resuiing

Was recrystallised from methan /acetonltrlle to give a

\MHMH@J(B@@@ O NIRABBIBD B0 OMIELY 6 B0 187 (nd4éRy) 3H), 1.75(m,
Jn% (g é’dgﬁ] fﬁf% %'E'}'g 1ga(s7. §§'@d 155(m7 706 L 90§ma Lebhdngeable not
angeablée no

seen 20 Exampie 2 2,5 5-Trimethyl-L-norleucine HZN
(SBIGGH?; CH3 HO O H3C The title compound was prepared according to
the procedure outlined in 25 Example 1 from
(3S,59)-3- %3 ,3-dimethylbutyl)-3-methyl-5-phenylmorpholin-2-one (0. 394g,
1&%@1 P?‘eparatlon 2). The product (0.138g) was obtained as a white

By@r&difdo19dd) salil 7-1.25 (m,

59-
R85 B 0 R el onioride
R@MB@QQﬁ/ﬁﬁEﬁﬁ&ﬁoE@dmpleTae cooled solution was added to a suspension of
(28)-2-Amino-4-ethyl-2-methylhexanoic acid (100mg, 0.56mmol, Example 1) in
methano! (1ml) and the mixture warmed until dissolved, then evaporated under

reduced pressure. The resulting hydrochloride salt was recrystallised from
methanol/ acetonitrile to give a white solid (63mg, 52%)
THNMR (CD30D, 400MHz) &: 0.87(m, 6H), 1.36(m, 4H), 1.43(m, 1H), 1.55(s,
3H), 1.75(m,1H), 1.90(m, 1H), 4 exchangeable not seen

Example 2
2 5 5-Trimethyl-L-norleucine |

o SHe

3 CH,
HO” S0 HC

The title compound was prepared according to the procedure outiined in
Example 1 from (3S,55)-3-(3,3-dimethylbuty!)-3-methyl-5-phenylimorpholin-2-one
(0.394g, 1.43mmol, Preparation 2). The product (0.1389) was obfained as a
white crystalline solid.

THNMR (CDZOD, 400MHz) 8: 0.91(s, 9H), 1.17-1.26 (m, 1H), 1.28-1.36 (m, 1H),
1.44 (s, 3H), 1.59-1.67 (m, 1H), 1.83-1.91 (m, 1H).

30 LRMS (ES!): m/z 174 [M+H'], 172 [M-HT.



(2S)-2-Amino-3-cyclopentvl-2-methvlpropanoic acid H2N ;CH3 HO O The
titte compound was prepared according to the procedure outlined in 5
Example 1 from

w38 d3)587(cyclopentylmethyl)-3-methyl-5-phenylmorpholinPZEH2006/001086
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(0.4269g, 1.56mmol, Preparation 3). Th 1product (0.157g) was obtained as
a white crystalline solid. 1THNMR (CD30D, 400MHz) 3: 1.08-1.22 (m, 2H),
Eqanwlel), 1.48-1.68 (m, 4H), 1.74-2.00 (m, 5H). 10 LRMS (ESI): m/z

174\ Amhold 2 dpshtvERamaie i@Sinoic acid
2-Amino-5-ethyl-2-methvlheptanoic acid H2N.CH3 CH3 HO O CH3 15

The title compound was preparﬁ%acg@ktgn he procedure outlined in
Example 1 from 2 N '

(3S,5S)-3-(3-ethylpentyl)-3-methyl-5 enyImorphoIin-Z-one (Preparation
4). The product was obtained ast@Wwhité crystalline solid. IHNMR

(CD30D, 400MHz) 6: 0.85-0.92 (m, 6H), 1.16-1.48 (m, 7H), 1.56 (s, ;
e, 1166 (RIDPRIZS LKGRSHEETER ZABIH2) 108 (AT LSEired o
%@ﬁ&m&%ﬁs&?@wh?cmg@mgnmam%-m?mmimmwz-one
Pearlman's catalys o() was adge ' -3- :
(SR8 BT G Ty e P REb 1 (P I NAp obtained as &
Went2004tdinTe SRIPCT/1B2006/001086 Preparation 5) in ethanol

(15ml), water 1 rifluoroaceti i ;T i : | 4H),
R L B L 2 P o S g A1)
hpges2Jde (reastn mixture was filtered through Arbocel(r) and washed -

LRMS (ESIy: m/z 174 [M+H'], 172 [M-HL.

Example 4
@S)-E-Amino-Suethvi—z-methviheptanoic acid
CH
HN_ 2 8
HO O

CH,

The tile compound was prepared according to the procedure outlined in
Fxample 1 from (38,S-S)ua-(3-ethy1pentyl)-S-methy!~5-phenyimorpholin-2—one
(Preparation 4). The product was obtained as a white crystalline solid.

THNMR (CDsOD, 400MHz) &: 0.85-0.92 (m, 6H), 1.16-1.48 (m, 7H), 1.56 (s, 3H),
1.72-1.99 (m, 2H).

LRMS (ESi): m/z 188 [M+H"], 186 [M-H].

Example 5
(28)-2~Amino—3-cvciobutv!-2~methvlnronanoic acid

Pearlman’s catalyst (0.5g) was added to a solution of (35,55)-3-
(cyciobutylmethyi)-S-methyl-5~phenylmorpholin-2~one (0.445q, 1.7mmol,



with ethanol (_20m|). The liquor was evaporated under reduced pressure
and the 5 residue was partitioned between dichloromethane (50m1) and
water (50ml). The organic layer was removed and the aqueous phase

wnvageentvaioted with more dichloromethage (50m1). The wabErT AR OGRS 086
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evapora_tft_addugwder' reduced pressure to give a yellow solid. The product

was purifie Jlon exchan hromat h . i
e S ARG R R AR R . Tho
tmffm“?ﬂm‘mm% hywhigersois. (INMRPEC B8, a00NIMZpg perature
: , 1.69-1 6 4-2 17 _

I s B B Bl M wasnec
SRi2stanod-2Gaimetiey ieianer %‘@@@ﬂeﬁm@fﬁé%@bm&w&e@d the
JRLen tdbecamensEbehiuERaatiRic i BdiaaneiGrbarEbaN. The

aqueous hydrochloric acid (15ml) was heated under ref| 6, .
HSGRITHAYROMASN RS YRENAIH WK THRIIRORBBAY t&’rﬁ?}?)é%%‘%é"“h more

SANMABIIMASHAYRP QYR AndTthe reatduciayes redisseivapdra®u Luwfdeateeduced
A column of DOWEX-5 X8-2%}6{12%was washed with 220m1, f.

JERFREER WhatBVerife ¥RIGY 5Ruc éjfﬁch%av&ae% RUTRY By, exghange
%Ht@%\&ﬂ&@_%@.@?l o deloviesd B5 wWitkBanesiren 260ing oiviinoshgBemmicous
ammonia. The basic fractions, weye to Qiv ti ;
(BB SR Lo T (0T 0N HEOLLD (L 248 wie
1s08d1.24 (2H, m), 1.26-1.49 (6H, m), 1.56-1.65 (1 H, m), 1.87-1.96 (1 H,

MY RN AR ABGAS) A HE (<33Banede B4 (m, 6H), 2.04-2.17 (m, 2H),

2.41-2.54 (m, 1H).
LRMS (ESI): m/z 158 [M+H', 156 [M-H.

Example 6 |
(2S,5R)-2-Amino-2.5-dimethylheptanoic acid

/\/fi\!j:iia
HSC CO_H

é 2
CH,

A solution of the compound of Preparation 8 (1.10g) in dioxane (3mi) and 6N
aqueous hydrochloric acid (15ml) was heated under reflux for 16 hours. The
solution was then allowed to cool to room temperature, the solvent was

evaporated and the residue was redissolved in 2mi of water. A column of

DOWEX-50X8-200 (25g) was washed with 250ml of deionised water. The crude
product was then loaded and the column was eluted with 250ml of delonised
water and then 250ml of 10% aqueous ammonia. The basic fractions were
evaporated to give the title compound (0.18g) as a white sofid. _

'HNMR (CD3OD, 400MHz). &: 0.89 (6H, m), 1.08-1.24 (2H, m), 1.26-1.49 (6H, m},
1.56-1.65 (1H, m), 1.87-1.96 (1H, m).

LRMS (APCI): m/z 174 [M+H"].

Exampie 7



WO 2006/114707 53 PCT/IB2006/001086 (4S)-2
4-DimethVI-L-norleucine CH3 H2N s CH3 CHHO O 3 The title compound
was prepared according to the procedure outlined in Example 1 from

wWo388)y87methyl-3-[(25)-2-methylbuty[l:5-phenylmorpholirP ST 88aps/001086
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(0.5869, 2.24mmol, Preparation 9). Thé product (0.018g) was obtained as
a white crystalline solid. 1IHNMR (CD30D, 400MHz) 6: 0.90-0.92 (m, 3H),
d48)-8. dimet-LenofiGUEIBY  oH), 1.45 (s, 3H), 1.50-1.58 (bs, 1 H),
1.69-1.81 (m, 1 H), 1.70-1.83 (m, 1 ¥H,LRMS-(ESI): m/z 262 [M+H+]. 10
The following preparations shdiyha@htermediates used in the
preparation of the Examples described above®@hgy themselves be

-synthesised. Preparation 1 15 é @&,

Ethvibutvl)-3-methyl-5-phenylmorpholin-2-one CH3 H 3 CHCH 3 ~QQ '
Bayeniid upssp sliner ateats . fhephré@macobrding. dddiesiprogedse outlined in

jution of 20.(55)-3:methyl=5-phenyks G ! .
LS £0050 S BB i
soh4it 38y, stiRdchfonE PrapadcraRl e aresiuabidd e eigrptrined as a

re entl%iaﬁreedsgﬁ 3- (bromomethyl)pentane (10.9g, 66mmol) and
[EAY ”Pnings%.Sg, 99mmol) in etheré250m1) was added over 40
MiANIER [TReRcuo0Mi)R Wae-GRtcaols Q- AMASS B milikel Hf-1-40 (M

-7 lloyyead ~ d h ' .
RiR SRR s

ml). More tetrahydrofuran (100ml)
LRMS (ESI): m/z 262 [M+H"L .

The following preparations show how intermediates used in the preparation of
the Examples described above may themselves be synthesised.

Preparation 1
(35.58)-3-( o_Ethvibutyl)-3-methyi-5-phenyimorpholin-2-one

Boron trifluoride éthera’ce (5.85mi, 46mmol) was added slowly o a solution of
(58)-3-methyl-5-phenyl-—5,6-=dihydro~2H—1,4ﬂoxazin~2-one (4.35g, 23mmol, see
WO-A-02/051983) in tetrahydrofuran at -78°C. The solution was stirred for 50
minutes and then a solution of the Grignard reagent prepared from 3- .
(bromomethyl)pentane (10.9g, 66mmol) and magnesium turnings (2.5¢, 9gmmol)
in ether (250ml) was added over 40 minutes. The reaction mixiure was stirred for
a further 75 minutes at -78°C then aliowed to warm to -20°C and quenched with
saturated aqueous ammonium chioride (100ml). More tetrahydrofuran {(100ml)
was added and the organic layer was separated from the aqueous layer. The
organic layer was dried (MgS0.) and concentrated under reduced pressure, The

residue was purified by column chromatography on silica gel using an elution



was added and the organic layer was separated from the aqueous layer.
The organic layer was dried (MgS0O4) and concentrated under reduced
pressure. The residue was purified by column chromatography on silica

wgghesiagean elution WO 2006/114707 4 PCT/IB2006/001 086/ g2aekentash
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pentane to pentane:ether (30:70) to af d the title compound as a white

solid (3.21 g). 'HNMR (CDCI3, 400MH )

grayient 10{speMRNE 68 ?&a! ainﬁ)et%fggl@gd (ﬁ %%’ff;'&' tajngﬂé éﬁﬁ%bund as a
4R%s4 38,24, 7.25-7.36 (m, 51-1). 5 LRMS (ESI): m/z 276 [M+H+].
Preparatlon 2(3559) 3 (3

1,41 3H), 1.63 .
r‘HﬂNMﬁS/ SeiRf=a ﬁQMFE)pﬁeW 9 $5bin b 283 B &ifd 5 3
Chily, @ .6 3 A-Hugpthei@s ¢irRieke %ﬁbﬁ@(ﬂ"(?‘t@l‘ﬂbzﬁﬂﬁa (m, BH).
mmo ra 7m1) was added to a solution of
é @é rﬁgﬁ?f{%ﬁ rf diethylether (50m1) over a period of twenty
mlnutes and the reaction was stirred for 40 minutes at room temperature.

The Gri Pard eagent solution and (5S)-3-methyl-
?’E% |hydro 2H 1,4- oxazm 2 one (1 g 5 28 mol see WO-A 15
& il 2 Y, i .. PNl Yiplell <

generate the tltle compouncL The total amount of compound syntheS|sed
was 0.394g. IHNMR (CD{13, 00MHgz) 5,.0.91 (s, 9H), 1.13-1.31 (m, 3H),
1.42 (s, 3H), 1.67- 1.77 (hs, 1 }4), 2 1 H)CHL31-4.43 (m, 3H),
7.34-7.46 (m, 5H). LRMS (ESO): A ¢ reparation 3 (3S
5S) 3 (Cyclopentylmethyl)-3-methy5- I|n 5-one H3

A suspension of Rieke Magnesium (343mg, 14, 1mmol} in tetrahydroforan
(13.7ml) was added to a solution of 1-iodo-3,3-dimethylbutane in diethylether
(50mi) over a period of twenty minutes and the reaction was stirred for 40
minutes at room temperature. The Grignard reagent solution and (55)-3-methyl-
5-phenyl-5,6-dihydro-2f--1 A-oxazin-2-one (lg, 5.28mmol, see WO-A-
02/051983) were used according to the method of Preparation 1 to generate the
title compound, The total amount of compound synthesised was 0.394g.

THNMR (CDClg, 400MHz) &: 0.91 (s, 9H), 1.18-1.31 (m, 3H), 1.42 (s, 3H), 1.67-
1.77 (bs, 1H), 2.02-2.10 (m, 1H), 4.31-4.43 (m, 3H), 7.34-7.46 (m, 5H).

LRMS (ES!): m/z 276 [M+H'].

Preparation 3
(38,58}-3—(Cvclopentvtmethvn-3-methvl—S-Dhenvimornhoiln—2—one

The compound was prepared according to the procedure outlined in Preparation
1 using (55)-3-methyl-5- pheny!-5,6-dihydro-2H-1, 4-oxazin-2-one (1g, 5.28mmol,
see WO-A-02/051983) and (todomethyi)cyciopentane The ftotal amount of

compound synthesised was 0.4264.



(O The compound was prepared according to the procedure outlined in
Preparation 25 1 using

(5S)-3-methyl-5-phenyl-5,6-dihydro-2H-1,4-oxazin-2-one (1g, 5.28mmol,

wEBe/@#¥-02/051983) and (iodometr\}\);%)cyclopentane. TheRCTAIEAT6OMMO8T
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compound synthesised was 0.426g 2006/114707 55

PCT/IB2006/001086 'HNMR ( D 400 6
THNMP G o A0DMEA s (- hag. B2 nd (i 100 o b 8194 (m
AF), £.33- .’Z 45 (m, SH), JL.EM&A{E&) ﬁhﬁi TTA 4B, 5|”F)reparat|on 4
58) Eth ethyl-5-phenvimorpholin-2-on H CH3 CH3

&aﬁﬁ"@rﬁ% ﬁ%&?rﬁ%gﬁg was prepared from
(5S)-3-methyl-5-phenyl-5,6-dihydro-2H- 1,4-oxazin-2-one (0.454q,

39mm seE WO-A-02/051983) and 1-bromo-3- 10 ethylpentane (see

Jﬁpéls% him. Fr., 1975 201 205) accordlng to the procedure outlined
[ 5 05 : LE SN B - d was 0.07g.
Q; 091 (s 9H) 1 13 131 (m, 3H), 1.42 (s, 3H),
D (m, 1,H), 4.31-4.43 (m, 3H), 7.34-7.46 (m,
J M+HR] aration 5 (3S 5S)3

(Cyclobutylmethyl)-3-methyl-5-pHjenvl olimZ-on"GHYy CH3 O O 20
The title compound was prepared.fro

(5S)-3-methyl-5-phenyl-5,6-dihydro2H- 1%-oxazineHgne (1 g, 5.28mmol,

see WO-A-02/051983) and (bromomethyz é)rlobutane according_to the
Preeetiisecuntimehih Resparapared. frore (BEFARBIRY P EORRYT Qd1hydr0-2H~

S){,%ho%cse{%fahqﬁ'—\/&%o &f}z?@éig, 2 39mmol, see WO-A-02/051983) and 1-bromo-3-
ethylpentane (see Bull. Soc. Chim. Fr., 1975, 201-205) according to the
procedure outlined in Preparation 1. The total amount of compound synthesised

was 0.07g.

"HNMR (CDCls, 400MHz) &: 0.91 (s, gH), 1.13-1.31 (m, 3H), 1.42 (s, SH) 67-
1.77 (bs, 1H), 2.02-2.10 {m, 1H)}, 4.31-4.43 (m, 3H), 7.34-7.46 {m, 5H).

LRMS (ESH: m/z 276 [M+H.

Preparation §
(38,58)~3-(Cvclobutvlmethvl}-3~methvl-5-Dhenvimorpholin-2-one

The title compound was prepared from (5S)-S-methyl-S-pheny!«S,6—dihydro-2H—
1 4-oxazin-2-one (19, 5.28mmol, see WO-A-02/051983) and
(bromomethyl)cyclobutane according to the procedure outlined in Preparation 1.
The total amount of compound synthesised was 0.445g.

"HNMR (CDCla, 400MHz) &: 1.43 (s, 3H), 1.78-1.82 (m, 2H), 1.86-1.92 (m, 2H),
2,02-2.12 (m, 2H), 2.14-2.19 (m, iH), 2.43-2.52 (m, 1H), 4.22-4.27 (m, 1H), 4.33-
4.37 {m, 2H), 7.31-7.43 (m, 5H).

LRMS (ESH): m/z 260 [M+H"].



'HNMR (CDCI3, 400MHz) 6: 1.43 (s, 3H), 1.73-1.82 (m, 2H), 1.86-1.92 (m,
2H), 25 2.02-2.12 (m, 2H), 2.14-2.19 (m, 1 H), 2.43-2.52 (m, 1 H),
4.22-4.27 (m, 1 H), 4.33- 4.37 (m, 2H), 7.31-7.43 (m, 5H). LRMS (ESI):

wonine2a@7M+H+]. WO 2006/114707 56 é:T/IBZOOG/OOlOSG’CHYMﬂaﬂ@Iﬂﬁ

10

15

(5R)-5-Methylheptan-2-one O H3CCH3 "CH3 5 Dicyclohexyl carbodiimide
(9.51 g, 46.1mmol), N,N'-dimethyl-4-aminopyridine (1.13g, 9.2mmol) and
triethylamine (6.4m1, 46.1mmol) were added to a solution of Meldrum's
aaidit@redford€. 1mmol) in dichioromethane (i50mi). (4R)-4-

ic aci %6.1 mmol) was added and the reaction mixture
_ invinep n ) ; ; _
¥ =t ght=The reaction mixture was filtered and the solid was
washed with 10 dichloromethane wpe filtrate and washings
were combined and evaporated under reduc ressure to give an
orange oil. Acetic acid (50mHs&nd whter (50ml) ®ese added and the
reaction was heated under reflux ove@night. After the solution had cooled
to room temperature it was extracted with pentane (100ml). The organic
eRitgeiovasyried ihogRoidpar(d 6vgpofddaiodive M Megiinetis! thaniagpyridine
purified olum gageh using tigmeeradigniolution
o e L o

. er 19:1 to give the title compound. (2,89)., ..
asfa Walldhystisw wi.dHﬁM@QC@@iﬁUﬁ@&wﬁz)d@‘ﬁ%ﬁfﬁ%%a(g% l&ﬁ‘,ﬁ“‘)- (4R)-4-

1 ; - 2054 R4abédd bt e 2d-[@hlms)jure was
L TR AL A X

IR SR TBUEAAE S LR AnE I8 egned wih

Chidhloromethane (2 x 100ml). The filtrate and washings were combined and
evaporated under reduced pressure 1o give an orange oil. Acetic acid (50mi) and

water (50mi) were added and the reaction was heated under reflux overnight.
After the solution had cooled to room temperature it was extracted with pentane
(100ml). The organic extract was dried (MgSO4) and evaporated to give a residue
that was purified by column chromatography on silica gel using an elution
gradient of pentane to pentane:diethyl ether 19:1 to give the title compound

{2.8g) as a pale yellow oil. ,

* 'HNMR (CDCls, 400MHz) 8: 0.82-0.88 (6H, m), 1.07-1.19 (1H, m), 1.25-1.41 (3H,

20

25

m), 1.54-1.64 (1H, m), 2.12 (3H, ), 2.84-2.47 (2H, m).

Preparation 7
N-I{1E.4R)-1.4-dimethylhexylidenel-( S)-2-methyipropane-2-sulfinamide

CH, -

¥

X +
Hac/\g/\/\ﬁ%i?
CH, - CH, °

A solution of (5R)-5-methylheptan-2-one (3g, 23.4Ammol) in tetrahydrofuran
(10ml) was added fo a solution of (S)-2-methylpropane-2-sulfinamide and
titanium tetraethoxide (9.8mi, 46.8mmol) in tetrahydrofuran. The solution was
" stirred at 50°C for 20 hours. The reaction mixture was allowed to cool to room
temperature, diluted with ethyl acetate (50mi) and then poured into brine (100mi).

|



3 CH3 CHS3 CH3 A solution of (5R)-5-methylheptan-2-one (3g, 23.4mmol)
in tetrahydrofuran 25 (10mi) was added to a solution of
(S)-2-methylpropane-2-sulfinamide and titanium tetraethoxide (9.8m1,

wdle&nmaly in tetrahydrofuran. The soluécifn was stirred at 33OAB2HE/001086

' ahinnatingrapiny

10

15

- 20

25

30

hours. The reaction mixture was allowed to cool to room temperature,

diluted with ethyl acetate (50ml) and then ed in ine ¢ 1 .
Ao LATONS P ST AREIUSTORE Tt TLoLeS L Lt Shaaranaly > oo
gy rias iespangidaeiditiaredadimoorgayizy fibeies @%%%Mﬁp{ﬁ@at was
aqueous layer and dried (Mg lveqt v '
EYRRYE ééﬁJ] raﬁ%g%ﬁcéal\geg%dg%v%hs%ﬁi\%@% %%ﬁm%wm% o umn.
aonsititiaay@alsirsingn AusbHigRadidasiont Y oty buapigstate:
5 pentane then,2:47. gthyl acetatesReHaNenE iR e vednaditeppmnayad a pal
a%ga%grﬂﬁ@%ﬁ?ﬁine .gg%%%ﬁaﬁ%ﬁgcmﬁng) 8: 0.82-0%1 (6H, 7 e
plievt @i (BBEOH, m), 1.29-1.43 (3H, m), 1.54-1.65 (1 H, m), 2.15 ‘
(%'Mﬁ)’(§1§%i@-é’tbbr§1}42)%’f-6;§§~(ﬁm K, M$ 1mie-ESB2@DEN-1)+11.29-1.43

Lnw~ 10'Preparation 8 N'f(IS 4R) 1 cvano 1
ABfiinethylHeso L85 idth PR G En @b ARG G V2 838 TR M)
(_}_Hrﬁvgéq%y (41 S3oH B Isopropanol (0.63m1, 8.2mmol) was added
to a mixture of a 1 molar solution of 15 diethylaluminium cyanide in
toluene (12.3m1) and tetrahydrofuran (5m1), The mixture was stirred at
reqaLwRRsHyIre for 10 min and then cooled to -78C. A solution of the
com d of f’rearﬂn 7(1.99, 8.2 _nglgm _" %%‘@s&%ﬁ@&ﬁde

stirred a

isopropanol {0.63mi, 8.2mmol) was added to a mixture of a 1 molar solution of
diethylaiuminium cyanidé in toluene (i2.3ml) and tetrahydrofuran (5mi). The
mixture was stirred at room temperature for 10 min and then cooled to —78°C. A
solution of the compound of Preparation 7 (1.9g, 8.2mmol) in tetrahydrofuran
(20mi) was added dropwise over 2 minutes. The reaction was then stirred at —
78°C for 5 minutes and at room temperature for 90 minutes. The reaction mixiure
was then cooled to —20°C and poured onto a vigorously stirred mixture of ethyl
acetate (100mil) and water (100mi). The mixture was filtered through Arbocel®
and the ethyl acetate layer was separated and dried (MgSQ4). The solvent was
evaporated under reduced pressure and the residue was purified by column
chromatography on silica gel using an elution gradient of 1:4 ethyl acetate:
pentane then 3.7 ethyl acetate:pentane. This gave the title compound as a white
solid (1.10g).

'HNMR (CDCls, 400MHz) & 0.86-0.93 (6H, m), 1.18-1.26 (10H, m), 1.29-1.44
(3H, m), 1.48-1.57 (2H, m), 1.64 (3H, s), 1.81-1.98 (2H, m}, 8.41 (1H, s).

LRMS (APCI): m/z 259 [M+HT.
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78C for 5 minutes and at room temperature for 90 minutes. The reaction
mixture 20 was then cooled to -20C and poured onto a vigorously stirred
mixture of ethyl acetate (100ml) and water (100ml). The. mixture was
wdilgred thsough Arbocel(r) and the ethyl acetate layer was sepataing@ioks
dried (MgSO4). The solvent was evap®fated under reduced pressure and
the residue was purified by column chromatography on silica gel using an
QWpargtkﬂMt of 1: 4 ethyl acetate: 25 pentane then 3:7 ethyl

Sl EAReHBA AR GYHHIR-siE(1.1 OQ).
; -0.93(6H, m), 1.13-1.26 (10H, m),

1.29-1.44 (3H, m)148 Hm)164(3H s), 1.81-1.98 (2H, m),
3.41 (1H, s). LRMS (APC 7 259 +¢—HG 30 WO 2006/114707 58
PCT/IB2006/001086 Prepaxatioft.

5S)-3-Methyl-3-f(2S)-2- methylbut p enyI pholln -2-one CH
11~~\CH3 O O CH3 The title comp S prépared from

(5S)-3-methyl-5-phenyl-5,6- dlhydro -2H- 5 1,4-oxazin-2-one (

smemmmceewwam\@ms@ga@%ﬁr@@$§§l16t!89§h¥héfﬁ%nu){bﬁé dihydro-2H-
acqopiing o haprergdueamiingd RErepation/bsibelptalnamed)t blodo-2-

compound syntheS|sed was 0.5869. 'HNMR (CDCI3, 4Q0MHz) 8.

omshylbstanesree dndh i96te, ;:gpﬁeqL@ QUIH rﬁﬁi i@mrep%a éngH) The total

]a%ﬂ?ﬁ Jr Ebmbéank &9rimedidd) Wa8861588¢m, 1 H), 4.22-4.42 10 (m,

s (Aol A Sy ST AR o

3}, H3gE33H), 1.60 (bs, 1H), 1.73- 1 78 (m, 1H), 1.88-1.93 (m, TH), 4.22 4,42

(m, 3H), 7.28-7.42 (m, 5H).
LRMS (ESI): m/z [M+H"].

Preparation 10
4-Fthyi-2-(2-hydroxy-1-phenyl- ethviamlno} 2.methyl-hexanoic acid

i

To a solution of (58)-3-methy[-5-phenyi-5,6-dihydro-2H—[1 Aloxazin-2-one (5 g,

’O

far

6.4 mmol, see WO-A-02/051983) in anhydrous 2-methyltetrahydrofuran (50 mi)

was added boron trifluoride tetrahydrofuran complex (5.8 ml, 52.8 mmol} with

stirring under nitrogen at —78°C. The resultant solution was then stirred at -78 °C

for 1 hour. (2-Ethylbutyl)magnesium bromide as a solution in tetrahydrofuran

(170 mi, 0.16 M, 27.7 mmol) was then added maintaining the temperature below

~60 °C during the addition. The resuitant solution was stirred at —78 °C fora

further 2 hours. Acetic acid (0.6 mi 10.6 mmol) was then added and the soiution

warmed to 22 °C. Saturated aqueous ammonium chlotide (50 ml) was then
added followed by water (100 ml). The phases were separated and the organic
phase retained. The resultant solution was then distilled to dryness under

vacuum, Toluene (75 ml) was then added and the organic solution was washed



/ 'JOHC 15 olution of
(5S)-3-methyl-5-phenyl-5,6-dihydro-2H-[1,4]oxazin-2-one (59, oas T
26.4 mmol, see WO-A-02/051983) in anhydrous 2-methyltetrahydrofuran

w26808M) 4ysas added boron trifluoride tetrahydrofuran compleec(&iB2nak/8298s

10

mmol) with stirring under nitrogen at 8. The resultant solution was

then stirred at -78 C 20 for 1 hour. (2-Ethylbutyl)magnesjum bromi S
smitatimfmr@amaomﬁmaﬁw(fmﬁﬂltﬁ%%ﬁ??*f?’?“ﬁﬁ%%’i%é&%ﬁ%%Zgi%ﬁ and
MRANKALNRY His 1oMBe atdr e i PKaskirag itedadditiooud hgdrochloric acid
resultant solution was stirred at -78 C, for a_further.2 ho IC. AC]
(6180TAG & MW Bt I e LB R e fifhed to a0
SeWRlesingugevS amme Tt phiasdeviso sdparatathen@thadisteous phase

followed by water (100, mi). T t -
SRR TS PRNIRAN S o R e 21 e SHPRIA i
vaguuhicTgilene 7 5irblpwakl hapeadtiee et tRBt sy anievasiatisRdwse2 °C for
uASHed MO 20PRIALHINNAR BETARANN B0 KRB HemcPEa®vas

n saturated aqueous sodium chloride solution (25 ml) and the phases,
sepataidtvithdvibte 2Rt pnasériestahea "R RISSTORY UGN SAEUIyTO give the
(100 ml, 1.5 M), was then.added (AR INRARYE, B ld): mp 149
WHR e o P h%%%ha‘émﬂ’%‘%ﬁ’ i
1€ Al S BRSPS A CoS G h RS (oo, B &1
t ) ) ey giyer aipty GO HHP N AFHAST(IES): m/z 263
r§§€a¥§|ﬁ‘@ vﬁ%ﬁﬁ% ﬁ%%@éﬂ{gy% minuﬁgandpth(\f solid was then
isifited by filtration. The filter cake was washed with water (25 ml) and
dried at 60 C overnight under vacuum to give the title compound (4.1 g
crude ..eight, 95% purity, 14.0 mmol, 53% yield): mp 149 10 C; 1H-NMR
(CD30D, 300 MHz), 5: 0.83 (3H, t), 0.90 (3H, t) 1.06 (3H, s), 1.31- 1.54
(5H, m) 1.73 (2H, d), 4.40 (1 H, t), 7.46-7.50 (5 H, m); LRMS (ES): m/z
293 (M]+. -60- Claims



1. A compound of formula (I): OH R8 (Il) O .,R7 NH2 or a
pharmaceutically acceptable salt or solvate thereof, wherein R7 is: (a)
branched C6-C1lo alkyl, other than 4-methylpent-1-yl and 1-
methylpent-1-yl; or (b) C,-Ca alkyl substituted by one C3-C8 cycloalkyl
group, other than cyclohexylmethyl; and R8 is methyl, optionally
substituted with one or more fluoro groups. 2. A compound of formula (11)

Claiffk @ pharmaceutically acceptable 3 or solvate thereof, according to

—claim 1, wherein R8 is methyl. 3. A compound of formula (11) or a
pharmaceutically acceptable salt or solvate thereof, according to claim 1
or claim 2, wherein R7 is (a) branched Cs-C7 alkyl, other than

1. 4-melbylpenhd-o ﬂg}%gﬂﬂﬁ;hylpent-l-yi; or (b) C1-C2 alkyl substituted by
one C3-C8 cycloalkyl grou g}her than cyclohexylmethyi. 4. A compound

of formula (11) or a pharmageutj@%lly acceptable salt or solvate thereof,

according to claim 1 or clat herein R7{l5 2-ethyl-but-1-yI,
3,3-dimethylbut-1-yl, 3-ethylpe f—'l’R/T, 3-methylpent-1-yl, 2-methylbut-1-yi,
4- methylpent-1-y1, cyciopentyhd€thyl, cyclobutyimethyl, or

{}r7 E-i %%ﬁ%@e %{é%ﬁy #oc#[gg?ﬁ@?c_%%w 8}1 ggksg!ceecttﬁgrggy wherein

R '5(2S)-2-amino-3-cyclopentyl-2-methylpropanoic acid;

(@) (29)-p@nmies-cthyl2smeilylheptimoic tad, 4-methylpent-1-yl and  1-
(2S)-2reminipneyiclabytyl-2-methylpropanoic acid; and

{b) C+-Cs alkyl substifuted by one C3-Cq cycloalkyl group, other than

cyclohexyimethyi:
and

R% is methyl, optionally substituted with one or more fiuero groups.

2. A compound of formuta (1) or a ph'armaceuticany acceptable salt or
solvate thereof, according to claim 1, wherein R% is methy!.

3. A compound of formula (Il) or a pharmaceutically acceptabie salt or
solvate thereof, according to claim 1 or claim 2, wherein B is
{a) branched Cs-C-» alkyl, other than 4-methyipent-1i-yl and 1-
methyipeni-1-yi; or
(b}  GCs-Ce alkyl substituted by one Cu-Cs cycioalkyl group, other than
cyciohexyimethyi.

4, A compound of formula (Il) or a pharmaceutically acceptable salt or
solvaie thereof, according to claim 1 or claim 2, wherein B ig 2-ethyi-bu‘£*1—y§,
3,3-dimethylbut-1-y(, 3-ethylpent-1-yi, 3-methylpent-1-yl, 2-metnylbut-1-yi, 4-

| methylpent-1-yl, cyclopentylmethy!, cyclobutyimethyi, or 2-cyclopropyleth-1-yl.

5. A compound seiected from:
2,5,5-trimethyl-L-noreucine;



(2S,5R)-2-amino-2,5-dimethylheptanoic acid; or a pharmaceutically
acceptable salt or solvate thereof. 6. A compound selected from:
(2S)-2-amino-4-ethyl-2-methyl'Fhexanoic acid, or a pharmaceutically
acceptable salt or solvate thereof. 7. A compound according to claim 6
wherein the compound is (2S)-2- amino-4-ethyl-2-methylhexanoic acid. 8.

A campound accordingo claim 6% herein the compound is (2S)-2-
(25) én‘%%ﬁ??k%ﬁ -?r?ﬁﬁglﬁté@gﬁmép&?m@ﬁ@éuIphonic salt. 9. A
(2S); ‘HBW&“Q%MF@T Yhsptanpieasidthe compound is (2S)-2-
(2S}-Gnsifone-SeycibmyhAtortngioraparpitolstesaphonate salt. 10. A
(28 sRppamidaccsdinetoyariptdrwhesein the compound is (2S)-2-
-or a ghEceiTyaetylhasanol acd dydiacionde salt- 11. A

pharmaceutical composition including a compound 'of formula (Il), or a

pharmaceutically acceptable salt or solvate thereof, as defined in any one
6. of RIMIPAAG O s@ieriephdramce{R B alyanieptasitexaipiesthyiRefanoic
acid, conapuimnatfartinaly (Hicentaphe saacsutisriiaassrigble salt or solvate

thereof, as defined in any one of claims 1 to 10, for use as a medicament.
13. A combination including a compound of formula (11) as defined in any
7 oné IUBRALE t8oRPTENG pleadiRite GiveigTatt dpealsiersation S ol ARS - 2-
aminghéredhyishinatinthenphaimacalogically active compound. -62- 14. Use of
a compound of formula (11), or a pharmaceutically acceptable salt or

8 solxa%tame(r)%%f as def(iied i{\ a%y one of claims 1 to 10, inthe
© manufactire BF AT ARA St R e SraiRiSiR dhpafipmpound is (2S)-2-

amino-4-ethyi-2-methylhexanoic acid benzene sulphonic salt.

Q. A compound according to claim 6 wherein the compound is (28)-2-
amino-4-ethyl-2-methylhexancic acid p-toluenesulphonate sait.

10, A compound according to claim 6 wherein the compound is (28)-2-
amino-4-ethyl-2-methylhexanoic acid hydrochloride sat.

11. A pharmacsutical composition including a compound of formuia {ih, or
a pharmaceutically acceptable salt or solvate thereot, as defined in any one of
claims 1 10 10, and a pharmaceutically accepiable excipient.

i2. A compound of formuia (il), or a pharmaceutically acceptable salt or
solvate thereof, as definad in any one of claims 1 to 10, for use as a
medicament.

13. A combination including a compound of formula {1} as defined in any
one of claims 110 10, ora pharmaceutically acceptable salt or solvate thereoi,
and another pharmacologically active compound.



-B2 -
14.  Use of a compound of formula (ll), or a pharmaceutically acceptabie
salt or solvate thereof, as defined in any one of claims 1 to 10, in the

manufacture of a medicament for the treatment of pain,



