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[err] I's usefu or exanple, 1n the
treatment of epilepsy. The OFG?{B}QBBNTINAINADGGIESBd by the schene:
Step (a) [err] 10 [err] Q
Step (b) [err] [err] [err]

BACKGROUND OF THE INVENTION

United States Patent Number 5,091,567, hereby incorporated by reference,
5 covers a process for the preparation of gabapentin (1-aminomethyl-1-cyclohexane-

acetic acid)

H,N  COH

which medicament is useful, for example, in the treatment of epilepsy. The

process is illustrated by the scheme:

Step (a)
H

CO,C,H
0 \‘r 2C2Hs
0

Il
10

Step (b)

HW r(:ozczﬂ5 O,N  CO,CyHs

O + CH3NO, ——»



- 2- Step (c)
[err] [err] C[err]

Step (d) WO94134 [err] PCT/USIB/16652

[err] Step (e) [err] -
[err] [err] . basic ion exchanger

[err] The instant i nven%i on provides a stereosel ecti: ve
synthesis for the riStgp () substituted anal ogs of gabapentin and to
gabapentin itself. The advantages of the I nst ant nt heses are:
control of stereochemg&Ny a@@ @oHr esol Utlﬁ S I’EC]%! rHed t he end

of the synthesis.

Step (d)

H\ o |

N HyN COyH
+
—H Hal

Step (e)

H2N o. 2H H2N C02H

basic ion exchanger
HCl >

The instant invention provides a stereoselective synthesis for the ring-
5 substituted analogs of gabapentin and to gabapentin itself. The advantages of the
instant syntheses are: control of stereochemistry and no resolution is required at

the end of the synthesis.

SUMMARY OF THE INVENTION

The invention encompasses a novel synthetic route for the preparation of
10 substituted gabapentin analogues. The route enables the synthesis of certain single
stereoisomers of individual alkylated gabapentin derivatives with a high degree of

stereochemical purity.



SUMVARY OF THE | NVENTI ON The invention enconpasses a novel

synt heti c woidoasigar t he preparation of 10 substituted tin
anal ogues. The route enables the synthesis of certain singl g&?ﬁ;@? 16652 -
stereoi somers of individual alkylated gabapentin derivatives with a high
degree of stereochem cal purity. -3- o X

- 3- The ipvention i,s aqutlined in the gener route sho"v-\‘/r;1
bel ow. The first stdgeinventonis ?‘ﬁ\%}ag‘leﬁﬁs@f gq%%swlgbeg%\ﬁgi'qq&séﬁep

| oh : j
cycl ohexanone {oeslcBhversibfbr b stiifthl SloRfhefiioRe 1 o f-upsatucated ity A 2

trial kyl phosphonoacetate or an (al koxyc nyl met hy

phosphoni um haksslef atrialieylptasphorpacitatesr m(ﬂkumybatﬁ&ﬂﬂ@a&?l)tﬁ}ﬁ&ﬁﬁm hydri de,
5 lithium or sodiunm, or potassium hexanmethyl disilazide, butyllithium
or potassium Phosphonium halide gnd g base, suchas spdinm e aRotasstumphydsidss ur an,

di met hyl feor mam dj t S ol hyl sulf.oxide at a

sui tabl e S?e npgp%_ﬁﬁ?leb?%w*{g r _r%%ass ro}r%"la)E r1 ?‘%5 ? §B%Fg{)%r po‘?assmm .
The second st epbutbkdleias sobaat sueh adictlahpdrbRivdd, dibéthy Horfmalide, didyledesr W th
nitromet hane and a suitable base such as tetrabutyl ammoni umfl uori de,

tetra- 10 ondingthyjsulfaxideras a sgitablel tempenitenedh dietraggefromn 78 Cotoc] 00°C,
1, 8-di azabi cycl o[ 5, 4, 0] undec- . 7-ene, a _sodium or potassium
al koxi de, sodi um hygllhieééc%ﬂ spinedvesFeactionof e qui-upsaturated ester Wil vent such

as tetrahydrof uran i et hyl et her., . di methyl f or i de, . .

di net hyl sul pho?f%?@etg@?félﬁé’,supg‘?lﬁgﬁs&s“ﬁé] %%{%P‘gﬁ%nf@ﬂ%%?“%ﬂ%f%?’&?‘rﬁ' or
tetrachljgr onet %l@!an@diﬁéﬁ'lt,SiEiaQaB?@’ERfM,@EG]ﬁ(ﬁx—SJ%né,h?s-ﬁ?ﬁﬁlﬁc)fdlﬂﬁ‘{(aQﬁd‘éct] Cto
100[err]C. 15 The third step invol ves catal yti c hydrogenati on

of the nitro ndreneya sedivm oz potassium alkoxidet, sediwm hydride arspdassioyn flacridd in a

pal | adi um on charcoal or yhodi cat gl ys r other . ni ckel or

pal | adi um cont é?alr‘fFngu @?%{Wgﬂy#gfl‘%ﬁ% &%ﬁﬁt&gu&wf"gg’lmﬁlgmﬂ . ethanol ,

i sopropanol , eldiéthpeaipRbede, Hehbdne, Dfiefle, dicklordhtRne, cHtgtbRIAf gf M or di et hyl

et her at a suitabl’'e tenperature in the range from 20C to 80C. 20

The final st ep téitrachloversethareyad achitatle tengienauieyin theciahge froma20C wd0A@Y al so

utilize a cosol vent such tetrahydrofuran or 1 ,4-di oxane or other such

i nert waer Thethizd stap Evebiey safelytic hydogenation of therpiee moigty using ehe

range from Zoccléﬁlyrs%dcﬂ)és Raney nickel, palladium on charcoal or rhodium catalyst or other
nickel or palladium containing catalyst in a solvent such as methanol, ethanol,
isopropanol, ethyl acetate, acetic acid, 1,4-dioxane, chloroform or diethyl ether at
a suitable temperature in the range from 20°C to 80°C.

20 The final step involves a hydrolysis using hydrochloric acid and may also
utilize a cosolvent such tetrahydrofuran or 1,4-dioxane or other such inert water

miscible solvent at a suitable temperature in the range from 20°C to reflux.



-4- General schene: [err]

[ett] [err] X . X

[err] WO 99/14184 [err] [PeTr]sos/i6652
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The foll ow ng -
experinmental procedures provide a novel rqute to be used to 5 ..

st ereosel ectively synthesize gabapentin and anal ogues thereof. This rolte

provi des Genéralestieh®: pure stereoi soners. Exanpl e 1 bel ow
shows the route used to synthesize gabapentin itself. This route is
al so useful in the synthesis of conpoundeC&hRf or mul DN O-R

[err] 10 O a phar maceut i Fl | y acceptabl'q sal ?hereof or a
prodrug thereof wherei O is a i dged ring sel epked from '

i
(i)
X

Aii)

0
HCLH, 0,H HN

(iv)
—

DETAILED DESCRIPTION OF THE INVENTION

The following experimental procedures provide a novel route to be used to
5 stereoselectively synthesize gabapentin and analogues thereof. This route provides
access to pure stereoisomers.
Example 1 below shows the route used to synthesize gabapentin itself.

This route is also useful in the synthesis of compounds of formula

NH, CO,H

10 a pharmaceutically acceptable salt thereof or a prodrug thereof wherein A

is a bridged ring selected from



- 5- [err] [err]

[err] WO099/14184  [err] (2) PCT/US98/1665%

[err] [err] 4

(5) wherein R1 and R2 are each independently sel ected. from
hydr ogen and net hyl ; R3 and R4 ar®-each I ndependent |y sel ected-from
hydrogen or nethyl; 5 nRis ang nteger of froml to 4; and mis
an integer of fr The route is fQ¥ther useful in the
synt hesis of co 8l |
or

1 2 c))

and
@ * )

wherein

R1 and R; are each independently selected from hydrogen and methyl;
R3 and Ry are each independently selected from hydrogen or methyl;

5 n is an integer of from 1 to 4; and
m is an integer of from 0 to 2.

The route is further useful in the synthesis of compounds of formula

NH, NH,
Eﬁ Eﬁ H
or a pharmaceutically acceptable salt thereof wherein:

10 Xis 0, 8, S(0), S(0)3, or NR; wherein R; is hydrogen, straight or branched alkyl
of from 1 to 6 carbon atoms, benzyl, -C(O)R, wherein Ry is straight or

branched alkyl of from 1 to 6 carbon atoms, benzyl, or phenyl, or -CO2R3

{



or a pharmaceutically acceptable salt thereof wherein: 10 Xis 0, S
S(O, S(O)Q,O%;N{\ﬁl wherein Rl is hydrogen, straight or branched al kyl

of from1lto carbon atons, benzyl, -C(OR2 wherein R2 i s PEIvusog/dssnr
branched al kyl of froml to 6 carbon atons, benzyl, or phenyl, or -CO2R3

- 6- wherein R3 is straight or branched allyl of from1 to 6
carbon atons, or benzyl wh&rein the benzyl and the phenyt*
groups can be unsubsiit) %_bstituted by from1 to 3

ut.ed or .
substituents each i B‘é‘r}@éﬁm@é}f@%@‘%ﬂm& om 1 to 6 carbon atemisperen, CF3,
and nitro; and 5 | S - g%} h ol ower ,al kyl . . Exanpl e
2 bel ow shows the USE #%%&%Bé%b%%ﬁg@eﬁ%l%%%%ﬁb? Ynsubstituted oy oy de
a pure trans gabapesubktituttddly@@m 1 to 3 substituents eacHFhaEPRh&endlyReleLi the -
use of a disubstituted cycl ohexanone. 10 E>¥arr1§| edj;bgeglsow
shows the use of a llegensCF4, ahdditgalaapenti n anal og to provi de a

pure cis_product which is a m xture of enantionmers. The use of an
enant i orfer i calR is Iptdregeg-oslpyariatkyl.ed cycl ohexanone provides a pure product.

Ge | Rout err
[ epre]r al route Example 2 below shows the use of a 4-substituted Wclohexgnone]to
[err] provide a pure trans gabapentin analog. [err]

[err] [err]
Example 3 below shows the use of a disubstituted cyclohexanone.

10 Example 4 below shows the use of a 3-substituted gabapentin analog to
provide a pure cis product which is a mixture of enantiomers. The use of an

enantiomerically pure 3-substituted cyclohexanone provides a pure product.

General Route

° CO,R O)N  CO,R
|
M (in)
a— A
X X X

0 ﬁm

HCLH)N  CO,H HN

(iv)
4

15 Reagents and conditions:
@  RI0)P(0)CHyCOR, base (e.g., NaH, LiN(SiMe3)y, K,H BuLi)
(i)  MeNOpy, base (e.g., BuyN*F, Tetramethylguanidine, KF)

(iif)  Catalytic hydrogenation using, for example, Raney nickel or Palladium on
charcoal)

20 (iv)  Hydrolysis using HCl



15 Reagents and condi ti ons: (1) (Rl err]0)2P(0O CH2CO2R, base

(e.g., NaH, wio da%igye3) 2, K H BuLi) (i) MeNQ2, base %@Hg‘& Bu4N+F,
Tet r amet hyl guani di ne, KF) (i) Catalytic hydrogenar ]i6ﬁ§, for
exanpl e, Raney nickel or Palladi um on charcoal ) 20 (1v)
Hydr ol ysi s using HC - Y
EXAMPLE 1 [err]
[err] [err]
[err] 5 K (1)
(Et O 2P(O CH2CO2Et, NaH, THF (i) MeNO2, Bu4N+F, THF, 70[err]C
(iii1) Raney N, H2, MeOH (iv) HA/HO

EXAMPLE 1

é @) (i)
| o Aﬁ)
HCLH,N  CO,H HN
ok
-
5

() (EtO)>P(0)CHoCO5Et, NaH, THF
(i) MeNO,, BugN*F, THF, 70°C
(i) Raney Ni, Hp, MeOH

(iv) HCVH;0

10 o.B-unsaturated ester

Sodium hydride (60% dispersion in oil, 1.16 g, 28.99 mmol) \a;ras
suspended in dry tetrahydrofuran (40 mL) and cooled to 0°C. Triethyl
phosphonoacetate (6.35 mL, 31.89 mmol) was added. Once the effervescence had
subsided the mixture was stirred at 0°C for 15 minutes. Cyclohexanone (3 mL,

15 28.99 mmol) was then added and the mixture allowed to warm to room
temperature. After 1 hour the mixture was partitioned between 2N HCl (50 mL)
and diethyl ether ( 100 mL). The ether layer was collected, washed with brine,

dried (MgSO4), and the solvent removed in vacuo to give a clear oil which was



10 [err],[err]-unsaturated ester Sodi um hydride (60%
dispersion_in oil, 1.16 g, 28.99 mvl) was suspended in dry

t et r ahydr oV@98f41840 ni) and cooled to O[err]C. Triethyl PCT/US98/16652
phosphonoacetate (6.35 nm, 31.89 nmmol) was added. Once the effervescence
had subsided the m xture was stirged at O[err]C for 15 m nutes.
Cycl ohexanone (3 nm., 15 28.99 mmol ) Was t hen added and the mi xture*:
al | oned to wargirified hchromato%ﬂﬂ@ §ifik4!k tifU:9 e vvas
partitioned belfﬁvﬁ/een A &eﬁlylﬁéa%eltl%pyl et h}etrhgl(l%g

et her | ayer wa@s‘é‘q)lolfe@bdess\m‘sww wias hasést without further purifieatiod. ( MySO4) , and
the solvent renpbved in vacuo to give a clear oil which was

- 8- purified by flash chromat ography (silica, ethyl :
acet at e: hept arbittb &jert 0 yield 3.8 g (78% of a colorless oil which
was used wi thout further purificatio Nitrg ester

The [err] [err]- unsﬁh%&%a%t@eﬁf{(l}é%g 9@)5@31%#%di¢(4|1§$0| ved in 5
tetrah f th d

ot r abut 3 ammoRireReEtse oL B R end ¢k 19, el Lnd ™ e

resul ting tetrabmﬂlhﬁﬂﬁnﬁm@ ﬁ%ﬂ&k élco Memﬂ @4 ofll | 10 x%ﬁxd!))wd&hé Rulfihy ! ur
was diluted with ethyl acetate nm.) and washed with 2N

m.) foll owed bmixtuierbeated @ 7A°C. Aftee 18 hours the mxxlt\gramas dﬂb&éemtimthﬁenpaamt ed
dried (MyS04), and the solvent removed in The residue was

Eug ified by f|9 @8mbandwashed withy?N HCI (@anbbiOHs)we@bﬁbav@(‘WépLhﬂbe
(conns? o) e e R ) eyl
([ ) 9o Totterilgpps piificd ot hftbaapty (ois, et it

1031, 1180, 13771:95%5gi¢ 3% RQYB6%) as a colorlesSblHIINO4 cal cul ated: C, 57.63% H,
8.35% N 6.11% Found: C, 57.88% H, 8.61% N,
6. 01% TH NMR 400 MHz (CDCl3) §: 1.27 (3H, t, J = 6Hz), 1.38-1.62 (10H, m),
2.54 (24, 5), 4.15 (2H, g, I = 6Hz), 4.70 (2H, 5).
MS (ES*) m/e: 230 ([MH]*; 78%), 170 (100%)
15 IR thin film v (cm~1): 1031, 1180, 1377, 1548, 1732, 2935.
C11H]9NOy4 calculated: C, 57.63%; H, 8.35%; N, 6.11%

Found: C, 57.88%; H, 8.61%; N, 6.01%

Lactam
The nitro ester (935 mg, 4.08 mmol) was dissolved in methanol (40 mL)
20 and shaken over Raney nickel (catalytic) under an atmosphere of hydrogen gas
(40 psi) at 35°C. After 18 hours the catalyst was removed by filtration through

celite. The methanol was removed in vacuo to give 622 mg (100%) of an oil

which crystallized on standing.

1H NMR 400 MHz (CDCl3) 8: 1.38-1.61 (10H, m), 2.18 (2H, s), 3.14 (2H, 5),
25 5.61 (1H, br s).

MS (ESH) m/e: 154 ((IMH]; 100%)

IR thin film v (cm-1): 1252, 1451, 1695, 2925.



Lact am The nitro ester (935 ny, 4.08 nmmol) was di ssol ved

i n met haneyo bedaigs) 20 and shaken over Raney ni ckel under
an at nosphere of hydrogen gas (40 psi) at 35[err](?ccalIA$%9§£’ % hqur s
the catal yst was renoved by filtration through celite. The

nmet hanol was renpved in vacuo to give 6229y (1009 of an oil

[“lﬂirf]h 1 %o 1. st cpiabalE: oo gt ALY Mo ) 5 o
bt 1| crFOBE 1050, 14b1 10486 db 1A N,

-9- Cerr]Herr] NO calculated: C, 70.55% H, 9.87% N, 9.14%

Found: . C, Izo. 46% .H 9.72% N, 8.97% Am no Aci d
Hydr ochl ori de ——Y—MIA"‘““"A"@ droc €l actam (608 ng, 4.0 mol) was heat ed to
reflux in a m xtur eméfla% 608mg,w@]mﬁﬂ)ﬁv%s)he§ﬂﬂtolr ﬁhugylﬁé eAfter 4

hours t he sol vent was vacuo and the SO|I reS|

recrysta i zed—ICr(lmmL)mtthMdmhI@hﬂa)cAﬂatehhﬁpﬂwselventwas remiowédure to
give 682 ng (71% of awhlte sof . 1H NVR VHz (d-6 DVSO)

[err]: 1.12-1.iB¥agycynd thy solid r&ildpczwcrsgs}alh@dgfm zlqwt%&)m ethyl acetate/heptane( 31
br s), 12.36 ° e: 172 MHHC ]+; 1009
C[era]H[err] ( ’g}“‘ga‘?g’)"fzgts%g“g@/@%@&é’@?%h 74% N,(%. 74% ]CI, 17.6()7%

E%B%LE , 1H NMR 400 Mz -6 DME0Ys: $:1311%1 Norf 3241 @1, 52 9¢%1, 5),
8.06 (3H, brs), 12.36 (1H, br s).
10 MS (APCI) m/e: 172 ((MH-HCIJ*; 100%)
CoH}gNOCl caleulated:  C, 52.05%; H, 8.74%; N, 6.74%; Cl, 17.07%
Found: C, 51.97%; H, 8.77%:; N, 6.63%: Cl, 16.94%
EXAMPLE 2
COZEt 80) 2Et
0
l I//,
¢ ® (ii) é
——
| o (m)
HCI.HZITI O,H H[N
///,' (iV) ‘4,
<
15 () (EtO)) P(O)CHoCO,Et, NaH, THF

(i) MeNO,, BuyN*F, THF, 70°C



[err] [err] [err]

[err] [err] [err]

[err] WOPRNI4I84 iy (EtO 2 P(O) CH2QO2Et, NaH, THF PCT/US9§/6652 MeNCD,
Bu4N+F-, THF, 70[err]C -
-10- (iii) Raney Ni, H2, MeOH qq. (iv) HA/H20
[err],[err]-unsaturated ester Sodi um hydri de (60%
di spersion in @) ,RahepNigHr Me@H ol ) was 5 suspended in dry
tetrahydrofuran (50 nL) and cooled to O[err]C. Triethyl

(iv) HCVH0

o B-unsaturated ester

Sodium hydride (60% dispersion in oil, 0.98 g, 24.45 mmol) was
5 suspended in dry tetrahydrofuran (50 mL) and cooled to 0°C. Triethyl
phosphonoacetate (5.12 mL, 25.67 mmol) was added. Once the effervescence had
subsided the mixture was stirred at 0°C for 15 minutes. 4-Methyl cyclohexanone
(3 mL, 24.45 mmol) was then added and the mixture allowed to warm to room
temperature. After 1.5 hours the solvent was decanted from the thick oil which
10 had formed and the oil washed with diethyl ether (3 X 50 mL). The decanted

solvent and the ether washings were combined and washed with 2N HCI (50 mL)
followed by brine (50 mL), dried (MgSO4), and the solvent removed in vacuo to

give a clear oil which was used without purification.

Trans-Nitro ester

15 The o,B-unsaturated ester (2.94 g, 16.15 mmol) was dissolved in
tetrahydrofuran (20 mL) with nitromethane (1.75 mL, 32.3 mmol) and
tetrabutylammonium fluoride (1.0 M in THF, 24 mL, 24.0 mmol) and the resulting
mixture heated to 70°C. After 18 hours the mixture was diluted with ethyl acetate
(60 mL) and washed with 2N HCI (40 mL) followed by brine (40 mL). The

20 organic phase was separated, dried (MgS0Oy), and the solvent removed in vacuo.

The residue was purified by flash chromatography (silica, ethyl acetate:heptane,
1:9) to give 2.74 g (70%) as a colorless oil.

1H NMR 400 MHz (CDCl3) 3: 0.93 (3H, d, J = 6Hz), 1.08-1.23 (8H, m),
1.58 (2H, m), 1.73 (2H, m), 2.59 (2H, s), 4.15 (2H, q, ] = 6Hz), 4.60 (2H, s).
25 MS (APCI) m/e: 244 ((MH]*; 8%), 198 (100%), 183 (68%), 168 (66%)

IR thin film v (cm™}): 1029, 1179, 1195, 1377, 1457, 1549, 1732, 2929.
C12H1NOy calculated: C, 59.24%; H, 8.70%; N, 5.76%
Found: C, 59.00%; H, 8.73%; N, 5.70%



phosphonoacetate (5.12 nlL, 25.67 mmol) was added. Once the effervescence
had WO ¥/Mi84ded the nmixture was stirred at O[err]C forPCJrang%Q&%fs.
4- Met hyl cycl ohexanone (3 nmL, 24.45 mmol) was then added and the
m xture allowed to warmto room tenperature. After 1.5 hours the
sol vent was decanted fromthe thick oil whith 10 had forned and thé
oi | washed w tp,gdisethyl ether (3 x 50 nL). The decanted sol vent
and the ether ngs were conbi ned and washed with 2N HO (50 i)

fol lowed by brine (Fhe nityo esttri(200 @M.8®Hmol) s dholved UPREHLRSIREE thL!)Any ACUO
to give a clear oil which was used wi thout purification.
Trans- Nitro esthaken gver Raney nickel (catplytic) under ap atmqsphere of bydrogeh gist(d0 pip. 94

0t ¢ omethane. {3t DECHARBELY Btk he caglyst was recived cHilation hstwedy et Fheior i de
(1.0 Mig THF, méthafibl wadrefhoWe®in v420d aﬁﬁ'ﬁlerrgﬁglﬁ %\{}giacdvayti}]asg tch{’pﬁ(a;%é% r}l,eat ed

to 70[err]C. After 18 hours the m xture was e

(60 ni) and waésilem, ethylacRtiteARiptdned : Dith gival 120ung (39% 061 AWhitdblial) . The 20
or gani ¢ phase Y\ﬁs separated, dried (MgSO), and the solvent renoved in

vacuo. NMR 400sMitiz( CRRGl3 pbir0.91 &H, dy J H 6384), e.h4quiz @, anhy (silica,
et hyl acet at e: hept ane, 1:9) to give 2.74 g (70% as a col orl ess

oi l. 1. 28+1r43-(3RVR)4 DOONRH, (i;0CT EH, br BeF +]16H2), 22 1 @H, s) 3.10 (2HHz) |
1.03-1.23 (8H e, 1.58 (2H, m, 1.73 (2H, m, 2.59 (2H, s), 4.15
(2H, q. J 6Hz)S 20841RS)s)  ~ 25 MB (APCI) me: 244 ([MH + 8%, 198

(100%, {483 (684 662 . | Rthinfilmv(cnferr]1l): 1029, 1179,
1195, 1 857, 14§Iﬁcﬂ%@§f’£’i§£§,(m' 100%) Cl[err] H21NO4 cal cul ated: G
o9 200 [ o8 (¥ millaim /@R ): 1254, 13051848 K404, 1668, 1693, 2010, 32150 9 00% B

8.73% N, 5.70 -11-
Lact am C10H17NO calculated: C, 71.18%; H, 10.25%; N, 8.37%

Found: C, 71.76%; H, 10.33%; N, 8.10%

Amino Acid Hydrochloride

15 The lactam (715 mg, 4.0 mmol) was heated to reflux in a mixture of 6N
HCI (15 mL) and 1,4-dioxan (5 mL). After 4 hours the solvent was removed
in vacuo and the solid residue recrystallized from a methanol/ethyl acetate/heptane
mixture to give 664 mg (70%) of a white solid.
1H NMR 400 MHz (d-6 DMSO) §: 0.88 (3H, d, J = 6Hz), 1.10 (2H, m),

20 1.22 (3H, m), 1.22 (3H, m), 1.51 (2H, m), 2.43 (2H, s), 2.85 (2H, 5), 7.92 3H,
br s), 12.39 (1H, br s).
MS (APCI) m/e: 186 (IMH-HCIJH; 100%)
C10H2(oNO7Cl calculated: C, 54.17%; H, 9.09%; N, 6.32%; Cl, 15.99%
Found: C, 54.33%; H, 9.38%,; N, 6.32%; Cl, 15.78%



The nitro ester (2.70 g, 4.08 nmmol) was dissolved in nethanol (60 nL) and
shaken over Rane% ni ckel (catal ytic) under an atnosphere of hydrogen gas
(40 psi) 09914184 4t 35C. After 18 hours the catal yst was Proavissenledsy
filtration through celite. The 5 met hanol was renoved in vacuo and
the residue purified by flash chromatogr aﬂﬁy (silica, ethyl
acetate/ heptane 1:1) to give 721 ng (39% “cf a white solid. "TH
NVR 400 MHz (CDC13) [err]: 0.91 (3H, EXAMPLEBZz), 0.94-1.12 (2H, m,
1.25-1.43 (3H, m, 1.60 (2H, m, 1.71 (2H, br d, J = 16Hz), 2.21 (2H, s),

3.10 (2H, s), 5.64 (1H, br s). 10 M5 (APCI) mfe: 168
([MH +; 100% IR thin filmv (ceEOKEt 1254, 0L305, @dd4hs 1494,
1668, 1693, 2910, 3219. O Clerr]ffL7NOcal cul ated; C, 7%. 18% H,
10.25% N, 8.37% Found: C, 717 H, 10.33% N,
8.10% Am norAct™y Hydiochl o 15 (i) e lactam (715
ng, 4.0 mol ) was heatk p reftoX in Xt ur e—of® 6N HCL (15 n)
and 1, 4-di oxan (5 niy €ty 4 hour s\t e Sélvent was we d'y in

vacuo and the solid residue recrystallized froma nethanol/ethyl
acet at e/ hept ane m xture to give 664 ng (70% of/a white solid.
1H NVR 400 MHz (d-6 DVsO [err]: 0.88 (3H, d, J = 6Hz), é‘ 0 (2H m, 20

1.22 (3H, m), 1.22 (3H, m), 1.51 (2H n), 2.43 (210 sy 2.85 (2H s), 7.92

(3H, br 's), 12HGPHGNH, WO . HN—(E (APCI) me: 186
([MHHO ]+, 100% errJH%rr] N2 dal cyl ated: C, 54.17% H,
9.09% N, 6.32% d, 15.99% Favnd: “, C, 54.33%
H 9.38% N, 6.32% C, 15.7 -

.
D
‘e

77 1y \\\\‘
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(H (EtO) P(O)CHCO9Et, NaH, THF
(i) MeNO,, BuyN*F’, THF, 70°C

5 (iii) Raney Ni, Hy, MeOH
(iv) HCVH20

o B-unsaturated ester
Sodium hydride (60% dispersion in oil, 1.029 g, 25.7 mmol) was
suspended in dry tetrahydrofuran (50 mL) and cooled to 0°C. Triethyl

10 phosphonoacetate (5.36 mL, 27.0 mmol) was added. Once the effervescence had
subsided the mixture was stirred at 0°C for 15 minutes. Cis 3,5-dimethyl
cyclohexanone (3.24 g, 25.7 mmol) was then added and the mixture allowed to
warm to room temperature. Afier 1.5 hours the solvent was decanted from the
thick oil which had formed and the oil washed with diethyl ether (3 X 50 mL). The

15 decanted solvent and the ether washings were combined and washed with 2N HCl

(50 mL) followed by brine (50 mL), dried (MgSOy), and the solvent removed

in vacuo to give a clear oil which was used without purification.



[err] [err]

[err] WO 99/14184 [err] (11) MeNO2, Bu4N+F[err] rr]C
S (iii) Raney NiH2, MeCH (iv) HO/Herr]O rctidsoufedss
[err],[err]-unsaturated ester Sodi um hydri de (60% di sper si on
inoil, 1.029 g, 25.7 nmmol) was sl¥&pended in dry tetrahydrofuran.:

(50 rrL) and c%l ggﬁ!gog!tgrrr]c Triethyl 10 phosphonoacetate (5.36 ni,

27.0 mmol ) wa the effervescence had subsi ded t he

mxture was sti rrednfeta,ghﬁrsa téd)éstér5(2'@8r§Jt19%6 ritn8l) vas dilsSRED

cycl ohexanone (3.24 g, mmol ) was then added and the mxture allowed to

warmto room ttetnahydedfuraa. (20\ﬁﬂ.9mﬂlﬁtrbmﬂﬂmnbm1112m1y®0t7ml)(hdant ed fromthe
formed and the oil washed W|th di et hyl ether (3 x 50

t hi ck | whi h d '
rrLI)C Tﬁle 15 % r{g@@ﬁ"ﬁ{”@é}‘% %@e@nQiMﬁngfhb? M@Hﬁrﬁgﬁﬂw@r@ &ehbi ned and

??5282)“3;2(12? g e ek P ARG R BEBRE g Rl e B

whi ch was useq 1%9&% BO'FL)) a8 WaShed with i
- 13- '}'P#yans Ni t(r (o} efs)t er Wa@ﬂe with 2N HCl (40Trf1ﬂé') foellrorjefi[bgrbr 9unsat ur at ed

ester (2.08 g,(40l36Theoigenicgphast waoseparhted) dried (MgSOy), and the solvent

removed in vacuo. The residue was purified by flash chromatography (silica, ethyl
acetate:heptane, 1:9) to give 1.53 g (56%) as a colorless oil.

10 1H NMR 400 MHz (CDCl3) §: 0.80-0.98 (10H, m), 1.27 (3H, t, J = 6Hz),
1.58-1.80 (4H, m), 2.59 (2H, s), 4.15 (2H, q, ] = 6Hz), 4.57 (2H, 5).
MS (APCI) m/e: 258 ([MH]*; 12%)
IR thin film v (cm-1): 1028, 1182, 1377, 1461, 1549,-1732, 2954

Lactam

15 The nitro ester (1.495 g, 5.8 mmol) was dissolved in methanol (60 mL) and
shaken over Raney nickel (catalytic) under an atmosphere of hydrogen gas (40 psi)
at 35°C. After 18 hours the catalyst was removed by filtration through celite. The
methanol was removed in vacuo to give 997 mg (95%) of a white solid.
1H NMR 400 MHz (CDCl3) 8: 0.52 (1H, m), 0.80-0.98 (7H, m), 1.51 (2H, m),

20 1.69 (4H, m), 2.20 (2H, s), 3.09 (2H, s), 6.03 (1H, br s).
MS (APCI) m/e: 182 ((MH]T; 100%)
IR thin film v (cm~1): 1258, 1278, 1324, 1373, 1432, 1456, 1679, 1693, 2908,
3208.
C11H19NO calculated: C, 72.88%; H, 10.56%; N, 7.73%

25 Found: C, 72.76%; H, 10.74%; N, 7.61%

Amino Acid Hydrochloride
The lactam (981 mg, 5.4 mmol) was heated to reflux in a mixture of 6N

HCI (15 mL) and 1,4-dioxan (5 mL). After 4 hours the solvent was removed

i



tetrahydrofuran (20 nL) with nitronethane (1.12 ni, 20.7 mmol) and
tetrabutyl Wg}iﬁg&}]fluoride (1.0 Min THF, 15.5 nm., 15.5 mml). and the 5
resulting m xture heated to 70C. After 18 hours the m xtur ePGESSH/166522d

W th et hyl acetate (50 nL) and washed with 2N HO (40 nl) -
foll onwed by brine (40 mL). The organi c phase was separated, dried
(MyS04), and the sol vent renoved i n vacuo. The residue was '

purified by fl aswammﬁethogﬂmeyldﬁlsrebmalhzedlﬁpmamethanol/etﬁﬂ&bﬁhﬁﬂ{éﬁﬁh@ne
1:9) to glve15 8055%/% 8L Ies 0|I 1H NVR 400
(CDC13) [err]: (5?5 @ /“3)" ?S?th = 6Hz),
Vo (APG) o ‘ﬁ%@e%@fﬁﬁs&sﬂ&%@ ﬁv‘?% @ham o)) 1028,
1182, 1377, 14 ~ 1 Th
nitro ester (16}31%651%4?5}18&%70%%5)’ %Pve)dglﬁ%c(gﬁ%r]siro\z %%G%fﬁand ©
shaken ower Rangsg (AP%SC, Qg?t@mlmgu an at nosphere of hydrogen gas
er urs

(40 psi) he catal yst was renoved by
filtration thr&gHxpNGIGE calchlated: C, 56.04%;H; 04196 N vi24%£0p1604%n vacuo to

give 997 nmg (95% of a white solid. 1H NMR 400 MHz (CDC13) [err]:
0.52 (1H, n), @Fowpdn. 98 (7H, m), L, 56.0024H,940%:24, 6.09%; @1, 69.00%H, m), 2.20
(2H, s), 3.09 (2H, s), 6.03 (1H, br s). MBS (APCI) mie: 182

([ MH +; 100% IRthin filmv (cm1): 1258, 1278, 1324, 1373,
1432, 1456, 1679, 1693, 2908, 3208. C 1H19NO cal cul at ed:
C 72.88% H 10.56% N, 7.73% 25 EXAMRLEI4 C 72.76% H,
10.74% N, 7.61% Am no Aci d Hydrochl oride The

| actam (981 ng, 5.4 mol) was heated to reflux in a m xture of 6N
Ha (15 nL) and 1, 4-di o>(<)an (5 nL). AftersLOditrs t heoswal vero, ws renmoved

I
® (i)

1y gy "y,

HCLH,N  CO,H HN
[//, ) 1;,
g @ %
—
7] % (7] ”
10 G) (EtO), P(O)CHyCOEt, NaH, THF

@) MeNO,, BusN*F, THF, 70°C
(ii) Raney Ni, Hy, MeOH
(iv) HCVH,0

o.B-unsaturated ester
15 Sodium hydride (60% dispersion in oil, 1.048 g, 26.2 mmol) was
suspended in dry tetrahydrofuran (50 mL) and cooled to 0°C. Triethyl

H



-14- in vacuo and the solid residue recrystallized froma

met hanol / VRYP1484¢t at e/ hept ane m xture to give 516 poTA4S¥A6csF 2
white solid. 1H Nl\/R400M—Iz(d6DI\/BO) [err]: 0.47 (1H, m, -
0.77-0.91 (8H m), 1.46-1.63 (5H_p), 2.45 (2H s), 2.84 (2H ),
8.00 (3H, br s), 12.37 (1H, br s). 5 ° IVB(APCI) me: 200 ([ MHHCO 1+
1009 PHokpReYaR&dte §2.176 WhIRIBD minol é?cféhd"b & hd ¢ 9&1@ a,
15. 04% e oet ol Pl Dnes s SiTefbescindigia o
15. 09% subsided the mixture was stirred at 0°C for 15 niiditeR IR 3I-methyl
[err] err] [err]
[err] 10 cyclohe(cat}one((é_:éé)gg2b§@@p@@@@en addeqd angd-ghe mixture allowed to Ve NC2,
BUuAN+F, THF, 7&8m to room ten{ﬂth\)xre Rﬁﬁ&y 1 g"hbu}_sj%he L\ﬁ%t was decanted from the

5 thick oil which had formed and diluted with diethyl ether (50 mL). The decanted

solvent was washed with water (50 mL) followed by brine (50 mL), dried

(MgS04), and the solvent removed in vacuo to give a clear oil which was used

without purification.

Trans-Nitro ester

10 The o,B-unsaturated ester (2.48 g, 13.6 mmol) was dissolved in
tetrahydrofuran (20 mL) with nitromethane (1.96 mL, 27.2 mmol) and
tetrabutylammonium fluoride (1.0 M in THF, 20.4 mL, 20.4 mmol) and the
resulting mixture heated to 70°C. After 18 hours the mixture was diluted with
ethyl acetate (50 mL) and washed with 1N HCI (2 x 25 mL) followed by brine

15 (25 mL). The organic phase was separated, dried (MgSOj4), and the solvent
removed in vacuo. The residue was purified by flash chromatography (silica, ethyl
acetate:heptane, 1:10) to give 2.43 g (73%) as a colorless oil.
1H NMR 400 MHz (CDCl3) 8: 0.78-0.98 (4H, m), 1.27 (3H, t, J = 6Hz),
1.40-1.81 (8H, m), 2.61 (2H, s), 4.17 (2H, q, J = 6Hz), 4.58 (2H, s).

20 MS (APCI) m/e: 244 ((MH]; 10%)

IR thin film v (cm~1): 1027, 1097, 1155, 1190, 1378, 1457, 1549, 1732, 2929.

Lactam
The nitro ester (2.01 g, 8.28 mmol) was dissolved in methanol (30 mL) and
shaken over Raney nickel (catalytic) under an atmosphere of hydrogen gas (40 psi)
25 at 35°C. After 3 hours the catalyst was removed by filtration through celite. The
methanol was removed in vacuo and the residue purified by flash chromatography

(silica, ethyl acetate) to give 902 mg (65%) of a white solid.



(1v) HA/H20 [err],[err]-unsaturated ester 15 Sodi um
hydri de (QQO dﬁg?rsi on inoil, 1.048 g, 26.2 mmol) was -+ suspended
in dry tetra y uran (50 nL) and cooled to OC. Triethyl FPCT/US98/16652

- 15- phosphonoacetate (4.76 nL, 23.9 nmml) was added. Once the’
ef fervescence had subsi ded t he ture was stirred at O[err]C for

15 m nutes. 3R 3-nethyl cycl ohexanone (2.45 g, 21.8 mmol) was then

added and the ¥y XtvR 208 ME¥RCD §: 0.77-0.96 ,rﬁl Q.180052 {RAY, at ure. After
1.5 hours the solvent was decaﬁ%e)d fromth W 5 th|K K of| which had

formed and di | ug2q.78i(5H, ﬂi),ezmgmtswos{m{ rs})s 821t181, Besyant ed
sol vent was washed with water (50 nL) followed by brine (50 nm.), dried

(MySO4), and tMS (APICIkHYe: rlemqgms[]'i‘ noeguo to give a clear oil which was
used Wi t hout purification. Trans-Nitro ester 10

The [err], [ er rIR thivsfiluwgtrad )eEI% 1455, 4898,,2926, 320n0l ) was di ssol ved in
tetrahydrofuran (20 m.) with nitromethane (1.96 nm, 27.2 mmol) and
tetrabutyl amonium fluoride (1.0 Min THF, 20.4 ni, 20.4 mmol) and the

resul ting m XtAffn &A@;‘Uﬂg&@cﬂ&ﬁdyﬂc After 18 hours the m xture was
diluted with acetate (50 nL) and washed wi th 1IN HC (2x25
nmL) foll owed by brl'ﬁhel_agtam(o §523ngi5) 1 m@)wpsgmt@tpﬁetbgtmmm@@gap

dried (MgSOM), th uo. esi due was
purified by f|§§ﬂ9‘&wgmo%e§§3%‘? tbgmxf%xéewggﬂwe at roof empa%%?‘&t hept ane,

1:10) to give 2 Hoursl ’I(hé%tﬁveﬁﬁwas ﬁﬁlo%&l f5vachb land the sohd residublred¥dtaliody Mz

(CDC13) [err] 0.78-0.98 (4H, m, 1.27 (3H, t, Hz) , 1.40-1.81
(8H m, 2.61 (r@ﬂam;tbamlkmyq 2setatefheptane Gigtyre td gbe 3(42 g ©0%) of@ white VB
(APCl ) Té 244 ([ MH| + 10% IRthin filmv(cml): 1027, 1097,
1155, 1190, 13%‘ 1457, 1549, 1732, 2929.

1H NMR 400 MHz (d-6 DMSO) &: 0.74-0.91 (5H, m), 1.02-1.18 (1H, m),
1.38-1.65 (6H, m), 2.46 (2H, s), 2.84 (2H, s), 7.97 (3H, br s), 12.37 (1H, br s).

IR KBr disk v (cm1): 1187, 1214, 1400, 1515, 1710, 2922, 3370
C11HoNO,Cl calculated: C, 54.30%; H, 9.04%; N, 6.33%; Cl, 16.06%

15 Found: C, 54.19%; H, 8.99%; N, 6.27%:; Cl, 16.01%



Lact am The nitro ester (2.01 g, 8.28 nmmol) was di ssol ved
I n met hanoWq Sat4sd) and shaken over Raney ni ckel (Wéﬁh?s under
an at nosphere of hydrogen gas (40 psi) 25 at 35[err]C._Arter . ____[zjl_pur_s
the catal yst was renoved by filtration through celite. The o

A T RS SR 1) T
Yﬁ”NERSZ'ode (cDderr])[err] : 0.77-0.96(4H, m), 1.18-1.52(3H ), e

1.62-1.78 (5H, ), 2. , 3.08 (2H.. S 5.8 H_pbr s). \VS3
(APA) me: 16 '([Mﬁ}2 ﬁ?g%éf?i&‘bprep‘m&n qfﬁ%mpﬂ“?‘f?ifﬁ%W‘t‘gm ): 1252, 1455,
1698, 2920, 3220. 5 Am no Aci d Hydrochl oride The '

| actam (0.858 ng, 5.1 nmol) was hea Q.reflux _in a mxture of 6N

HCO (10 mL). After 3 hours the m xt - vPolld at room tenperature for
18 hours. The solvent was renoved in vacuQ apd the solid residue i

recrystallized froma met hanol / epk acet ate/ heptane m xturejto
give 341 ng (30% of a white 10 sol 1H NWVR 400 MHz (d-6
DVSO) [err]: 0.74-0.91 (5H nj), 1.02-1.18 m 1.38-1.65 (6H,

m, 2.46 (2H, s), 2.84 (2H, s), 7.97 (3H, br s), 12.37 (1H br s).

IR KBr disk v (cm 1)whidH&mprses4, 1400, 1515, 1710, 2922, 3370

d | H22NQ2C1 cal cul ated: C, %4. 30% H 9.04% N, 6.33% C, 16.06% 15
Found: 5 a) adding cyglolgxaneg tolg mixhge of sodiumg hydride sisperded dn dey

tetrahydrofuran to which triethyl phosphonoacetate was added;
b) partitioning the mixture between HCl and diethyl ether and collecting
the ether layer;
c) dissolving the product of step b) above, the o, B-unsaturated ester in
10 THF with nitromethane and tetrabutylammonium fluoride and heating
the resulting mixture to produce a nitro ester;
d) dissolving the product of step c) above, a nitro ester in methanol and
shaking over a catalyst to produce the corresponding lactam; and
e) heating the product of step d) above, a lactam, to reflux in a mixture of
15 HCl and dioxan to produce a compound of formula I, and converting, if

desired, to a pharmaceutically acceptable salt.
2. A process for the preparation of a compound of formula

HCLH)N  CO,H

7, »

Il

which comprises:
20 a) adding 4-methylcyclohexanone to a mixture of sodium hydride
suspended in dry tetrahydrofuran to which triethyl phosphonoacetate

was added to produce a mixture;



- 17 - T CLAI M5 1. A

process f epa'ratl ound of fornula e
Perr] Wo'shFaikl um m;mm\im ses: & PCTRSIBAGHS2
cycl ohexanone to a m ydri de suspended in dry

tetrahydrofuran to which triethyl phosphogoacetate was added,

b) partitioning the m xture between HCl and diethyl ether and col | ecting
the ether |ayer; b)decantmgthesol@pt&psstbbwmn@rﬁﬂ@p)rabdmtom‘bdmmn b) above,
the [err],[err]-unsatuated ester in 10 THF with

ni tromet hane and t et PaBUPSA (8% f | uori de and heating

i Ssolving the pr odai-ay ety et bieh t3hile ip nimpthane apd praitg e g

shaki ng over a cat al yedulting mix¢gkéce the correspondi ng Iact am and
e) heating the prOddliCt of step d) above, a lactam to reflux in a mxture

of 15 5 dissplvingthel nﬁma@stqrcfrqm mp@bab»vemmﬂmuomdfsbdm a |, and
converting, if i red, har, ceu aIIy acceptable
salt. 2. Ovena 4%%%%”@"?&5 W‘g m% o 2 orrpound of

formul a ¢) heating the product of step d) above tolr8fl¥i in a mixture of HCI and

whi ch conprises: 20 a) addi ng 4-net hyl cycl ohexanone to a

m xture of sodium hydiwxm to produce a compound of foumyle Hoabwve andiconverting, if
tetrahydrofuran to ch fri et onoace was
added to pr oduce a m(i? lﬁ% ﬁ&;ﬂlageuc%lcg.ﬁ accepta{al% Sglt.

10 3. A process for the preparation of a compound of formula

HCLH,N  CO,H

",
I
w ity
which comprises:
a) adding cis 3, 5-dimethylcyclohexanone to a mixture of sodium hydride
suspended in dry tetrahydrofuran to which triethyl phosphonoacetate
15 was added to produce a mixture;
b) decanting the solvent from the mixture of step a) above to produce an
o, B-unsaturated ester;
¢) dissolving the product of step b) above in nitromethane and heating the
resulting mixture;
20 d) dissolving the nitro ester from step c) above in methanol and shaking
over a catalyst to produce the corresponding lactam; and
e) heating the product of step d) above, a lactam, to reflux in HCI and
dioxan to produce a compound of formula III above and converting, if

desired, to a pharmaceutically acceptable salt thereof.



- 18- b) -decanti-ng the solvent fromthe m xture step a)
above to prodwesHsan [err],[err]-unsatur gepRiseHieess

c) dissolving the estSer’,!',"j)m”s"tmmj),umove in nitromethane and heating the

resulting mxture; di ssolving the nitro ester fromstep

c) above in methanol and shaki ng -19- over a catalyst to:
produce the correspondi n agt a and heating the
product of ste4p d) ‘gﬂmfg&t%rﬁ?fq%ﬁr{hona(’frﬁg&mﬁoémgfo fﬁt‘i‘““a%d

di oxan to produce a conmpound of fornmula Il above and converting, if
desired, to a pharmaceutically acc l.e salt 10 3. A process
for the preparation of a conpound g#&f?gl Iac02H -
[err] whi ch conpri %gs, a) adding cis

3, 5-di nmet hyl cycl ohexanone to a m xture g Q
suspended in dry tetrahydrofuran to whic et hyl phosphonoacetate 15

was added to produce a m xture; “t,, b) decanting the sol.vent
fromthe m xture of step a) above to produce an

[err],[err]-unsat ur@ﬁ@ﬁcgﬁbggés; c) dissolving the product

of step b) above in nitronethane and heating the ) )

resul ting mixture; #@adding 3R 3-methylcyclpheyanongite amgixiure ohsadiwm dgdidde f r om st ep

c) above_in nethanol and shaki . . a0ve t t to
pr oduce She corr esp orﬂﬂ‘?ﬂed‘%f"g& g&]te%ﬂgdrofman to which tnetthggxo%géz?(}aﬁ%tX he
product of step d) abgyeaddad tplodlite 4 thik@fd:ux in HA and

di oxan to produce a conpound of fornula Il above and converting, if

desired, to a phar neadectiting thy selventftam the mixtaretofstep@) above to produce the

corresponding o, B-unsaturated ester;

di um hydri de

c) dissolving the ester from step b) above in nitromethane and heating the
10 resulting mixture;
d) dissolving the nitro ester from step c) above in methanol and shaking
over a catalyst to produce the corresponding lactam; and
¢) heating the product of step d) above to reflux in a mixture of HCl and
1,4-dioxane to produce a compound of formula IV above and

15 converting, if desired, to a pharmaceutically acceptable salt thereof.
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-19- - 4. A process for the preparatlon of a conmpoungss

[err] whi ch conprlses

3-met hyl cycl ohB(éimne to a me)Lm@u@ﬁUa ROPH hmmdmdix
suspended in dry tetrahydrofuran to WALCH: PFPet hyl phosphonoacet at e
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