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'EJnlted States Patent Nunber 5,091,567, hereby incorporated by reference, 5
covers a prwoana4isar the preparation of gabapentin PCT/US 8/16652
(1-am nonet hyl - 1- cycl ohexaneacetic aci d) H2ZN CO2H whi ch nedi ca ”‘i;

useful, for exanple, in the treatnment of epilepsy. The process M R 2002
illustrated by the schene: Step (a) H CO2GIH5 O O | | + (C2H50) 2PCHZC02C2H5
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gabapent | p, to gabapentin itself. The advantages of the instant
synth M ﬁﬂ ntrol of ster eochem stry and no resolution is required at
t he mnﬂ nt hesi s. {ﬁg? W@ﬁ vention
encoﬂm synt het | C r?i% P he prepara |ondr?)f 10
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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)
HoN CO,H

which medicament is useful, for example, in the treatment of epilepsy. The
process is illustrated by the scheme:

Step (a
p (8) -

CO,C,H
o W ( 2CoHs
0
+  (CoHg0)yPCHHCO)CoHy — O
10

Step (b)

HW l/c02c2115 0N CO,CoH,

O + CH3NOy ——



substi tut ed gabapentin anal ogues. The route enables the synthesis of
certain single stereoisoners of individual alkyl ated gabapentin derivatives

with a hi ghwoegnaes of stereochem cal purity. The i nventj ' i ned
in the general route shown below. The first step invol ves co%gglyg?%ﬁ&%# a.

substituted cycl ohexanone to an a,[3-unsaturated ester via usq ‘B];M (qu
trial kyl phosphonoacetate or an (al koxycar b@ayl net hyl )tri phenyl agph QZm
hal i de and a base, ch as sodi um hydride, potassiumhydride, 5 lithium or
sodium or potassiu ﬁE)(émst hyl di si | azi de, butyllithium or potassium
t-butoxide in a solvent such as tetrahydrofuran, dinethylfodmam d

di et hyl et her, or di net@yNsul @-I t a suigapl e Cgme% tureN e range
step ?nvol ves Tleact [ OR ?-pst he \']\P

from-78C to 100C. The sgcon
a, ~B-unsaturated ester w DI nitronet ggpne and axsdi t abl e base ch as

t et rabut yl amoni um f | uor tetr a—40=—» +
nmet hyl guani di ne, 1, 5- di az& ycl o[ 4, 3, 0] non- 5-
1, 8-di azabi cycl o[ 5, 4, 0] und®c 7-ene, a sodium pot assi um al K , sodi um

hydri de or potassiumfluoride in a solvent such as tetrahydrofuran,

di et hyl et her, di net hyl f ormam de, di nmet hyl sul phoxi de, benzene, tol uene,

di chl oronet hane, chloroform or tetrachl oronethane at a suitable
tenperature in the rsgﬂ?giron1-200 to 100C. 15 The third step involves
catal yti c hydrogenat the nitro noiety using a catal yst such as Rauey
ni ckel , pal |l adi um on clgprcoal or rhodi um catal yst or other nickel or

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

i sopropanol , ethyl acetat®Yacetic said, 1,HNiox@@Hchl oroform or diethyl
ether at a suitable tenpe Jre in the.range to 80C. 20 The fina
step involves a hydrol ysi si ng h¥débahloric and gey also utilize a
cosol vent such tetrahydr qn or 1, 4-di oxane )t her such inert water

m sci bl e sol vent at a suilyablVe tenperature in
General scheme: O (i) X HAO.H2 02H X 02N 02R %
OF THE | NVENTI ON The fol |l ow ng experinental procedures provide a novel
route to be used to stereosel ectively synthesize gabapentin and anal ogues
thereof. This route provides 5 access to pure stereoisoners. Exanple 1
bel ow shows the rout 8tpdEH to synt hesi ze gabapentin itself. This route is

al so useful in the Synlt-lgﬁSI s cgzl_(iorrpounds of formula H)N CO,H

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.



-0 -4 CO2R I (ii) X OHN (iv) X NH2 CO2H | A a pharmaceutically acceptable
‘salt thereof or a prodrug thereof wherein Ais a bridged ring sel ected from

I 11 (CRwodpAaseH2) m (1) (CR RZ)n R4 (4} . and (5) V\herelgpéz.{ugébzmgé are
ch

each independently sel ected from hydrogen and nethyl; R3 an

I ndependent|ly selected fromhydrogen or nethyl; 5 nis anin gm 1
to 4; and mis an integer of fromO to 2. -Bhe route is furthlqlguéﬁlznp

the synthesis of conpounds of forpula, NH2 CO2R NH2 CO2R or J X X_Il or a
phar maceut i cal |y acc &bt HiyFRionds putlined inthe j rQuteishown; belqy. The fusiytep S(O~

carbon at ome. | bitslyes SRRt b RiHssFhcheAREHER & i lhariitel a0

from1l to 6 carf@praitg 8. tqu}%x (CR1R2)n
(CRIR2)n > > R4 R4 f?‘2) E&g)ph Wﬁoac@(ae rein Bko?%cagﬁﬂglﬁgﬁ? lowpl%]}r?ghed al kyl

of from1 to 6 phospboniwmndwutide and Hbaseysuchias sedivmthydride,mogssimnuhydridepheny |

groups can be upsubstituted or substituted substituents each

independegtly s ‘HPe‘EH"FlB’l‘H (9% PeRpsFiumdexamg ﬁ‘ék{'ﬁfaﬂﬁil glmjﬁthmmorpo Sium
t-butoxide in a solvent such as tetrahydrofuran, dimethylformamide, diethylether,

or dimethylsulfoxide at a suitable temperature in the range from -78°C to 100°C.
The second step involves reaction of the o, B-unsaturated ester with
nitromethane and a suitable base such as tetrabutylammonium fluoride, tetra-

10 methylguanidine, 1,5-diazabicyclo[4,3,0]non-5-ene, 1,8-diazabicyclof5,4,0Jundec-
7-ene, a sodium or potassium alkoxide, sodium hydride or potassium fluoride in a
solvent such as tetrahydrofuran, diethylether, dimethylformamide,
dimethylsulphoxide, benzene, toluene, dichloromethane, chloroform, or
tetrachloromethane at a suitable temperature in the range from -20°C to 100°C.

15 The third step involves catalytic hydrogenation of the nitro moiety using a
catalyst such as Raney nickel, palladium on charcoal or rhodium catalyst or other
nickel or palladium containing catalyst in a solvent such as methanol, ethanol,
isopropanol, ethyl acetate, acetic acid, 1,4-dioxane, chloroform or diethyl ether at
a 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.



5 R irs hydrogen or |ower alkyl. Exanple 2 bel ow shows the use of a
4-substituted cycl ohexanone to provide a pure traps gabapentin anal og.
Exanpl e 3 O #4380 ws t he use of a disubstituted cycl ohexanopermyssk/fessp! e
4 bel ow shows the use of a 3-substituted gabapentin anal og to1p£miAcﬁ 2?]02
pure cis product which is a mxture of enantionmers. The use of !
enantionerically pure 3-substituted cycl otdxanone provi des a pure product.
General Route %?engaigéhcfﬁemZR (i) x 0 HO.H2N 02H HN (iv) X X 02N 02R x
(iii) Reagents and conditions: (i) (RLO 2P(0O CH2C02R, base (e.g., NaH,
Li N(Si Me3)2, K, HBuLi) (ii) MeNO2, base ( C@aer Bug. N+63N
usi

Tetranet hyl guani dine, KI) (iii) Catal ytiff hydrogenatio goZRf or exanpl e,
Raney ni ckel or Pall adi on charcoal) (iv) Hydrolys i ng HCG L
EXAVPLE 1 CO2Et 02N O (i) (i) 1. H2N @32H (i N)
(Et0) 2P( O) CH2CO2Et , F Er»ve U4 N+ , 7 ii) Raney N,
H2, MeOH (iv) HA/H20 . ~-unsat ur at ster OHN (iil
. X X X
o Aii)
HCLH, O,H HN
@iv)
e
X X
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



- Sodi um hydride (50%dispersion in oil, 1.16 g, 28.99 mmmol) was suspended in
‘dry tetrahydrofuran (40 nlL) and cooled to OC. Triethyl phosphonoacetate

(6.35 nL, MoBhsawp!) was added. Once the effervescence hadn{(_uﬁq%ﬁgg‘s%he
m xture was stirred at 0OC for 15 minutes. Cycl ohexanone (3 9

mmol ) was then added and the m xture allowed to warmto roomyt)e f .
After 1 hour the m xture was partitioned beétween 2N HC1 (50mrlrL‘§ mmmw
ether ( 100 nlL). _The ether |ayer was coll ected, washed with brine, dried
(MyS04), and the%ol vent rendRged in cuo to give a cle@g oil which was
8 purified by fhash onayogr aphy (5| | ie ethyl acet\ate: heptane 1:9) to
yield 3.8 g (78% « S Q
purification. Nitr
was dissolved in 5
mol ) and tetrabut
the resulting m xtur [
with ethyl acetate (6 mand washed with 2N HOMN (40 nL) fol
(40 nmL). The organic phase was separated, dried (5&804), and the&_sol vent
renoved in vacuo. 10 The residue was purified by flash chromat ogRaphy
(silica, ethyl acetatgjheptane, 1:9) to gp/)e 996 ny (46% as col orl ess
oil. 1H NWR 400 MHz ( 13) S 1.27 (3H, J = 6Hz) 1.38-1( (10H, m,
2.54 (2H, s), 4.15 (2H, g, J = 6Hz), 4.70 (2H, s) M5 {ES' ~') mle: 230
([MHA~"; 78%,170 (10099 15 IR thin filmv (cm1): 1031, 1180, 1377, 1548,
1732, 2935. C11H19NO4 cal culated: C, S7.63% H, 8.35%\N, 6.11% Found: C,
57.88% H, 8.61 % N, 6.01 Lg : 4.08 mmol ) was
di ssolved in nethanol (40 g d shaken over p_Mckel (catal ytic)
.under an atnosphere of hyd § (40 psi) at 3§ 18 hours the
catal yst was renoved by fi ﬂfz)gn t hr ough gt/hanol was renoved
in vacuo to give 622 ng (K : i 3 d on standing. 1H
NVR 400 MHz (CDClB) 8: 1./38>% , m, 2.18 (2H, 3.14 (2H, s), 25
5.61 (1H, br s). M5 (ESH. me: 154 (|pL,MI+; 100% IR thin filmv (cm
1):1252, 1451, 1695, 2925. 3 gC9H1 cal cul at ed: g 70.55% H, 9.87% N,
9. 14% Found: C, 70.46% (‘} % N, 8.97% 5 10 Am » Aci d Hydr ochl ori de
The Iactam(GOBng‘.e 4.0 mml) was heated to reflux in a mxture of 6N HC
(15 nL) and 1,4-droxan (5 mL). After 4 hours the solvent was renoved

R and Ry are each independently selected from hydrogen and methyl;

st e a, (3-unturated ester (1.6P8
(@R {Bpdydnof ur an (B(W)Rg\lnt :

amoni wn fl uori de

amed by brine

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, CO,R NH, CO,R
I
or
X
' X
or a pharmaceutically acceptable salt thereof wherein:
10 Xis O, S, S(0), S(O),, or NR; wherein R; is hydrogen, straight or branched alkyl

of from 1 to 6 carbon atoms, benzyl, -C(O)R, wherein Rj is straight or

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



in vacuo and the solid residue recrystallized froma nethanol /et hyl

‘acet at e/ heptane m xture to give 682 ng (71 % of a white solid. 1HNI\/R 400
MHz (d-6 Dmes»o/faisdl. 12-1.51 (10H, m), 2.41 (2H, s), 2.91 (2h, (3H,
br s), 12.36 (1H, br s). M5 (APCl) nmle: 172 ([MHHA]"i"'; 1009 % NO2C1
calcul ated: C, 52.05% H, 8.74% N, 6.74% Cl,17.07% Found: 1C HJAE?? 1y3]
8.77% N, 6.63% C, 16.94% EXAMPLE 2 15 Cl (i) CO2Et (ii) O HN (iv) (1)

(Et0)2 P(O) CH2CO2Et, NaH, THF 02N 02Et ,, (iii) (ii) MeNO2, Bu4N+F', THF,
70C -lo (i”)vgﬁ:?éiii é@al i ester
Sodi um hydri de (60% di sperﬁgl on | c;M?ig% h m 24. 45"1‘106‘&%%5% gg’épended

in dry tetrahydrofi %ﬁz;ﬂ%e?é&ﬂﬂ@%nﬁﬂ@h@ﬁxéﬁheﬁﬁ grétipsdahie WRBalSSRARBPBECt at e
(5.12 m, 25.67 nmol) was added. Once the effervescence had subsi ded t he

m xture was stirred substmedbyﬁpm o substituentsisacly independentiy sehented framni_,
24.45 mol) was then added and the m xture allowed to warmto room
tenperature. After halogenCEs, apdnitre; srtht was decanted fromthe thick oil
whi ch 10_had fqr.ored.and the oil shed with diethyl ether (3 x 50 nlL). The
decant ed’sol ve%t ng‘ﬁﬂ“lgﬁﬁ éf aué'rghi ngs were conbi ned and washed with 2N

HO (50 ni) foll om%ﬂmea@ezaaomowslhe&e'ﬂ&m%ed§mhem°§ ghyent

renmoved in vacuo to give a clear oil which was used wi thout purification.
Traps N tro espreovidéa phre tzansigabapentin arml ezl ester (2.94 g, 16.15 muol) was

di ssol ved in tetrahydrof 20 ML) with onet hane (1 75 L, 32.3 mmol)
and tetrabutyl amn?ﬁ]ﬁﬂ‘?ﬂ?ﬁggﬂg shoy's gheise 0 Iqlrﬁ“ cydle ??“WRB?) and t he
resulting mxture heated to 70C. After 18 hours the mxture was dil uted

with ethyl acetate (60 nL) and washed with 2N HO (40 nL) followed by brine

(40 ni) 10The 20 or gzﬂaiampimselovM:os\smw‘e@fawmwdmfdmaéﬁenunraﬁatogeosol vent
renoved in vacuo The residue was pur| fied by flash chropatography (silica,

ethyl acetate: dga pure cj§ progue; whic !smgcm@f/&n%ww%mw&g ;M. 1H

1073 (oH C%%@e%%ﬂs%ﬁg&m@“ﬂwﬁﬁwﬁe@% puet; °%, 8%\
(APCl) me: 244 ([MH'~; 8%, 198 (100%, 183 (68%, 168 (66%
General Route

o COzR O,N O,R
I
ij; (i) (i)
— —_—
X X X
(111)
HCLH,N
j O

15 Reagents and conditions:
@) R10),P(O)CHCO9R, base (e.g., NaH, LiN(SiMe3);, K,H BuLi)
(i) MeNO>, base (e.g., BuyNF, Tetramethylguanidine, KF)
(iii)  Catalytic hydrogenation using, for example, Raney nickel or Palladium on

charcoal)
20 (iv)  Hydrolysis using HCI



IRthin filmv (cm1): 1029, 1179, 1195, 1377, 1457, 1549, 1732, 2929.
C12H21N04 calcul ated: C, 59.24% H, 8.70% N, 5.76% Found: C, 59.00% H,
8.73% N, 5 11 Lactam The vitro ester (2.70 g, 4.08
“di ssol ved |¥%’Léﬁol (60 mL) and shaken over Raney ni ckel (,Péfré‘t’%ﬁmﬁﬁsz
under an atnosphere of hydrogen gas (40 psi) at 35C. After qaROMﬁB fﬁo
catal yst was renoved by filtration through gelite. The 5 neth 5 2
renoved in vacuo and the residue purified By flash chronmat ography (silica,
et hyl acetate/ heptane 1:1 ) to give 721 ng (39% of a white solid. 1H NWR
400 MHz (CDCI3) S 0.91 (3H, d, J = 6Hz), 0.94-1.12 (2H, nm), 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 Ms (APClI) me: 168 ([MHI' ~; 100% IRthin filmv (cml
): 1254, 1305, 1446, 1494, 1668, 1693, 2910, 3219. ClpHL17NO cal cul ated: C,
71.18% H, 10.25% N, 8.37% Found: C, 71.76% H, 10.33% N, 8.10% Am no
Acid Hlrdrochloride 15 The lactam (715 ng, 4.0 mmol) was heated to refl ux
ina mxture of 6N HO (15 nL) and 1, 4-BEX&MPLEY nlL). After 4 hours the
sol vent was renmoved in vacuo and the solid residue recrystallized froma
met hanol / et hyl acet atel heptane m xture to give 664 ng (70°/c) of a white
solid. 1 HNW 400 Mz (d-6 DVsO S: 0.88 (80.Ef, =P ) Q) (2H, m,
20 1.22 (3H m, 1.22 (3, m, |.51 (2H, 543(2H 2 : (2H, s),
7.92 (3H, br s), 12.39 ( cl]~"; 100%
C10H20NO2C1 cal cul at ed; 5. 99% Found C
54.33% H, 9.38% N, 6 Cl s 780 \ ° Y
CO2Et (ii) HClL. H2~ 02H O HN (iv . : Et 0)2
P(O) CH2C02Et, NaH, THF (ii) MeNO2, Bu4N+F', THF, 70C (iii) Raney Ni, H2,
MeOH (iv) HO/H20 a, ~3-unsaturated ester

0 Au)

H br s). I\/S(A

Cl) me: 186 ([N
54.1g% H, 970%

HCLH,N  CO,H HN
@iv)
P IR

@@ (EtO)P(O)CH2COyEt, NaH, THF
(i) MeNO», BuyN*F, THF, 70°C

(iii) Raney Ni, Hy, MeOH

(iv) HCI/H»O

10 o.B-unsaturated ester
Sodium hydride (60% dispersion in oil, 1.16 g, 28.99 mmol) \;'as

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



02N O2Et (111) Sodi um hydride (60% di spersion in oil, 1.029 g, 25.7 nmol)
'was 10 IS suspended in dry tetrahydnfuran (50 nL) and cooled to OC.

Tri et hyl ph@ép&)pﬂg@cet ate (5.36 nL, 27.0 mml) was added. Once_ the

ef fervescence had subsided the mixture was stirred at 0C f or PEBURPSNGERS .

Cis 3,5-dinethyl cycl ohexanone (3.24 g, 25.7 nmmol) was then qweM m
mvct ~u~e allowed to warmto roomtenperatuge. After 1.5 hours the sol _
was decanted fromthe thick oil which had formed and the oil washed wth

di et hyl et her @wﬁc&byﬂh;hcﬁfhmatd;gwhyé&ili&aobthyhacemdheptmel Bpto yiekl3.8gs were
conbi ned and d wt N HC (.50 nlL IJovve bri, 50 nL), dried
(MyS04), and W@b?%ﬁ&ﬁ%ﬁwg@uﬁ%%ﬁé T pug pa D which was
used wit hout purification. Traps Nitro ester The a, ~-unsaturated ester
(2.08 g,10.36 mmol) was dissolved in tetrahydrofuran (20 nL) with

ni tronet hane (Nitrgeser 20.7 mol) and tetrabutyl ammoni um fluoride (1.0 Min

THF, 15.5 L, 15.5 I nd the 1 Lxture, heated .t o, 70C. After 18
hours the m xture \T/;@le) "‘?‘n"'sj ﬁbyg‘ed%ﬁ( (gb aﬁs%mﬁd%shed W th
2N HCl (40 nl) f (pﬁﬂ n s separated,
dried (Ngsm) t e sol%/ent r%g%ége%}ﬂg@u?&%h?}g%ﬁgﬁﬁas purified
by fl ash chromm@u@hpmbmdm ﬂaondetm;ﬂMandﬂ-ﬂf d4hmbj bhe mmol) and thegiemstidg 53 ¢

(56% as a colorless_oil. 10 1H NVR 400 M&z (CDC13) b:; 0.80-0.98 (10H,
M, 1. 27 (3H, t mixturebested t°1703§ Afign1§ hors ghe, mgmys V(amxlusgdwuhggly( mtatq 3 =

Tosb, 185, 1 3190 blagena Vashed with 35 FGEUh L follaned 8- prie (A P eLRRY (1 40b

g, 5.8 rrm)l) i ) iBaRsyo. i ckel
Ceatal ytic) undups Piist Ms sepafic, el (Mg OM lnd e S erhbia AR, 15

hours t hg cat alThetresiage waspiefikd ﬂdshkhﬂﬁﬂd@égrﬁ BitaC&thyllRetatdiee hanol
was renoved in vacuo.toggl ve 99l7nyrrg (95% ﬁﬂvﬂstea’solj(d 1H NVR 400 MHz
(CDC13) b: 0.s2 ?)1ﬂ9|glv99 &Jngé‘l&j‘/ola@a(mlpﬂmoﬂl 51 (2H r‘r) 20 1.69 (4H m,
2.20 (2H, s), 310 2 603 ()Jsll-l éz»s % e. 182 ([M' ~;
100% IR thin fif @Q@és 2?@(%324‘@ 13841362 (0kban), 1679,
1693, 2908, 3208, Cl H19N0 culated: C 72.88% H, 10.56% N, 7.73% 25
Found: C, 72. 7@)@ < Is)duﬁf 9,176@@,0&7791@1-&@)(1 Hydrochl ori de The | actam

981 , 5.4 f 6N HC 15 nL d
adi oxan (5 0 ERF Ve SRUNEIE I LABOR Terovea  aa o in
vacuo and the s duh BGSLIUEHERILS fld, 137 18K A2TBNO!/ ethy!

C11H9NOy 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) &: 1.38-1.61 (10H, m), 2.18 (2H, s), 3.14 (2H, 5),
25 5.61 (1H, br s).

MS (EST) m/e: 154 ([MH]Y; 100%)

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

-



-m xture to give 516 ng (40% of a white solid. 1H NVR 400 MHz (d-b DVSO 8:
0.47 (1H, m, 0.77-0.91 (8H, n), 1.46-1.63 (5H, nm), 2.45 (2H, s), 2.84 (2H,
s), 8.00 ( , 12.37 (1H, br s). 5 M5 (APCI) me: 200 MEi -HClr' ;
1009 011H§§|90 yéﬁ%al culated: C, 5b.04% H, 9.41% N, 5. 94%"&’,”33%!66&% i
Found: C, 56.00% H, 9.40% N, 6.09% d, 15.09% EXAMPLE 4 @4IMA mza
(iit) ~""ii OHCL.HZN O2H HN ', (iv) . ..i~®...i~~ 02N 02Et ..~i~~R i
10 (i) (Et0)2 %O CH2CO02Et, NaH, THF (ii) MeNO2, Bud4N+F' , THF, 70C (iii)
Raney Ni, H2, 1§NQ)caleglated> €, 3053%i AL B 8% M9.84%er 15 Sodi um hydri de
(60% di spersion_in oil, 1.048 gt 26. 2 rrrml)f was suspended in dry

t et r ahydr of ur anfFeW@: ni) and codt.d@4650:0E, 9-12%eNn§P7% - 15
phosphonoacetate (4.76 nL, 23.9 mml) was added. Once the effervescence had
subsi ded the mxture was stirred at OC for 15 mi nutes. 3R 3-nethyl

cycl ohexanone ( ide was t hen added and the mixture allowed to

Amifio dcidHydzochieride
t t t ft 1.5 th I t ., d ted f th
<M ck of I whi o nads IFlE 08 e ARERILPE PR e B R PRSI The
decanted gol Ve”HCl"?ﬁM?Hf‘&’l,M&MS%L)_( i?uﬁhhomlm&mde&xvap&aﬁsv&fo ),

dried (MgS04), and the Solvent renoved in vacuo to give a clear oil which
was used wi t houin yagno andtheisolid residun sedrystallizessfrem aifiethimoliethyl acetate/heptanel

i tronethane ( Engaretp e AR e LIISa1e vl 3800 1 amoni um 11 dor | e (1.0 M
18 hour s the m iEATUR AN PRRA RT3 B 55 201380 9 dfd8e8 L
separated, dr P e TR R OELES). U2 H2P Moved 1 vacdo. The res! due vas
Bive 2 a3y (73S GO B R MH RIS M00RR 400 M (D) S 0. 78- 0. 98
{4H, m), 1.27 {CoHgNORCkcaledptedl . GD52.05%:; HaBI74%; N, 5, Biey (A1 767% 4. 17 (2H,

q, J = 6Hz), 4.58 (2H, s). 20 M5 (APCI) me: 244 SJ '~ 109 IR thin
filmv (cm1 ):Fowmlz 1097, 1155, 1€9Hl.91%7H, 877%g N, 6568%4; Q7 36.94%029.

EXAMPLE 2

° C02Et QZII\I OZEt
| s,
¢ @ (ii)
— —

o ,Aii)

HCLH,N  CO,H HN
I’//, .
- @iv)
‘——
15 () (EtO); P(O)CHoCO5Et, NaH, THF

(i) MeNOy, BugN*F, THF, 70°C



Lactam The vitro ester (2.01 g, 8.28 mmmol) was dissolved in nethanol (30
‘'mL) and shaken over Raney nickel (catalytic) under an atnosphere of

hydr ogen gwe d%Afspsi ) 25 at 35C. After 3 hours the catal yst d by
filtration through celite. The nethanol was renpoved in vacuo@#gsﬂg&g

residue purified by flash chromat ography (silica, ethyl acet t@ B%%e—
902 ng (65% of a white solid. -161 HIOMR 400 MHz (CDC13? A : . 96

(44, m, 1.18-1.52 (3H,_.m, 1.62-1.78 (SH, m, 2.22 (2H, s), 3.08 (2H, s),
5.82 (1H, br i) WenendE HoYeOHi 68 ([M-iJ'~': 100% IR thin filmv (cm1):
1252, 1455, 1698, 2%20i §220. 5 Amino Acid Hydrochloride The | actam (0. 858

ng, 5.1 mol) @As 2"d to reflux in a nmixture of 6N HO (10 nlL). After 3
hours the m xture was stirred at roomtenperature for 18 hours. The sol vent
was renoved in vacuo and the solid residue recrystallized froma

met hanol / et hyl g 8agisafpitebestne m xture to give 341 ng (30% of a white 10

solid. 1H NWR 400 MHz (d-6 DMSsO S: 0.74-0.91 (SH, m, 1.02-1.18 (1H, m,

ool B (88, St b b it itz 1
Clleél c1 ca%“éEﬁ“é‘F‘éi’.‘ H']@t‘%@!‘éé@é'@ éé."é‘abendl\@"i%é@% Triethyl ohos 15 FO]chnd:
Che.or epar at 1 pogpiofioabiat (€ {¥5ni s & Pmitdon) was addel Dok 2 efsrips e BRF ' "

conprises: a) RBIEY MR AMIGHered At 0°CTEor 15 Biriftess ANTEWY R dhEgande pended
in dry tetrahydrofuran to which triethyl phosphonoacetate”wds added; b)

partitioni ng t{3embj24.45 mnhal) was theridddad dndithetrhikturetaliewed eslwamh keonng t he
et her layer, c) dissolving t product, of step b) above, the . .

a, ~- unsat ur at e%“’@ﬁ@@%‘ei ‘ﬁﬁ?‘l—F? &PPW tﬂ? Pﬁ’]&ﬁ%‘tm&"%‘ﬁd from thethick aH which um
fluori desand td il L ). Vi r; d)

di ssol v?gg thzﬁ%rfg u%é Qrgq{hg,?) gﬁp&gﬁ%%\;ﬂﬁ@%%?@@&g? g@)hﬁnégﬁgﬁ%ﬁ and
shaki ng over %&%@hﬂ&&éé&&%ﬁﬁﬁs%éﬁﬁbﬁx%&(éﬁd'vﬁghédaﬁtﬁ‘wm}j?@)mﬁﬁ‘atl ng
t he product of step d) above, a lactam to reflux in a mxture of HC" and
di oxan to pr odfetewead byhpine (30 vil); dried(Mg$O4) aud thensodvent removetl inlvaduodd, to a
pharmaceutical |y acceptable salt. 2. A process for the preparation of a
conpound of f ogiNeRglear oiliwhieh wespsedswithowt pusificaiien.ng 4- net hyl cycl ohexanone
to a mxture of sodium hydri de suspended in dry tetrahydrofuran to which

triethyl phosphonoacetate was added to produce a m xture;
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 (MgS0O4), 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) 8: 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-1): 1029, 1179, 1195, 1377, 1457, 1549, 1732, 2929.
C12H21NOy4 calculated: C, 59.24%; H, 8.70%; N, 5.76%
Found: C, 59.00%; H, 8.73%; N, 5.70%



18 b) decanting the solvent fromthe m xture step a) above to produce an

‘a, ~-unsaturated ester; c) dissolving the ester fromstep b) above in

ni tromet hangoaghlqfggat i ng the resulting mxture; 5 d) dissolving the vitro
‘ester fromstep cs above in methanol and shaking over a cat af S?%“B"ondu_ce

the corresponding |lactam and e) heating the product of step
reflex in a mxture of HO and di oxan to pyrjoduce a conpound 119'? m%&gbﬁl

above and converting, if desired, to a pharnaceutically acceptable salt. 10
3. A process fdwactame preparation of a conpound of fornula HCL. H2N CO2H |11

Wil Ch COA npl | SCS: a).,.,addj ng ,Ci 5-dj net hyl cycl ohexanone, to 1 xture of
sodi um hydri de susper§di? ﬂ“ﬁré‘fo&’r MWQ%&P@WMWFWZWﬁS and’
phosphonoacet atggallch fes ke (AAPHO mBerUndtHiRohdtt of RFdBEdlohs (4Fps
solvent fromthe mx%re 0 s‘t:ep(a) g%%ve ?o pr ocf;sge ar? gg'*léé sg‘%bj?sé)t ed
ester, c) dissat3st@ Afte 18rhodricthe chtalysewadenmived dyifiitration throrigh 2ekite 2Thk
heating the resulting m xture; 20 d) dissolving the vitro ester fromstep

o remmonl o | 8t e A e Degt 08, Lhe. Brates . oo ). poave
| actam to ref Lr _%I?“H%F °éﬁgh£‘g§%§:t)g° &vggggji%@J%‘ﬁg‘Hg%ﬁﬁ Tl a 111
;gﬂrﬁ?; v 1aCI &%4 g@fgroc@s ’Palp@gl_réqgrgpar t1on lglfrz:g C%ﬁ‘pound of
2ot hy! cycl oneianaid (5 Bk 80 HHL o) STIRRE 67 i BEE0 200 o). 2 19.GE

t et r ahydr of ur ars)} 64K, bris).i et hyl phosphonoacetate was added to produce a
m xture; b) decanting the solvent fromthe m xture of step a) above to

produce 1he corMSYAPU) mée: 68 BRMHT I 100%4)ed ester; c) dissolving the ester
(fromstep b) above in nitromethane and heating the resulting m xture; d)

di ssol vi ng t he IR thimfilas v éemtl)0ldsd; $30% 14460494 1668 169RRA91803218haki ng over
a catalyst to produc h orr.e (Y t . ), heating the product
of step d) abov l‘ﬁglmF%ﬁ‘cﬂf“'f?daa%ggsg/g}taﬁﬁ%l%’z;ﬁyﬁﬁ’dl oxane to produce a
conpound of forgula IV above an el ti NQ,220f. Lked, to a
phar maceuti cal I%@?Cept abl e sal g’?ﬁ?&é&%’qg”é’cﬂ%mﬁd of forrmula I:
HCl . H2ZN CO2H | produced according to the process of claim1. 6. A conpound
of forrmula Il H&I . H2 i.!ﬁg I!I! lIi)éoduced according to the process of claim
2. 7. A conpou _° € HO.H2 i C02H I1l produced according to
the process of clai MTEe 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, s5), 7.92 (3H,

brs), 12.39 (1H, br s).

MS (APCI) m/e: 186 ((MH-HCIJ*; 100%)

C10H20NO7Cl 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%



A conmpound of fornmula IV HCl.H2 i CO2H (1V) produced according to the
‘process of cl ai m4 AU A( & AYNY. A, . Aa. AHg, . AL. A9;

9. A L. AH&W/@@S];” . AS&. Al &r . AH&. A&[& AaL. A. Aa32. Al'l (>: " UhT45 C
hThT( Th#. #. 727727 ~~?????????? ~2| ?] | '>'>'>'>'>'>'>'>ooooooooooooooooob@fjﬁm&oooo>

>???KK=P0?2???2?0020?0?~>~>7>57>?>7>7>5<7<?<2 ’?><’?>< < <’?<’?>

=<p! &SGHI } xr mhc] X] c&al] ca] ca] ca] caU] ca] cal €05 &} ca] ca]@ ca] 2% J C a] cal]ca]c
calUfca | PYI c|“tt cF
-./{vqgl gb] WJ] ca] ca] ca] callga] ca] ca] ca] ca] da] ca] ca] ca] ca] c4}.e# ca] c(aU cal] ¢
a] ca] ca] ca] ca] ca] ca] ca] : AGTUV" (i) | Jm)q wl f° [ VIgb] Wca
] caU] caU] cal] ca] cal] ca] ca] ca] calU]ca]c
aU] ca] ca] ca] c(aU] ca] &) ta a1y \\“ “tty

()-.% E8zupkfa\ W] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] c&a] cal] ca] ca]

ca] ca] c(al ca] c"a] cal) ca] ca]ca]lcPa]ca]ca]ca]ca]cal 7v *+/ 9/,
0((/k]b_ca] calc(al ca]c

LUW vVzt oj e [ V] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca]ca] c
a] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ¢ a] c&a] c”a] ca! VCPOu
#H##H#~yt ni d_ZU] ca] ca] ca]JH@].H ? chajomKal cal ca] MNa4 ca] ca] cal ca] ca] cal ca]c”a

] ca] ca] ca] ca] ca] ca] ca] ca)]cMa

| &&&&&E&H(t (((8))ytoje [Vid_zU
V] cMa] ca] ca] ca] ca] ca] ca]c”a] c : c" a] c¢atdfcal]
Jcajca ))*G o p*grvFFr+ ++, .v ;)BT , .
00! 0- O~xsni c™Yid_ZU] ] c] ca] ca\/] ca ca’]/ca] cal ca‘t)] cafcdlca] ca] ca] ca] ca] ca] c*a]
ca] ca] ca] ca] ca] ca] ca] ca]c”a] ca]c(aU] ca] ca]ca] ca]ca -0. 03080NO00000001

~ ca] ca] cgyyal ca]" 4 c’\a

1#1~ 3333333424446Y66677U72u fal Vid ZUl]calc™a]ca] ca] ca]ca] calca]ca]ca]ca]c
aV] ca] c(aU] cal t)a] & &]2@{521 ]Hk] c(aU] ca] c™a] ca] ca] ca] caV] ca
U7?88809999D: E: F: M : < <<<

<l<<<HeQRX<N< (a):deFQQ} BugNitH, Z7HH, 787C a] ca] ca] caUlca W/]ca]ca

ca] ca] caV] cal cal] ca] ca] ca] ca] ca] ca]ca] ca] c"a] c(aU] ca] ca] ca] c”a]ca] ca]ca
g;ﬂ}ca] 1 caVv] (111) %am],Nl]Hz]Me]OH] lca]ca] c"a] c(al] ca] ca] ca] c"a] ca] ca] ca]
<<<$=l =nEn=0=t =>>472272?72?A] AWBBBB: CCCODr DsDt DDSEI E{ vgkf a\ Vi d_zZU] ] c*a] ca] ca] c
(aU] ca] ca] ca] ce(]‘t)a]l'l@]'HQﬁﬂ cal] ca] ca] ca] ca] ca] c™a
V] cMa] ca] ca] ca] ca] ca] c"a] c(al] cal] ca] ca] ca] c”a] ca
| EGGCEEH@HOHQHT HWHI RKKKKFLGLKLLLOL
MLNNNNMN OPi Q edl ]c]c(a] ca] caj ca] cal] cal] ca] ca] ca] ca] ca] c"a] c(
a] caD] ca] ca] ca] ca] ca] ca] calca] ca] cal] ca]ca]ca] ca]c(aUca]calca mMUQQY R}RTTT

UUUl Ul X UUUUUVNBNN\ chawumtydndmﬁ&e%uddspZtsqum@@h]l 2P galrd mmol) svas] ca) ca] cal c
P10 Tosu el Beapeininbun Al U S B A" 55:50uid ()
Loval & (O F <b¥£gfﬁfgb+]%a%”t§ 38l 70 HER pddeg: 6&%%&5&%@3

104] 4] 104[ 4] I1&ybkidkd thelididthirtl Wa stirred at 09 Fo¥ l(S)mﬁﬁ%lsl\@i'sB ,S-aniEmy1( ) - f
-109%@& ()-yl 10%@& ()-F | 10%a& ()-!v@SrLo%& () -

F109@& () - &3GHI dyelotexantnel (3% 26)7- xﬁtnol)mmmgr) addeﬂhﬁé/&e(r)m#mmcd)‘.o 1" 109&
! -1 | 0, ! -
()-14,9110% t\lavfm'g 20 1%\c(>|ng Lecrixllzﬁje\{a?nuiz 5(12 the sglvent st JecantéLcP é% ti'nze |
thick oil which had formed and the oil washed with diethyl ether (3 X 50 mL). The

15 decanted soivent 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.



. +109%@& ()- +s10%@ ()-F )10%@& ()-| odYNC 10@ 10@ 10@ ; S10%@& () -
" 9109%@&' ()- T10%@& ()- 710%@& ()-Y 6 10%@& ()- +t dEYNC Y 109%& ()-Y
ONLOY&' () - o) - YLOYE ()-&s! 109 ()- YY109&' ()-tcF aBYNCE109%&' ()- |
Y @OYE ()-3w?39/'g'{’)£- | 109%& ()-!'H S"109%& ()-Y 109%& ()- >° *E?HE.S?”'%GSHO )
3+mL0%&' ()- y) MLOY& ()-' mi'109%& ()- & 109%&' ()-"10%& ()-
1098 ()-,-./?GTUuS4/ 10#L10% & ()-!xyy- 1004 | & ()-s!!' F 14 MAR 2002
10%JU&' () - Y 10%| & ()-10%}| & ()-: 10%4H & ()-M 10UV f) +zX94/
10" $s10%| & () Trans-Nitro ester
The o, B-unsaturated ester (2.08 g, 10.36 mmol) was dissolved in
tetrahydrofuran (20 mL) with nitromethane (1.12 mL, 20.7 mmol) and
tetrabutylammonium fluoride (1.0 M in THF, 15.5 mL, 15.5 mmol) and the
5 resulting mixture heated to 70°C. After 18 hours the mixture was diluted with
ethyl acetate (50 mL) and washed with 2N HCIl (40 mL) followed by brine
(40 mL). The organic phase was separated, 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, g, ] = 6Hz), 4.57 (2H, s).
MS (APCI) m/e: 258 ((MH]; 12%)
IR thin film v (cm1): 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) &: 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, brs).

MS (APCI) m/e: 182 ([MH]; 100%)

IR thin film v (cm1): 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
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| 3510%a& ()- ! AT 10%me () - Y10%m& ()-3wzY7_ @ 10! a5" 109%& () -

5" 10% " (& () - S)invaewosand)the s@d@ﬁ&&W@@ﬂem& m)ethhnol@thﬂ%et@yeﬂmpm@

10! LO10%&' () - I10%:0& één éilg %’% - L0ome 10918 (

LO%IE! () - &(g ve o) 9f 2 Whitg; s 10%&() L

22| i B R
T0'3 S1096& ()‘1§*§?06$3<5§3%9% Cofy B L S B R s PR BB oo

109658 865 105L; 10%3& 3 F: 1096& ()- 3
8F10%&(%§ 3 F71 (l? ¥/ 9%?'@}#&?5 Olfl?)%P/o% oy O 0
f 10%b& () - $, 10@@1&119N010mmte¢0%26 04%4 H) 964 %;)N, ummnﬁt; 15.04%

Found: C, 56.00%; H, 9.40%; N, 6.09%; Cl, 15.09%

EXAMPLE 4

CO,Et
o 5
‘0, ” "I/
HCLHN
/[ (lv) 'l
0, ” “*,,

10 () (EtO) P(O)CHoCOoEt, NaH, THF

s ‘l//

(m)

(i) MeNOy, BusN*F,, THF, 70°C
i) Raney Ni, Hy, McOH
(iv) HCI/H»O

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



10!, @O%E& ()-, 10%& ()- #10%& ()-

H109%H& ()-!y10%& ()-T3! 10%& () - vVz[ <mbC 10 5&10%& ()-510%& ()- 2
10%8& ()-! wiPidplagea() - hf 10%b& ()-! 10%bé& () - V@BCD ~_ @

10" 109 () - 10%& ()-!f 09#10% - & () - 9#10%& ()- 10b 10b 10p  FCT/USIB/6652

Y7s10%¢& () - ZOu- dE~_@ 10 f Z109%&' ()-9G' 10%&' () - 109%& () - 9: 101«%&& 32%% ()-
3109%&' ()--ChodE~ @10 (109%& ()- 940%& ()-15- #10%& ()-L! g1O%& 0%
& ()- fz10%& ()-0 = dE~_ @10F 6 109%& ()- ~410%& ()-3 -10%& ()- 3

-10%& () - L+! 10pBosphoneacemie(4(76 mL; 23.9 mmol)was addefl>Onee the efferveycenpe had

"109& ()- '\ " 100 ()- . " 109ZJ& () o' () - 11" aB~
e ) A e 15l 11
10S/ 1092Z& () - y$?ﬁéﬁ@%‘9@%‘%ﬁé&2@ @#@g‘?{/ﬁhﬂ added and the mixture allowed to

warm to room temperature. After 1.5 hours the solvent 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 IN HC1 (2 x 25 mL) followed by brine

15 (25 mL). The organic phase was separated, dried (MgSOy4), 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) &: 0.78-0.98 (4H, m), 1.27 (3H, t, J = 6Hz),
1.40-1.81 (84, m), 2.61 (2H, s), 4.17 (2H, q, } = 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.
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IR thin film v (cm‘l): 1252, 1455, 1698, 2920, 3220.

5 Amino Acid Hydrochloride
The lactam (0.858 mg, 5.1 mmol) was heated to reflux in a mixture of 6N

HCI (10 mL). After 3 hours the mixture was stirred at room temperature for
18 hours. The solvent was removed in vacuo and the solid residue recrystallized
from a methanol/ethyl acetate/heptane mixture to give 341 mg (30%) of a white

10 solid.
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 (cm-1): 1187, 1214, 1400, 1515, 1710, 2922, 3370
C11H2oNO2Cl 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%
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1.

A process for the preparation of a compound of formula

HCLH,N  CO,H

which cbmprises:

a) adding cyclohexanone to a mixture of sodium hydride suspended in dry
tetrahydrofuran to which triethyl phosphonoacetate was added;

b) partitioning the mixture between HCI and diethy] ether and collecting
the ether layer;

c) dissolving the product of step b) above, the o, B-unsaturated ester in
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
HCIl and dioxan to produce a compound of formula I, and converting, if
desired, to a pharmaceutically acceptable salt.

A process for the preparation of a compound of formula

HCLH,N CO,H

/7 ',

1

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

was added to produce a mixture;
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resulting mixture;
5 d) dissolving the nitro ester from step c¢) above in methanol and shaking
“overa catalyst to produce the corresponding lactam; and
e) heating the product of step d) above to reflux in a mixture of HCI and
dioxan to produce a compound of formula II above and converting, if

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

HCLH,N  CO,H

%, .

1)1

W ey
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.,f-unsaturated ester;
c) 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 HC] and
dioxan to produce a compound of formula III above and converting, if

desired, to a pharmaceutically acceptable salt thereof.
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which comprises:

a)  adding 3R 3-methylcyclohexanone to a mixture of sodium hydride suspended
in dry tetrahydrofuran to which triethyl phosphonoacetate was added to produce a
mixture;

b)  decanting the solvent from the mixture of step a) above to produce the
corresponding o,f-unsaturated ester;

c) dissolving the ester from step b) above in nitromethane and heating the
resulting mixture;

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 to reflux in a mixture of HCl and 1,4-
dioxane to produce a compound of formula IV above and converting, if desired, to a
pharmaceutically acceptable salt thereof.

5. A compound of formula I:

HCIH,N - COoH

produced according to the process of claim 1.

6. A compound of formula II

HCI.H,N  COLH

7,
/"

I
produced according to the process of claim 2.

7. A compound of formula III
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produced according to the process of claim 4.



