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NOVEL SUBSTI TUTED CYCLI C AM NO ACI DS AS

PHARVACEUTI CAL AGENTS 5 BACKGROUND OF THE | NVENTI ON
Compounds of fornula [err] 10 wherein RL is hydrogen or a | ower
al kyl radi calwau3isss is 4, 5, or 6 are known in UnitedPSHHESSRPRt ent

Nunber 4,024,175 and its divisional United States 15 Pat ent Nunber
4,087,544. The uses disclosed are: _?[otective ef fect agai nst cranp
i nduced by t hi osem car bazi de; protective action agai nst cardi azole
ﬁra”EE the ceregral disfﬁéeﬁL S deftirept avbl.i€ SAINo Acrphtﬁsksb I

ypoki nesi a, and cranial traumas; nt in cerebra
functions. The conpounds are Pﬁgﬁ%@%ﬁFIF%ﬂS%gga ric patients. The

pat ents are hereby i ncor porated by reference. 25

SUMVARY OF THE | NVENTI ON The novel substituted cyclic am no
acids, their derivatives rodrugs, _a p i cally acceptabl e
salts are useful in a vari ety Eﬁékﬁgg N%EPE.Qqﬁeﬂgaﬁaﬁﬁ%ﬁsorders i ncl ude:
epi |l epsy, faintness attacks, hypoki nesi a, crani al disorders,

neur odegenerative compbBfides s, fSiRIasSSi on, anxi ety, panic, pain, and

H4N-CH,-C-CH,-COORy
10
(CHZ)n

wherein R, is hydrogen or a lower alkyl radical and n
is 4, 5, or 6 are known in United States Patent
Number 4,024,175 and its divisional United States

i5 Patent Number 4,087,544. The uses disclosed are:
protective effect against cramp induced by
thiosemicarbazide; protective action against cardiazole
cramp; the cerebral diseases, epilepsy, faintness
attacks, hypokinesia, and cranial traumas; and

20 improvement in cerebral functioms. The compounds are
useful in geriatric patients. The patents are hereby
incorporated by reference.

25 SOMMARY OF THE INVENTION

The novel substituted cyclic amino acids, their
derivatives, prodrugs, and pharmaceutically acceptable
salts are useful in a variety of disorders. The

30 disorders include: epilepsy, faintness attacks,
hypokinesia, cranial disorders, neurodegenerative
disorders, depression, anxiety, panic, pain, and
neuropathological disorders.



neur opat hol ogi cal di sorders. WD 97/ 33858

PCT/ US97/ 02295 -2- .
conpounds are those of forrmula [err] 5 10
acceptabl e salt thereof or a prodrug t her eof wh
are each i nd¥PE&HBHM |y sel ected from straight

of from1l to 6 carbon atons, unsubsti t ut ed
or phenyl 15 whi ch substituents are sel ect ed

al koxy, al kyl, hydroxy, carboxy, carboalk&&y,

and nitro, and 1Y cBhpbndd G rdiif el %f”@&r%ﬁf%
hydr ogen. 20 EspeC|aIIy preferred conpounds o
are: (1-am nonet hyl -4-tert-butyl -cycl ohexy
(1-am nonet hyl - 3-net hyl - cycl ohexyl ) - acetyhg acoiu 25
(1-am nomet hyl - 3-met hyl - cycl ohexyl ) - acefic a

The
a pharmaceutically
erein Rl to R10

OPCHUEMO2288 al kyl
or substituted benzyl
from hal ogen,
trifluoronethyl,
of the above, is
f the invention
| )-acetic aci d;

[1R—(1[errg 3lerr])]; (lgramd - 3 nmet hyl - cycl ohexyl ) -acetic
acid [1S—(1[err] 3[err])]; 10 -Js
(1- am nonet hyl - 4- nethyl cyclohexyl) et R2 acid; cis
(1- ami nonet hyl - 4-i sopr opyl - cycl ohexy|Bg Ry
Ry Ry
R6 R5
10 a pharmaceutically acceptable salt thereof or a prodrug

thereof wherein

R; to Rjp are each independently selected from straight

or branched alkyl of from 1 to 6 carbon atoms,

unsubstituted or substituted benzyl or phenyl

15 which substituents are selected from halogen,

alkoxy, alkyl, hydroxy, carboxy, carboalkoxy,

trifluoromethyl, and nitro, and

any Ry to Ry, which is not one of the above, is

hydrogen.
20 Especially preferred compounds of the invention
are:
{1-aminomethyl-4-tert-butyl-cyclohexyl)-acetic
acid;
(1-aminomethyl-3-methyl-cyclohexyl)-acetic acid;
25 (l-aminomethyl-3-methyl-cyclohexyl)-acetic acid

[1R- (1, 3B)];

{1l-aminomethyi-3-methyl-cyclohexyl)-acetic acid

{1s-(1a,3B)1;

cis (l-aminomethyl-4-methyl-cyclohexyl)-acetic

30 acid;

cis (l-aminomethyl-4-isopropyl-cyclohexyl)-acetic

acid;

{l-aminomethyl-2-methyl-cyclohexyl)-acetic acid;
(*)-(1l-aminomethyl-3,3~dimethyl-cyclohexyl)-acetic

35 acid;



aci d; (1-am nonet hyl - 2- et hyl - cycl ohexyl ) -acetic acid;

()-(21-am nonet hyl - 3, 3-di net hyl - cycl ohexyl )-acetic 35 aci d;

97/ 33858 PCT/ US97/ 02295

- 3- 1- am nonet hyl -3, 3,5, 5-t et ranet hyl - cycl ohexyl ) -

acetic acid;'WOyéﬁmﬂ (l-aninonethyl-4-nethy|-cyclohexyl7¥§%§?P§”§cid;

(1- am nonet hyl - 3- net hyl - cycl ohexyl )-acetic acid 5
nonohydr ochl ori de;

nmet hyl ester

- 3-
(acetyl am no- net hyl ) - 3- net hyl - cycl ohexyl ] - acetic acid; and
[ 2- (1- Ami nonet hyl - 3- metdmiewakehexys )3, 5, 5-tetaaabyhai ayed katesdyilg -aci d
nonohydr ochl ori de, 10. Novel internedi ates useful in the

preparation of acetlq \heigs

i'nal products are disclosed as well as _a novel

process for the preparé&tiasinopethel cormpithitls cyclopgxyl) -acetic acid;
DETAI LED DESCRI PTI ON  (1-aminomethylIhem&iyaocuydd ohbxy he-dastiantaciidvent i on

and their pQé{@f%#gH#"gﬁig‘F& Aﬁdseal ts are as defined by

Formula |. 20

I's a straight or_ branched group

of from1l to 6 carbon Bt URSStHARBEPATRSRY o3 -Fefhy gcyclobexyld “net hyl |

ethyl, propyl, n-peepyd.adisgpaagyl, butyl, 2- butyl,
pentyl, hexyl  and n-NEjls-amtnomethyl-3 MAARALRGILR

tert-butyl. 25

enzg a eny %répugs
or substituted byafebrlaminel3asebiei aetdmonghydrpghlo

tert-butyl,

re nethyl and
R

ri

e,

e unsubsti t ut ed
from hal ogen

al kyl', al kawy, hydr oxyNowsr ietgrmediates asydimal Haxyhet prépasitimmt bgl , and
nitro. thElk HOON Gk UdESa bl Ul d sy QW1 €11 CAU U I RKerand 30

i odi ne.

process for the preparation of the compounds.

15 DETAILED DESCRIPTION

The compounds of the instant invention and their

pharmaceutically acceptable salts are as defined by

Formula I.

20 The term "alkyl®" is a straight or branched group

of from 1 to 6 carbon atoms including but not limited

to methyl, ethyl, propyl, n-propyl, isopropyl, butyl,
2-butyl, tert-butyl, pentyl, hexyl, and n-hexyl.

Preferred groups are methyl and tert-butyl.

25 The benzyl and phenyl groups may be unsubstituted

or substituted by from 1 to 3 substituents selected

from halogen, alkyl, alkoxy, hydroxy., carboxy,

carboalkoxy, trifluoromethyl, and nitro.

Halogen includes fluorine, bromine, chlorine, and

30 iodine.

Since amino acids are amphoteric, pharmaco-

logically compatible salts when R is hydrogen can be

salts of appropriate inorganic or organic acids, for

example, hydrochloric, sulphuric, phosphoric, acetic,

35 oxalic, lactic, citric, malic, salicylic, malonic,

maleic, succinic, and ascorbic. Starting from

WO



Since am no aci ds are anphoteric, pharnaco- | ogically conpatible

salts when R is hydrogen can be salts of appropriate inorganic or
organi c acids, for exanpl e, hydrochloric, sul phuric, phosphoric,
acetic, 35 oxalic, lactic, citric, malic, salicylic, malonic,

mal ei ¢, sucW?¥'B3I8E/nd ascorbic. Starting from \ROTARYBRAES

PCT/ US97/ 02295 - 4- correspondi ng
hydr oxi des or carbonates, salts with _,_alkali nmetals or alkaline earit
nmetals, for exanple, sodi um potasgiunl magnesi um or cal cium are
for med. SBk-t8sPbil il S AR W e8P AR AR A RES G

prepared with, f xanpl e,” t he tetranethyl - ammoni_um Ion. The
car boxyl group 8‘?5‘#% ‘g%?{f‘ &5 adkadingeearit metadser £PY cBEHWPIGI0WN neans.
Certain of the sofjpumndsotAsgivgm,pmagensiumy et icwlcium are Ceorned.st in

unsol vated for mgafes\Wel th apuatArtargdatflonium iU cabNgi &G hydr at ed

formns. Ir])_general, th((? A sol vated ftor.nmns, |nclaud|n hydrated forns,
are equi FEFBATSY " HilvoIfoT: E¥PBLRs thil bt aPRERRYAFRQR i
enconpassed wi t hPn.t hEhe cogxbaxy lt geroppes£nthe randmiol adids can be Certain

of the conmpoundgs@tri Ffed 155 Whown"ERALON 15 possess one or nore chiral
centers and each cen ' in the R(D) or S(L) configuration.
|

er. na exi st
The present '%%J‘fﬁ’i%r?q roeugeEPaYRd] (B thSnBEPEERN L RRREPRC f or B
as well as the epprepistatin mnsolveteihformd .as-orell as sobwangi e, the

compound 1@f ExagBiRs]! ifcruding WyGroted!toxrdlk. 1nf Bﬂﬁepﬁ’f,Si &£
st er eoi soners iS one of the isoners. The

ol somer . Tie.EoPaund of xample ©

configuration of°th2 ey APSHELANE RYIRptesd f8FmEe®®F s nay be R or S
in these eguhyslents Whamsocdvebadi forms iaond ear betemiediash be
The conpounds OQnEBﬁpiW@i\tdi%iﬁaihéeséaéﬁé hesiaedprésent idvint@%apl €, by
Gititns G o al ot Wiy compliSETE b pobetoercick
Al t er nat ilPel y, Ppdgyess one gmypogieschbraheckntersshodnedch Soiteremaybel ow)
anal ogously to &hespubhighek @)0eeddtt) fndfird@ion. SYHY B%sentf
3'0X0'2’8'd'aza?ﬁ%égéfbéﬂfk%%%y%ésill enantiomeric and epimeric forms

as well as the appropriate mixtures thereof. For

example, the compound of Example 1 is a mixture of all
20 four possible stereoisomers. The compound of Example 6

is one of the isomers. The configuration of the

cyclohexane ring carbon centers may be R or S in these

compounds where a configuration can be defined.

The compounds of the invention may be synthesized,

25 for example, by utilizing the general strategy

(Scheme 1 below) outlined by Griffiths G., et al.,

Helv., Chim, Acta, 74:309 (1991). Alternatively, they

may also be made as shown (in Scheme 2 below),

analogously to the published procedure for the
30 synthesis of 3-oxo-2,8-diazaspirol4,5)decane-8-

carboxylic acid tert-butyl ester (1) (Smith P.W.,

et al., J, Med, Chem., 3B:3772 (1995)). The compounds

may also be synthesized by the methods outlined by

Satzinger G., et al., (US 4,024,175 and US 4,152,326)
35 {Schemes 3 and 4 below). The compounds may also be

synthesized by the route outlined by Griffiths G.,



carboxylic acid tert-butyl ester (1) (Smth P.W, et al., J. Med.

Chem , 38:3772 (1995)). The conpounds may al so be synthesized by the
met hods outl i ned by Sat zinger G, et al., (US 4,024,175 and US
4,152, 326) 35 (Schemes 3 and 4 below). The conpounds may al so be

synt hesi zed bWO%@38$ute outlined by Giffiths G, YiPr8853
PCT/ US97/ 02295 - 5- et al., Helv,
Chim Acta, 74:309 (1991) as in Schene 5 _._ bel ow WO 97/ 33858
PCT/ US97/ 02295 Shenme 1 [err]

et al., Helv, Chim. Acta, 74:309 (1991) as in Scheme 5
below. .



(1) Et hyl cyanoacetate, piperidine (Cope, et al., J. Am Chem

Soc., 63:3452 (1941)) (ii) NaCN, EtOH H20, (iii) EtOH, HO,
(iv) H2OHerr], (v) H2, Rh/C, MeCH, (vi) HdA WO
97/ 33858 PCT/ US97/ 02295
-7~ WO 97/33858 Schene 2 [err] PCTAUSST02295
_6..
Scheme 1
NC CO,Et CN
2 NC
(i) (i)
—_— —_—
1-10 R1-10 1-10
HN OEt
COzEt
NC NC
(iii) (iv)
— : —
1-10
o
HN HCL+H,N CO,H
(v) (vi)
— —
Ri-10 1-10

{i) Bthyl cyanoacetate, piperidine (Cope, et al.,
J. Am. Chem. Soc., 63:3452 (1941))

(ii) NaCN, EtOH/H,0,

(iii) EBEtOH, HCl,

(iv) By0o/E',

(v) H,, Rh/C, MeOH,

(vi) BHCl



(1) Ph3P = CHCO2Me, (ri) MeN2, 1,1, 3, 3-tetranet hyl guani di ne,

(i11) Raney nickel, EtOH H20 (iv) HA [err] WO 97/ 33858
PCT/ US97/ 02295 - 8- Schene
3 [err] :
WO 97/33858 PCTIUS97/02295
_7_
Scheme 2
COgMe CO,Me
e}
(i) ey
—_—
1-10 o Ri-10 Ri-10
HN HC1.H,N CO,H
(1ii) (iv)
—_— —
1-10 Ri-10

(1) Ph4yP = CHCOjMe,

(ii) MeNO,, 1,1,3,3-tetramethylguanidine,
{iii) Raney nickel, EtOH/H,O,

(iv) BHCl

CO,tBu
(1)



(1) Et hyl cyanoacet at e, anmoni a t hen H3d err]; (11) H2SO4; (i
Ac20, (iv) MeOH (v) Curtius Reaction; (vi) HO, H2O t
ani on exchange WO 97/ 33858
PCT/ US97/ 02295
WO 97/33858 PCT/US97/02295
-8_
Scheme 3
H
]
0 N o)
HO,C CO,H
o 27 2
(i) NC CN (ii)
—_— —
Rq-10 Ry-10 Ri-10
l(iii}
o o o
(v) (iv)
i:;  — D
1-10 Ri-10 1-10
\\<:i)
HO,¢ NH,
Ry-10

(1)

(ii) HyS0,;

(1ii) Ac,0;

{iv) MeOH;

(v) Curtius Reaction;

(vi) HCl, H,O, then anion exchange

Bthylcyanocacetate, ammonia then H30+;

I
he

)



-O- Schenme 4 [err] N ' o
(i) Et hyl cyanoacetate, ammonia then H3(Jerr]; (i) H2SO4, (i)
Ac20 (iv) H2NOH, (v) PhSQ2d ;
WO 97/33858 PCT/US97/02295
_9_
Scheme 4
H
!
0. N o
o HO,C CO,H
(i) NC CN  (ii)
l(iii)
0S0,C_H OH
2¥g5 1

(1)
(i1)
{iii)
(iv)
(v)
(vi)
(vii)

|
O N O ¢} N 0
{v) (iv)
— P
R1—1ow"i> 1-10 Ri-10
MeO,C  NHCOpMe  HO, NH,
(vii)
—_—
1-10 Ry-10

Ethylcyanocacetate, ammonia then H3O+;
H2804;

Ac20;

HHNOH;

PhSO,C1;

Et3N, MeOH;

HCl, H,0, then anion exchange



(vi) Et3N, MeOH; (vii) HA, H2O, then anion exchange WO

97/ 33858 PCT/ US97/ 02295
-10- Schenme 5 [err]
WO 97/33858 PCT/US97/02295
- 10 -
Scheme 5
NC CO, Bt CN
0
[ NC
(i) (ii)
—_— —_—
1-10 1-10 Ri-10
HN OBn
COan
NC NC
(iii) (iv)
—_— —_—
1-10 Ry-10
HoN co,H
(v)
—_—
Ri-10

(i) Bthyl cyanoacetate, piperidine (Cope, et al.,
J. Am. Chem. Soc,, 63:3452 (1941));

(ii) NaCN, EtOH/H,O;

{iii) BnOH, HC1l;

(iv) HyO/H';

(v) H,, Rh/C, MeOH



(1) Et hyl cyanoacetate, piperidine (Cope, et al., J. Am Chem

Soc., 63:3452 (1941)); (ii) NaCN, EtOH HG (iii) BnOH, HA; (iv)
H2O H err]; (v) H2, Rh/C, MeCH WD 97/ 33858

PCT/ US97/ 02295 -11- Exanpl es of prodrugs
are: [err] WOD97/338s8 These can be synthesized, for ecREWESBI22985 t he
routes outlined in Schenmes 6 through 8 bel ow. WO 97/ 33858

PCT/ US97/ 02295 -12- 4,

Examples of prodrugs are:

HCl+HpN  COoMe MeCOHN  COpH HCL.HpN  CONHCHpCO,H

' : and

These can be synthesized, for example, wvia the
routes outlined in Schemes & through B below.



Schene 6 [err] (1) MeOH, HA reflux

97/ 33858 PCT/ US97/ 02295
- 13- Scheme 7 J[err] (1)
MeCOCl, NaOH, H20
WO 97/33858 PCT/US97/02295
..12..
Scheme 6
HCleH, N CO.H HCleB,N COoMe
(1)

(i) MeOH, HCl reflux



WO 97/ 33858 PCT/ US97/ 02295

- 14- Schene 8 [err] (i)
BnOCOCl , H2O, 1, 4-di oxan, NaOH, (1) a) Dicycl ohexyl carbodii m de,
pentafluoroph&gg%B et hyl acetate, b) dycine benzyl ester,
triethyl am ne; 38{’1 i) Pd(OH)2/C, HO, EtOH, H2 PCT/USATP2L93 33858
PCT/ US97/ 02295 -15-

-13-

Scheme 7
HC1+H, N COLH MeCOHN CO,H
(1)

(1) MeCOCL, NaOH, H,0



The radi ol i gand bi ndi ng assay using [ 3H] gabapentin and the

[err]2[err] subunit derived fromporcine brain tissue was used (" The
Novel Anti-convul sant Drug, Gabapentin, Binds to the [err]2[err]
Subunit of a Cal cium Channel", Gee N., 5 et al., J. Biological

Cheni stry, WOSHBSSs) . TABLE BCT/US90228%, 130 und
Structure I C50 ([err]M [err] 10
(1-am nonet hyl -4-tert- butyl-cyclgfgxyl)-acetic 200
acid [err] 15

(1- am nonet hyl - 3- net hyl - cycl obegxyhe -gacetic acid

0.13 20 ) [err]

(1-am nonet hyl - 3- et hyl - cycl ohexyl)-acetic acid

13 [1R—(1[err],3[em¢j;dzn 25co4H BnOCOHN OoH [err]

10 35 acetic acid

(1- am nonet hyl - 3-net hyl - cycl ohexyl) -pcetif acid
.030 30 [1S-(1[err{, 3[2rr])] s ii)
[err] cis (1l-am thyl—4iil—b I-cyt%Uhﬂkyl)-

BnOCOHN CONHCH, CO4Bn HCl.HoN CONHCH,CO,H

{iii) if

(i) BnOCOCl, H,O, 1,4-dioxan, NaOH;
(ii)y a} Dicyclohexylcarbodiimide,
pentafluorophenol, ethyl acetate,
b) Glycine benzyl ester, triethylamine;
(iii) PJ(OH),/C, HCl, EtOH, Hy



WO 97/ 33858 PCT/ US97/ 02295

- 16- TABLE 1. (con't) Conpound

Structure | C50 ([err]M

[err] cis (1-am nonethyl-4- 5 I sopropyl -cycl ohexyl ) -

acetic aci d wo97/338s8 [err] rc%@ésmozzss

(1- am nonet hyl - 2- net hyl - cycl ohexyl)-acetic acid

7 [gkr] 15 ()-(1-am nonet hyl -

3, 3-di met hyl - 0.5 cycl ohexyl)-acetic

?i'd _ Chvl Th%;raﬁgoli?and bi?$fng ads@k hs2fg [3H]gabapentin10
-am nonet hyl - yo-tetrane - . . .

CyCIohexyl)-acetPEdaE?%ldékisu unlg gérlvég from porcine brain tissue [err]

(1- ami nonet hyl - Awaethyéd ("The Nowgil dhekydonvademnt Bryg, Gabapentin,
0.33 30 Binds to the 028 subunit of a Calcium Channel", Gee N.,

5 et al., J. Biological Chemistry, in press).

TABLE 1
Compound Structure ICeqy (M)
NH, CO,H
10 {1-aminomethyl-4-tert-
butyl-cyclohexyl)-acetic 200
acid
NH, CO,H
15
{l1-aminomethyl-3-methyl-
cyclohexyl)-acetic acid 0.13
NH, CO,H
20 ]’
{l1-aminomethyl-3-methyl- <
cyclohexyl)-acetic acid 13
[1R-(1la,3B)] "
',”
25
Th COLH
(1-aminomethyl-3-methyl- “on,
cyclohexyl)-acetic acid 030
f1s- (1,381 ) :
30 “uy
NH, CO,H

MJ
cis (l-aminomethyl-4-
methyl-cyclohexyl)- 10
35 acetic acid




WO 97/ 33858 PCT/ US97/ 02295

-17- Tabl e 1 above shows the binding affinity of the

conmpounds of the invention to the [err]2[err] subunit. Gabapentin
(Neurontin[err]) is about 0.10 to 0.12 )[err]Min this assay. The
conpounds ofwWe@P#33BIsst ant i nvention are 5 expect ed, thermfrwsyores exhi bit
phar macol ogi c properties conparable to gabapentin. For exanple, as
agents for convul sions, anxiety, and pain. The conpounds of the
invention are related to Neur ont i ﬁ[lér'r], a marketed drug effective in

the treatnent 10 of epil epsy. ﬁﬂrr_‘pgti Q! ery is 1-(am nonet hyl) -
cycl ohexaneacet + e - 1 The

conmpounds of th ture; o o ICsg AMM) t he

treatment of epilepsy. See Table 1 above, or.J £50 data as conpared
to Neurontinf[err]- The present inven on'% &so relates to

t herapeutic cisuga-ahitdmetdyipdunds of the et ¢ as agents for

neur odegerer at i ViSopiropy tegyclatexyl) - Such net othegener ati ve di sorders
are, for exanpl @cetic acpfzheimer's di sease, Hu gt on' s di sease,

Par ki nson' s di sease, and Anyotrophic Laterd Sclerosi s10

The present invention also covers treating Reur odegenerati ve

di sorders termed acute brain injury. 30 These include but are not

0 1s;Aam: 1-2-met Y i i
2t(r:grkgbr§1r\(;i2m§y%§$§g§$ S etic azg%\/A) and in acute tJﬁronboenboI ic

HO,C 5 *HCL
15 {f)-(l-aminomethyl-
3,3-dimethyl- 0.5
cyclohexyl)-acetic acid )

limted to: stroke, head trauma, and as xi grat St roke
refers to a cerebral vascul ar di sease and al so be referred to as

HOLC Hy+HCL
20
(l-aminomethyl-
3,3’5] S‘tetramethYl‘ 10
cyclohexyl)-acetic acid
25

(1-aminomethyl-4-methyl-
cyclohexyl)-acetic acid 0.33
30




35 i ncl udes both focal and global ischema. Also i ncl uded are

transi ent cerebral ischemc attacks and WD 97/ 33858

PCT/ US97/ 02295 - 18- ot her cerebral
vascul ar probl ens acconpani ed by cerebral ischemia. A patient

under goi ng cawoton/aIsss endarterectony specifically or ot hBFTUSITA2295
cerebrovascul ar or vascul ar surgical procedures in general, or

di agnostic 5 vascul ar procedures inclug%ﬁg cerebral angi ography and

the like. O her incidents are hHead trauma, spinal cord

trauma, or injury from,geae]alpdoXibwdXR8Xbinding affl¥Begl Y€ CtRa,
hypotension as well as simlar injuries 10 ﬁeenzgurgﬂ%.?rocedures from
enbol e, hyper f usi¥FPoRRgs ©f th%y{ﬂ%ﬁ%£1°n to the C0rFRPURdtant i nventi on
woul d be useful iGabmpeamge (Neuromfir@icilgenboutf@drl®xam§l-d2 WMrimg cardi ac
bypass SUr g&fis alsBalyNCi HROt Sorffoundls’ 8¢T B8Rk 3l nIQHR HBIERLiIbM e
perinatal asphyxia, in cardjac grrest angﬁﬁtglﬁﬁé 168 il epticus.

A skilled physiciSHPaated hEreheEety F&t SFRLRAT plarmaco o§8‘ﬁropriate
situation i n whi ghrapehjtdesscanpasalsiceptd lghbapentin{ o Roxr gkampi, ofs f or

exanpl e, stroke agdRld 8% EOnvuirsitdLr Raibegm sid e d.or adm nistration
by net hods of the present | i C nEounds of the

énvg%tlon“ . lﬁg 9

invention are al so exp&&t Egupounds qf, the JOXLRFIPH iR T 85FReR? of

depr essi on. NewBemtds®i oa warkdfeed Wgugeedfecbiverijatbe grsatment 25
secondary §@ Stresf 33Qpisgl edndhidhiigies 93ah -l MMSnoithy1y- i diopathic in
origin. There is a strong tendep currence of some

f 1]ial
forms of depressiGffioh ne@ﬁﬁbﬁé?#?é?e?ﬁnﬁ?ﬁ&ﬁ?§£%ilééﬁﬁ§ % or at |east some

forns of depression. The diagnosis of depression is nmade 30
primarily by quantification of alteratiggns idy gatients’ nmood. These
eval uations of nood are generally 2perféfrmed by a physician or
gquantified by a neur opsychol ogi us¥ng validated rating scal es,
such 15as the Hanilton Depression %09 Scale or the Brief

The compounds of the invention are also expected

20 to be useful in the treatment of epilepsy. See Table 1
above for ICgp data as compared to Neurontin®.

The present invention also relates to therapeutic
use of the compounds of the mimetic as agents for
neurodegenerative disorders.

25 Such neurodegenerative disorders are, for example,
Alzheimer's disease, Huntington's disease, Parkinson's
disease, and Amyotrophic Lateral Sclerosis.

The present invention alsc covers treating
neurodegenerative disorders termed acute brain injury.

30 These include but are not limited to: stroke, head
trauma, and asphyxia.

Stroke refers to a cerebral vascular disease and
may also be referred to as a cerebral wvascular incident
{CVA) and includes acute thromboembolic stroke. Stroke

35 includes both focal and global ischemia. Also,
included are transient cerebral ischemic attacks and



35 Psychiatric Rating Scale. Nunerous other scal es have been

devel oped to quantify and neasure the degree of WO 97/ 33858

PCT/ US97/ 02295 -19 - nood
alterations in patients with depression, such as insomia, difficulty
wi th concen™®¥133%#8 | ack of ener gy, feelings of wortRETAS8ME29, and
guilt. The standards for diagnosis of depression as well as all 5
psychi atric di agnoses are collected in thg_ Diagnostic and
Statistical Manual of Mental Disorders (Fourth Edition) referred to

as the DSM | V- Ryt ale falal SBEEcular prdiv ehide afBBhpsd e BHchi atric

Associ ation, 1994. . . GABA is an . inhibitory neurofransmtter with
the 10 cent PRI RN AFSPEPERem A RATHRDT Pﬂ&eggﬂﬁ%w%’iﬁ%’xt of
inhibition, it eedamtdrdagionyt hpecFBRaklinmelri othargherebrovascgdarease or

i nhibit cerebrabaddiGly QUxrgidaill fhlcedures 1hhgeREPLE, WP WMsflypekeen and
decr ease ﬁDOd | eadi
t

to depressj.on. 1 . The ‘conpoynds of
the instant i nv‘é?ﬁ‘?"gﬁarr’rﬁ°ﬁfgaﬁﬁﬁ Pngludingn cgﬁprﬁhvﬂ%’aﬁﬁm@?‘fygngt hr ough
the increase ofthewike. created GABA at the synaptic junction. If

gabapentin dansdrndaedabnes ease HedB AthauRhs Spiddre Lfrlsecti veness

of GABA at the §¥na tICdJ ungtlon then it qould be g’(?) .classified as a
GABA- ni meti ¢ an t FeldPdREE Gyom general pppxia. Bypaxda .t nction and

m ght, thereforkypedingemia, hypohensiop asd weddr saseimblar |iadadirngst o

depr essi q@. seen _durin-EhﬁrBé_E&uié'@tf_l%nG@%o&QQnhﬁ%}ef’fus@%ﬁ\' ahgetic mght
work just the OI%POS'te way by increasing nood and thus, 25 be an

ant i depr essant, Bo% 1 3rew concept, different from the prevailing

opi ni on of GABA act iBHe \inisséaptoinyention would be ghefwbripo@ndsng® t he

instant invention SHARNER, for ex&PRS! Ghridghearseidibjpadshe treat nent of

anxiety and o, 0f, PAN G 33,d800NSE "3RS A nTE R Rerdrriad2dasd 30

phar macol ogi cal pr%cla’dures. ger

15 perinatal asphyxia, in cardiac arrest, and status

epilepticus.

A skilled physician will be able to determine the
appropriate situation in which subjects are susceptible
to or at risk of, for example, stroke as well as
20 suffering from stroke for administration by methods of

the present invention.

The compounds of the invention are also expected
to be useful in the treatment of depression.
Depression can be the result of organic disease,

25 secondary to stress associated with personal loss, or
idiopathic in origin. There is a strong tendency for
familial occurrence of some forms of depression
suggesting a mechanistic cause for at least some forms
of depression. The diagnosis of depression is made

30 primarily by quantification of alterations in patients'
nood. These evaluations of mood are generally
performed by a physician or guantified by a
neuropsychologist using validated rating scales, such
as the Hamilton Depression Rating Scale or the Brief

a5 Psychiatric Rating Scale. Numerous other scales have
been developed to quantify and measure the degree of
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- 20- MATERI AL AND METHODS

Carrageeni n- 1 nduced Hyperal gesi a Noci ceptive pressure

t hreshol ds were nmeasured in 5 the rat paw pressure test using an

anal gesynet erwo 9733858 (Randal | -Selitto method: Randall L.QO RERUSSTN2285
Sellitto J.J., A nethod for neasurenent of anal gesic activity on

i nflamed tissue. Arch. Int. Pharmacodyn., 4:409-419 (1957)). Male
Sprague Dawl ey rats (70-90 g) 10 wer e &P4i ned on this appar atus before
the test day. g @%m | w of each
rat and noci ceptlve t%géﬁégg%n\%rneiﬁg?g#ﬁ%n g’ﬁtegswﬁ ik R

c?éressure (9)
required to elicilpspaniai teffhmltyavwith °°n‘t‘?ﬁ‘iﬂaft ig8i ntagk 250 g was used

to prevent any tieagigylSfeelimifinogewbothbesqmees, @indt beilest Ty, two to
three bas%%hgg Egésfégﬂgyl o@ggeo% éggfyh a@nbgfisaﬁwafi
err of 2% ca

adm ni stered 100 rageeni n I ntrapl ant ar I nj ection
into the right hPFICPARET NS AIOSFE are collefitechdPudhfePtrea&iagain 3
hours after carr agaestatfﬂucal tManfalabfi méntdlatDiaerAelrs (Bowrtexhi biting

h | I a. d t ' L -:300 ,
DL s B LA T o £ LRl 0 T
carageenin and n |gg %"%"rﬁf’é@?@l"&éaﬁéF% Associatdegni f@%tat 4, 4.5, and 5

hours post carrageeni nGAﬁE is an inhabiearParevisotiratisaidtépd witiSaiheur es
Toni ¢ sei 24 €s ' %e%%?%agxgrécﬂ@%%t@ﬁ Suﬁf&ﬁi‘e&}é t?enera.]. m&égfat ion of

sem car bazi de (750 | at ency toni ¢ extension of
forepaws is noted?bd itm“ArF;F rﬁe(?é'sn&t‘kt’:b?lv?ﬁ%"r rﬁ'}% PARFEECH JREhtaf t or
sem car bazi de ar decorssdesedirgridtiec restebnall gfwertimn and migietki num | at ency

score of 120 m n'ith%§efore slow f%ﬁl'c@&l)ﬁ ééd decrea(slju%{oﬁgg% %Ldét er rats

(200- 250 g) are obtai ned fromliInterfauna ) and mal e
TO mi ce depression.

15 The compounds of the instant invention may produce
an anticonvulsant effect through the increase of newly
created GABA at the synaptic junction. If gabapentin
does indeed increase GABA levels or the effectiveness
of GABA at the synaptic junction, then it could be

20 classified as a GABA-mimetic and might decrease or
inhibit cerebral function and might, therefore, slow
function and decrease mood leading to depression.

The fact that a GABA agonist or GABA-mimetic might
work just the opposite way by increasing mood and thus,

25 be an antidepressant, is a new concept, different from
the prevailing opinion of GABA activity heretofore.

The compounds of the instant invention are also
expected to be useful in the treatment of anxiety and
of panic as demonstrated by means of standard

30 pharmacological procedures.
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-21- (20-25 g) are obtained fromBantin and Ki ngman (Hul |,

UK). Both rodent species are housed in groups of six. Ten Conmon
Marnmosets (Cal lithrix Jacchus) wei ghing bet ween 280 and 360 g, bred
at Manchestwootmissersity 5 Medi cal School (Manchester, PORPS®HOB9Moused i n
pairs. Al'l animals are housed under a 12-hour light/dark cycle
(l'ights on at 07.00 hour) and with food and water ad |ibitum 10
Drug Adm nistration Drugs ar® adm ni stered either

i ntraperitoneally (1P o/& §B$§H£%@9L@é@ﬁd;§@ 40 m nutes before the
t est in a volume of 1 nL Q rats and marnosets and 10

m./ kg for mce. 15 l\/buse L| ght/Dark Box The apparatus is
an open-topped daagéendnr| eei@wi de, and 27 cm hi gh, divided

nto a small (25 “‘808@99 @sfsg&e(%sﬁef@s st BRablband hat

ext ended 20 cma Expl orati on

et
of mice ih a bI"d'tFK TR%dPRKi P Ee%%‘kre \kﬂﬁtdéhsllﬁﬁ a8 %Palgesyme?'rﬁae of anxiety.
Phar macol . Bi ocf{ramdaB@haglitto methd®l: 7RAnd831 (1939)dnd There is
ar.5Xx7.5 Cm#%?ﬁﬂ.'t%g bNgt hea GRathisa Q'forzﬁeasur&ﬁ@n@%ft 'ahh@%e@icf | oor

| evel. The sma artment_is painted bl ack and the_| arge

compart ment whi& 1"1‘[’1@ on inflypsd FI&HMFart “a 60-W

t ungst en 4 m1d941%h¢1BBDY) at aMald sSprabusi Dawbsy patsed 70 §htg)

Each mousg is tesfe l%xnglsas Ngnid #baiﬁa&ugeﬂa%r@ftﬁéwceéq day.White area
X

and allowng it to e oret e_noyve

t Th
time spent in t%ssure wag| gERRvRt By aﬁp&éefistﬁeﬁéﬁqb’d‘r% L Mi 8?I r&!‘J :ts al . ©

Effects of anximitytdnd aodiesrtigentireihejdsomere detexmipiedr atsotyre acti vi ty

'(2939)5') npl e modele Ofy @M%t ¥ehgRisden to B1GRit PRVIPPHRIFRGA!.. . a28: 901-905

cutoff point of 250 g was used to prevent any tissue
15 damage to the paw. On the test day, two to three
baseline measurements were taken before animals were
administered 100 nL of 2% carrageenin by intraplantar
injection into the right hind paw. ~Nociceptive
thresholds were taken again 3 hours after carrageenin
20 to establish that animals were exhibiting hyperalgesia.
Animals were dosed with either gabapentin (3-300 mg,
s.c.), morphine (3 mg/kg, s.c.) or saline at 3.5 hours
after carageenin and nociceptive thresholds were
examined at 4, 4.5, and 5 hours postcarrageenin.

25
Tonic seizures in mice are induced by subcutaneous
administration of semicarbazide (750 mg/kg). The
latency to the tonic extension of forepaws is noted.

30 Any mice not convulsing within 2 hours after
semicarbazide are considered protected and given a
maximum latency score of 120 minutes.

Animals
35 Male Hooded Lister rats {200-250 g) are obtained

from Interfauna (Huntingdon, UK} and male TO mice
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-22- Rat El evated X- Maze A standard el evated X-maze
(Handley S.L., et al., Ef fects of al pha-adrenoceptor agonists and
ant agoni sts in a maze-exploration nodel of 'fear'-notivated 5
behavi or. NaorsgmsSehi edeberg' s Arch. Pharnacol ., 3DGIYSRNIH34).) |
was aut omated as previously descri bed (Field, et al., Automation of
the rat el evated X-nmaze test of anyjety. Br. J. Pharnmacol.,

102( Suppl ) : 304P (1991)). The animal's are placed on the center of the

10 X-maze fa '&ans%én%et BFt SR80 T BaEEindﬁcﬁrﬂﬂd@kn&ﬂ (Hull,

anxiolytic effec tries andtlmesenil é 0Qsalf
sections of the Bhen Aok redfpbstRefafuPTRghoused 19 |GFBPE; Rl &M% est
period (Costall, ret cdmmonUNermbsétw (Calllthehﬁvmfe@n{ﬁ)us’e#ﬁbénﬂo assess

anxi ol ytic pot enf;é@oLeéxp 29 ana 36€ §AlbredBat Mdnchbademanliver86£puppl): 312p
(1989)). noset Huma nunber

of body po§turesM%‘9<’|'ﬁat}f 5546 M@n&esater'a?'i’haf’r?o e tlhe%‘ta%reat sti mul us
(a human st andi nglﬂmnlmalapprgthgd yrgles m adaponr ckiahte/dagkne¥ete cage
and _staripg; Lo Jnh%tewSo@fhém AR eh) fbsa rarPWdedr duri ng
the 2-mnute tes perlod The body postures scored are slit stares,
tail postures, 2@ nk 1B - ‘ng of t he cage/ perches, piloerection,
retreats, and arching 25 of the back. Each animal is exposed to t he

t hr eat S?We test day before and after drug

treat nent. The erence between.the tvvo S es LS ed using
one-way anal ysis of VET1HHhEES Bg?b%%t eie erDﬁntr?qenttO%'%%gty‘; Al drug
treatments are c&IP) esr anbcl®@aneousty atSQ)edé)t minpbes sbeffare theetepkst

(control) threatyy a volumd'®fPiChi, PR BSY ralt#eah@r m@Afdsaxya@and is 40

m nut es. Rat Conflict Test Rats are trained to press
| evers for food ?8%@‘% or micg. operant chanbers. The schedul e consists
of J@ ternations of four 4-m nute unpuni shed peri ods on

Mouse Light/Dark Box

The apparatus is an open-topped box, 45 cm long,
27 cm wide, and 27 om high, divided into a small (2/5)
and a large (3/5) area by a partition that extended
20 20 cm above the walls (Costzll B., et al., Exploration
of mice in a black and white box: wvalidation as a
model of anxiety. Pharmacol, Biochem. Behav.,
32:777-785 (1989)).
There is a 7.5 x 7.5 cm opening in the center of
25 the partition at floor level. The small compartment is
painted black and the large compartment white. The
white compartment is illuminated by a 60-W tungsten
bulb. The laboratory is illuminated by red light.
Each mouse is tested by placing it in the center of the
30 white area and allowing it to explore the novel
environment for 5 minutes. The time spent in the
illuminated side is measured (Kilfoil T., et al.,
Effects of anxiolytic and anxiogenic drugs on
exploratory activity in a simple model of anxiety in

35 mice. Neuropharmacol., 28:901-905 (1989)).
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-23- vari able interval of 30 seconds signalled by chanber

| ights on and three 3-m nute punished periods on fixed ratio 5 (by

f oot shock concomitant to food delivery) signal |l ed by chanber |ights
of f. The deWOg/334585 footshock is adjusted for -each r&CTSR298I N _
approxi mately 80%to 90% suppression of responding in conpar i son with
unpuni shed respondi ng. Rats receive saline vehicle on training days.
10 The conpounds of the instant 2Zhvention are al so expect ed
to be useful in L pain and phobi ¢ di sorders (Am J.
Pai n Manag., 5: orrpounds of the instant
invention are also A standazdc eigvabed &?@&I(HPH teediitg efe2dynpt ons of
15 mani c, acnfee@trs eﬁralllpha adngheceftirdagoaistecatd iditagonists They are
al so expected t | [ n r I ng bi pol ar

di sorder (Unite St at es %&Flgrg{i%ﬁ eaiqalfgatfiegﬁ Nﬁ?g{ %440 570 filed
May 15, 1995). behavior. T RS dis £ /i nvention can
be 20 pr epar 227 andb admam)st, ewasd amtcanamame a‘saprefr.yox[élyoralsc&ﬂﬁed
e s QS age L [ee. HUS, abDE 0P WHIEH! rhPCeovaced iEna0L [ NVENt O

can be adm ni ster FnEravenous
i ntranuscul arl y*$ht? am‘letY eoﬁW&M&ﬁéeusl?fz(ﬁ%ﬂlddGBGBnal ly, 25
or intraperitonea$dy)). AThe, abhinatenpostiaceld bhiethe centey @eFemhei nvention

can be adgi ni stﬁrxﬁsﬂz@yfa 133 8hLOBs tpe :ﬂmf UrnXAMPLE addllARIRG! | V-

Addi tionally, e conpoun resent 1 nvention can
admi ni stered  3B=% °]t3ffai‘r‘r's(?€|fﬁEFFyth‘Fte%qilesoé"SbPPB‘EusSRecPtt Iﬁ’(ﬁ‘séh§k| lled in
30 the art tésd hdief fe@icdtdwnagotiotkegedenr REMSAY s CEeRNIrEd dnring t he

active conponenipe &4 ihiglytd ¢REROHELIOE (YsP4ha, IeQral Bse geCepLesponding
phar maceuti cal I acce@gL Hq‘é‘g salt  of a arnul.a 1.
t

For preparing | MBBRPH]| TS %Sr?ﬁ‘él%ﬁmten dfinds of the
pr esent |1r5vent|bh¢ yatar mBreutli. cBhaymacol., 96(Suppl):312p (1989))

The total number of body postures exhibited by the

animal towards the threat stimulus (a human standing

20 approximately 0.5 m away from the marmoset cage and
staring into the eyes of the marmoset) is recorded
during the 2-minute test pericd. The body postures
scored are slit stares, tail postures, scent marking of
the cage/perches, piloerection, retreats, and arching

25 cf the back. EBach animal is exposed to the threat
stimulus twice on the test day before and after drug
treatment. The difference between the two scores is
analyzed using one-way analysis of variance followed by
Dunnett's t-test. Aall drug treatments are carried out

30 SC at least 2 hours after the first (control) threat.
The pretreatment time for each compound is 40 minutes.

Rat Conflict Test
Rats are trained to press levers for food reward
35 in operant chambers. The schedule consists of
alternations of four 4-minute unpunished periods on



acceptable carriers can be either solid or |iquid. WO 97/ 33858
PCT/ US97/ 02295 - 24- Solid form
preparations include powders, tablets, pills, capsules, cachets,
suppositories, and di spersible granules. A solid carrier can be one
or norwogY B 8ances which may al so act as diluents, BCFUSIMPRR ing
agents, binders, preservatives, tablet di sintegrating agents, or an
encapsul ating nmaterial . In powders, the carrier is a finely
di vi ded solid which is in a mxture Wth the finely divided active

conponent . variablbNihB8OHELS ot B 86LLN@s COHIGIANARE b Bhxfski th the

or oport QﬁZ' Qﬁdt dABEE. 80 10 (e ApBuRREe PRty persoaf f Fhka
The powders and tralfiiet 8 prf%qml'ch@onpacﬂmwm@ foodf Agdiver¥en to about
seventy percent Qfijghl®188tbYEchamber ﬁQHB_Quaslf SL!FH@QEQrEarbferS are

nmagnesi um car bon ma‘g m_st ear | act ose,
pectin, g gﬁc‘;’;ish?cgth?c , "b%e ERE ?%ga%%tn?(ﬁj 8% %yl cel | ul ose,
sodi um car boxynetdpprosfiagteky, 80k [towIPs| supgrmiorx;&foaeggondmggmq er, and

the like. The t%%aﬂeear@wpmngumshea res;ﬁs RdeA t RatBCleggidde
formul ati on of the activ encapsul ating material as a

carrier prviiae n&egl%]a?)s‘fﬂ gt aﬂ'“\?ﬂﬁ?cﬁna{'%e active component with

or w thout other carriers, is surrounded by a carrier, 25 whi ch is thus

in associajpon wWith iirne a)rﬂ%&ﬁ{dé’of the mse&xbetﬁxmlbﬁzsﬂse&lﬁe
I ncl uded. Tabl ets, 11ls %he &j | ozenges

can be used as p%c‘{-ﬁ%& ?’8 ]a%s‘hsgeefuf psu guﬂf‘ SRR PN strati on.

For preparing sumie¥icodiesrders dmm 5 7s§ch1&%5h)m xture of
fatty acid glyceridesThe 66ffdunds of thel ifstant frivesitiohl bed ansbt he

act Ve coMPOnent Jigccee tabeRESR] NATRASNEONS| o SHBE Bus 282 DY SLI TN,

The onrogenous m X ure conveni ent
si zed nol d35 al | dwead-croagube O%rﬂimnqvé%bylpﬁl%lpsmesoPirdrﬁyurrmg

They are also expected to be useful in treating and/or
preventing bipolar disorder (United States Patent
Application Number 08/440,570 filed May 15, 1995).

The compounds of the present invention can be

20 prepared and administered in a wide variety of oral and
parenteral dosage forms. Thus, the compounds of the
present invention can be administered by injection,
that is, intravenously, intramuscularly, intra-
cutaneously, subcutanecusly, intraduocdenally,

25 or intraperitoneally. Also, the compounds of the
present invention can be administered by inhalation,
for example, intramasally. Additionally, the compounds
of the present invention can be administered
transdermally. It will be obvious to those skilled in

30 the art that the following dosage forms may comprise as
the active component, either a compound of Formula I or
a corresponding pharmaceutically acceptable salt of a
compound of Formula I.

For preparing pharmaceutical compositions from the

35 compounds of the present invention, pharmaceutically
acceptable carriers can be either solid or liquid.
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- 25- Liquid form preparations include sol utions,

suspensi ons, and emnul sions, for exanple, water or water propyl ene

gl ycol solutions. For parenteral injection | iquid preparations can be
formul ated WO 9383888 ion in 5 aqueous pol yet hyl ene gl ycBCT/USA702298N.
Agueous sol utions suitable for oral use can be prepared by

di ssolving the active conponent in water and addi ng suitable
colorants, flavors, stabilizing and 24~ t hi ckeni ng agents as desired. 10
Aqueous suspen Lia by di spersing
the finely dlvﬁ%éﬁ} a??#@eg%gkmfgtfggﬁ 1H§fu8§f§éghers, tﬁgsggious mat eri al ,
such as naturalPigis, capsues hcaqhefigns SuPRRFHOT g h@Plel | ul ose, sodi um
car boxymet hyl celilspleaseblangraidioss wela skhoancstsipandangbéSone ongent s.

N oy 080 B e® QubdcARESL RAERAT O REoMNAEL s anruefi, | Nionded to be

converted, sho orn1pre arations for oral
admi ni st r&tion. %ﬁﬁﬂ¥1“9 agen??{uhk?qﬁﬁﬁwsPFﬂ%?iﬁE?%ﬂﬂsut t8hietsuspensi ons,
and 20 enuldisimtegribhtse ggapay,abroas enyapsuitatiing matediali on to

the active componenty, golaran! Snd |AYQ4Sy 1o @ 8y Whaehsa Duisrs

artificial and natur sweet ener t hi_ckeners,
sol ubi | i zi ng Whicha@énﬁ§ aaWkF??ﬁ?lWH%@ tES l”ely dlv?ﬁédpﬁ%FHﬂ%eutlcal
preparation is dqumpiopieall.y in unit dosage form In such formthe

preparatign is n $YBELYL dedid iR syl Eoﬂﬁéx?énthg i RLA%,2PRIGRL | at e

quantities of the active conponent. The unjt formcan be a

packaged preparG@53FT Pﬁglbﬁc‘f{%"gé‘eﬁ?ssarycBﬁ?%’fﬁ g’gf°§’|e§§ﬁﬁfe“€]uant ities of
preparation, sustitadle proppzimiscrdakbbapactedpisultbe shagepamdiers in vials

or anpoul;;&e %k@qreghe unit dosage form can be a capsul es,
tabl et, cachet, or ozen%e itself, or it can be the apP qgriate
nunber of any of thdB€ PRVPSERARA tblets pyefgrably Gontail

15 five or ten to about seventy percent of the active
compound. Suitable carriers are magnesium carbonate,
magnesium stearate, talc, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, 2 low melting wax, cocoa

20 butter, and the like. The term “preparation” is
intended to include the formulation of the active
compound with encapsulating material as a carrier
providing a capsule in which the active component with
or without other carriers, is surrounded by a carrier,

25 which is thus in association with it. Similarly,
cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as
solid dosage forms suitable for oral administration.

For preparing suppositories, a low melting wax,

30 such as a mixture of fatty acid glycerides or cocoa
butter, is first melted and the active component is
dispersed homogeneously therein, as by stirring. The
molten homogenous mixture is then poured into
convenient sized molds, allowed toc cool, and thereby to

35 solidify.
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- 26- The quantity of active conponent in a unit dose
preparation may be varied or adjusted fromO0.1 ng to 1 g according
to the particular application and the potency of the active
conponent. | WO8H3®SA use the 5 drug may be admi ni st er BeF'¥H7BE% i nes
daily as, for exanpl e, capsules of 100 or 300 ngy. The conposition
can, if desired, also contain other conpatjhble t herapeuti c agents.
In therapeutic use, the conpounds utilized’in the 10 phar maceut i cal

nethod of this invent 98,8 form prepadatibss i e kBEutbhépl dosage of
about 0.01 ng to ,aboutléfg’ /kg dai%g. A dai£y Qgégrf%pQ%f%& about
0.01 ny to about SP§8=RFHIRE"1 & &'@Fé DS THECY SERGEd S owever, may
be vari ed dependiprgpypenet giyealqsiolatdnns . 15For pagfentiegapaihieatiarme

severity of the gquglihi pRePSidifons can bbCRbARhLARA ihesspaROMMLDEI Ng
enpl oyed. Determ n |oq5§f t he gro er gdosage for a particular
situation i% witFAYSPHE BRITFEhHLenge 94¥rol & WEﬂéay, treatment is
initiated with smal | eAquesagemMtiicnsaseildble fdrogathuset dan dpt i mrum dose

of the conpound. prepared THel&AddARni nlgend08888vd Sdnponatedn byaedm! |
| ncrenents nt |

ntil the opti n1e;fect und r‘;he C|£ggnf%qgces | S
reached. For con éﬁéé?gt?ﬂiﬁ N PF?“E%S&%}?I%&?’ stabiliging #A%ed and
adm ni stered i n pdickentndurgents as depired. i f desired. The
fol l owi ng gganpl es ar gqubbéistsidgerdithst BRitable fdrekalt uk8VedM ixan; they
are not Intendedn&%elLgléiéggising thes%gggly df%&ded active component
in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium
carboxymethylcellulose, and other well-known suspending
15 agents.
Also included are solid form preparations which
are intended to be converted, shortly before use, to
liguid form preparations for oral administration. Such
liguid forms include solutions, suspensions, and
20 emulsions. These preparations may contain, in addition
to the active component, colorants, flavors,
stabilizers, buffers, artificial and natural
sweeteners, dispersants, thickeners, solubilizing
agents, and the like.
25 The pharmaceutical preparation is preferably in
unit dosage form. In such form the preparation is
subdivided into unit doses containing appropriate
guantities of the active component. The unit dosage
form can be a packaged preparation, the package
30 containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a
capsules, tablet, cachet, or lozenge itself, or it can
be the appropriate number of any of these in packaged
35 form.
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-27- EXAMPLE 1 [err] 5 10 15
20 (1) Et O2CCH2CN, NH4Ac, AcCH, Tol uene, 120[err]C (i) a.
NaCN, EtOH (95%, H2O, 115[err]C, b. HA (g) 25 (iii) EtOH, HA (9),
Tol uene wo(eira3sss HCl , H20 (v) H2, Et OH/ NH3, RanepciMUsshei29s
30-50[err] C (vii) HO, H2O 140[err]C 30

_26-

The quantity of active component in a unit dose
preparation may be varied or adjusted from 0.1 mg to
1 g according to the particular application and the
potency of the active component. In medical use the
5 drug may be administered three times daily as, for
example, capsules of 100 or 300 mg. The composition
can, 1f desired, also contain other compatible
therapeutic agents.
In therapeutic use, the compounds utilized in the
10 pharmaceutical method of this invention are
administered at the initial dosage of about 0.01 mg to
about 100 mg/kg daily. A daily dose range of about
0.01 mg to about 100 mg/kg is preferred. The dosages,
however, may be varied depending upon the requirements
15 of the patient, the severity of the condition being
treated, and the compound being employed.
Determination of the proper dosage for a particulax
situation is within the skill of the art. Generally,
treatment is initiated with smaller dosages which are
20 less than the optimum dose of the compound.
Thereafter, the dosage is increased by small increments
until the optimum effect under the circumstances is
reached. For convenience, the total daily dosage may
be divided and administered in portions during the day,
25 if desired.
The following examples are illustrative of the
instant invention; they are not intended to limit the
scopel

30



General nethod, exenplified by synthesis of trans (R) - 3-et hyl

gabapentin Step (i) Cyanoacetate 35 A m xture of

3- (R) - Met hyl cycl ohexanone (125 mmol), et hyl cyanoacetate (124 mol ),
ammoni um acet at e WD 97/ 33858

PCT/ US97/ 0229WO0 97/33858 - 28- PCT/USSTN229S ) )
and glacial acetic acid (24 nmmol) were refluxed with a Dean Stark
trap for 24 hours. The m xture was_c¢ool ed and washed with H2O. The
H20O washes were extracted with tolughe. The toluene extracts were 5
conbined with the original organic |ayesgariseqd over MySH, and the
sol vent evaporated. The crude oil was purified by Kugel rohr
distillation to give an oil. Bpt oven tenperature 150-160[err]C.
Yield 86% 1H NMR (CDC 3) 400 Mz, [sroetl. 01-1. 05 H m, 1.17-1.32
10 (1H, m, 1.35 (3H, t, J =7 Hz), ¥ 42-2.30 (6H, m, 2.98 (1H,
d, J =13 Hz), 3.74 (14l d, J = 13 Hz), . (2H, % N7 Hz) .

Ms (Cl) miz® 85, 91, 135 (b2, 17 , 200%1508 (100%

MH err]), 209. 15 (Film [err], r 3437, 29% $30, 2870,
2223, 1729, 16 48, 1367, 13 3,13, 1290, 126% A,g

1218, 1101, 1084, 1046, 1023, 974, 957, 914, 859, 822, 780.

M croanal ysis: CL2HL7NO2: 20 Cal c: C, 69.54; H 8.27; N, 6.76.
Found: C, 69.44; H 8.22; NN Bt Step gpipe Bisnitrile

To a solutizgn of NaCN (40 mmol ) ip 6 nL H20 and 25 24560 nL Et hanol (95%
was added the cyanoacetate ", A oMol ). After 2Z,hguew at reflux the
cool ed sol ution wasiijltered tRied with

gaseous HC, and filtered—ag® n.

he filtiwte aci
@n V eNt—rep
“'/I/

NH 002H NHz +BC1

[a ‘I[
*ty, (7) e
(v) 4 (vi) ,
— _—
20 "y "y

(1) EtO,CCH,CN, NH Ac, AcOH, Toluene, 120°C

(ii) a. NaCN, EtOH (95%), H,0, 115°C; b. HCl (q)
25 (iii) BtOH, HCl1l (g), Toluene

{iv) HC], H20

(v) Hy, EtLOH/NH,, Raney Nickel, 30-50°C

(vii) HCl, HB,0, 140°C

oy ‘II,

15

30
. 1 method lified } thesis of 1
{R)-3-ethyl gabapentin '

Step (i) Cyanocoacetate
35 A mixture of 3-(R)-Methylcyclohexanone (125 mmol),
ethyl cyanocacetate (124 mmol), ammonium acetate



renoved, and the crude oil was purified by colum 30 chromat ography to

give a pale yellow crystalline solid. Yield 88% Mot . 1H NWR
(CDCl 3) 400 MHz: [err] 0.90 (1H, m), 0.98 (3H, d, J- 6 H), 1.11
(1H, t, J = 12 Hz), 1.38 (1H, dt, J = 4.9 Hz), 160-190 (4H, m, 2.07
(2H, 1), 2. G8{DH38E). 35 MS (Cl) mfz: 91 (100%, 92, PramismBE:s 136,
163, (50% MH err]), 180. WO 97/ 33858

PCT/ US97/ 02295 -29- IR (CH2d 2)
[err] cnferr]: 2956, 2932, 2862, 2234, 13417 1457, 1447, 1427, 1386,
1358. M S, .&1 2y : C; ' 4 H, 8 70;

N 17.27. 5 LY et a&QW geegig, g#‘ (34 gmer) Wexdh B ep (iii)
| mi dat e refluxpd wigh| atPear citadte tERRI £PF| 24 (BuXsmoflhei n 30 nl

et hanol (absol uiegtuses wagddedo BOd ndndlvatheloliienen,, d’he THE H,0 %&khésOn was
chilled inice m4 %@%&BE@& Q&ﬂ“«%&ug Tﬁésfgﬂé extm?tét ggpﬁre‘j

sol ution was the room erat ure ours.
The sol veft combined wikbyEhRe %Weﬂlt”ri’é- mﬁﬁl?e%?mi@ wiededr pveFated with
di et hyl et her tngsmlt alandatRpt ssiveadt Wwapdiraedal O ghe/@rudboil wabite

Vo lerr] o iy st atlidibhife give ap By MRgENTT) 100

(1H, m, 1.24- 10‘5%31 (tempefjpture 150-K60PE.(3Mield 86%. 7 1), 1.41-1.95 (6H,
m, 3.02 1 Ainr 5()’:Dc4 491¢@Hm=;, 8 1=01-Hzds 20w, m) MR.QGFL.B2Z: 91,

133, 15 164 ae 0 rr 200.
IR (c2d'd) [erf’; r?] 33 5%’%‘7("1 %35'\"#[2 3 52%02 R ])1573
1446, 1388, 1364 9811< ¥, 4103 =130 H2)004§57 49521*: a, 7 = g3 Hz3744.884. 25

M croanal ysi s: ¢(ZH,2kR0M2E 1. 88y HC : Cal c: C, 58.19; H, 8.58; N,
11. 31. RNty m/%: S852%1 Hos3 395,Nusdl Pfe, 180, 200, 208
(100s M%), 209.
15 IR (Film) Up,,, cm t: 3437, 2956, 2930, 2870, 2223,

1729, 1603, 1448, 1367, 1347, 1313, 1290, 1262, 1246,
1218, 1101, 1084, 1046, 1023, 974, 957, 914, 853, 822,

780.
Microanalysis: CjpHq9NOj:

20 Calc: C, 69.54; H, 8.27; N, 6.76.
Found: C, 69.44; H, 8.22; N, 6.76.

Step (ii) Bisnitrile
To a solution of NaCN (40 mmol) in 6 mL H,O and
25 160 mL Ethanol (95%) was added the cyanoacetate
(40 mmol). After 22 hours at reflux the cooled
solution was filtered, the filtrate acidified with
gaseous HCl, and filtered again. The solvent was
removed, and the crude oil was purified by column
30 chromatography to give a pale yellow crystalline solid.
Yield 88% Mpt.
lg mMrR (cDC1,) 400 MHz: & 0.90 (1H, m), 0.98 (3H, d,
J =6 Hz), 1.11 (1H, t, J = 12 Hz), 1.38 (1H, dt, J =
4.9 Hz), 160-190 (4H, m), 2.07 (2H, m), 2.68(2H, s).
35 MS (CI) m/z: 91 (100%), °2, 108, 130, 136, 163,
(50% MHY), 180.



Step (iv) Ester 30 The imdate (1.1 nmmol) was dissolved in ice

cold H20 (40 nL) and the pH adjusted with 1IN HO to pH 1.5.

The solution was stirred at roomtenperature for 20 hours.

Et hyl acetate was added (30 niL), and the organi c | ayer was washed
with H20O dr iveel973ass8 t he 35 sol vent renpved to | eave a RATSEPTRRYS .
Yield 82% WO 97/ 33858

PCT/ US97/ 02295 - 30- 1H NVR

(CDCA 3) 400 MHz: [err] 078090(1H rr) 093(3H 6Hz)

V501 80 (4 m SRR oy ) g0se, ppat) 4663, g2%h " ", (o

J=7.2H). 5 14571v514(4a|,) 1427 1886 gE3581.09, 122, 137, 160, 164 (100%

Et 188sc 1 230. IR (Fil
Mo Ol T tbpaian B0 N o 1) "ap, (e

4 1375, 1345, 1264,
1196, 1171, 109624941, 1676, o5 iy, 1} 2. M croanal ysi s:
C12HI9NC2: 5 Fogadc: C, @4 88:8%; H715. M; 1R.28.69. Found: C,
68.87; H, 9.11; N, 6.90. Step (v) Lactam 15 The ester
(8.9 mmol) was di solved,lgml}l_gégta-l (7% 40 nL) along with
prewashed Raney followed by EtOH) in a 250 niL Parr

fl ask. The solution To a sojasippdedgehaithdnidzrilel ¢fr? amelp Jo 3PoRL24

hours. The etﬁmLpd(awdlhtelsl was dddderadmihacuel vonashenf ehkite, 20
washing with eth gcet ate. iol vent, vwas. qlmthe

filtrate t0 | eavBORE Y & aé;olc?'&l :f‘l(!.l ]ﬁﬁ/ ni1e? sgg’%?tbr?ggg[
1H NVR (DVBO) 400z8ébus HQr.r ] T0e75t@p9@re(dmolm)tloo Bas (then left t°d J =
6.4 Hz), 0.88-0. gﬂaﬂé}itfﬁbomlt@ﬁpér&ﬁuféffoﬂﬁ24 Rours. 1TRO-sbix@nt2H, ﬂ)
1.50-1.63 (4H, rTLas remévéé %%a the solld eé&gdb 3£s erghéé!éd %ﬁth
diethyl ether to obtain a ppt which was dried to give a
15 white crystalline solid. Yield 50%. Mpt 118-120°C.
lp NMR (DMSO) 400 MHz: & 0.8-0.89 (1H, m), 0.91 (3H,
d, J = 6.3 Hz), 1.06-1.12 (1H, mn), 1.24-1.35 (1H, m),
1.37 (3B, t, J =7 Hz), 1.41-1.95 (6H, m), 3.02
(2H, s), 4.49 (2H, q, J = 7 Hz).
20 MS (CI) m/z: 91, 133, 154, 164, 179, 181,
(100% MY - oN), 195 (MH'), 209.
IR (CH,Cl,) Vpay Cm 1: 2957, 2938, 2858, 2233, 1651,
1573, 1446, 1388, 1361, 1137, 1103, 1022, 1005, 952,
933, 874, 834.

25 Microanalysis: Cq5HygN0-1.08 HCI:
Calc: c, 58.19; H, 8.58; N, 11.31.
Found: c, 58.25; H, 8.59; N, 11.59.

Step (iv) Ester

30 The imidate (1.1 mmol) was dissolved in ice cold
H,0 (40 mL) and the pH adjusted with 1N HC1l to pH 1.5.
The solution was stirred at room temperature for
20 hours. Ethylacetate was added (30 mL), and the
organic layer was washed with H,0, dried, and the

35 solvent removed to leave a clear oil. Yield B2%.



M5 (Cl) mfz: 166, 167, 168 (100% M err]), 182, 196. IR (Film

[err] cnferr]: 3260, 2907, 1695, 1652, 1446, 1318, 1255, 1210,
1068. 30 M croanal ysis: CLOHL7NO Cal c: C, 71.81; H, 10.25;
N, 8.37. Found: C, 71.80; H 10.29; N, 8.31. Step (Vi)
3- Met hyl gaMpHIPBeesA 35 The lactam (2. 17 mol ) waPcaiusswizeesd in a
sol ution of 10 MHO (5 nL) and H2O (5 nL), and the nixture was~

WD 97/ 33858 PCT/ US97/ 02295

- 31- refluxed at approxi mately 138[’err]C for 5 hours. The

cool ed solutionywas diluted with 10 nL H20 and 10 niL DCM and t he

aqueous | ayer wa® ¥R ( {RRClaasA8 Mien O 0.78-9.90141%: woMO -Ple (3Fueous
| ayer was then aeduced taz),50.97-drgoesH t an)l,eave3aiwys temomyd. Yield

76% Mpt 148- 1 o4 Rhglﬂ‘sS[ter(;]C 7 bl H“c%é’g—lzﬁgoQ% F”:]§ %6“51 MeOH) .

One i soner 0.79
(1H, m, 0.82 ‘ZH'( By %} &-°4% £2§ HB) . 4}%’7@“90‘1( 19, = 292-1.20 (1H,
5030 (zats 5] = n%i(cm xﬁ/zl-:lz)$81 9(51 1169, (Jsz;a me7, 1160 n%?)(lr(r}l% ggsHlog)
S V4 , ,
121, 151, 167, 3’16 meai % 6§§%’H% B£1C§|_$268 N_ﬁerr]) | R
( MeCH) [err] cnf%r%ﬁ‘llm)zg’mx SB5 » 298, %3%13,' 11 145854, 1216.
M croanal ysi s: CADHIINGH,en3us, 1106k ; 1196, 11(7a| c1096, 108415312%26,H, 8.99;

N, 6.21. okgurgly  C 53.23; H 8.99; N, 6.45
10 Microanalysis : C12K19N02 N
cale: c, 68.87; H, 9.15; N, 6.69,
Found: C, 68.87; H, %.11; N, 6.90.

Step (v} Lactam
15 The ester (8.5 mmol) was dissolved in NH3/EtOH
{7%, 40 mL) along with prewashed Raney Nickel (H,0
followed by EtOH) in a 250 mL Parr flask. The solution
was hydrogenated at 30°C, 46 psi for 24 hours. The
cooled solution was filtered through a pad of celite,
20 washing with ethylacetate. The solvept was removed
from the filtrate to leave a white solid. Yield 30%.
Mpt 92-98°C.
lp NMR (DMSO) 400 MHz: & 0.75-0.82 (1H, m), 0.84 (3H,
d, J = 6.4 Hz), 0.88-0.94 (1H, m), 1.14-1.19 (1H, m),
25 1.20-1.50 (2H, m), 1.50-1.63 (44, m), 1.91 (2H, s),
3.03 (2H, s), 7.42 (18, s).
MS (CI) m/z: 166, 167, 168 (100% MH'), 182, 196.
IR (Film) vy, om l: 3260, 2907, 1695, 1652, 1446,
1318, 1255, 1210, 1068.

30 Microanalysis: C;qgH;NO:
Cale: c, 71.81; H, 10.25; R, 8.37.
Found: c, 71.80; H, 10.29; N, 8.31.

Step (vli) 3-Methyl gabapentin
35 The lactam (2.17 mmol) was dissolved in a solution
of 10 M HCl (5 mL) and Hy0 (5 mL), and the mixture was
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- 32- EXAMPLE 2 J[err] 5 10 15

20 (1) Et O2CCH2CN, NH4Ac, AcCH, toluene, 120[err]C (i) a.
NaCN, EtOH (95%, H20O 115C, b. HOA (g); 25 (iii) EtOH,_ HA

t ol uene: WQPIBREEC | H2O, - (v)  H2, EtOH NH3, RanePGRUSYM¥229s
30-50[err] G (vi) HA, H2O 140C 30 Cs/trans (RS)-2-nethyl
gabapentin Step (i) Cyanoacetate 21 () -2- Met hyl cycl ohexanone (80

mol ), et hyl cyanoacetate (80 mml ), anmoni um acetate (8 mmol ), and
refluxed at approximately 140°C for 5 hours. The

cooled solution was diluted with 10 mL H50 and 10 mL
DCM and the aqueous layer was further washed with
2 x 15 mL DCM. The aqueous layer was then reduced to

5 dryness to leave a white solid. Yield 76%. Mpt 148-
155°C. [a]D = -2.5 (F-20°C, ¢ = 1, MeOH). One isomer
{RR) .

1p NMR (CDCl,) 400 MHz: & 06.9-0.79 (1H, m), 0.82

(38, d, § = 6 Hz), 0.87-0.90 (1H, m), 1.12-1.20 (1H,
10 dt, J§ = 4.5, 13.3 Hz), 1.34-1.50 (3H, m), 1.60-1.63

(3H, m), 2.30 (2H, s), 3.01 (2H, s), 7.93 (3H, Br s).

MS (CI) m/z: 95, 109, 121, 151, 167, 168

(1008 M' - Hy0), 186 (MH').

IR (MeOH) v, om 1: 2924, 2353, 1708, 1599, 1523,

15 1454, 121s6.
Microanalysis: CjoHqgNO,-1.1 HCL:
Calc: cC, 53.29; H, 8.99; N, 6.21.

Found: C, 53.23; H, 8.99; N, 6.45.



glacial acetic acid (16 mmol) were reacted as in the 35 general nethod

Step (i), to give a clear oil. Yield 76% Bpt oven tenperature
120-140[err] C, 3 nbar. WD 97/ 33858
PCT/ US97/ 02295 - 33- 1H NVR
(CDC13) 400weypm33sg8err] 1.23 (3H, dd, J = 7, 10 Hz), - PCT/YSSHQRD .t, J
=7 Hz), 1.55-1.82 (5H, m, 1.93-2.05 (1H, m, 2.17 (1H, dt, J =5,
14 Hz), 2.47 (1H, dt, J =5, 9 Hg), 2.92-2.97 (1H, Br d, J = 15
Hz), 5 3.30-3.35 (1H, m, 3.81-3.86°(1H, Br d, J = 15 Hz),
4.06-4.14 (1H, m, 4.23-4.30 (3H, dggxpmprg .26 Hz). M5 (Cl) mz:
91, 105, 120, 162, 180, 184, 189, 208 (MH err]), 216, 233, 234, 242,
261, 262 (100%, 263. IR (Film [err] cnferr]: 3438, 2978, 2938,
2864, 2223, 10 1732, 1596, 1463, 1447, 1391, 1368, 1334, 1311, 1289,
1247, 1224, 1164, 1144, 1103, 1077451058 ﬁéﬁ 993, CN 982, 957, 907,
892, 858, 781. o M croanal ysis; ; Cal c: C, 69. 54,
8

1
ot5P8%
26; H, . 26;
cet alid )( 37

H 8.27; N, 6.76. 15
Step (ii) Bisnitrile
mol ) were
solid was purified (3:1,
hept ane: et hyl acetatey to give a cl ear . Yield 76% 1H NMR ( CDd 3)
400 MHz: [err] 1.06 (3H, d, J = 6.8 Hz), 1.11 (3H, d, J = 6.8 Hz),

1.20-2.2fy (18 H, m, 2.77 BN OERH, dd, J = 16.8 Hz), 2.63 (2H, dd, J =
16.8 Hz). 25 MB (Cl) mfz: o1, 95, 108, 109, f$8Et16.3 (100% MHerr]).

IR (Film [err] cnferr]: 2939 2255, 22374, 1750w 1720, 1450,
1425, 1387, 1356, 1337 .%ﬁgG, 12%8 R B2, 929, 879.

. 108
M croanal ysis: CLoH14NZI&F] 0. e tF 73.49: H, 8.69; N,
16. 86. Found: C, 73. 2/ 8.73; N, 17.0

15

Found: C,!

i NaCN (37
The crude 20

NH CO,H NH, -HC1

(V) {vi)
20 —_ —

(1) EtO,CCH,CN, NH4Ac, ACOH, toluene, 120°C;

{ii) a. NaCN, EtOH (95%), H,0, 115°C; b. HCl (9);
25 {iii) BtOH, HCl (g), toluene;

(iv) HCl, H,0;

{V) H,, BtOH/NH;3, Raney Nickel, 30-50°C;

(vi) HCl, H,0, 140°C

30 Cis/trans (RS)-2-methyl gabapentin
Step (i) Cyanoacelate
(*)-2-Methylcyclohexanone (80 mmol), ethyl
cyanoacetate (80 mmol), ammonium acetate (8 mmol), and
glacial acetic acid (16 mmol) were reacted as in the
35 general method Step (i), to give a clear oil. Yield
76%. Bpt oven temperature 120-140°C, 3 mbar.



Step (iii) Imdate The binitrile (7.3 nmol) was reacted as in

the 35 general nethod Step (iii) to give a white solid. Yield
70% Mpt 107-114[err]C. WD 97/ 33858

PCT/ US97/ 02295 - 34- 1H NWR
(DVSO) 400 MHWVOI%33$58] 1.00-1.06 (3H, 2 x t, J = 6.4 ROTUSITRESS]. 38
(2H, m, 1.38 (3H, t, J = 6.8 Hz), 1.40-2.10 (7H m, 2.86, 2.92,
3.10, 3.28 (2H, 4 x d, J = 14, 14. 4,_#4.8, 14 Hz, respectively), 4.48
5 (2H, q, J 6.8 Hz). M5 (Cl) g 87, 95, ]15% 163, 152%38195,
209 (100% 1 ( rj. c er

2864,( 2664, 2235, 3@6@5{]‘)@& ¥ 1895‘“‘7144§ 1(1:% %36&5 P13, ibo*‘ziom
948, 881, 10 (38139*-: J =17 Mh»rdarﬁél'}sﬁg (Slizl-@)a\lmérﬁ] 0506 HQ :
Cal ¢ C 58. 3(1H.H,m;8 @017N<111;L &, g - 5, 140 Hﬂsi, 2. 47C 18- 15, H 8.63;

N, 11.60. 15 m at 41rrrm|)was

reacted as in thedt’ Jep (Slq\é)r%egﬁﬁ n%t%c?s?teﬁlgl vg gﬂve @Iz dar oil.
Yield 82% 3 3 139 NVR5( CbE) 3i) 409 WHA - 8[6er<a}i,18©3d, 1T091(53Hz)2 x d, 20
J =7 Hz), 1.27- 143@5{43}14 e, lmB2-2. 99 480, (3h, 4 E‘ J =2,1¢ 3,20 (1H m,

VB () me 88 BCToB/ AT 09K ps g0, 4537 48 {%iﬂ%‘s 5082, (75 -

MB (O) mz: 88, 5
IR (Film [err] cﬁfféﬂr:] 21679383, JB%H, 2483426173262 14ME0%), 263. 1418 1385,

1372, 1345, 1270, mzmmlmg 1&%81 10088, 2978, 3929, QL. 29§3§ 35733 H8641
8025 7§|2 518 30 ﬁoé%sysiiw ]1?%%79'\'%9,;‘,, 3368, Cﬁac% 13117 C 1885 ’
247, 1224, 1164, 1144, 1103, 1077, 1058, 1032, 993,
982, 957, 907, 892, 858, 781.
Microanalysis: C1oH;7NO,:
Calc: C, 69.54; H, 8.27; N, 6.76.
15 Found: C, 69.26; H, 8.26; N, 6.66.

Step (ii) Bisnitrile
The cyanoacetate (37 mmol) and NaCN (37 mmol) were
reacted as in the general method Step (ii). The crude
20 solid was purified by column chromatography (3:1,
heptane:ethylacetate) to give a clear oil. Yield 76%.
ln NMR (CDCly) 400 MHz: & 1.06 (3H, d, J = 6.8 Hz),
1.11 (3H, d, J = 6.8 Hz), 1.20-2.20, (18 H, m), 2.77
(2H, dd, J = 16.8 Hz), 2.63 (2H, dd, J = 16.8 Hz).
25 MS (CI) m/z: 91, 95, 108, 109, 136, 16.3 (100% MHT).
IR (Film) vy, om™l: 2939, 2865, 2255, 2237, 1750,
1720, 1450, 1425, 1387, 1356, 1337, 1316, 1269, 1160,
1087, 992, 929, 879.
Microanalysis: C10H14N2-0.1 Hy0:
30 Calc: €, 73.49; H, B8.69; N, 16.86.
Found : C, 73.24; H, 8.73; N, 17.08.

Step (iii) Imidate
The binitrile (7.3 mmol) was reacted as in the
35 general method Step (iii) to give a white solid.
Yield 70%. Mpt 107-114°C.



Step (v) Lactam The ester (8.4 mmol) was reacted as in the

gener al nmethod Step (v) for 24 hours at 10[err]C, 50 psi. The crude
35 oil was purified by colum chromat ography WO 97/ 33858
PCT/ US97/ 02295 - 35-

(et hyl acet atwp97/33858gi ve a white solid. Yield 34% - MOT &97/039%r r | C.
1H NWVR (CDCl 3) 400 MHz: [err] 0.88-0.91 (3H, dd, J = 4, 6.8 Hz),
1.41-1.78 (9H, m, 2.00-2.30 (2H, m, 5 306323(2H m, 7.27 (1H, Br
S) . M5 (Cl) mz: 81 95, 108, 137247166, 167 168 (100

MH err]), 169, 182, 196. | R (CH2C 22) [err err]: 3210, 2920,
2846, 1690, 149TH NMR (DMSQYeA00 Mg : 1508 090U 1@ 2109

M cr oanal ysi s: JC%OHlZNﬁh), 1.10-1C3l8C:(2H, m§L, J733£8](3HH +10524; N, 8.37.

Found: C 71.8% le'o,Tg-aiL? 2 No 8((7217 ™ o? 85l 2St9"2p (3V%b 23| éh%in,

gabapentin 15 ctam gact e
general nethod % & 9evF) t%‘gl%%{ Wh-Be 361 H% resPe"tlYPéYéJ'@%a Mpt

108-110C. §[err]{2m,=q) §T==62."Hrerr]C, C = 1, :

i e o i A 4 TR 0,
J = 15 Hz), 2. 48" ,43 PiH, 2xd J:15Hz 2.83-2.92 (1H, 2 x d,
J = 13.6 H2), 3m5(ca h: 22934, Zssz;,laefsaHz)zzss, 1656 M5 (Cl)

mz: 95, 109, 13%,5166 168%2%?6@,(;@@ 085 2997 (VRE! TLogs F2O) 186

(MHerr]), 196. err] err 384 1703,
1608, io 5@@74298 1406 1232, 1206, 1068 999. M cr oanal ysi s:
Calc: c, 58.37; H, 8.60; N, 11.34.
Found: Cc, 58.15; H, 8.63; N, 11.60.
1s Step (iv) Ester

The imidate (4.1 mmol) was reacted as in the
general method Step (iv) to give a clear oil.

Yield 82%.
1n NMR (CDC13) 400 MHz: & 1.03, 1.09 (3H, 2 x 4,
20 J = 7 Hz), 1.27-1.30 (3H, m), 1.32-2.00 (8H, m),

2.10-2.20 (1H, m), 244, 2.82 (3H, 2 x4, J = 14.8 Hz),
2.54 (1H, m), 4.16-4.22 (2H, m).
MS (Cl) m/z: 88, 95, 109, 122, 164, 182, 210
(MEY 100%).

25 IR (Pilm) Up,, oM T: 2936, 2864, 2234, 1737, 1449,
1418, 1385, 1372, 1345, 1270, 1225, 1186, 1128, 1098,
1029, 1001, 932, 883, 864, 808, 732.
Microanalysis: C15;HigNO5:
Calc: C, 68.87; H, 9.15; N, 6.69.

30 Found: C, 68.84; H, 9.13; N, 6.75.

Step (Vv) Lactam
The ester (8.4 mmol) was reacted as in the general
method Step (v) for 24 hours at 10°C, 50 psi. The crude
35 oil was purified by column chromatography



Cal c: C, 51.64; H 8.79; N 6.02. 30 Found: C, 51.66; H 8.91,;

N, 6.16. WD 97/ 33858

PCT/ US97/ 02295 -36-

EXAMPLE 3 [err] 5 10 15

20 WO 97/33858 PCT/US97/02295
- 3 5 -

(ethylacetate), to give a white solid. Yield 34%.
Mpt 85-90°C.
1y NMR (CDCly) 400 MHz: & 0.88-0.91 (3H, dd, J = 4,
6.8 Hz), 1.41-1.78 (9H, m), 2.00-2.30 (2H, m),

5 3.06-3.23 (2H, m), 7.27 (1H, Br s).
MS (CI) m/z: 81, 95, 108, 137, 166, 167, 168
(100 Mu*), 169, 182, 196.
IR (CH,Cly) gy CM 1: 3210, 2920, 2846, 1690, 1491,
1446, 1379, 1298, 1242, 1070.

10 Microanalysis: CqqH;4NO:
calc: c, 71.81; H, 10.24; N, B.37.
Found: c, 71.83; H, 10.19; N, 8.27.

Step (vi) 2-Methyl gabapentin
15 The lactam (2.5 mmol) was reacted as in the
general method Step (vi) to give a white solid.
Yield 42%. Mpt 108-110°C. [a]p = O (T = 20.5°C, C = 1,
MeOH). Two diastereomers 3:1.
14 NMR (DMSO + D,0) 400 MHz: & 0.79, 0.85 (3H, 2 x d,
20 J = 6.8 Hz), 1.21-1.65 (9H, m), 2.22, 2.43 (1H, 2 x 4,
J = 15 Hz), 2.46, 2.49 (1E, 2 x 4, J = 15 Hz),
2.83-2.92 (1H, 2 x d, J = 13.6 Hz), 3.05, 3.15
(1B, 2 x 4, J = 13.6 Hz).
MS (CI) m/z: 95, 109, 137, 166, 168 (100% lactam), 169
25 (Mt - Hy0), 186 (MAT), 196.
IR (MeOH) Vy,, cm 1: 3384, 2931, 2861, 1703, 1608,
1506, 1456, 1406, 1232, 1206, 1068, 999.
Microanalysis: CqgH1gNO5:1.3 HCL.
Calc: Cc, 51.64; H, 8.79; N, 6.02.
30 Found: C, 51.66; H, 8.91; N, 6.16.



(1) Et 2CCH2CN, NH4Ac AcOH, tol uene, 120C, 25 (i) a.

NaCN, EtOH (95%, H2O 115C, b. HA (9g); (iii) EtOH, HA
(g), toluene; (iv) HA, HO (v) H2,

Et OH/ NH3, Raney Ni ckel, 30-50C, (vi) HA, H20, 140 err] C
30 WO ¥3388ep (i) Cyanoacetate THEY/USI7102295

4- Met hyl cycl ohexanone (125 mmol ), ethyl cyanoacetate (124
nmol ), ammoni um acetate (12.4 mol), e and gl acial acetic acid
(24.4 ol ) were reacted as in 3 the general nethod Step (i)
for 8 hours to give a clear ExaMf}.9 74 33858

PCT/ US97/ 02295 -37- oil. Yield
82% Bpt oven tenperature 160-190[err]C, 4 nbar. 1H NWR

(CDA 3) 400 MHz: [err] 0.95 (3H d, Ncg Qeodin), tN20-1.31 (2H, m,
1.35 (3H, t, J = 7.2 Hr), 1.80-1.90 5, (1H, m, 1.90-{2.10 %ZH n) 2 15
(1H, dt, = 4.8, 13.6 Hz), 2.34Y(1H, dt, J = 4. 8,366

(1H, dd, P=12.4, 1 3. 8411 1H de = o 4 (11) 4 , 4 27 (2H

g, J = 7.2 Hz). (an) 134, 151, 162, 180, 207, 208
10 (100% MH err 9, 236. (Film [err] 1: 2927,
2225, 1728, 1601, 1454, 1367, 1288, 1242, 1192, 109 1028, 959,
857, 779. M crdanal ysi s: CLl2HL7NO2: Cal c: C, 69.54; H,
8.27; N, 6.76. 15 Found: BN. °§§ 39; H 8.27; St ep
(ii1) Biniggile The ¢ anoacetate(SO nmo nd NaCN(30 nmol )

wer e reacted as in the gengr cNret hod St ep ( 1}, ey give a 20
crude oil. The oil was(pit)fied ol um (1v) t ography (3:1,
hept ane: et hyl acetate) to—gt-®e a

15

NH 2H NH, -HC1

q% 4%

(v) (v1)

20

‘(1)  EtO,CCH,CN, NH4Ac, AcOH, toluene, 120°C;
25 (ii) a. NaCN, EtOH (95%), H,0, 115°C; b. HCl (g);
(iii) EtOH, HCl (g), toluene;
{iv) HC1, Hy0;
{v) H,, EtOH/NH,, Raney Nickel, 30-50°C;
(vi) HC1l, H,0, 140°cC;
30
Step (i) Cyanocacetate
The 4-Methylcyclohexanone (125 mmol), ethyl
cyanoacetate (124 mmol), ammonium acetate (12.4 mmol),
and glacial acetic acid (24.4 mmol) were reacted as in
35 the general method Step (i) for 8 hours to give a clear



clear oil. Yield 66% 1H NWMR (CDC 3) 400 MHz: [err] 0.98 (3H, d, J =

5.6 Hz), 1.30-1.40 (3H, m, 1.50 (2H, m, 1.73-1.92 (2H, m, 25
2.10 (2H, d, J = 12.4 Hz), 2.68 (2H, s). M5 (Cl) mz: 95, 136, 163
(100% MH err]), 164, 182. IR (Film [err] cnferr]: 3628, 3288,
2932, 2859, NVG/33858 2238, -1779, 1748, 1721, 1626, 145FCTHURHI93g)
1371, 1332, 1287, 1263, 1194, 1170, 1143, 1109, 1004, 953, 30

893, 852. M croanal ysi s: ClOH14N2[;9rr] 0.6 H2CO Cal c: C,
72.74; H, 8.74; N, 16.97. Found: C, 72.98; H 8.61; N, 16.65.
WO 97/ 33858 oil. Yield 82%. Bpt oven temperatuP&Ti4HNHP2295

- 38- Ste 1g‘bll) | m dat e ‘I‘)he binitrile (12.4 nmol) was
reacted as inth§ general nmethod Step (i) to give a slightly inpure
white sol i"H. NMRI\rplirﬂJ@)f “eat MBa: wad &tFBertpHedd, ahd ol8 dzdas 5

used in next step.20-1.31 (265t @), (hVIsEEdLr £, o = 7.2 Hz)hea isgv-dave (4.7

I I h S I
Tol 1 ng S0l o, 161 ks ol @0redon B hfy e Rime, 88 (4 AR {EE Goy

400 MHz: J[err] 839¢- liz.m A-34, (A, dtpA 1= 3.8, 13.6 ¥8H 3902 1.37 (5H, m),
%- ZO'H; 73 (2H, ”hH?-Cclit?;%BzAé 1i1ﬁ2ﬂ, 384 ?(2541g§ﬁ’(‘71(§%53/2'$ﬁ[21 (]2H, q, J =
. . . , , , 0 err -
C2H5), - 15 21%(%@[@%#’. (24," aq, IR‘I%%?zaI?g)‘ [err] cnferr]: 2926, 2856,

2235, 1735, 1733Ms (CI) m/z4521143733413U%1, 32583, 173911800337,0298

Mcroanal ywy s:  ¢1dbdl 2P Gob? ug@ Cal c: C, 68.16; H, 9.17; N,
6.62. 20 Found: i1y £S 1t 82937, M2, "172s, 1601, 3SR (V) Lact am

1367, 1288, 1242, 1192, 1095, 1028, 959, 857, 77%9.
Microanalysis: Cj,H;9NO5:
Calc: C, 69.54; H, 8.27; N, 6.76.

15 Found: Cc, 69.39; H, 8.27; N, 6.77.

Step (ii) RBinitrile
The cyanoacetate (30 mmol) and NaCN (30 mmol) were

reacted as in the general method Step {(ii) to give a
20 crude oil. The oil was purified by column

chromatography {3:1, heptane:ethylacetate) to give a

clear oil. Yield 66%.

1H NMR (CDC1l;) 400 MHz: & 0.98 (3H, 4, J = 5.6 Hz),

1.30-1.40 (3H, m), 1.50 (2H, m), 1.73-1.92 (2H, m),
25 2.10 (2H, d, J = 12.4 Hz), 2.68 (2H, s).

Ms (CI) m/z: 95, 136, 163 (100% MHT), 164, 182.

IR (Film) Uy, om L: 3628, 3288, 2932, 2859, 2252,

2238, 1779, 1748, 1721, 1626, 1455, 1423, 1381, 13731,

1332, 1287, 1263, 1194, 1170, 1143, 1109, 1004, 953,

30 833, 852,
Microanalysis: CipH14¥5-0.6 H,0:
Calc: cC, 72.74; H, 8.74; N, 16.97.

Found: C, 72.98; H, B.61; N, 16.65.



The ester (2.9 nmol) was reacted as in the general met hod Step (v)

to give a white fibrous solid. 25 Yield 95% Mt 150-152[err]C.

1H NVR (DVMSO) 400 MHz: [err] 0.86 (3R, d, J = 6 Hz), 0.93-1.06 (2H,
m, 1.27-1.30 (3H, n), 1.51 (2H, d, J =11.6 Hz), 1.62 (2H, d, J =
13.2 Hz), WO27/{38%8 s), 3.02 (2H, s), 7.43 (1H, Br BgTAUBPN229s NS (Cl)
mz:. 81, 95, 110, 166, 167, 168 (100% MHerr]), 169, 182, 196.

IR (CH2CA 2) [err] <cmferr]: 3189, 3093, 2945, 2921, 2864, 1679,
1486, 1447, 1417, 1260. M cr oanal 3§S| s: CI1OH17N( err]0.15 H2G 35

Cal c: C 7 ; . A 8. 24. Found: C, 70.69; H, 10.05;
N, 7.87. 8:84 ‘f¥tf39¢§§§%% _

PCT/ US97/ 02295 The binitrile (12.4 mmol) was reactgd as in the g; ep (Vi)

4- Met hyl gabapeehéenal method stepThe)| estgind 2 sligbk)lywaspusaotddeas in the

gener al nethod ot . f g colid.
trerdroaty i TR Cide SRR i oo aMRROAPR ol

One duasﬁbreonﬁ?eﬂ in nextcjabe 1H NVR (DVBO) 400 MHz: [err] O.88
(3H, d, J = 6 Hz), 1. 02 1.12 (2H, m, 1.25-1.32 (3H, n), 143-1.47
(2H n, stp3Bid 2.99 (2H, s), 8.03 (3H Br s), 12.33 10
(1H, Br s). z: 81, 95, 109, 166, %67 168 (100%
MAerr] - HO), 169Thggbnidate (fffPpd) “ap reacte [err]
cnerr]: 3393ged@fd]l mSBA BEtep, (1613to give a 15$4melﬂ5ng £384d. 1251,

1232, 1192, 118114135 &%edl%n binM._Hp@nal ysi s: CIO0HIONO2[err] 1

gmggr(r)]ztl It o BgiiR, (S 400 Hia® 8%, d5-Dio1OaH, RyP.27-2.31 TOUNE

(38, m), 1.37 (5H, m), 1.70-1.73 (2H, m), 2.10-2.13
(2H, m), 2.54 (2H, s), 4.21 (2H, q, J = 7.2 Hz).
MS (CI) m/z: 95, 112, 122, 164, 182 (100% MH' - C,Hg),
15 210 (MHY).
IR (CH,Cly) Upa, Om 1: 2926, 2856, 2235, 1735, 1733,
1452, 1373, 1345, 1253, 1191, 1033, 953,
Microanalysis: 012H19N202~0.12 HyO:
calc: c, 68.16; H, 9.17; N, 6.62.
20 Found: c, 68.14; H, 8.91; N, 6.77.

Step (v) Lactam
The ester (2.9 mmol) was reacted as in the general

method Step (v) to give a white fibrous solid.

25 Yield 95%. Mpt 150-152°C.
1y NMR (DMSO) 400 MHz: & 0.86 (3H, d, J = 6 Hz),
0.93-1.06 (2H, m), 1.27-1.30 (3H, m), 1.51 (2H, 4,
J =11.6 Hz), 1.62 (2H, 4, J = 13.2 Hz), 1.92 (2H, s),
3.02 (2H, s), 7.43 (1H, Br s).

30 MS (CI) m/z: 81, 95, 110, 166, 167, 168 (100% ME'),
169, 182, 196.
IR (CH,Cly) Vga, Cm 1: 3189, 3093, 2945, 2921, 2864,
1679, 1486, 1447, 1417, 1260.
Microanalysis: CjgH;17NO-0.15 H,0:

35 Calc: c, 70.67; H, 10.17; N, 8.24.
Found: c, 70.69; H, 10.05; N, 7.87.



WD 97/ 33858 PCT/ US97/ 02295
- 40- EXAMPLE 4 J[err] 5 10 15
20 25

WO 97/33858 . PCTMUS97/02295

...39._

step (vi) 4-Methyl gabapentin
The lactam (2.5 mmol) was reacted as in the
general method Step (vi) to give an off-white
hygroscopic solid. Yield 92%. Mpt 146-151°C
5 [@lp = 0 (T = 21°C, C = 1, MeOH). One diastereomer
{ecis) .
1y NMR (DMSO) 400 MHz: & 0.88 (3H, d, J = 6 Hz),
1.02-1.12 (2H, m), 1.25-1.32 (3H, m), 143-1.47 (2H, m),
2.33 (2H, s), 2.99 (2H, s), 8.03 (3H, Br s), 12.33
10 (1H, Br s).
MS (CI) m/z: 81, 95, 109, 166, 167, 168 (100%
Mt - H,0), 169, 182, 186 (MH'), 196.
IR (MeOH) Yy, cm L: 3393, 2925, 2862, 1714, 1613,
1514, 1451, 1387, 1251, 1232, 1192, 1151, 1119, B864.
15 Microanalysis: C30HjgNO;-1 HCl-1 H,O:
Calc: c, 50.04; H, 9.26; N, 5.84.
Found: c, 50.04; H, 9.18; N, 5.82.



(1) Et O2CCH2CN, NH4Ac, AcCOH, toluene, 120[err]C (1) a

NaCN, EtOH (95%, H20O 115[err]C b. HA (g); 30 (i) Et OH, HC
(g), toluene; (1v) HCO , H2G (v) H2, Et OH/ NH3, Raney

Ni ckel , 30-50[err]C, (vi) HC, H2O, 140[err]C WO

97/ 33858 WO 97/33858 PCT/ US97/ 026¥¥50597/02295

-41- Cis 4-isopropyl gabapentin Step (i) Cyanoacetate

The 4-1sopropyl -cycl ohexanone (57 nmmol), et hyl acetate (57 mmuol ),
anmoni nm acetate (58 mmol), and 5 gﬂéﬁial acetic acid (11.3 mmol) were
reacted as in the general neth {i). Kugel rohr distillation
gave a clear oil. Yield 83% Bpt oven tenperature 170-19[err]C,

4 mbar. 1H NMR (CDCl 3) 400 MHz: [err] 0.89 (6H, d, J = 6.8 Hz), 10
1.20-1.33 (2H, m, 1.85 (3 H t, J =x&,2 tEd pd 37-1.50 ¢y (2H, m,

2.00-2.11 (3H, m, 2.3® (1H dt, J = 5, 14 Hz), 3110 (1H, m, 3.92
(1H, m, 4.27 (2H, q, J = 7.2 Hz)j. M5 (Cl) “4,2#CN63, 179,
190, 207, 208, 235, 5 (i}100% MM 1), 23%#1)264. IR (Film
[err] cnerr]: 2959, , 2275, 1730 , 448, , 1368, 1291,
1264, 1239, 1214, 119 140, ‘ 1029, 918, 85X :
M croanal ysis: Cl4H2INO2: 20 Cal c: C, 71.46; H 8.pP9; N, 5.95.
Found: C, 71.28; 8.95; N, 5 90. Step (ii) Minitrile
The cyanoacetate (3 DY) and NaCN ( vl) were 25 redeted as in the
gener al hod Step (ii) to give a yellow solid. Yield 100% Mt
79-81[err]c. HN OBt
§§r/ CO,Et
/l,, 1, CN Ill/," CN
(iii) {iv)
e —_—
15
o
20 QT—-———mi Toza NH, +HC1
/[,,‘ /ll,“
(v) ; (vi)
—_— —_—
25
(i) EtO,CCH,CN, NH Ac, AcOH, toluene, 120°C;
(ii) a. NaCN, EtOH (95%), H5,0, 115°C; b. HCl (g);
30 (iii) EtOH, HCl (g), toluene;
(iv) HCl, H,0;
{v) H,, EtOH/NH5, Raney Nickel, 30-50°C;

(vi) HCl, H,0, 140°C;



1H NVMR (CDCl 3) 400 MHz: [err] 0.91 (6H d, J = 6.8 Hz), 1. 00- 1. 20

(1H, m, 1.3-1.6 (5H m, 1.85 (2H, d, J - 12.8 Hz), 2.14 (2H, d, J
= 12 Hz), 2.70 (2H, m. 30 M5 (Cl) mz: 95, 121, 148, 164, 191 (100%
MHerr]), 192, 209, 210, 219, 231. IR (CH2C 2) [err] cnferr]:
2961, 2933, M¥AMRB5o, 2237, 1468, 1451, 1388, 137FCTUNAA02295318,
1266, 1238, 1216, 1146, 1093, 1065, 1035; 998, 966, 934, 909, 738.
WD 97/ 33858 -41- PCT/ US97/ 02295

-42- M cr oanal yS| s: Cl2H18N2: Cal c: C, 75.74; H 9.53; N,
14. 72. Founél; .,.._.,.;.., apdudiln N, 14. 64. 5 Step (rii)

| m dat e P nitril 12.3 mml) was reacted as in the
general nethod SPepp( 1 slightly inpure white solid. No

purification was attePhg er'T@WrQBYildcYclohexa\meméa spehext step. 10
Step (iv) Ester ethylacetate (8¢ mRbU® eu%xﬁnmal:htm& (mqﬁnﬁﬁiﬁsaha t he

general nmethod V). tq.l eav mel ti.n oI I d d 76%
based on bi mtm%igcg ace fﬁ R d é% € ??ﬁe%a@% €d, J =
6.8 Hz), general qupthod Sﬁr)?P 1ip9 (Kmeltrohé‘ dliti—téatlpreaayeSQ

(5H, m, 1.74-1. ZBeiﬁfbllﬁ Yaelé 834/ (8Pt dVen LeRferature 17AH19Pc,
4.17-4.22 (2H, q4%li M5 (Cl) mz: 88, 123, 150, 192
(MHerr] - EtC]—I) 20 (M+ - CO, 238 (100% MH err] ). I R

(Film [err] cnf@Frj¥R Myzgg‘? MBB63 8 MBS, (6H33d, J = 6.81H30, 13609,
1244, 11870 10301.9631.33 (2H, Mhcroamsl ysis: v, Cy4R3N2 [0y ,] Q.. 3% -H26p

Cale: G 70 2, Hhy 970 M 12 B, 30y, 2.96°088; e, G Q15 H 982

14 BHz), 3.10 (1H, m), 3.92 (1H, m), 4.27 (2H, q,
J = 7.2 Hz).
Ms (CI) m/z: 163, 179, 190, 207, 208, 235, 236

15 (100% Muty, 237, 264.
IR (Film) vp.o em™1: 2959, 2871, 2225, 1730, 1603,
1448, 1387, 1368, 1291, 1264, 1239, 1214, 1190, 1140,
1101, 1029, 918, 852, 777.
Microanalysis: Cj4H,1NO,:

20 Calc: C, 71.46; H, 8.99; N; 5.95.
Found: c, 71.28; H, 8.95; N, 5 90.

Step (ii) Bipitrile
The cyanoacetate (37 mmol) and NaCN (37 mmol) were
25 reacted as in the general method Step (ii) to give a
yellow solid. Yield 100%. Mpt 79-81°C.
1# NMR (cDCly) 400 MHz: & 0.91 (6H, d, J = 6.8 Hz),
1.00-1.20 (1H, m), 1.3-1.6 (5H, m), 1.85 (2H, d,
J = 12.8 Hz), 2.14 (2H, 4, J = 12 Hz), 2.70 (2H, m).
30 MS (CI) m/z: 95, 121, 148, 164, 191 (100% MH'), 192,
209, 210, 219, 231.
IR (CHyCly) Yp,, cm™t: 2961, 2933, 2868, 2250, 2237,
1468, 1451, 1388, 1370, 1344, 1318, 1266, 1238, 1216,

1146, 1093, 1065, 1035, 998, 966, 934, 909, 738.



Step (v) Lactam The ester (2.9 mmol) was hydrogenated as in the

general nethod Step (v) at 50[err]C, 50 psi, to give a 30 crude solid.
The solid was purified by col umm chromat ography to give a white
solid. Yield 38% Mot 130-134[err]C 1H NMR (CDC 3) 400 MHz:
[err] O.85-90%03%s, dd, J = 0.8, 6.8 Hz), 1.00-1.RCIUDFR0228y, '
1.34-1.45 (3H, m, 35 1.63-1.65 (2H, m, 1.73-1.81 (2H, m, 2.13 (2H,
d, J =0.8 Hz), 3.19 (2H, s), 5. 91 (1H, Br s). WO

97/ 33858 PCT/ US97/ 02295

-43- D, 94, 195, 196 (100% M) 197,

210, 224. Nﬁlg?ﬁ; %}é % [ % err] 3210 3094, 2931, 2857, 1699,
1493, 1449, 1382101322 43 915 ; 788.14.92. M croanal ysi s:
C12H21NO FoutdlC: c, 15 433 &O 9ki51108 8414 N4.7. 77. Found: C -
73.83; H 10.90; N, 7.11. Step (vi) 4-isopropyl gabapentin 10

The lactam (1 nmml) was reacted as in the general met hod Step (vi)
to gi ve & whit Stgawddil) iRidaisno, Mpt 167-170[err]C. [[err]]D = 0

= 20[err]C, C = ftheMe{ddtriQee (12.3 mmdl pswes amaenelicas)in the 1H NWR

(DIVBO) 400 Mz: , 8 0 (1H m,
1.00-1.56 (2H, r%’g’ }Lz’g %4%%%69 ‘rl(‘EH oSgl¥d a %‘fhﬁg %’EF‘JT , 1.66-1.70
(2H, m, 2 32 white spdjgd. 5)No me(lzﬂtlgy g c&F’f(emteBragﬁi sqbid (1H,

Br s). Mas( Gepdnid: ndOO,stk@h (100% | actam H err]), 214 (Mderr]). 20
IR ( N@C}% [err] cn{err]: 3557, 3144, 3027, 2949, 2865, 2354, 1712,
1591, 15 % 1455, 1468, 1409, 1322, 1286, 1246, 1199, 1077, 852.

M croanal ysi s: StEP2KBINGERER¥ | 1. 12 HO Cal c: C, 56.71; H 9.57;
N, 5.51. The imidate (4.4 mmol) was reacted as in the

general method Step (iv) to leave a low melting solid.
Yield 76% based on binitrile.

15 1y NMR (CDCly) 400 MHz: & 0.89 (6H, d, J = 6.8 Hz),
0.91-1.04 (1H, m), 1.29 (3H, t, J = 7 Hz), 1.33-1.51
(54, m), 1.74-1.78 (2H, m), 2.14-2.17 (2H, m), 2.54
(2H,5), 4.17-4.22 (2H, q, J = 7 Hz).
MS (CI) m/z: 88, 123, 150, 192 (MH' - EtOH), 210

20 (MH+ - CcO), 238 (100% MH').
IR (Film) Vp,, om 1: 2955, 2927, 2863, 2235, 1733,
1450. 1369, 1244, 1187, 1030, 933.
Microanalysis: Cq,H53N05-0.12 H,0:
Calc: ¢, 70.21; H, 9.78; N, 5.85.

25 Found: c, 70.18; H, 9.82; N, 6.03.

Step (v) Lactam
The ester (2.9 mmol) was hydrogenated as in the
general method Step (v) at 50°C, 50 psi, to give a
30 crude sclid. The solid was purified by column
chromatography to give a white solid. Yield 38%,
Mpt 130-134°C.
1z NMR (CDCly) 400 MHz: & 0.85-0.90 (6H, dd, J = 0.8,
6.8 Hz), 1.00-1.05 (3H, m), 1.34-1.45 (3H, m),
35 1.63-1.65 (2H, m), 1.73-1.81 (2H, m), 2.13 (2H, 4,
J = 0.8 Hz), 3.19 (2H, s), 5.91 (1H, Br s).



25 Found:
PCT/ US97/ 02295
EXAMPLE 5 [err]

WO 97/33858 PCT/US97/02295

10

15

20

25

C, 56.77;, H 9.56; N, 5.51. WO 97/ 33858
- 44-
5 10 15 20

..43...

210, 224.

IR (CHyCly) Vpay cm L: 3210, 3094, 2931, 2857, 1699,
1493, 1449, 1382, 1322, 1301, 1265, 919, 788.
Microanalysis: Cj,H,NO:

Calc: C, 73.80; H, 10.84; N, 7.77.

Found : Cc, 73.83; H, 10.90; N, 7.11.

Step (vi) 4-isopropyl gabapentin

The lactam (1 mmol) was reacted as in the general
method Step (vi) to give a white powder. Yield 60%.
Mpt 167-170°C. [alp = 0 (T = 20°C, C = 1, MeOH). One
diastereomer (cis).
1p NMR (DMSO) 400 MHz: & 0.84 (6H, d, J = 6.8 Hz),
0.90-1.00 (1H, m), 1.00-1.56 (2H, m), 1.23-1.30
{(2H, m), 1.38-1.48 (3H, m), 1.66-1.70 (2H, m), 2.32
(2H, s), 2.97 (2H, s), 8.00 (3B, Br s), 12.00 (1H,
Br s8).
MS (CI) m/z: 190, 196 (100% lactam H'), 214 (MHT).
IR (MeOH) Vp,, cm 1: 3557, 3144, 3027, 2949, 2865,
2354, 1712, 1591, 1507, 1455, 1468, 1409, 1322, 1286,
1246, 1199, 1077, 852.
Microanalysis: Cj15Hy3NO5-1.12 HCL:
Calc: c, 56.71; H, 9.57; N, 5.51.
Found : Cc, 56.77; H, 9.56; N, 5.51.



25 (i) Cul, MeLi, NHACQ, NH3 (929%; (ii) NCCH2COREt, NH4OAC,

AcOH, toluene (83%; (ii1) NaCN, EtOH, H20 (57%; (iv) HA,

Et OH, toluene (93%; 30 (v) H2, Raney N ckel, EtOH, NH3 (84%;

(vi) HA, HO (64% Step (i) 3,3-Dinethyl-cycl ohexanone

Synt hesi sed P4 ’%3%8 met hod outlined by 35 Pel | etier S.xeT/ussdodedsly N. V.,
J. Og. Chem, 41:1069 (1969). WD 97/ 33858

PCT/ US97/ 02295 44~ -45- A
solution of |ithiumdirethyl cuprate was prepared by the addition of
methyl lithium (1.4 Min et her gxfprd® 571, 2.45 nol) to copper (1)

i odide (8.8 g, 0. 046 nol) under argon. The solution was cooled to 5
O[err]C, and 3-nethyl-cycl ohexen-1-one (5 nL, 0.044 nol) was added
dropwi se, with stirring, and a deep yell ow MgCi pitate was forned.

The suspension was stir;ed at roomtenperature for JBur before

acetate (Ca. 5 g). ;1 aye ere se ar?ted angl t he aqueous | ayer
was washed Wi pt h e 50 hi ned organi cs
were washed with sat brine (3 D mL), dried MpS™), and
t he sol vent renpoved i ~ract™ to | eave dark ye +qui d.
1H NVR (CDCl 3) 400 MHz: 0.98 (6H, s, ), 1.59 H m, 1.88
(2H, m, 2.14 (2H, m, 2.26 (2H m. IR (Film [err] cnferr]: 2956,
1711 (C 300, 1457, 1368, . 1292, 1226, 1076. 20
i 2Et
N
4
(iii) (1v)
—_—
15
o
NH 023 NH, «HC1
20
’ll,, I’/l,
(V) !vi) ;
—_—
25

(i) Cul, MeLi, NH4Cl, NH3 (92%);
(ii) NCCH,CO,Et, NH,OAc, AcOH, toluene (83%);
(iii) NaCN, EtOH, H,0 (57%);
(iv) HCl, EtOH, toluene {93%);
30 (v) H,, Raney Nickel, EtOH, NH; (84%);
(vi) HCl, H,0 (64%)

Step (1) 3.3-Dimethyl-cyclohexanone
Synthesised via the method outlined by
3s Pelletier S.W. and Mody N.V., J. Org, Chem,, 41:1069
(1969).



Step (ii) Cyanoacetate To a sol ution of

3, 3-di net hyl - cycl ohexanone (4 g, 0.032 nol) in toluene (25 nlL) was
added et hyl cyanoacetate (3.37 nL, 0.032 nol, 1 eq.), anmonium 25
acetate (0.24 g, 0.003 nol, 0.1 eqg.), and acetic acid (0.36 ni,
0.006 mol, O. 29%?:7.’3??53The yel | ow sol ution was heat ed PETRBPIIOSWhI | e
attached to a Dean-Stark trap, and heating was continued until no
nore water condensed in the trap. _Aég_er cool ing, the now orange

sol ution 30 was washed with water (3 x 2.5 nL) and the organic

layer dried (MgSO4). hilsbhatien @fldj.itﬁ{mmhiﬂétfzﬁﬁ gucirase js:fa_gvetn_t in vacuo
gave the crude prg S ep or.an guid.. Purification was
achi eved by Kugel‘?%*%tre% b¢ gﬁ?sat‘cllcﬁta o tggfg'}e1 #/eflf'helurlﬁ Qf}u%eﬁo%nci s and
trans 35 pr odtfetes -ad 7a2patker y2i $owWwdliqgiiedcoppen 60L)1 A0KaAe] (8- & Frbar
(5.83 g, 83%. 0.046 mol) WAHEY/ZBFhS. The solutioguyas cooled io

PCT/ US97/ 02295 .0 ) ] . - 46-

NVR. (CDOl 3) 2100 WIS 376> BEFILL-ytofigrenglagne (5 mLy é’H,""é,mﬁf& M) ,
1.34 (6H, m 2 x ¥a&s @Addedt drppwiseg with stifzipgnjand a78leepHyelleow, J =
6.4), 1.82 (2H, (pidbipitate wds e, 2. 46 (2H, ZL, 2-62 (2H,2t, J =6.4),
2.80 5 (2H, s) 2 ) = 6.4). 4 27 X

ester). Ms (C )T%% %a%iéﬁ(?\ﬂ evfarﬁ s)fiffe§06€/¢ I,.d%mfe('?f ravpe® (§ﬁr

194 (6), 176 (5).1 hour befprerbeing [Reyurjedc ipter: soRggen 2g78gqueowst (CN),
1731 10 10( C = £dmonlic06§16& ﬂﬁ)an&%&ﬁsogiag?)aﬁlet%t% (¥aCr QaBQ:.:ysTlgé c
C13R19C2N: ; C 2 H, ; . 32, ound: '
70.35; H, 8.79; N° Ge%'f’s,f"erel%e’zgr%?ee% e F?es?g%??‘ﬁ Taver vas Giflieqr,

sol ution of the URdd digtByl cerrRester 50 mL) . (1The qpmbgnedeonpryidm

et hanol (100 nl) wene washed with sdthrdteawbsiaddesl s adiousigyaaifes (0. 28 g,

0.006 nol, (bi]qS%(Z')),' a;metﬂg '4&%%& .chlng'trég niWactﬁ%attgdlggvé eatl ux
15 dark yellow liquid.
ln NMR (CDC1l3) 400 MHz: 0.98 (6H, s, 2 x Me), 1.59
(2H, m), 1.88 (2H, m), 2.14 (2H, m), 2.26 (2H, m).
IR (Film) Vg, cm 1: 2956, 1711 (C = 0), 1457, 1368,
1292, 1226, 1076.
20
Step (ii) Cvanoacetate
To a solution of 3,3-dimethyl-cyclohexanone (4 g,
0.032 mol) in toluene (25 mL) was added ethyl
cyanoacetate (3.37 mL, 0.032 mol, 1 eq.), ammonium
25 acetate (G.24 g, 0.003 mol, 0.1 eq.), and acetic acid
(0.36 mL, 0.006 mol, 0.2 eq.). The yellow solution was
heated to reflux while attached to a Dean-Stark trap,
and heating was continued until po more water condensed
in the trap. After cooling, the now orange solution
30 was washed with water (3 x 2.5 mL) and the organic
layer dried (MgSO4). Filtration and removal of the
solvent in vacuo gave the crude product as a deep
orange liquid. Purification was achieved by Kugelrohr
distillation to leave the mixture of cis and trans
35 products as a pale yellow liquid, bp 160-170°C, 4 mbar
(5.83 g, 83%).



20 for 8 hours and then cool ed, during which tinme an off- white

preci pitate was forned. The suspensi on was filtered under vacuum and
the filtrate acidified with HCl gas until the pH was approxi mately
2. The m xture was then filtered a second tinme and then the sol vent
25 renoWe@733858,acuo to | eave the crude product as a peEEUSITN2295 (reen
solid. Flash colum chromatography, after absorption of the crude
product on to silica, eluting 4 0% to 50% Et CAc i n heptane gave
the binitrile asa colorless SO|I "(0.57 g, 7% 30 1H NWVR
(cbA 3) 400 H. s, ,113 td, J = 13.2, 4.2 Hz),
1.21 (3H, s, NH?‘?‘ N’iﬂ ) r‘b°,° M. éd‘(ﬂlH?' M 0395 ) 2. 15

(1H, n), 2.65 (BH, s, 2 x Me),CRRBA) (6H, m, 2 }3BeNbR &EBGHR) U@O |sz
19.61, 25.17, 3Qu/%) 31 % (3%, u1§3 37 S4y91.82 3u, 3. 46. 26,

115. 06, 122.19. c 4 o4 97/'3 3558

PCT/ US97/ 02295° = 6-43), 2.46 { ¥, 5), 760 (28, t, 7 -27%-4). 2.805 () z/e:
177 (M- 5 1, 1088 ,s162 Y3LARE, 150 §26)6.4), 4.27136H(5y, 220084), 109 (5).

IR (Film[err] egpégefr] : 2988, 2937, 2869 2237 (2 x CN), 1749, 1456,
1423, 1369 120 103 972+ cr oa ysS C 1H16N2

Cal c: 96&1114 245 155?&’1 E o3.1 °*"F2§ -L’)' 206 #4)9g; H 9. 32

N, 15. 80. 194 (Sxepﬂ(ﬁ \x)S)Qlanoester 10 The binitrile (0.50 g,
2. 84 nmol ) Waslﬂ'ﬁ om™1: 2958) Uéel%'o‘st hane!l (&¥P, Maszat room

t enper at e and t

aX cool e . Toluene (20 nL) was added to
t he sol &Fion hhdlﬁ%er{ct ﬁecl)eag%? JTﬁJ ‘ure was acidified by

passi ng HO ga¥icheanmjlysitss:at CaB¢g0p®: rate for 15 ca. 45 mnutes. The
fl ask was thencgiepper ed: aﬁ@ seftu, 8.65; 0 St.3Ad at roomtenperature for

gﬁePg?;Sand maF@?“%hd thé | yégmlg %fgd&a%hgg(titioned bet ween et hyl

15 Step (iii) Bisnitrile
To a solution of the unsaturated cyanoester
(1.26 g, 0.006 mol) in ethanol (100 mL) and water
(4 ml.) was added sodium cyanide {(0.28 g, 0.006 mol,
1l eg.). The yellowish solution was heated to reflux
20 for 8 hours and then cooled, during which time an off-
white precipitate was formed. The suspension was
filtered under vacuum and the filtrate acidified with
HC1l gas until the pH was approximately 2. The mixture
was then filtered a second time and then the solvent
25 removed in vacuo to leave the crude product as a pale
green solid. Flash column chromatography, after
absorption of the crude product on to silica, eluting
with 0% to 50% EtOAc in heptane gave the binitrile as a
coclorless solid (0.57 g, 57%).
30 1n FMR (CDCly) 40C MHz: 0.99 (3H, s, Me), 1.13 (1H,
td, J = 13.2, 4.2 Hz), 1.21 (3H, s, Me), 1.32 (2H, m),
1.54 (1H, m), 1.82 (3H, m), 2.15 (14, m), 2.65 (2H, s,
CH,CN) .
13¢c NMR (cpCly) 400 MHz: 19.61, 25.17, 30.79, 31.18,
35 33.77, 34.79, 35.37, 37.92, 46.26, 115.06, 122.19.



J

aqueous | ayer was extracted with ethyl acetate (3 x 20 30 nL), and the
conbi ned organi cs washed wi th aqueous satur ated sodi um hydr ogen
carbonate solution (3 X 50 nL), brine (3 x 50 nmL), dried (MgSO™4),
and the sol vent renoved under reduced pressure to | eave a pale

yel |l ow | i qui (WQOO7/B85%, 939% . 25 1H NMR (CDO 3) 400 MHz:PCTUSZNOR23Y s,
Me), 1.16 (3H, m, 1.21 (3H, s, Nb) 1.29 (3H, t, J = 7.2,

CH2CH3), 1.50 (1H, m, 1.65 (1H, dt, J 14 4, 7.6), 1.84 (1H, qt,
=13.3, 3.2), 1.96 (1H, dt, J = 13.7, 2 2), 2.16 (1H, m, 2. 48 (1H
d, J = 15.6, C—2 e ( Y4+ =
7.2, CH2CHB). e ¢ 11242% (1850%3) ﬁob 15% %!'1_%’ ﬁslg‘gézi’ 31. 03,
34.04, 34.14, 361088, (38. 4B0 43.)241086( 8D, 61. 02 123. 67, 169. 00.

M (Cl) z/e: 224¢( + 1,,mt@0% 6 ), 2868, (323 x cnyl36 (13),
Iho (12 4R %EW%“P/’%C%B 29885 499, 2588,(3237 &b Y

PCT/ US97/ 02295 1749, 1456, 1423, 1369, 1202, 1180, ;ﬁé}, 972. IR (Film
[err] cnfers]: M9O8oarQlyAi2368,1H288>(CN), 1738 (C = 0), 1457,
1372, 1217, 1181¢a1d54, 1Q26.74.96; u, Mcivangl wsi 8o C13H21NO2: Cal c:
C, 69.92; H 9.4 N, 6. 27 9.63; H 9.45; N, 6.15.
Step (v) Lactamgb nd: %ﬁéogyaﬁ gt%ﬁ (ég % gz 23 mmol ) was

hydr ogenat ed in ethanolic anmonia (600 nL) wi th Raney nickel as 10
catalyst (ca. 0. 3gef) (8¥) Qg&ﬁkkkggind 50 psi for 48 hours. The

cat al yst
sol vent

i n hept ane,
1H NWMR (CDC 3) 4

(2H m,

I’ﬁgvtege

1.36 (2

15

20

25

30

35

" Ferie ST g, 3OS CPyR 99 P

Fl ash col um chr shapbgrapishanslyRAgmia t &t Osecm teBperatu0®danst hpenacet at e

%gl‘%:gm} Tig *%%H’ ﬁf‘ Meler &P %illreSvas aciaidfBh v 2°

passing Hcl gas through it at a gentle rate for
ca. 45 minutes. The flask was then stoppered and left
to stand at room temperature for 24 hours.

The yellow solution was partitioned between ethyl
acetate and water and the layers separated. The
aqueous layer was extracted with ethyl acetate (3 x
30 mL), and the combined organics washed with aqueous
saturated sodium hydrogen carbonate solution (3 x
50 ml:), brine (3 x 50 mL), dried (MgSO,), and the
solvent removed under reduced pressure to leave a pale
yellow ligquid (0.59 g, 93%).

1@ NMR (CDC13) 400 MHz: 0.94 (3H, s, Me), 1.16

(3H, m), 1.21 (3H, s, Me), 1.29 (3H, t, J = 7.2,
CH,CH3), 1.50 (1H, m), 1.65 (1H, dt, T = 1l4.4, 7.6),
1.84 (1H, qt, J - 13.3, 3.2), 1.96 (1H, dt, J = 13.7,
2.2), 2.16 (1, wm), 2.48 (1H, 4, J = 15.6, C-2H), 2.54

(1H, 4, J = 15.6, C-2H), 4.20 (2H, q, J = 7.2, CH,CHj).

13c MR (CDCly) 400 MHz: 14.21, 19.65, 25.42, 31.03,
34.04, 34.14, 36.08, 38.44, 46.14, 46.80, 61.02,
123.67, 169.00.

MS (CI) z/e: 224 (MY + 1, 100%), 196 (12), 178 (35),
136 (13), 109 (12).

gavecbBEe@UEs 0RCE affodene (20 il )C@a@l hAA8d S€b itthd 340 ny, 849%) .



1.68 (1H, s), 2.18 (1H, d, J = 16.4, CH2NH), 2.24 (1H, 20 d, J = 16.8,
CH2NH), 3.15 (2H, s, CH2CO). 13C NVR (CDOl 3) 400 MHz: 19.16, 29.88.
30. 36, 31.28, 36.57, 39.05, 39.61, 44.58, 49.54, 54.79, 177.72.

MG (Cl) z/e: 182 (Merr] + 1, 100%, 181 (15), 180 (5), 166 (3). 25
IR (Filn [wosjssssnierr]: 3203, 3100 (NH), 2014, 2860, PCT/USIINBIB (C =
O, 1486, 1374, 1317, 1289, 1257, 1076. M croanal ysis: C11H19NC

Cal c: C, 72.88; H 10.56; N, 7.73. Found: C, 72.38; H, 10.47,
N, 7.56. 30 Step (vi) 3,3-Dinmeth#P- Gabapentln Hydr ochl ori de

The | actam (0. 1) oha di ssolved in m xture of HC
(concentrat ed, §§ H{J;Ll%%dm Z m.3998. 2937/aﬁ§5§he2?%%mqua)nt col orl ess

sol ution heat ednm tefd wgy, 35457 fsv220donyr 3181Tha156) urté2: was cool ed and

t hen paptitio twe t and di chl oronet hane, and the
WO 97/ 33858 i L SRS, HF O8] 1 RO, PCT/ US97/ 02295

- 49- | Ggbes sepéhaﬁ@d92ThEra&u@%h§hléy@P -was washed with

di chl or onet hangobiax 20 dil)esasd;t e 9eimy it)Cle.nsnoved by rotary
evaporation to | eave the crude product as an of f-white solid.
Trituration of this solid with ethyl 5 acetate and filtration of the
product gave Step (W) Zaytham hyl gabapentin, hydrochloride salt as a

colorless solid (14@hag=ya4%t64%(basegl, @. TE st edtas hydrodginatieidng

t | 0 92 (3H, s, 10
nr|\/|E) ok 1 a0t Paf hé g O grith 53y onidkd: (:%H b$ q 3=
13.5, CHENHB) cﬁtgty Hcabr Os S5NEB) at 50°C angh 59 P4 HEOR 48 hayys IR
(Film [err] Cn{errihe 281y st/28s( Ehen Qemchie® byl 2Bt ration

M croanal yS1 5. CLUERNEG e 180a. tpgPblivent fencba’fi ¢hodo 4 N 594

Found:
leave a greenish crystalline solid.

Flash column chromatography, eluting with 0% to

15 100% ethyl acetate in heptane, gave the pure lactam as
a colorless solid (340 mg, B84%).
lg NMR (CDCl3) 400 MHz: 0.89 (3H, s, Me), 0.92 (3H, s,
Me), 1.25 (2H, m), 1.36 (2H, m), 1.51 (3H, m),
1.68B (1H, s), 2.18 (1H, d, J = 16.4, CHyNH), 2.24 (1K,

20 d, g = 16.8, CHZNH), 3.15 (2H, s, CHZCO).
13c NMR (CDCly) 400 MHz: 19.16, 29.88, 30.36, 31.28,
36.57, 39.05, 39.61, 44.58, 49.54, 54.79, 177.72.

MS (CI) z/e: 182 (MY + 1, 100%), 181 (15), 18O (5),
166 ¢3).

25 IR (Film) vy, om t: 3203, 3100 (NH), 2914, 2860,
1698 (C = ©), 1486, 1374, 1317, 1289, 1257, 1076.
Microanalysis: Cj1HjgNO:

Calc: ¢, 72.8B; H, 10.56; R, 7.73.
Found: ¢, 72.38B; H, 10.47; N, 7.56.

30

Step (vi) 3.3-Dimethyl Gabapentin Hydrochloride

The lactam (0.3 g, 1.66 mmol) was dissolved in a
mixture of HCl (concentrated, 5 mL) and water (5 mL),
and the resultant colorless solution heated to reflux

35 for 20 hours. The solution was cooled and then

partitioned between water and dichloromethane, and the



20 25 30 35 WD 97/ 33858
PCT/ US97/ 02295 - 50-
EXAMPLE 6 [err]

WO 97/33858 PCT/US97/02295

-49..

layers separated. The aqueous layer was washed with
dichloromethane (3 x 20 mL) and the water/HCl removed
by rotary evaporation to leave the crude product as an
off-white solid. Trituration of this solid with ethyl
5 acetate and filtration of the product gave
3,3-dimethylgabapentin, hydrochloride salt as a
colorless solid (140 mg, 42%, 64% based on recovered
starting material).
l1g NMR (DMSO) 400 MHz: 0.90 (3H, s, Me), 0.92 (3H, s,
10 Me), 1.15-1.49 (BH, m), 2.45 (2H, s, CH,COgH), 2.90
(2H, br g, J = 13.5, CHyNHj3), 7.96 (3H, br s, NH;3),
12.36 (1H, br s, OH).
IR (Film) v em™1: 2930, 1728 (c = 0), 1272, 1123,

max
Microanalysis: Cj3HpoNO,CL:

15 Calc: C, 56.04; H, 9.41; N, 5.94.
Pound: C, 55.79; H, 9.61; N, 6.23.

20

25

30

35



5 10 (i) Et O2CCH2CN, MeOH, NH3 (679 ; (i)
H2SO4, 180[err] C (799 ; (iii1) Ac20 120[err]C (82%; 20 (iv)
MeOH, NaOwe (83%; (v) N3P(O) (OPh) 2, Et3N, MeCN, 60[err]C then HC
refl ux, then crystallization (13% Steps (i) and (ii)
25 (Wp-9333888 hyl cycl ohexanone (10.92 nlL, 89.2 nmmvl ) PCT/USSTARS
di ssol ved in nethanol (25 nL) with ethyl cyano- acetate (18.96 nL, 178
nmol ) and cooled to O[err]C Ammoni a gas was bubbl ed t hrough the
sol ution for 25 minutes, after whith the sol ution was stoppered and
30 stored at -20[err]C. After 66 HhQwos, giethyl et her (100 ni)
was added to the m xture, and the white soFi whi ch fornmed was
filtered off, washed with diethyl ester (2 x 50 nL), and dried to
give 15.71 g (67% of a whitg solid. 35 - Wt hout further
purification, a sanple of the soligg{ﬁ.o y, 15.3 mmol ) was di ssol ved
I n concentrated WO 97/B3 0 HOC CO.H
PCT/ US97/ 92295 0 - 51 2 2" HesO4 (40
m) with gentle warm and al | owef .t oN over m . Water (40
m.) was then cautio dded*3nd .ifiL

"y "y iy

10

HO:C COqMe

2H an.ncl
(iii) (iv) ) o
—_— —_ —_ X
15 -l;, " ul’,l ” ""’
(i) EtO,CCH,CN, MeOH, NHj (67%);
(iii) RAcy0, 120°C (82%);
20 (iv) MeOH, NaOMe (B3%);

then crystallization (13%)

Steps (i) and (ii)

25 (R)-3-Methylcyclohexanone (10.92 mL, 89.2 mmol)
was dissolved in methanol (25 mL) with ethylcyano-
acetate (18.96 mL, 178 mmol) and cooled to 0°C,.
Ammonia gas was bubbled through the solution for
25 minutes, after which the solution was stoppered and

30 stored at -20°C. After 66 hours, diethyl ether
{100 mL) was added to the rixture, and the white solid
which formed was filtered off, washed with diethyl
ester (2 x 50 mL), and dried to give 15.71 g (67%) of a
white solid.

35 Without further purification, a sample of the
solid (4.0 g, 15.3 mmol) was dissoived in concentrated



the resulting m xture heated to 170[err]C. After 5 hours, all the

solid had dissolved. The m xture was cooled to 5 roomtenperature,
diluted with water (200 nL), and extracted with diethyl ether (3 x
150 nmL). The ether extracts were conbined, dried over magnesium

sul phat e, WO 9733888 t he sol vent renopved in vacuo. The oilyPEEIRWHRINAS
triturated with heptane to obtain a precipitate which 10 was filtered
off and dried to give 2.57 g (79% of a buff col ored solid.

1H NVR (CDO 3) 400 MHz: [err] 0.85-0.94 (ZH™ m), 0.87 (3H, d, J =6

Hz 1.15 (1H, gb,3 el a 8 Hz
1 )87 (2H ( , 2”11{82 2HQ43) ﬁﬂ:) (vgﬂzh @ent:k qiarmin% hd Hi11kved, td stdra )

zle: 214 ([M [err‘ive(rfsl%‘t 21‘3%“( ’E)O%o mL) was T’]??’( t‘?’ﬁ'#"roulsﬁf%' s %’H{vsrr]

1204; 1290, 1413,tHeA3@sulting mibiifre 2@2afted to 170W cr ddheirysi hou1HI8M:
é? (i Cal) CA hvd ﬁdl @heb801kh @atfwdlssolved FO'FHQ mixture %562?01'&(3 8tcﬁ1 od
ep (iii nhydri de was heate

to 25 ref | ux JIPTadEMPETZRS i |d(fel"‘("‘§% Wﬁ‘%e ‘%’%B‘&Ps %’ﬂ
sol vent was renovextrnagtedcubth Tdigetrhysi mewas3 x 150 mli)ssolhedether
di chl or onet hane (é&fyc)csaaér&aé&mm hariea ovéﬁtxhggfi{&q_uﬁqgﬁﬂﬂﬁaéé’d' um

bi carbonate, dried d(%/g.s 1 t.he sol vent rerm éacuo to
obtain 1.83 g (87% e so IS'F“%’B‘?W ip, vacuo. Y(EBE:‘ € A5 Mz :
[err] 0.84, 0.89 Kﬁl#,urdted with hleptagheHtp, obt@Bn(all-Prem)lpz.:tass which (4H, n),
1.64-180 fte%eéBOf@"aanis)drl%d?éo Hresd. 57 g (798YBofAPCI +) z/e:

197 ([N+ﬂ[err] %?%%a % & so 1d IR (Thinfilny [err] cnierr]:
947, 1073, 1181, 2925 WO 97/ 33858
PCT/U897/02295 H NMR (cncl3) 400 MHz: & 0.85-0.94 5(2H, m), 0.87 (3H,
M croanal ysis: CldHW6®B6 Hzy, 1.15 (1H, m), 1.39-1.61 (3H, m), 1.71
(1H, br 4, J = 12.8 Hz), 1.87 (2H, m), 2.48 (2H, ABq,
15 J = 4 Hz), 2.67 (2H, s).
MS (ES) z/e: 214 ([M]}YT, 13%), 213 (100%).
IR (thin film) Y., cm™1: 1204, 1290, 1413, 1458,
1702, 2924.
Microanalysis: C11H1804:
20 Calc: C, 61.66; H, 8.47.
Found: C, 61.67; H, 8.51.

Step (iii) Anhydride
' The diacid (2.5 g, 11.68 mmol) was heated to
25 reflux in acetic anhydride (30 mL). After 3 hours, the
solvent was removed in vacuo. The residue was
dissolved in dichloromethane (50 mL) and washed with
saturated agqueous sodium bicarbonate, dried (MgS804),
and the solvent removed in vacuo to obtain 1.83 g (82%)
30 of a brown oil.
1 NMR (CDCl;) 400 MHz: & 0.84, 0.89 (3H, d,
J =6 Hz), 0.98 (1H, m), 1.38-1.60 (4H, m), 1.64-180
{2H, m), 2.53 (2H, s), 2.74 (2H, s).
MS (APCI+) z/e: 197 ([MH]Y, 100%), 126 (32%).

35 IR (thin film) vp,, cm™l: 947, 1073, 1181, 1761, 1810,
2925.



Cal c: C, 67.32; H, 8.22. Found: C, 66.98; H, 8.07. 5

Step (iv) Half Ester, cis/trans M xture The anhydride (1.865 g,
9.5 Mol ) was dissolved in dry nmethanol (10 nmi) with sodium

met hoxi de (0.5 Min MeOH, 20 nmi, 10 mmol) and stirred at room
tenper at ur ¥O9733858 After 3 hours the solvent was renovedPGHUSHOMSS and t he
10 resi due partitioned between ethyl acetate (150 nmi) and 1N HO
(50 nmL). The organic phase was separ at eq., and t he agueous phase
re-extracted with ethyl acetate (2 x 100 nL). The organic extracts

were conbi ned, \dtk88nalysis: ( i@%o and the solvent renoved in vacuo to
give 1.8 g 15 (83% of V\le whi ch contained a -1:1

m xture of thec(?flg and tT4a 0m§|'s 1H NVR (CDC 3) 400 MHz: [err]
0.85-0. 93 (2H, Feppdo. 86 q3+¢,6 58, H, 8,00. 6 Hz): 117 (1H m: 130162
(3H, ™; 1.64-1.80 (3H m: 2.48 (2H m; 2.64-2.65 (2 2 x s 20
one fromeach i omerl (ES: [e: 2 MH [err], 100% .

IR (thin¥ilm SEEPr i EN 05, 1738, 2926,
3200 M cr Oaﬁhﬁy@@d@%20@552§: ‘9.5 MJ was TisHEFvES ib, 8. 83.
Found: C, 63rg 9metha§3.’§3(]lo mL ) w1th5§&?n£n\’ )methoxlde (0.5 M in

(1- Ami nonet hyl - ge ?é" -cyc:m yll) a I d

[(1S-(1[err], 3{‘8 1) mmcl) TR rﬁ%’iﬁeéid‘f*t FAPP BETRSTATRer s (515
ny, 2. 26fhmpl 3 bewrslitheolepdteph waetxameves Ab) vacumb cool dde to

-10[err]i@ Tri ekbyhadi perdiXhionkl bat‘zegﬁméehwacaddeé (150 mu)f Qnlgowed by

oL o0t orof 05y (29 i 1 img o £gEEL ipen o AR TRELATRES ST e
(220 ng, 3.39 &h6l 3quecus phasewaf?-eiex(cxamf}d Wit ha édiby 1 amcletatee ri2xtur e
allowed to warnpo mL). The MWPaRie3888Bacts were combined, dried
PCT/USQ?/OZZQS(MgSO4), and the solvent removed in vacuo to give 1.8 g
15 (83%) of a pale brown oil which contained a -1:1
mixture of the cis and trans isomers.
lg NMR (CDCl3) 400 MHz: § 0.85-0.93 (2H, m); 0.86 (3H,
d, J = 6 Hz); 1.17 (1H, m); 1.39-1.62 (3H, m);
1.64-1.80 (3H, m); 2.48 {(2H, m); 2.64-2.65 (2H, 2 x s
20 one from each isomer).
MS (ES-) z/e: 227 ([M-H)', 100%).
IR (thin film) Vp,, om™1: 1163, 1194, 1440, 1705,
1738, 2926, 3200.
Microanalysis: C12H2004:
25 Calc: C, 63.13; H, 8.83.
Found: C, 63.29; H, 8f83.

Step (v) (l-Aminomethyl-3-methyl-cyclohexyl)}-acetic
acid [(1s-(10.3B)1
30 The mixture of half ester isomers (515 mg,
2.26 mmol) was dissolved in acetone (6 mL) and cooled
to -10°C. Triethylamine (377 uL, 2.7 mmol) was added
followed by ethyl chlioroformate (259 ul, 2.7 mmol).
The mixture was stirred at -10°C for 40 minutes, after
35 which a solution of sodium azide (220 mg, 3.39 mmol) in
water (1 mL) was added and the mixture allowed to warm



- 53- to OC. After 40 mnutes, the m xture was poured into ice

cold water (20 nL) and extracted with ice cold toluene (3 x 20 nL).
The tol uene extracts were conbi ned and dried over magnesi um sul fate
at O[err]C. The 5 tol uene solution was then added dropwi se into a
flask wpowimesgt ed to 180[err]C in an oil bath at 180 R¢TPISTORAE

sol vent was renoved via distillation. Once the addi ti on was
conplete, the mxture was stirred at 180_[se3r_r]C for a further 20

m nutes, until all the solvent had 10 been renoved. Dioxane (5 nL) and

concentrated Hy goc AR dI-g"RiGyEREN BEKIGH AR B8sMpaLsEe tiftld uxed for

3 hours. The m xture was en cooled to_room _tgrrgerat‘g{i, diluted

with water (30 #Cp, cahd waksted 20 nl) apd; pxiraghissy Fitbnine ¢ 30 nL). The

aqueous phase 1%olued@s(¥T0! |HCtzd .andheheobodnerdxtranbseder® vacuo to give

a brown gum whiGl W85, Ild WA Vel nGliL 1@ ShidleBckOat ooc. G a buff
sol1d was

col ored solid. e ] recrystallized froma m>7%ur of

met hanol , %t hyl toluene selitiqn wag)thept added AXAPNIFSIETHY 7 7042 a white
20 solid. preheafét N\R Y&t DNBORnAO0L Nbizth [asr MBOOC70-TRES (2H, ),
0.83 (3H, = 1. - 1. 360 B8 (6H, ),
2. 44 (2H, . s), 2.sé’§’.’ %ﬁ, W% @7{,’.05,12@0 ?ﬂﬁ% aatilatlon VB, (ES) , 2/ fipecl88
([MHHO J[err], afgasgonowas °°‘?H§e%1eni the) PRYTRES MRS fEEFFTY 24 280 408,
1709, 2925, for 328Grther 20 minuteanabysil:allCki>SNOPERE chad 0. 25 H2O

Cal c: 1\?’ 53'%%' g évéé)’.; i Seahd (9 mLQ-%ﬁ-concentraE@&nﬁ’él C, 53.24;
H 9 26; N 6 2578 TI879% 30 VO 97/ 33858
PCT/ US97/ 02295 (5 mL) were then added and the_g&ﬁture refluxed for
EXAMPLE 7 3 hours. The mixture was then cooled to room
temperature, diluted with water (30 mL), and washed
with dichloromethane (2 x 30 mL). The aqueous phase
15 was collected and the solvent removed in vacuo to give
a brown gum, which was triturated with ethyl acetate to
give a buff colored solid. The solid was
recrystallized from a mixture of methanol, ethyl
acetate, and heptane to yield 35 mg (7%) of a white
20 solid.
1y NMR (dg DMSO) 400 MHz: & 0.70-0.88 (2H, m), 0.83
(3H, 4, J = 6 Hz), 1.06-1.17 (1H, m), 1.36-1.63
(6H, m), 2.44 (2H, s), 2.84 (2H, s), 7.92 (4H, br s).
MS (ES+) z/e: 186 ([MH-HC1l]Y, 100%).

25 IR (thin film) vp,, om +: 1211, 1408, 1709, 2925,
3200.
Microanalysis: CqgHygNO,C1:0.25 Hy0:
calc: c, 53.09; H, 9.13; N, 6.19; cl, 15.67.
Found: C, 53.24; H, 9.26; N, 6.23; Cl, 15.43.

30



[err] 5 10 15 20 (i) EtRCCH2CN, MeOH,

NH3; (i) H2SO™, 180[err]C (ii1) Ac20 120[err] G (iv)
MeOH, NaOwe; (v) Et OCOCI, NEt3, then NaN3, then heat, then HCL 25
refl ux Ci s/trans 3,5-di net hyl gabanentin Steps (i) and (ii)
D acid WO 97/33888s- 3, 5- di net hyl - cycl ohexanone (11:24 g, r80AUSI70288. 2 ol )
was di ssol ved in nethanol (25 nlL) ethyl cyanoacetate (18.96 nlL, 178.2
nmol ) and cooled to OC. Ammoni a gas. was then bubbl ed through the
sol ution for 30 minutes. The sol ut?bh was then stored at -20[err]C.
After 66 hours, the solid was filtermﬂ yashed with 35 et her, and
dried to yield 18.46 g (75% of a white sol id.
c } NH4+ ]
° N ° HOLC CO,H
0
(1) Ne CN 1 dd
 ——— ——
\‘\‘\0 o"’,' \“‘\\ "y, "II ““\' II,' "ty
10 -
o o o
HO € CO,Me CO,H NH,+EC1
(iii) {iv) (v)
15 — —_— —_—
\\‘\‘- "’l', \\“c' ‘o;,,’ \‘\“‘ ""I[
cis/trans cis/trans
20 (1) EtO,CCH,CN, MeOH, NHj;
(ii) H,S0,, 180°C;
(iii) Ac,y0, 120°C;
(iv) MeOH, NaOMe;
V) EtOCOCl, NEty, then NaN3, then heat, then HCL

25 reflux

cis/t 3 . 5-dimethy] } £

Steps (i) and (ii) Diacid
Cis-3,5-dimethyl-cyclohexanone (11.24 g,

30 89.2 mmol) was dissolved in methanol (25 mL) ethyl
cyanoacetate (18.96 mL, 178.2 mmol) and cooled to 0°C.
Ammonia gas was then bubbled through the sclution for
30 minutes. The solution was then stored at -20°C.
After 66 hours, the scolid was filtered off, washed with

35 ether, and dried to yield 18.46 g (75%) of a white
solid.
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- 55- Wt hout further purification, a portion of the

solid prepared above (6.0 g, 21.7 nmmol) was di ssol ved in
concentrated sul phuric acid (40 nL) with warm ng and |l eft to stand
overni ght. \\AY@9%388 nl) was then 5 cautiously added aRFW¥EMRYY| ting
solution heated to 180[err]C. After 5 hours, the m xture was cool ed
to room temperature, diluted with_water (200 m.), and extracted
with diethyl ether (3 x 150 nL). The organic extracts wer e conbi ned,
washed wi th brine, drwlec@loﬁwgﬁQHhe@%zJ&manbhe 5 d#dilod @FO¥Rd i n vacuo.
The residue was triturated wt ge av!'anS 1Ss%|5. \é\/m ch was
recrystal lized fium RFePRESR AR HaNEY ;ﬁpa i Wﬁ £5"6bt ai n

3.122 g (63% ofim ctmfcfen@ma@aédssmmwic acid (4P WWR WOHOWIFm40g ap8: [err]

0.49 (1H m, 0.80:( 3K s%ndlévernlé}a@7 WaHerd (44 mLﬁvH@,thlan55 1.76 (3H,
n, 1.85 L2 o

Q 2 2 S
NB (ES) z/ & 228 ¥ M hd%ﬁ% a“‘%zt'/“? [’?ﬁﬁﬂ]%%é 1)o’cfbfa neheed °|)R (thin
film [err] cniet8gec. &gxerlimouqiﬂg'—helmtuxsmas cooled tg3yoomR4(7,
égliio 1699C Zgg%%%tu%%‘ﬁdiﬁ&@é’d wikth wadleg! QQU@'ﬂ(ﬁiﬁ andClaid2@Med

C: . ou

Step (iii) Anhyd'f”rtab%%%yl etherTﬁg HiwE F3. 098 aﬁlcm?fﬂ%fac g
di ssolved in were gmwibioednhyadsheid V(MGI rka)manddne'a@ edMas®nef REL.  After
3 hours, tipe m xfwe %d’!a:%nQ:OQleﬂdvé@ iloofadlﬁfrpemteu;eesm\da was t he sol vent

renmoved i n vacuo, .he re Ql ved i i_chl ronethane (150
m.) and washed oitEr g te %l Wgﬁmgﬁ?ﬁ?%ﬁ e & 3@ S sg‘aﬂb‘?n q‘ll(?a?l’r Béfiate. The
organi c pheexy ahed 1dagdr frem, adﬁi@é-c(nvg‘s@}neémit% sépEuRe
renmoved in vacuoté opddia 3. ZQQOgg(éw%opfa DduFFOVB16téd solid. Which

08170, 6 35 T onghy oSS ME L Al Y Al Y 20 -
(1H, 1), 4554 (2048%)(6Hs B3 (2H 6s§z), 1.55-1.76 (3H, m), 1.B5

(28, br, 4, J = 13.2 Hz), 2.50 (2H, s), 2.67 (2H, s).

MS (ES) z/e: 228 ([M}t, 14%), 227 ([M-H]Y, 100%).

IR (thin film) vp,, cm 1: 893, 1147, 1208, 1284, 1312,

1337, 1407, 1450, 1699, 2846, 2914, 2947, 3100.

20 Microanalysis: CjaHya04:
Calc: c, 63.13; H, B8.83.
Found: Cc, 63.22; H, 8.95.

Step (iii) Anhydrige

25 The diacid (3.0 g, 13.16 mmol) was dissolved in
acetic anhydride (40 mL) and heated to reflux. After
3 hours, the mixture was cocled to room temperature and
the solvent removed in vacuo. The residue was
dissolved in dichloromethane (150 mL) and washed once

30 with saturated aqueous sodium bicarbonate. The organic
phase was separated, dried (MgSO, ), and the solvent
removed in vacuc to obtain 2.60 g (94%) of a brown oil
which solidified on standing.
1g NMR (CDC1ly) 400 MHz: § 0.53 (1H, m), 0.81-0.96

35 (2H, m, and 6H, 4, J = 6 Hz), 1.43-1.71 (4H, m), 1.76
(l1E, m), 2.54 (2H, s), 2.73 (2H, s).
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- 56- M5 (APCI +) z/e: 211 ([MH +, 100% . IR (thin film
[err] cnferr]: 950, 1073, 1183, 1459, 1756, 1767, 1812, 2910, 2952.
M croanal ysis; Cl2H18C3: 5 Cal c: C, 68.55; H, 8.75. Found:
C, 68.32; HW®97/33858 Step (iv) G s/trans Hal f EsterPCrUse702290s  The
anhydride (2.556 g, 12.17 mmol) was dissol ved 10 in dry nmethanol (15
m.) and stirred with in vacuo and he re5|due partitioned between 1N
HC (150 ni) and et hyl acetate (1§ The organi ¢ phase was
separated, was ri d d 1&@)504) and t he sol vent renoved
I n vacuo to gi \r}lggay%/%cfttl{?wzzgl 'ﬁl'%lfstg pUI’I fied by flash

chromat ogr aphy ¥Ri (tilciy feilmyl v, cm “Lcetsmon: hopBant1sd; 1459 grse, 2. 68 g
(91% of a 176-polfg12es§99b1“ 295 1H NWMR (CDC1 3) 400 MHz: J[err] O0.47
(2H, m, 0.82 (4 87 %12H d, J =6 Hz), 1.57-1.80 (10H, m,
2.46 (2H, 20 Ml%ro %a(}r}‘éllsA) c22§88?21—| s, isomer B), 2.63 (2H, s,

i somer B) 5 2. 64c4ldt s, iCS0GBL5R) H3.®.775.6H, s). M5 (ES-) z/e: 241
([MHT[err], 108%n4a: bR.gehigp fadlsy [err] cnferr]: 1163, 1197,

1437, 1459, 706, 1736 2913 2951, 3100. 25 M croanal ysi s:
Cl3H22M4: Cal c: C, 64.44; H, 9.15. Found: C, 64.17; H,

9.17. Step (W) Cis/trans-BaGf Rateiny| gabapentin 30 The

cis/trans m xture of | of ) solved in
acet one %5 m_) an Twanh%}%é éé % ‘e 12 o4 mﬁo{) r“%gar%i\r%%% gkraédrl ed

over |itHi’um Wal"lﬁﬁ?ﬁﬁm'hﬂﬁ’l’ﬂreb ¥ gFFFL"’iﬁh 7 #asaP @84 t hen
added fotlll@vmblbi}ueephytlthdamd)fmm (¥58ciec1§0 md. a64 nmol ). 35

After 40 ninutestiyi Jame&rart]ecugosx@wtl%eofor'aamang;ﬂ&w%s (337 ny,
5.19 mmol) in Waéga{ra(teds waLhV\stfglg e}arine, dr:.ed (MgS0O,), and the
solvent removed in vacuo to give a yellow oil. This
15 was purified by flash chromatography (silica, ethyl
acetate:heptane, 1:1) to give 2.68 g (91%) of a
colorless oil.
18 NMR (CDCly) 400 MHz: § 0.47 (2H, m), 0.82 (4H, m),
0.87 (12H, 4, J = 6 Hz), 1.57-1.80 (10H, m), 2.46 (2H,
20 s, isomer A), 2.48 (2H, s, isomer B}, 2.63 (2H, s,
isomer B), 2.64 (2H, s, isomer A), 3,67 {6H, s).
MS (ES-) z/e: 241 ([M-H]Y, 100%).
IR (thin film) vy, cm 1: 1163, 1187, 1437, 1459,
1706, 1736, 2913, 2951, 3100.

25 Microanalysis: Cq3Hp504:
Calc: C, 64.44; H, 9.15.
Found: C, 64.17; H, 9.17.

Step (v) Cis/trans-3.5-Dimethyl gabapentin
30 The cis/trans mixture of half esters (1.09 g,
4.5 mmol) was dissolved in acetone (15 mL) and cooled
to -10°C. Triethylamine (predried over lithium
aluminum hydride) (660 pL, 4.74 mmol) was then added
followed by ethyl chloroformate (453 pL, 4.764 mmol}).
35 After 40 minutes at 10°C, a solution of sodium azide
{337 mg, 5.19 mmol) in water (2.5 mL) was added and the
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-57- m xture allowed to wvarmto OC. After 40 m nutes, the

m xture was poured into ice cold water (30 nmL) and extracted with ice
cold toluene (3 x 20 nlL). The organi c extracts were conbi ned, dried
(MySO4), andWp9ms3esBtored at O[err]C. The tol uene sol uti oXCRABIVSE added
dropwi se to a flask set up for distillation in an oil bath set at
180[err]C. The solvent was renoved by .. _distillation during the
additions. After the addition was conplete, the mxture was stirred

at 180[err] C forpilQure 2118088 t&fdim Wil 6Bca GRfld:C 43t MEAGLES, NEdd OgEN was
passed through th,e appar at us to?#_em)ve .the If&t fraces (fi sol vent .

Hydr ochl ori ¢ aci®™®XE ‘? VAG, PORFH ) 1Rt toe co h‘%?‘ltefdd %4t ?B¥0Usly, and the
resul ting sol utiextracted wath ukesl dadd 3oRvERS. (The 24 %@ure ®hs cooled to

room 15 t emgy dirceeﬁa.daéwr‘%k@tcdm&ﬁbaen@ﬁ@a L{M@s@)ﬁr nagdt .
The m xture was diluted wt dvmth

di chl or one?hane ?tf%?dlgtne V\%he t°%‘uen§ ﬁ%gﬁgl?)’hé"sa@ &/ggn Tti %lted and the
sol vent renoved dropwise tovactbasKeet api dge dbstilliatioat éd aptdilkt hyl 20

acetate to obtaighdpaeAUat2480°0f arnihisbeveptidas removedlby NVR (d6 DVBO)
400 MHz: [err] 0,4

10H,
2.30 (2H, s, isohF 6t Aéahn}’ dur]z“?l%b(ezﬁdd%u?g%he:}k%@r §ﬁ§4 f:é '4 i somr?r
B). 3.00 (| completenctha)nitas Wek| sbireed k> 180°Co8prbr &) 25

M5 (ES+) zbe: @%d\ﬁMﬁ'ﬂ@EHﬁﬁi&h a'l-%(ﬁ:le stream |dt (Iil'%:ﬁg&h' ﬁas [err]
cnferr]: 1201, 1458 J(: 134 ﬁ949 SiS:
I

n
Cl1H22NORd - s5¢8, the 5°é’5t?zfatﬁs 8 Yk \ s §h§4 agf 228 ¢Hund:
C, 55.75; H, 9.44% sqlwgn87. Hydrochloric WOig7(33B5¢/v, 20 mL) was

PCT/ US97/ 02295 then added cautiously, and the resulting solution

refluxed for 3 hours. The mixture was cooled to room

15 temperature and stored at room temperature overnight.
The mixture was diluted with water (20 mL) and
extracted with dichloromethane (2 x 15 mL). The
aqueous phase was collected and the solvent removed
in vacue. The residue was triturated with ethyl

20 acetate to obtain 255 mg (24%) of a white solid.
1e NMR (4 DMSO) 400 MHz: & 0.46 (2H, m), 0.76-0.90
(16H, m), 1.50-1.70 (10H, m}, 2.30 (2H, s, isomer A),
2.44 (2H, s, isomer B), 2.84 (2H, s, isomer B), 3.00
(2H, s, isomer A), 7.91 (6H, br s), 12.40 (2H, br s).

25 MS (ES+) z2/e: 200 ([MH-HC1]T, 100%).
IR (thin film) v em™1: 1201, 1458, 1715, 2949,
3200.
Microanalysis: CqqHy,NO,CL:
Calc: C, 56.04; H, 9.41; N, 5.94.

30 Found: ¢, 55.75; H, 9.46; N, 5.87.

max



- 58- EXAMPLE 8 [err] 5 10 0

0O O 15 20 (1) Et Q2CCH2CN, MeOH, NH3; (i) H2SO4,
180[err] G (i) Ac20, 120[err]C (1v) MeOH, NaOwe;

(v) Et OCOCl, NEt3, then NaN3, then heat, then HO 25 refl ux
Cis/trans 4%W“gabapent| n St eps (|) and (ii) Di actQyuss7o29s

4- Met hyl cycl ohexanone (5 ni, 40.74 nnnl) was 30 di ssol ved i n met hanol
(15 nmL) with ethyl cyanoacetate 7 nL, 81.48 mmvl) and cooled to
0C. Amoni a gas was bubbl ed thr oug% the solution for 25 minutes,

after whi ch the solution was stgppagiedgand stored at -20[err]C

After 20 hours, diethyl ether (100 nL) was added to the 35 m xture, and

the white solid which formed was filtered

NH,+
C N 0 HO,C
> O
(i) RC CN_ (11)
—— ——p
e —

10
0, Q
H°2 cozne 2H NHz «HC1l

(iii) (1v) (v)

—
15

cis/trans cis/trans

20 (i) EtO,CCH,CN, MeOH, NHg;

(ii) H2804' 180°C;

(iii) Acy0, 120°C;

(iv) MeOH, NaOMe;

{(v) EtOCOCl, NEtj3, then NaN3z, then heat, then HCl
25 reflux

Cis /A ) -methy] 1 £

Steps (i) and (ii) Diacid
4-Methylcyclohexanone (5 mL, 40.74 mmol) was

30 dissolved in methanol (15 mL) with ethyl cyanoacetate
(8.67 mL, 81.48 mmol} and cooled to 0°C. Ammonia gas
was bubbled through the solution for 25 minutes, after
which the solution was stoppered and stored at -20°cC.
After 20 hours, diethyl ethexr (100 mL) was added to the

35 mixture, and the white solid which formed was filtered
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-59- of f, washed with diethyl ether (2 x 50 nL), and dried to
give 7.51 g (7099 of a white solid. Wt hout further
purification, a sanple of the solid (4.0 g, 15.3 mml) was di ssol ved
in concentrat®@9/338ss H2SO4 (40 nl) with gentle warm ng and PEFUSWERFo .

st and overnight. Water (40 nL) was then cautiously added and

the resulting mxture heated to 170[err]C._After 3 hours, all the
solid had dissolved. The mixture was cooletf to roomtenperature,
diluted with wat 1 cted Wd hrdi eyl agider (3 x
100 m.). The et ﬁ{aﬁ( wsikd, WM él%t\?grlegﬁ%én% E;d)l dri eg over nagnesi um

sul phat e, EhdiH"Se sé}v%npor*e)mﬂfe& ?”Hlsﬁc 18rhe oily residue was
triturated with hept amithoubbf@ither predifpratienws clample of bas filtered
off and dried to éﬁﬂﬁé %430 (78903 (thi)laas di B iveD!iQr ednéhtFated 1H
NVMR (d6 DVBO) 400 0 87 (3H J

6
1.27 (3H, n§: 1. éins(%HMH) ). WhHR Zﬁ"tt}re Wamlﬂgoafz‘% "’lllf’g""ﬂz%O st %"Zg(m
S); 2.45 (2H, s).overnighthMS ﬁifhﬁ QﬂﬂéﬂﬂZlﬁa@[t@e@Enaqnlth%y a@d&d and

M , 100 . 1 1215,
LT La] 0% hpmih A0yl iosie k'S vl

M croanal ysi s: Cﬂﬂlé?@? solid hagqissolvedc Fhe gpixtyregwas cooled tq ., .
C, 61.54; H 8. 47roddb temperat@tep dilutedAmiiylrwvaeer (150 mL), afifle diacid

(2.30 g, 1Qq75 m@era\@%aheﬁﬁdai&hyl ethek€i3UX 16b a@SLi craBhygdidde (30

m.). After 3.5 hours vent Wa(s1 renmoved | n,vacuo The reS| due
e

sol
was 30 di ssol‘??gd’ﬁcﬁsd?”&ﬁFo??}m §dnPYh RPINESHER RELRR
sat ur at ed aqueousarsi)d:hmmbimenbormcaredjrmeda(mgSOﬂ)h,e oily regidue h:easol vent

removed in vacuo ¢ +Qhkdel @il ﬁbﬁéﬁi@ to obtalﬂf 1AW taklk W&
solidified on standin éL (, to) g ji—g: e,g%o 0f93 (3H, d, J
= 6 Hz), 1.07 35 ¥a® ‘%%ﬁ TRy, o1 ?f’%ﬁ 19%%° 9423 °X P56 (2H,
s), 12 .72 (hnff:gplored solid.
15 NMR (Qg DMSO) 400 MHz: § 0.87 (3H, 4, J = 6 Hz);
1.1 (2H, m); 1.27 (34, m); 1.44 (2H, m); 1.70 (2H, br
d, J = 13 Hz); 2.34 (2H, s); 2.45 (2H, s).
MS (ES-) z/e: 214 (IM1Y, 13%), 213 ({M-m)*, 100%).
20 IR (thin film) vy, om 1: 917, 1183, 1215, 1289, 1349,
1399, 1455, 1704, 2858, 2925, 3100.
Microanalysis: Cq,H;g0,:
Calc: ¢, 61.66; H, 8.47.
Found: C, 61.54; H, 8.47.
25
Step (iii) Anhydride
The diacid (2.30 g, 10.75 mmol) was heated to
reflux in acetic anhydride (30 mL). After 3.5 hours,
the solvent was removed in vacuo. The residue was
30 dissclved in dichloromethane {50 mL) and washed with
saturated agueous sodium bicarbonate, dried (MgSOy ),
and the solvent removed in vacuo to obtain 2.07 g (98%)
of a brown oil which solidified on standing.
lu NMR (cDCl,) 400 MHz: § 0.93 (3H, d, J = 6 Hz), 1.07
35 {2H, m), 1.37 (3H, m), 1.49-1.71 (4H, m), 2.56 (2H, s),
2.72 (2H, s).
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- 60- M5 (APCl+) z/e: 197 ([WVH + 1009 . IR (thin film [err]
cmerr]: 953, 1064, 1183, 1241, 1455, 1761, 1810, 2924.

M croanal ysis: CL1HI6N3 5 Cal c: C, 67.32; H, 8.22. Found:

C, 67.41; HW@973j8ss Step (iv) G s/trans Hal f EsterpCr/usomnz2es  The
anhydride (2.06 g, 10.5 mmol) was dissolved in 10 dry nmet hanol (40 nl)
and stirred with sodi um et hoxi de 624 nmg, 11.55 mol). After 4
hours, the solvent was renmoved i nVacuo and the residue partitioned
bet ween I ronet hane (150 nmL). The

organi ¢ phase Waidls§ sgbﬁggg?%ﬁgm edqv[mﬁghpbrlr%%%) «dried 15 (MgS™), and

t he sol vent remiRedthinvALlo) twy), gi va “4: 953, Nosl4l,00168)| . 17410 s wsS ,purified
by flash chromategraphyio, 2924. (agdl lica, ethyl acetate:heptane, 1:1) to give
1.98 g (83% of acoloriess ol l. 1H NMR (CDCl 3) 400 MHz: [err]
0.83-0.92 (2H, McTeaBalY%$: 2F11H163:0 = 6 Hz), 1.14 (4H, n), 1.21-1.42
(4H, nm), B54 cale: (4H,Ccme7 327711(,481,.22() 2.49 (2H, s, isoner A), 2.50

(2H, s, isoner Blund:62 (gHG-;s,“l sgrreg 8, 2.64 (2H, s, | soner A),
3.66 (3H, s, isomer A), 3.67 (3 H I somer B). 25 M5 (ES-) z/e:
227 ([MH][err] 1009 . (th|n film [err] cnerr]: 1162, 1193,
1434, 1699, Stepl78¢) Wm: M croanal ysis: Cl2H2004:

Cal c: C, 63. 13 Fhe 8 B arile (2.68Y89°10.5 (mcl3: JstCI S7§ol7‘§‘ed

hal T cotdis (1, 83 meththéfl S L X S LT
cool ed 35 @GBiO@er r}1X. 55 tmodt)hy| after 4 proacds, etthevasl venthiwas
removed in vacuo and the residue partitioned between
1N HC1 (150 mL) and dichloromethane (150 mL). The
organic phase was separated, washed with brine, dried
15 (MgSO,), and the solvent removed in vacuo to give a
yellow oil. This was purified by flash chromatography
{silica, ethyl acetate:heptane, 1l:1) to give
1.98 g (B3%) of a colorless oil.
1H NMR (CDCly) 400 MHz: & 0.83-0.92 (2H, m), 0.91 (6H,
20 d, J =6 Hz), 1.14 (4H, m), 1.21-1.42 (4H, m), 1.54
(4B, m), 1.77 (4H, m), 2.49 (2H, s, isomer A}, 2.50
{28, s, isomer B), 2.62 (2H, s, isomer B), 2.64 (2H, s,
isomer A), 3.66 (3H, s, isomexr A), 3.67 (3H, s,
isomer B).
25 MS (ES-) z/e: 227 ([M-H}T, 100%).
IR (thin film) vg., cm™1: 1162, 1193, 1434, 1699,
1731, 2922, 3200.
Microanalysis: Cj;9H500,:
Calc: c, 63.13; H, B.83.
30 Found: Cc, 63.12; H, 8.71.

Step (v) Cis/trans 4-methyl gabapentinp
The cis/trans mixture of half esters (1.90 g,
8.3 mmol) was dissolved in acetone (20 mL) and cooled
35 to -10°C. Triethylamine (predried over lithium
aluminium hydride) (1.21 mL, 8.7 mmol) was then added



al um nium hydride) (1.21 nL, 8.7 mvol) was then added WO

97/ 33858 PCT/ US97/ 02295

-61- foll owed by ethyl chloroformate (832 [err]L, 8.7 mmol).

After 50 minutes at -10[err]C, a solution of sodium azide é 630 ng,
9.69 mmol ) | MweaUssy 5 nl) was added and the m xture o war m
to O[err]C. After 40 mnutes, the 5 m xture was poured into ice cold
water (50 nmL) and extracted with |§8‘lcold toluene (3 x 50 nmL). The
organi c extracts were conbined, dried (M and kept at O[err]C.

The tol uene sol utg ‘ﬁoW@B ﬁe&@d%ﬂ&g@%&e (332 Hio 8.7lankiset up for

distillation in an o1l

set” 10 at 185’{’f Thed?ﬁ’“ %5 as
renoved by di sti IAf&EFoR0 mm“teﬁjtﬁtl g% fe &d /gfft e tion was
conpl et e, ¢d3® migxt Br €9 eIt iinr wdter (B0flex r*]a@ frgded h@%rtheafter

which a gentle stycam.qf amtt‘;&g% %&wessedcthrm} 40 minut®e, appar at us
to renove the last traces of sol vent. ?'; w c_&;:t}:lorlc ?E g 75%v/v 40
m) was thef adddbixture wag peyrsgkipto,dge, galy Mansh (2O0BEL F85 ref | uxed

for 3 hourextrBleeedi with ciamscddolteduener bbm t5hPén at uFhe and

sorted at room { HELALULEPYSH e cHABLAA] Uified (Mgs $ dnauxt@iwth
water (30 niL) and extract ed wt i.chl oro than W{T}é The

aqueous phase was?t 0°C- B‘FI‘é‘E:]t‘b"tPear?(ﬁ’lP%é"goV%%n‘t m)ve VacTo.
resi due was trituwatedaskhset o foetddssildabbenmiin an oil BQGhnﬁe‘( 32% of

3 whi e sobpd ar 1808 NVBhE dBoIHB wAGOcbgved aby laibriTabekbnd, ) = 0

1. 61
(2H, m, 2. 32 (2 urslngi g_gﬁe?.&%tlc? 4 4%;.0 the a&dl“’lti‘so% (,%';l cggnplit%,s Y
i soner B), 2.99 ('tz’td; mixture wasstinredApt 18960(@@: Jmh%x)r, #ft8E (2H br s)
M5 (ES+) z/e: 186, a @gkléeﬁiﬂeaﬂ13¥%h1t39gen waR dddsied fthirohgherr]

M Cr oanal ysis:  CHURORIBEES 00 remqrg gne” Thsp Cigoed BrleofChle | ¢ o)
Found; @5 54. 1Rydiéchdor@c arid. 5 v/v, 40 mL) was then added

cautiously, and the resulting solution refluxed for
3 hours. The mixture was cooled to room temperature
and sorted at room temperature overnight. The mixture
was diluted with water (30 mL} and extracted with

20 dichloromethane (3 x 30 mL). The aqueous phase was
collected and the solvent removed in vacuo. The
residue was triturated with ethyl acetate to obtain
590 mg (32%) of a white solid.
lp NMR (dg DMSO) 400 MHz: 8 0.87 (6K, d4, J = 6 Hz),

25 1.07 (4H, m), 1.19-1.40 (6H, m), 1.41-1.58 (6H, m),
1.61 (2H, m), 2.32 (2H, s, isomer A), 2.44 (2H, s,
isomer B), 2.85 (2H s, isomer B), 2.99 (2H, s,
isomer A), 7.96 (6H, br s), 12.36 (2H br s).
MS (ES+) z/e: 186 ([MH - HC1)Y, 100%).

30 IR (thin £ilm) vy, cm 1: 1195, 1404, 1457, 1506,
1607, 1712, 2924, 3200.
Microanalysis: CjqHogNO5Cl:
Calc: ¢, 54.17; H, 9.09; N, 6.32.
Found: c, 54.13; H, ©.18; N, 6.45.
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igrz;] 5 ”!""c,"u“uﬂr"mm :\/Eal |y acceéi abﬁecgg}o?u?ﬂe?feoi o(r);m;a

10 prodrug thereof wherein Rl to R10 are each

i ndependent WP 9383888t ed from : strai ght- or br 26EM803IRY| . of
from1l to 6 carbon atons, unsubstituted or substituted
benzyl or phenyl which substituents are_é%_ sel ected from

hal ogen, al kyl, al koxy, hydr oxy, carboxy, carboal koxy,
trifluoronethyl, and nitro, and crar@®y Rl to R10, which is not one
of the above, is hydr ogen. 2. A conpound accordi ng
to Caim1l wherein RL to R10 is selected fromnethyl, ethyl
propyl, butyl 1. A compsundi ghtfarmilraanched. 3. A conpound

according to Caim1 wherein R5 is NH, cozéert-butyl.

Ry0 Ry
5 Rg Ry I
Rg Ry
R, R,
R, Rg

a pharmaceutically acceptable salt thereof or a
10 prodrug thereof wherein
R, to Ry are each independently selected from
straight or branched alkyl of from 1 to
6 carbon atoms, unsubstituted or substituted
benzyl or phenyl which substituents are
15 selected from halogen, alkyl, alkoxy,
hydroxy, carboxy, carboalkoxy,
trifluoromethyl, and nitro, and
any R; to Ry, which is not one of the above, is
hydrogen.

2. A compound according to Claim 1 wherein R, to Ry,
’ is selected from methyl, ethyl, propyl, butyl
straight or branched.

3. A compound according to Claim 1 wherein Rg is
tert-butyl.

4. A compound according to Claim 1 wherein Rj is
methyl.
5. A compound according to Claim 1 selected from a

compound of Formula I, wherein R; is methyl or Rg
is methyl.



4. A conpound according to aim1 wherein R3 is met hyl .

5. A conpound accordin i 1 l|ct ed froma conpound of
Formula |, wherein Rl |gmﬂlﬁmm" mm f i's methyl. WO
97/ 33858 AL PCT/ US97/ 02295

- 63- 6WOIK3¥tpound according to Claim1l wherein R5 PETUSIT2295

I sopropyl . 7. A conmpound according to Claim1l selected from
(1-am nonet hyl - 3- met hyl - cycl ohexyl ) -acetic -63- acid and

(1-am nonet hyl - 3-cycl ohexyl )-acetic acid 5 [1IR-(1[err],3[err])].
8. A conpound aCKJOI’dlm@ohﬁo@xaliﬁéoﬁﬁr@cﬁ:%dcﬁ.éﬂm1 wherein R is

(1-am nonmet hyl -4-tert - b k& ycl ohexyl) - acetic adid and

cis (1-am nonethyl -4- et ycI ohexyl ) - acetic acid. 9.

A conpound according to CI aiml and narred
(1-am nonet hyl - 3-met hwl c@hﬁ@b@ﬁ@@ééoﬁﬁ.@ﬁg‘ Qo Claim 1 selQaQ:‘t@d from

1S-(1 3 1l selected
1[ rom( terrl, sterr)I- (1-am noma’f’lll ’Tet}yggunfztg'}'g e)xy&gleﬁ:g{
acid nethyl ester nondsydraedl ori de;

[ 1- (acet yl am no- et hyl ) - 3- (it i ndetgneny tycl6hexyl) -acetdeehbgqaci d; and
[ 2- (1- Am noget hyl - 3- mﬁﬂyl( 1&¥§[§PP?XY| ) -

8. A compound according to Claim 1 selected from
(1-aminomethyl-4-tert-butyl-cyclohexyl)-
acetic acid and
cis (l-aminomethyl-4-methyl-cyclohexyl}-
5 acetic acid.

9. A compound according to Claim 1 and named
(1-aminomethyl-3-methyl-cyclohexyl)-acetic
acid [1s-(1la,3B)].

10. A compound according to Claim 1 selected from
(1-aminomethyl-3-methyl-cyclcohexyl)-acetic
acid methyl ester monochydrochloride;
[1-(acetylamino-methyl)-3-methyl-cyclohexyl]-
5 acetic écid; and
{2-(1-Aminomethyl-3-methyl-cyclohexyl)-
acetylamino]l-acetic acid monohydrochloride.

11. A compound according to Claim 1 selected from
(+)-(l-aminomethyl-3,3-dimethyl-cyclohexyl)-
acetic acid;
{1-aminomethyl-3,3,5,5-tetramethyl-
5 cyclohexyl)-acetic acid; and
(1-aminomethyl-4-methyl-cyclohexyl)-acetic
acid.



eyl st AR e n o

() - (1- am nonet hyl - 3, 3- i net Hyl "cyé&l ohexyl ) - acetic acid,

(1-am nonet hyl -3,3,5,5-tetranmethyl- 5 cycl ohexyl )-acetic acid; and
( 1- ami nonet W974388&:t hy| - cycl ohexyl ) - aceti ¢ aci BCTUSITO229S  \\D

97/ 33858 PCT/ US97/ 02295

- 64- 12. A pharmaceutical conpositi on 4 conprising a

therapeutically effective anmount of a corrpound according to Caim

1 and a pharrmacg #t'9@|H%rmaceutxcala&&ﬁﬁkﬁﬁk@ncééﬁ%fESLng a 13. A net hod

for treating epilepsy conprisin mnistering a therapeuticall
effective anount therapeuaﬁcag%n%%’iﬁﬁflé{&awavﬂb &) q%ﬂ”}ﬁ%‘ 285" a mamml Y
in need ofacmirdingeavnebhdiim 1 and alpharmaeedtuiccaldly treating

faintness attacks, ,cceptable¥RPKidesSia, and cranial disorders conprising
adm ni stering a therapeut Ically effective anpunt of a conpound
according to Claiml to a mammal in 5 need of said treatnent.

15. A nethod fo13tr emtnethode foodegeating iepd lépsyr demprising conpri si ng

admi ni stering a theréﬁﬁ%%hsgngXg a therapeu€§%5§§§'¥§féHE¥UE d%%uﬂtconpound
according to I n need of sal iat,ment

16. A nethod for tre2k |%§°ﬂ'§’ﬁf‘§§5?‘6ﬁ°’é‘b‘rﬁﬁ |t§ﬁ fgaim 1 to a

need of said treatment.

14. A method for treating faintness attacks,
hypokinesia, and cranial disorders comprising
administering a therapeutically effective amount
of a compound according to Claim 1 to a mammal in

5 need of said treatment.

15. A method for treating neurodegenerative disorders
comprising administering a therapeutically
effective amount of a compound according to
Claim 1 to a mamm2l in need of said treatment.

16. A method for treating depression comprising
administering a therapeutically effective amount
of a compound according to Claim 1 to a mammal in .
need of said treatment.

17. A method for treating anxiety comprising
administering a therapeutically effective amount
of a compound according to Claim 1 to a mammal in
need of said treatment.

18. A method for treaiing panic comprising
administering a therapeutically effective amount
of a compound according to Claim 1 to a mammal in
need of said treatment.



adm ni stering a therapeuticall “\e anmount of a compound
according to daim1lto m ‘\‘ need of said treatnent.
L

17. A method for treatln comprtsing adm nistering a

t herapeutical |y effective*anbunt of a compound according to
Claimil to a WeAHIESS n need of said treatment. FPCT/USITARES A.
nmet hod for treating panic conprising adm nistering a

t herapeutically effective anount a conpound according to
Caimlto a mmual in need of sald treatment. WO

97/ 33858 19. A method for treating painF%SRH£§%ZAQZZ95

- 65- 19. A method for freating paln co I’ISI mnliterlnga
therapeutical |y ef f ecRARERLFRMRY & therageuti oGfEe3ELY ‘?aﬁ“ﬁod”i o Caim1l
to a mammal in ofnaechmpowwd decpgdingnte Claim 20to e rreanyerd figy
treating neuropat hol ogiedl ofll SO/ atment. CONPrising admnistering a

t herapeutically ef fective anount of a conpound according to

Claiml to a mmmal in need of said treatnent.
20. A method for treating neuropathological disorders

comprising administering a therapeutically
effective amount of a compound according to
Claim 1 to a mammal in need of said treatment.
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