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mucohalic acid or its i i Ves, i scl cess for preparing
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OF THE | NVENTI ON Pregabal i n (3- Am nonet hyl - 5- et hyl - hexanoic acid) is a

3-substituted 7- am no butyric acid (GABA) anal og that exhibits an array of
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anal ogues such as 25 am nonet hyl - 5-net hyl - oct anoi ¢ acid, which has the
st ruct ur e ApplidaioBHN uNiRr 60/876,99k fidedadn 4xp 88¢e froma |inear precursor.
For instance, WD 93/23383 discloses a route comencing from

5-net hyl - hexanoic acid that requires 8 transformations. A recently

di scl osed alternative strat egprIGY OFETHESINVENTIONe enanti osel ective
conjugate addition of S-a nethyl benzyl amne to 2-Methylene 1
10 The invention relates to a process for preparing highly functionalized -
butyrolactams and y-amino acids by reductive amination of mucohalic acid or its
derivatives, and discloses a process for preparing pregabalin, a GABA analog with

desirable medicinal activity.

15 BACKGROUND OF THE INVENTION
Pregabalin (3-Aminomethyl-5-methyl-hexanoic acid) is a 3-substituted -
amino butyric acid (GABA) analog that exhibits an array of useful medicinal
properties, as disclosed in WO 93/23383, as well as United States Patent No.
6,306,910 and WO 00/76958, the latter two of which are assigned to the same

20  assignee as the instant application.
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Synthetic approaches to pregabalin and related analogues such as 3-

25  aminomethyl-5-methyl-octanoic acid, which has the structure
O

Me OH
NH, ) .
Me , generally commence from a linear precursor. For instance,

WO 93/23383 discloses a route commencing from S-methyl-hexanoic acid that
requires 8 transformations. A recently disclosed alternative strategy commences with

the enantioselective conjugate addition of S-o. methylbenzyl amine to 2-Methylene-
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SUMMARY OF THE INVENTION

These and other needs are met by the present invention which provides a

15  process for preparing a compound of formula I

O

OH
Ry NHR;

wherein: R; is H, (C;-Cg)alkyl, (Cs-C7)cycloalkyl, aryl, (CHy)q-aryl,
20  heterocyclo, (CHy)p-heterocyclo, heteroaryl, or (CHp),-heteroaryl, whereinnis 0, 1, 2,

or 3; and
R, and Ry are each independently H, straight or branched (C;-Cé)alkyl, a
straight or branched (C,-Cy)alkenyl, (Cs-Cy)cycloalkyl, alkylcycloalkyl, alkylalkoxy,
alkylphenyl, alkyphenoxy, phenyl or substituted phenyl;
25 comprising:
(a) treating mucochloric or mucobromic acid 1 wherein X is Cl or Br with
R’OH, wherein R’ is (C;-Cg)alkyl, —CHs-phenyl, or -CHy-substituted

phenyl, in the presence of acid to provide 2



XROHXO XoH XOHOR 12 (b) conjugate addition of RRR2' C\Vb
wherein R2 and R2, are as defined above and wherein Mo is MyBr, CuBr, or
B(OH) 2, twodz/par2provide 3A° OO0 X RR2-CM) X | x o R2 PCo/mBR/H0IRE, OR 5
2 3A (c) hydrogenation of 3Ato provide 4A00 XH2R2I1 0O RR0 R, OR
R2- OR  3A 4A ; and 10 (d) reductive am nation of 4A ynder hydrogenation
condi ti ons using anmoni formate or RLNH2, whergjn is (Cl1-C8)alkyl,
(C3- C7)cycl oal kyl , (CH2) n- ar R'Othet er ocycl & 2) n- het er ocycl o,
heteroaryl, or (CH2)n- oaryl . wherein n isy0, 1, |2 @r 3, followed by
hydrolyisis 0 [H], r HCO2NH4, . 0 R2 Hydrol , OR 15 4A \WWat
is also provided is pr ifss for ptéparing prega

(b) conjugate addition of R,R»CM, wherein R, and Ry are as defined
above and wherein Mg is MgBr, CuBr, or B(OH),, to 2, to provide 3A

Q O
X RoR>CM, X
|0 - | o
X Ro
OR' Ry OR'
5 2 3A
(c) hydrogenation of 3A to provide 4A
O O
X Ho
— > @)
R, |0 R,
R2l ORI R2l ORI
3A 4A ;and
10 (d reductive amination of 4A under hydrogenation conditions using

ammonium formate or R;NH,, wherein R; is (C;-Cg)alkyl, (Cs-
Cy)cycloalkyl, aryl, (CHs)q-aryl, heterocyclo, (CHy),-heterocyclo,
heteroaryl, or (CHy)p-heteroaryl, whereinnis 0, 1, 2, or 3, followed by

hydrolyisis
| 0
[H], R{NH, or HCO,5NH,,
@) -
Ro Hydrolysis
Ry OR
15 4A

What is also provided is a process for preparing pregabalin

3



WO 03/093220 PCT/1B03/01646 0 Me OH Me NH2, Pregabalin conprising: (a)
treating mucochloric or mucobromc acid 1 wherein Xis d or Br wwth 5

R OH, wheweion/o#3220 s (Cl-C6)al kyl or -CH2-aryl, in the presemaBoifié#ci d,
provide 2 00 X ROHX X Hr X40 40 OHOR 12 Me\~M ~~"" 1 (b)
conjugate addition of Me , wherein ML is MgBr, CuBr, or M/ M2 10 Me
wherein M is B(OH) 2, to 2 to provide 3B,Owherein " - - - " is absent or
isabond; O0 Xx OMO XMOR M OR Me 20r 3B M MM (cC)
hydr ogenation of 3B to provide 4B Me OH
NH, .
Me 2
Pregabalin
comprising:
(a) treating mucochloric or mucobromic acid 1 wherein X is Cl or Br with
5 R’OH, wherein R’ is (C;-Cg)alkyl or -CH,-aryl, in the presence of acid,
to provide 2
O O
X R'OH X
| © - e
X H* X
OH OR'
1 2 :
Me
w/\N|1
(b) conjugate addition of Me , wherein M; is M gBr, CuBr, or

MGY\MZ
Me

[13

10 , wherein M is B(OH),, to 2 to provide 3B, wherein

- --"is absent or is a bond;

0]
X
| o
X Me
M
2 or
MGY\ Mo
Me

(c) hydrogenation of 3B to provide 4B

to



WO 03/093220 PCT/1B03/01646 X H2 0 M OM 0O M M OR OR 3B 4B ; and
(d) reductive am nation of 4B using ammonium formate, followed by

hydr ol yi sw® 03/0932pH] , HCO2NH4, M e O Pregabalin 01 Me HydrayBoro1b464B What
is also provided is a process for preparing 3-am nonet hyl -5-net hyl -
octanoic acid O Me OH NH2 10 conprising: (a) treating mucochloric or
mucobrom c acid 1 wherein X is or Br with R OH wherein ROIsS

(Cl-C6)al kyl or -CH2-ar X5 e presencé"bf acid. ,to provigle 2 O0 X
ROH X401 o X H+ X O?'ll@ 15 5 WD 03/093220 Rgd/ | B /6646*--~I\/E

M1 ~
Me

' Me
OR ORI

4B . and

(d) reductive amination of 4B using ammonium formate, followed by
hydrolyisis
0]
[H], HCO,NHy,
O > Pregabalin
Me Hydrolysis

5 4B

Me

What is also provided is a process for preparing 3-aminomethy1-5-methyl-

octanoic acid

O

Me OH

NH,
Me

10 comprising:
(a) treating mucochloric or mucobromic acid 1 wherein X is Cl or Br with
R’OH, wherein R’ is (C;-Cg)alkyl or ~CH,-aryl, in the presence of acid,
to provide 2
O O
X R'OH X
| o - e
X H* | X

15



(b) conjugate addition of Me , wherein ML is MgBr, Me M** -~ - 2 CuBr,

or Me , wherein M is B(OCH) 2, to 2 to provide 3BB, wherein " - - - " is
absent orwpa3adzend; OO0 X X M O XOM OR M M OR pPCVvEHB®/@BBB or M
M2 M 5 (c) hydrogenation of 3BB to provide 4BB X OO0 M OH2 Me Jlllo
M OR Me OR 3BB 4BB and 10 (d) ,reductive am nation of 4B using anmoni um

formate, followed by hydrolyisis MG\MWNM,
3- Ami nonet hyl - 5-net hyl - Me OR Hydrol ysis loctandic acid 4BB 15 What is
al so provided (bp a cphipgesadiitionpfepari ng &Me onpouwikreinh N isMgar, |

MGNMZ

CuBr, or Me , wherein M, is B(OH),, to 2 to provide
3BB, wherein “- - - is absent or is a bond;
O
X
| © -
X Me
M
OR' N 1
Me
2 ‘ 3BB
M or
e Z
N My
Me
5 ;
(c) hydrogenation of 3BB to provide 4BB
O
Ha
Me OR'
4BB :
and
10
(d)  reductive amination of 4B using ammonium formate, followed by
hydrolyisis
O
[H], HCO,NH,,
Me _» 3-Aminomethyl-5-methy!-
Ve Hydrolysis octanoic acid
OR'
4BB
15

What is also provided is a process for preparing a compound of formula I



6 WO 03/093220 PCT/1B03/01646 O OH R2, NHRL Y R2 | wherein: Rl is H
(C1-C8)al kyl, (C3-C7)cycloal kyl, aryl, (CH2)r,-aryl, 5 heterocyclo,

(CH2) n- heweroaoyx2k®, heteroaryl, or (CH2)n-heteroaryl, whemreirnBes/iis4d0, 1, 2,
or 3; and R2 and R2, are each independently H, straight or branched
(C1-C6)al kyl, a straight or branched (C2-C7)al kenyl, (C3-C7)cycloal kyl,

al kyl cycl oal kyl , al kyl al koxy, al kyl ph&hyl, al kyphenoxy, phenyl or
substituted phenyl; 10 conprising: (a)Mteductive am nation of nucochloric
or mucobronmic acid 1 wherein X is Cf or @, using a reducing agent in the
presence of ammonium formate ar RINK2, m@gﬁgin Rl H is (Cl1-C8)alkyl,
(C3-C7)cycl oal kyl, aryl, (CH2 A-a yl ,~heterocycl o, (CH2)n-heterocyclo,

het eroaryl, or 15 (CH2)n-heteroaryk, wherein nis 0, 1, 2, or 3, and an
acid catralyst, to provide 2C 00 2x [H X 0OJJ,,NRlL X RINH2 X OHy 2C
(b) conjugate addition of RZR2' CMb, whperein MOis MyBr, CuBr, or 20
B(OH)2, to 2Cto provide 3C0 O X RR2’CM X x tINRL R2 | NR1

wherein: R; is H, (C;-Cg)alkyl, (C3-Cs)cycloalkyl, aryl, (CHa)n-aryl,

5  heterocyclo, (CHy)q-heterocyclo, heteroaryl, or (CH,),-heteroaryl, whereinnis 0, 1, 2,
or 3; and

R, and Ry are each independently H, straight or branched (C;-Ce)alkyl, a

straight or branched (C2-Cy)alkenyl, (C3-Cr)cycloalkyl, alkylcycloalkyl, alkylalkoxy.
alkylphenyl, alkyphenoxy, phenyl or substituted phenyl;
10 comprising:

(a) reductive amination of mucochloric or mucobromic acid 1 wherein X
is Cl or Br, using a reducing agent in the presence of ammonium
formate or R;NH,, wherein Ry H, is (C4-Cyg)alkyl, (C3-C7)cycloalkyl,
aryl, (CHa),-aryl, heterocyclo, (CH,),-heterocyclo, heteroaryl, or

15 (CHa)s-heteroaryl, wherein n is 0, 1, 2, or 3, and an acid catralyst, to
provide 2C
0] @)
| © - | 'NR;
X R{NH, X
OH
1 2C :

(b) conjugate addition of RyR»CMjy, wherein My is MgBr, CuBr, or

20 B(OH),, to 2C to provide 3C
o o)
X j:l/L RoR>CM X
| NRy - | NR
X Ro
R
2C 3C .



R2' 2C 3C 7 WD 03/093220 PCT/1B03/01646 (c) hydrogenation of 3Cto
provide 4C0 O X H R2 1 NRL R 4NRl RZ R2, 3C 4C; and (d) hydrolysis
of 4C 0 Hyorosloyzee R2 4NR1 5 R2' 4C What is al so provi de@cCirgBes/pgoacess for
preparing pregabalin 0O OH Me NH2 Me Pregabalin 10 conprising: (a)
reductive am nation of nucochloric or nucobromc acid 1 wherein X is O or
Br using a redudgi nghylyegdnaiion oH3C o powied(bf benzyl anmine or 1-
phenyl - et hyl am ne to provi 2D0 O X[H XI NHor M 10 X Benzyl am ne
or x Ph X O—Il-Phen%-et ylam'ne12}_[|) 15 O

2

| 'NR -
Rg 1 R2 NR'I

Ry o
3¢ 4C - and

(d) hydrolysis of 4C
O
Hydrolysis
NR; > I

Ra

5 R 4c

What is also provided is a process for preparing pregabalin

O

Me OH

NH
Me 2

Pregabalin
10 comprising:
(a) reductive amination of mucochloric or mucobromic acid 1 wherein X
is Cl or Br using a reducing agent in the presence of benzylamine or 1-

phenyl-ethylamine to provide 2D

O O
X [H] X H or Me
o - T
X Benzyl amine or X Ph
1-Phenyl-ethylamine
OH
1 2D .

15



M

wherei n WO0-034093220

Is MgBr, CuBr,

8 WD 03/093220 PCT/1B03/01646 Me\~M (b) conjugate addition of M ,
or MeM2 M

wher ei n

, Wherein M is B(OH)2, to 2 to provide 3B,

is absent or is a bond; 0 X H or M NPCEFIBoFAheEM 1 M
2Dor M\ ,~M MO0 XHor M MI N-~M Ph 3D 5 (c)

hydr ogenati on of 3D to provide 4D é) MeX Hor Me H2 X N---~ Me NH M Ph
Me 3D 4D and ﬁ/\M1
(b) conjugate addition of Me , wherein M; is MigBr, CuBr, or
Me
Y\MQ
Me , wherein M, is B(OH),, to 2 to provide 3B, wherein
“---"1s absent or is a bond;
O
X
H or Me
/I\ik/N_<ph Me
X \,/\M1
Me
2D or
Meﬁ/\Mz
Me
y
H or Me
Me Ph
3D .
5
(c) hydrogenation of 3D to provide 4D
H or Me Ha
Ph
; and
10 (d) hydrolysis of 4D
@)
Hydrolysis
Ve NH ~ Pregabalin
Me

4D



10 (d) hydrolysis of 4D 0O Me Hydrolysis 4 NH Pregabalin M 4D 9 WO

03/ 093220 PCT/1B03/01646 What is also provided is a process for preparing
3- am nomewbyB/%320®t hyl - octanoic acid O Me OH NH2 M 5pconpeiasssg:. (a)
reductive am nation of nmucochloric or nucobromc acid 1 wherein X is O or
Br using- a reducing agent in the presence of benzylam ne or 1-

phenyl -ethylamne to provide 2D OO0 X [H X Hor Me X Benzyl am ne or X

Ph CH 1 -Ph | f Me
Ph O 1 -F Iegy Nvgﬁathyhﬁmp?@wa& 1%a%%ce§€eforgpe1p(i ggoa%hlﬂﬂétﬁgfgq'k%hﬁg g( arz.

to 2 to prostandie acRDD, wherein " - - - " is absent or is a bond; 10 WO
03/ 093220 PCT/ 1 B03/01646 O o

Me OH

NH,
Me

comprising:
(a) reductive amination of mucochloric or mucobromic acid 1 wherein X
is Cl or Br using a reducing agent in the presence of benzylamine or 1-

phenyl-ethylamine to provide 2D
@) O

X [H] in( H or Me
0 - N
| i _<Ph

X ! Benzyl amine or X
OH 1-Phenyl-ethylamine

10 1 2D

MGNM1

(b)  conjugate addition of Me , wherein M; is MgBr,

Me\/\(\MQ

CuBr, or Me , wherein M, is B(OH),, to 2 to provide

3DD, wherein “---" is absent or is a bond;

10



XHor M x Ph M@ M-11-~~1 M 2Dor MM M 0 M XN-<Hor M M
Ph  3DD (c) hydrogenation of 3DD to provide 4DD 0O MeX Hor Me H2 2 M Ph
3DD 0 MewBhH03a932or M Me Ph 5 4DD and (d) hydrol ysis offCADBo3/@ede N-< H
or Me Hydrolysis 3-Am nonethyl- Ph 5-nethyl-octanoic acid M 4DD 11 WO
03/093220 PCT/1B03/ 01646 Wat is also provided is a process for

reductively am nati ng nu ohal ic acid, conprising:
ﬂ _<HorMe
N
Ph

X Me\/Y\NH

Me
2D

or

Me\/\(\Mg

Me

3DD
(c) hydrogenation of 3DD to provide 4DD
Hy
3DD
4
O
Hor Me
Me N—<
Me Ph
5 ‘ 4DD

; and

(d)  hydrolysis of 4DD
0]

Hydrolysis
Me N <H or Me yarow . 3-Aminomethyl-
Me Ph 5-methyl-octanoic acid

4DD

11



(a) contacting mucochloric or nucobromc acid 1 wherein Xis O or Br 5
with a reducing agent, an acid catalyst, and R3NH2, wherein R3 is H,

(C1- CB) alwgloz/o9323e C7) cycl oal kyl , aryl, (CH2)n-aryl, heter®cyaBas/01646H2) " -

het er ocycl o, heteroaryl, or (CH2)n-heteroaryl, wherein nis 0, 1, 2, or 3;
to provide 2EOO0 X[H X O)JINR3 X RBNH2 X OH 1 2E 10 DETAILED

DESCRI PTI ON OF THE | NVENTI ON The i nventi on processes for preparing
3-substituted ' i €:.aG] ' : 2] - acipuber  of
advant ages. - Fi PURT eV EisA ey B U RS E Re e act ds
such as peeagaisbg:n or its anal ogues such as 3 15

am nonet hyl - 5- met hyl - oct.anoi c idin a mninoum, er .of_steps_and under
m1d condi (i of. SUHRING MUCARYORERETHS reﬁn@%@ﬂ’f%e&ﬂpﬁéﬁp@%%e and
readi ly avail abl e ol : [ e : is¢] potenti a
of nué%halic aci d. &ﬁg%g ‘%pﬁ%ﬂgéﬁhﬂ%m?gﬁ%¥§%§ﬁ?2%0_ 1g§%g%?§%¥g%oic aci d)
and nucobroni ¢ aci d(@2C3aldylh (GRO7)dydwalkd; byl &0bl.k-aapl Utenvaycloot@rdet al | y
avai | abl e and i nexpgnsi ve 0 startin terials. Bpth, nolecul es are
characterized by th}éet?fP‘é%“é‘h?!“@teﬁ?ar&f’ Bﬁmn'ﬁﬁtﬁf%m’ ?fg?fﬁ?“en %@H’gﬁ(’{?’z
configuration, tw pal:ggaooptoms, and two carbonyl groups. This high
degree of functionali'ty makes both nucochl oric and nmucobromc acid
particularly useful buil@ing blocks for the synthesis ©f a variety of

bi ol ogically activX.hhetigrocycles, h as substi Xug eg

1, 5-di hydropyrrol -2-0 yrrolidines, and y 25 | adg
such as pregabalin. Br ol oCl Br OHOH M
Mucobrom ¢ Acid RaNH; X

imand y-am no aci ds
iRari ¢ Aci d

1 2E

10
DETAILED DESCRIPTION OF THE INVENTION
The invention processes for preparing 3-substituted Y amino butyric acids
disclosed herein possess a number of advantages. Firstly, they give rise to 3-
substituted y-amino butyric acids such as pregabalin or its analogues such as 3-

15 aminomethyl-S-methyl—octarjloic acid in a minimum number of steps and under mild
conditions. Secondly, they make use of generally inexpensive and readily available
reagents. Thirdly, they exploit the synthetic potential of mucohalic acid.

Mucochloric acid 1 (2,3-dichloro-4-oxo-2-butenoic acid) and mucobromic
acid (2,3-dibromo-4-oxo-2-butenoic acid) are commercially available and inexpensive

20  starting materials. Both molecules are characterized by the presence of a carbon-
carbon double bond with Z configuration, two halogen atoms, and two carbonyl
groups. This high degree of functionality makes both mucochloric and mucobromic
acid particularly useful building blocks for the synthesis of a variety of biologically
active heterocycles, such as substituted 1,5-dihydropyrrol-2-ones, pyrrolidines, and Y-

25  lactams, and y-amino acids such as pregabalin.
0 0

Cl . Br
) X
Cl Br
OH OH
Mucochloric Acid Mucobromic Acid

12



12 WO 03/093220 PCT/1B03/01646 Miucobrom c and nucochloric acid
surprisingly have not been commonly enployed in organic synthesis as G4
bui | di ng Wbhasksez22Pr esunmabl y, this is because of the manyPCEABeI/0I6465i tes in
the nol ecul es, their poor stability under basic conditions, 5 and the
perception anong those of ordinary skill in the art of the difficulties
associated with the selective mani pul ati on of the hal ogen atons in the

presence of t t her functiopal. gr.au . | 1te h cei ved
difficulties, uggﬁ%rp}ccan ﬁ%ofglopﬁ%m@essiqrgh%@B 5%%%Oqfqe%nv§§%ﬁfypr ocesses

di scl osecengib9édlin oPg%nﬁib?Bﬂrfeisi% a8 G-HbSediggelotks.t PRsIhaSIONBeSis bdthush 6f er in
the relative sequence of the reaction steps, but both rely on the use of
nucohal i che&aayaeacivesiies iiethedanqlpatese theid paor stabilily Hpdsr Pasigreonditipnfe

3-substit .:N0 _but yr i g f I i: e A protection
of rru?o haﬂ%@g%g?xggﬂuﬁ REE) ;r)l% %\hosg P g\%ﬂgneasrgl tg @V@éﬁ? %lggfglie diﬁclﬁﬁ%gs Step B,

Conj ugat easestdatbd ofth @e dBPdaa'vMﬂaﬁiéﬂﬁtioﬁ@tfkmmgdnw@hﬁ m thatprexencefof hiad i de,
provi des conjugate addition product 3B. Reductive 15 am nation of 3B in
Step C praberdeactionglsigypsB, whi ch may under goes hydrolysis in situ or in a

separate step faRl v NS dif AtksYmADURAAC AL e GkEnd of . Contrast,

in Route A", ctrve amnation Irst stepint synthetic
sequence itsmjonArdcessef @lstiovabhdiginc ) sugaharizaddn Sclome Stilep pBicksses :

hydr ogenat.jion (Step C ), and hydrol ysis Step, D). 20 13 WD 03/093220
PCT/ 11803/ B gYe thestetnsive SaaRBes o the Festiben ﬂergfo%ep pothyelgonihouse diep A X 0 0

NRL X X fucdfaOrid agjsgn%é}cﬁﬁatﬁ)rﬁ{ R R elafdritionofthe 3-substituted Y amino
butyric acid framework. Thus, in Route A, protection of mucohalic acid in Step A
provides the hemiacetal 2B. In Step B, Conjugate addition of R,R>M to 2B, followed
by elimination of halide, provides conjugate addition product 3B. Reductive

15  amination of 3B in Step C provides lactam 4B, which may undergoes hydrolysis in
situ or in a separate step to provide 3-substituted y amino butyric acid I. In contrast,
in Route A’, reductive amination is the first step in the synthetic sequence (Step A’),
followed by conjugate addition (Step B’), hydrogenation (Step C’), and hydrolysis
(Step D).

20

13



NRL RI1llIlo RR 4-C2 RR" OR R2, BAStep CStepC OO R OR N1 4
R2 OR R2 Step 4C 4A D Step D OO4 NRlL Step EOH R R2, N\HRL R2 5A R2
Pr egabal iwoies/opxadi | y prepared by either of these routes. PAI/EENI646ed in 5
Schene 2, Route A, mnucohalic acid is first converted to the O benzyl acetal
2B. Organocuprate additon provides the conjugate addition product 3B.

Hydr ogenati on and dehal ogent ati onS¢hemeglrise to 4B. Reductive am nation
under hydrogenation cogdjjig@ns gives rise to | 5B, which may be
hydr ol yzed under basic églfl{cﬁgl ons to _provide %g alin or,any of its

anal ogues i ncludi®@g 3- Am nonet hyl - 5- hyl 14 WO 03/093220 #CT/ 1 B03/ 01646

octanoi c aci X Al ernati gRdpyA as Yepi et ed | Btdpoart e A ene 2,
reductive am nfati ef—ueehaltc agi d gn—the—++rs+ step bisi N benzyl am ne

or 1-phenyl eth m ne provi des g nj ugat e additi o, rogenation, and
hydrol ysi s asX destribed for Rout? A ovi des pregabali n2>((6 Schene 2 Route
X

A Route A oonOR‘Stepr Step A 1X¥™1 -9 O ~ O NCH2Ph X
Step B Step B
0 0
X X I
NR;
R, o R,
Rgl O R2, 3C
3A
Step C Step C'
O 0
0
R NR
2 N RZ 1
Ry OR' 4C
Ro
4A
Step D'
Step D
O 0
R NR; Step E OH
2 > Ry NHR;
Ry sp R |

Pregabalin is readily prepar‘ed by either of these routes. As depicted in
5  Scheme 2, Route A, mucohalic acid is first converted to the O-benzyl acetal 2B.
Organocuprate additon provides the conjugate addition product 3B. Hydrogenation
and dehalogentation gives rise to 4B. Reductive amination under hydrogenation
conditions gives rise to lactam 5B, which may be hydrolyzed under basic conditions

to provide pregabalin or any of its analogues including 3-Aminomethyl-5-methyl-

14



2B OCH2Ph 1 OH 2D Step B Step B OO

OCH2Ph 3D Step C Step C1 OO M NCH2Ph

Step D WOO3/0M22NH Step E M CH M M
PCT/ 1 B03/ 01646 This sarre met hodol ogy c
pregabal i n anal ogue 3 am nonet hyl - 5- et

MeX lilo Me | NCH2Ph Me Me 3B

~40 Me 4B OR Me 4D Step D
“r 5B 15 WO 03/ 093220B03/01646

an be exploited to prepare the

hyl -octanoic acid. Al the steps are

i dent i cal ocwnpisacisboécrnativiedpas depicted HaRoSedp o Seherse dpreRuciivsul d require

t he use of M . CuBr,

SG
addi ti on/ RE[FaHONGE

ieahifsid Bof i 82

USRS

b ng

atibR tindNakiflysis bé B@Ertbed chl or o,

defini ti ongige froviied 2DV RGiseaed A8itWnS Eycﬁﬁ%&r
Ky

bronmo, or iodo. Alkyl

al kenyl

nyl, etc. denote both straight

al kox
and branché%lOl{j?éuPSOVl‘ﬂﬁtpf?@%élﬂlénce to an individual

r adi cal

such as

propyg enbraces 10 only the straight chain radical, a branched chain
i soner “such as "isopropyl" being
Scheme 2
Route A Route A’
O @ 0O
X StepA X Step A" X
| o ~ o) - | 'NCH,Ph
X X X
OCH,Ph 1 OH 2D
Step B Step B'
0
X
Me | o NCH,Ph
Me
Step C Step C'
0
Me o
Me NCH>Ph
48 OR
Step D Step D'
Q o)
Me
Me > NH
Me
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specifically referred to. Thus the term"al kyl" neans a straight or
branched hydrocarbon radical having from1l to 8 carbon atons and i ncl udes,
for exanpwe,o3fex2byl , ethyl, n-propyl, isopropyl, n-butyl PCITaBoIMIGLM |

i sobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, and the 15 like. The
tern1"a|keny|" nmeans a stralght or branched hydrocarbon radic gying
from2 to 7 caftiesama mathodelogy A brieeloifesiio PrRpaEhIbE pregakglin ax;iq?qgk}? N

1- propenyl en 1-but e u Y. t

2- et hy| -4 P‘BB‘E‘H@? éfh% A aw‘% Aﬁélg Ste“%& %re @Bgﬁl%&% At anyl |

3-net hyl - 2-butenyl , 3-net hyl - 3- butenyl 1- hexenyl, 20Me- hexenyl 3- hexenyl,
4- hexenyl , 5-hexeny|, 4-nethy|-3-penteny|, 1-hepteny| 2 heptenyl, 3

hept enyl , 2- nethyl-l-hexenyl 2- nethyl - hexe I thyI 2- hexenyl ,

3- nmet hyl - 3- hexenyl I-I-hexen exe

5- et hy| thath%%éﬁ;ﬂfStepliﬁewﬁ\élfiﬁ?q‘%%f‘%éﬁgw Me rreans a hydr OC&I’%C%I[I’I ng

contai ni 'p% fffs%@scﬁlb%ﬁ) hére M A Qﬁigp%gt? Ed(ﬁﬁéﬂﬂhl@de AMEinRESR4EHonCy Cl obut yl

cycl open cyc exyl, cydlo cycloctyl, decalinyl, norpinanyl,
and adamantyl. Where possible, the cycloal kyl group may contain double
bonds, for exanple 3-cycl ohexen-1-yl. The cycloal kyl ring may be
unsubst i thit ed Refinitiens i t ut ed by one or nore substituents selected from

al kyl , al koxy, ﬁé‘fo lrﬁ%)%zfmm’dﬁ@ QVused NinPlss ofietwRe dB@Jrfbg@nhalamm@ro,al kyl
and dlalkylanlno ., carboxyl, -CN, -NHCOR -CONHR - -COR, 30

wher ei n Rlﬂcﬁoalblbyio on:lyodba‘a]klyy la kohgiékmilcﬂlk)all}’kﬁc demaje bOﬂTStﬁHhémfgr

wher ei n het er oar. a fl " " 03/ 093220
PCT/ | BO3/ ‘1%338‘1 gﬁ\]}és’tl?éﬁtﬁ? CLngg 0 %ﬁé’%’ ! %V@ﬁafgsugg%goﬁ r%gicﬁr%bjrgcr%\gat icring
havi ng r iR el s?raljg%t SRR R, QBranchBE cRAh R@mien StdIsds iddpashy0t beinhst i t ut ed
with one or’nore of the substituent groups recited above for alkyl,

al kenyl , spacifiahlkyrefdregrtoups. Exanpl es of aryl groups include phenyl

2, 6-di chl or op nmet y yI I

tetrallnyl gﬁ%ﬁé@?% Bﬁglﬁ F@HaﬁﬁpE%ﬁ%%ﬁgﬁhéﬁg%bﬁgﬁq?&g¥eny , 2-
acet am dq{alvmgrie&na-m |8,caﬂ5tﬁ|1 Aombaipbliudbe iy exafﬂp@e tnmtlmyl"eahybn»propyé,ans a
straight or branched hydrocarbon radical which s { ng_ t ar bon

at ons andisorropylt BrbREd seerbyRy.gerbuty tﬁﬁ)@i}]tﬁ’lnﬁ'lpﬁ’éfé@ t hoxy,
ethogg ]propoxy, i sopropoxy, n-butoxy, sec- butoxy, |sobutoxy, 10
t ert-but ox n- pent oxy, n-hexoxy, 'n-heptoxy, and the |ike.

The term “alkenyl” means a straight or branched hydrocarbon radical having

from 2 to 7 carbon atoms and includes, for instance, vinyl, allyl, 1-propenyl, 2-
propenyl, l—bﬁtényl, 2-butenyl, 3-butenyl, 2-methyl-2-propenyl, 1—pentenyl 2-
pentenyl, 3-pentenyl, 4-pentenyl, 3-methyl-2-butenyl, 3-methyl-3-butenyl, 1-hexenyl,

20  2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 4-methyl-3-pentenyl, 1-heptenyl, 2
heptenyl, 3 heptenyl, 2-methyl-1-hexenyl, 2-methyl-2-hexenyl, 3-methyl-2-hexenyl,
3-methyl-3-hexenyl, 3-methyl-1-hexenyl, 4-methyl-1-hexenyl, 5-methyl-1 -hexenyl;

The term “cycloalkyl” means a hydrocarbon ring containing from 3 to 7
carbon atoms, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

25  cycloheptyl, cycloctyl, decalinyl, norpinanyl, and adamantyl. Where possible, the
cycloalkyl group may contain double bonds, for example, 3-cyclohexen-1-yl. The
cycloalkyl ring may be unsubstituted or substituted by one or more substituents
selected from alkyl, alkoxy, thioalkoxy, hydroxy, thiol, nitro, halogen, amino, alkyl
and dialkylamino, formyl, carboxyl, -CN, -NH-CO-R, -CO-NHR, -CO2R, -COR,

30  wherein R is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein alkyl,

aryl, and heteroaryl are as defined herein.
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The term "al kyl cycl oal kyl ™ means a strai ght or branched hydrocarbon radi cal
having from1l to 8 carbon atons as defined above attached to cycl oal kyl
group as woaBiogedo above. The term "al kyl al koxy", neans a PCTABEii166x
branched hydrocarbon radical 15 having from1l to 8 carbon atons as defi ned

above attached 1,0 an al kax rou S _defined above. .The term "al kyl phenyl "
neans a straigh heoénﬂrﬁw h%‘ﬁg[ﬁfo‘ggﬁ‘é%%‘ﬁy?yzfﬁf@éqmatf?ar\lf‘? YingHor 8”8 car bon
at ons as Oef ¢afsh /BN CandtBea\@lubstinded Bedtbkti@icdSMRs bid Mtefhre BRGOY! group.

20 The term "al kyphenoxy" neans a strai ﬁgﬁ; or branched hydrocarbon radi cal
havi ng f r ofbstithent@reupsiseritedtabaee s alket iafkedyla bod elkanylardrges. tixaamplheoxy or

bstitut .. Th . t he i ti h
one or  mor v BRTRH e SEPRE B RER PR et B ol ated Tn
opticalsl y agiionaphthiyl iedmil, @nthedidy0  pRenadthreh§l, béhARapHintel At AQGtedyhal t he

processes of the present invention can give rise to any racemc or
opti cal | y-agetamjdofiuprens9-ybrangdidcbipmachiphesykof . 1t is to be further

under st ood t he .puroduct.s, of .t he invention proce an be isq]ated. as
racenic, enant T ca,%k8’r<y pf?%aé’fé‘rsgB@E?rc&%&Wé,%ygﬁm?ﬁ QR grdisal Withe of |

Puri fi cat it fdffll t¢8 akrdeh @fonfkaint eatRicAELRL: geﬁ.OAllé)l}l‘}ri‘nd?ﬁﬁgéj'%xs are known
to those of ordinary skill in 30 the art, and includé recrystallization

t echni quesxamplengiethoxy, ethoXyan-prepaxyaisopioppky, a-busexaset-Paoxyr soBtxyes as
wel | o] h A7 03/ 093220 PCT/|,BQ3/ 01646 2. 3-Substituted
R e R AT

yAm no Butyric Acid i hal o- 5H-furan-2-ones

(Route A) In Sdftenerndsalbylefclbellyl” Bpdhea brai pMCRBDEAIThE] BydrBEG@ehk@lcat acid is
converted to the correspondi ng 5-al ko;(i//-S, 4-di hal o- 5Hfuran-2-one 2A upon 5
#

t r eat ment Daying fepned 18 catbesplimsys dsEned pbaye agadhedite ayderllsghgspup &l cohol i n
t he presengcge ed’ébo@ﬁi d. In a typical procedure, a toluene solution of 1
equi val ent o? mucohalic acid is conbined with 1.5 equival ents of

benzyl acohol affthe@erfib adkylalkakghineafs pstradghtenbranshéd Byirécaabbilradidae mi xt ur e
r ef 8 to 24 hours. The product furanone is

its _thig h%at.ed_fat [ gux fgr g0 24 hot Rt o
ypi caPl y "BBRg ey i3 GREAD gogses dghnerhaboye @lipghed tq an plkoxy @ioup 8f Route A,
conj ugat e gagfid ifRe 0f an organocuprate reagent
The term “alkylphenyl” means a straight or branched hydrocarbon radical
having from 1 to 8 carbon atoms as defined above attached to a phenyl or substituted
phenyl group.

20 The term “alkyphenoxy” means a straight or branched hydrocarbon radical
having from 1 to 8 carbon atoms as defined above attached to a phenoxy or
substituted group.

‘The compounds prepared by the invention process may have one or more
chiral centers and may exist in and be used or isolated in optically active and racemic

25  forms. It is to be understood that the processes of the present invention can give rise
to any racemic or optically-active forms, or mixtures thereof. It is to be further
understood the products of the invention proéess can be isolated as racemic,
enantiomeric, or diastereomeric forms, or mixtures thereof. Purification and
characterization procedures for such products are known to those of ordinary skill in

30  the art, and include recrystallization techniques, as well as chiral chromatographic

separation procedures as well as other methods.
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R2R2' CM to 2A, followed by halide elimnation, provides the substituted

furanone 3A. In a typical procedure, the organocuprate is generated in
situ in tweophgrence of N- nethypyrrolidi none (NWP) from &Crapwaricical | y
avai l able Grignard reagent (e.g., an alkyl- aryl-, or alkylnmagnesium

brom de) and copper iodide. If the requisite Gignard 15 reagent is not
commer ci al.| y a:8ubstitueed § AnfiacBaeyrieAdid SymhesiaVedS-tkeny-Bd-dibgder espondi ng
or ganohal i de conpound usi ng one of the many nmethods available to the
skilled arti say-faran-2ongnoRte 4)t hen added to the organocuprate reagent

over 5to 10 i at, - 10 Lédpghidhxhy e is all owned
to warmto roo@‘%;ﬂéﬁgelfg‘ie EAec.)itg%&F%’g?%gb%Bg%Bﬁgﬁte A 1%&& ogenati on of

al kyl f ur aganersdfoate cortispending S-alkvry3ottdibed S Hyfurmed-badh2 A upont he skil | ed
artisan provides di hydrofuranone 4A. In a . typjcal. procedure, th ur anone
5 G Seol wasimen v Canka alionet srosmaion kg b RRE B ABerifes as
triethyl i ne, P/ i.S . rS1dton B 4 RARARMESS rdchdit 86d ipr essur e
react or u‘%ﬁc{hehlggﬂg%lgﬂ pgg%egE}ee’?:?e{é%&sé.S%%d?)Pn Stégjp D of RoutC e A reductive
ami nat i oncopfbiidhyilh dfueqanaieatso bentylacohnhand QAP ouinalert odp-RINER gi ves ri se

to lactam 5A, . which _may, be hydro|lyzed in. siLty .or,  isSolated an onverted to
the 3-subsippistasy- yT]“&n%H‘éurBE:{@’F‘? hgﬁ?ﬂdﬂ rPﬂ‘ilm%oélést(g&éthP’és‘ L@Fe%?‘%rﬁ a typical
pr ocedur i rof; Bl §iok QHM 83000 perg@ithanol with ammoni um

for mat e, e%”?@??%%lt9é€%1512}2,8&§]€§&51d17%é ?Thi (s&rri X Jre jiﬂls hydr ogenated in a high
30 pri@ssure r elactep BurftRdutci deangesatageidition ofeageganosupjpigaengedé to a ni xture
of the lacto 5A a t he desj.red.ri ng-opene i L §Al on of
the mixt 3‘??2@4 19 &o ‘@E’WS bé(g’ﬁjdﬁﬁet &Hﬂ@ag%\ﬁﬁmflges{{ﬁ%% Slﬁ uféé%fugr %2%’( f or
exanpl e, I&nraqg%i ro¥ddufe, ASG &lﬁ)cbgr‘%%)is aferatd@ i sitveid thaprSk@itelf Ngi ves ri se
to I. 18 WO 03/093220 PCT/ | B03/ 01646 é_oute Ais readily adapted to the
synt hesi smethypyreqjisliaene{NMPFremiasommaigipllp ayailaplp CognasdisagenldF§: 2Por

pr egabal i step Ar ins the . i.r : a38C- but yl
ragnes, urftbiaie ot SR TREpey R R AR S ER el SUtEr Bt Mepidipinatar. 001
t he sjsdecRaidnt &bt bemalctaginesqilabla, iSumiibd rebdipepeparpd from theocedure  Me

E/l(eg_b ? 5col;rseisg(9ndli\flng ciirggno%aﬁgelz lcc?rg]g)ol{md%%itn%lo%gto'f th%tn% r;sy r%’ethc?ds 2\?a(¥1a e't§ ai n the
the skilled artisan. The furanone is then added to the organocuprate reagent over 5 to
10-minutes at —10 to 0° C, and the resulting mixture is allowed to warm to room
temperature.

20 In Step C of Route A, hydrogenation of alkylfuranone 3A according to a
method readily available to the skilled artisan provides dihydrofuranone 4A. Ina
typical procedure, the furanone is dissolved in THF, and combined with a tertiary
amine base such as triethyl amine, and Pd/C. This mixture is hydrogenated in a high
pressure reactor until hydrogen uptake ceases.

25 In Step D of Route A, reductive amination of dihydrofuranone 4A with
ammonium formate or R;NH, gives rise to lactam 5A, which may be hydrolyzed in
situ or isolated and converted to the 3-substituted y amino butyric acid I in a separate
step. In a typical procedure, dihydrofuranone 4A is combined in methanol with
ammonium formate, triethyl amine, and Pd/C. This mixture is hydrogenated in a high

30  pressure reactor until hydrogen uptake ceases to give rise to a mixture of the lactoam
5A and the desired ring-opened material I. Submission of the mixture to hydrolysis

conditions known to the skilled artisan (for example, treatment with aqueous base), as

depicted in Step E, gives rise to L.
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sanme. Simlarly, as indicated earlier, Me CuBr or M Me B(OH)2 or the like
as described herein, may be used to provide the precursor to

3- am nonmewlbyBA%2e®t hyl - oct anoi ¢ acid. 10 3. 3-Substitut ed PETABIIG6BUL yri C
Acid Synthesis Via 3,4-Di hal o-1- Substitued-1, 5-di hydro-pyrrol -2-ones
(Route A') The first step in Route=A"- of Schenme 1for- the synthesis- of

3- substi t ut ed gowgiAne rdudily hilgptediothe egthesesofipeegabhliv er Ammiabnehylo?-
mucohalic acid to provide compound 2C. 15 A Route A /Step A: Beducti ve
Ari nat i ormehyveriateas acid. ABpIPTAEAbR IR Stol & deTHRiES theRemE. SR Brreaites Mnd

mucochl or ' e ; : - il 6] E%H% ~of the many
reactive dsslgtoggéc?tr)]]ﬂ.{'lhnég%ﬁgcu eglﬁd%ﬁéﬁlé?gg%&?é chtegiai? iglt%fhﬁn er@basi C

condi t i onslteramivel ) ehepsidezpiniocan baanadet s Sundkiayph capling lprbdedira 20 t he art
of the diffiﬁ@ties associated with the sel ective mani pul ati on of the

hal ogen ato ei\n%heB{tRﬁ?ence of the other functionality. As an exanple,
although it is known at?in the presence of acetic acid, micobromc or
nucoclsl orisingaci d M@y react wid hpalladilmazitakysorStepsyC HY.cand A memsais gief or m

pyri dazi nones (Scheme 3), the reaction conditjQns are severe: acetic acid
as the solvent, a pHof 1 to 2, and tenperaturgs 25 between 60 and 120 T.
19 WO 03/093220 PCT/1B03/01646 Scheme 3 0 0 R _
XX ~N OH OQher than this reported tr for fQn, however, a nmanifold for

the sel echinge Sifiliiap ld@diefier! Me”f unct™onal groussorpresent in nucohalic
acid is unknown. i. Reagents The reductive am nation process descri bed

her ei n accoida\tejv'ide vari ety of reagents and conditions.
Me

B(OH)2 or the like as described herein, may be used to provide

X 1 O R \NHNH2 HOAc I N

the precursor to 3-aminomethyl-5-methyl-octanoic acid.

10 3. 3-Substituted Yy Amino Butyric Acid Synthesis Via 3,4-Dihalo-1-
Substitued-1,5-dihydro-pyrrol-2-ones (Route A')
Thefirst-step-in-Route-A' of Scheme 1for the synthesis-of 3-substituted Y

amino butyric acid requires reductive amination of mucohalic acid to provide
compound 2C.

15
A. Route A'/Step A: Reductive Amination of Mucohalic Acid
As indicated previously, mucobromic and mucochloric acid are not popular

C-4 building blocks because of the many reactive sites in the molecules, their poor
stability under basic conditions, and the perception among those of ordinary skill in

20 the art of the difficulties associated with the selective manipulation of the halogen

atoms in the presence ‘'of the other functionality. As an example, although it is known
that in the presence of acetic acid, mucobromic or mucochloric acid may react with
hydrazine or arylhydrazines to form pyridazinones (Scheme 3), the reaction
conditions are severe: acetic acid as the solvent, a pH of 1 to 2, and temperatures

25  between 60 and 120 °C.
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10 Mucohalic Acid: To begin, either mucobrom c or mucochloric acid are
suitable for use in the reductive am nation process. Amne: Al so, a wde
vari ety oWoawiopg0 may be used in the reductive am nation PCH/Ipemess, and
are represented by the fornmula RINH2, wherein Rl is selected from hydrogen
or Cl1-C7 al kyl or substituted Cl1-C7 al kyl, C3-Cl2 cycl oal kyl or substituted
C3-C12 cycl oal kyl, C3-Cl12 heterocydScheieyd or substituted C3-Cl12

het er ocycl oal kyl, aryl og substituted aryl, or heteroaryl or substituted
heteroaryl. The pri rraf(y of segondary al kgl , Cy& oa kyIR,, het er ocycl oal kyl ,
aryl, or 20 heteroary ae u§ﬁthn i ntign Tten be substituted with
one or nore groups sel ed Trom hal o, hydroxy, l:,@6 al koxy, carboxy,

Cl- C6 al koxycarbonyl , X am'@gcar bonyl , hal omet hyd , di hal onet hyl ,

trihal onmet hyl, hal oethyl, dihaloethyl, trihaloethyl, tetrahal oethyl,

pent ahal oet hyl, thiol, (Cl-C4)alkylsulfanyl, (Cl- C4)al kylsulfinyl, and

am nosul fonyl , anpl es, of substituted, al kyl groups i.nclude 2 .

f1 uor omet hyi , QFEE;(GF %Pé@éfW?d frF‘F’#PW’(W?eF‘K‘W‘%TIaH?‘B?‘S%ﬁ@f ﬁ?lsaecuve

hydro {pulafic o ARV roupd ROIMREMNYie acid is unknown.

3, 5- d;%?gﬁ&g%{lgyémp%gg%rggﬁyny Ogg r?‘fp%éﬁde 4- et hyl sd(lt ??ln;llsl %nctlilolwn Exanpl es of
substituted al kenyl groups include 2-bronoethenyl, 1-am no-2-propen-1-yl,
3- hydr oxypent - 2-en- 1-yl, _4- net hoxycar bonyl - hex-2-en-1-yl, and

2-ni tro- 3- br ono- 4- i bdo- oRE2&BEL- 1yl . Typical substituted al kynyl groups

i nclude 30 2- hygd Ruy&VRRhatiod bERE RYScABEIRerBRXaceofodatks » vaaél _
2-cyano- hept-3-yn-1-yl. 20 WD'03/093220 PCT/1B03/01646 The am ne used in

t he reducvariety aehieagenisomdpoodidiess.nay be an amino acid or its corresponding
ester,.. Typical am no acids include L-lysine, L-alanine, L-arginineL-
asparltq c acid, N al pha-benzyl oxycarbonyl-L-arginine, L-citrulline,

gama- L- gimkcaRalic Aaat d, To Bbyif] dier ubbisibinit Gemudochitaicospd Sleistigable

L-i sol eucine, L-leucine, L-lysine, L 5 nethionine, L-ornithine,

L- pheny! afoansia the regpefiverpeningtignpreedsst ani ¢ aci d, L-serine, L-tryptophan,
L-tyrosine, L-valine. The am ne nmay al so be a carboxy term nal- |inked
peptide having 1 to 10 am no acids or an addition salt thereof. Such
pept i des Anmye: ncl udBola aids Viyiktylofainghed mey be used in the reductive amination

N- benzyl oxycar bonyl -gl ycyl -L-proline, L-glutaryl: glycyl-arginine,
gl ycy#>- gl BFEFSHE, i ippiasenipe Ry s farmwa ,Rlgﬁl’t};v%@wp‘gbfgisgls,cwécﬁlww 10
seryl -L- th?égcéﬁeof "C"%‘SC}V@&I o‘?%ﬁ&ﬁﬁﬁé@&-@%llﬁrmﬂ%ﬁ%?@ohlﬂylt bHesubsitued ve
am nati on “protess of the present 1nventio

C3-C15 cycloalkyl, C3-Cjs heterocycloalkyl or substituted C3-Cj, heterocycloalkyl,

aryl or substituted aryl, or heteroaryl or substituted heteroaryl.

The primary or secondary alkyl, cycloalkyl, heterocycloalkyl, aryl, or
20  heteroaryl amine used in the invention can be substituted with one or more groups

selected from halo, hydroxy, C1-Cg alkoxy, carboxy, C1-Cg alkoxycarbonyl,

aminocarbonyl, halomethyl, dihalomethyl, trihalomethyl, haloethyl, dihaloethyl,
trihaloethyl, tetrahaloethyl, pentahaloethyl, thiol, (C;-Cs)alkylsulfanyl, (C;-
Cyalkylsulfinyl, and aminosulfonyl, Examples of substituted alkyl groups include

25  fluoromethyl, difluoromethyl, trifluoromethyl, tribromomethyl, hydroxymethyl, 3-
methoxypropyl, 3-carboxypentyl, 3,5-dibromo-6-aminocarbonyldecyl, and
4-ethylsulfinyloctyl. Examples of substituted alkenyl groups include 2-bromoethenyl,
1-amino-2-propen-1-yl, 3-hydroxypent-2-en-1-yl, 4-methoxycarbonyl-hex-2-en-1-yl,
and 2-nitro-3-bromo-4-iodo-oct-5-en-1-yl. Typical substituted alkynyl groups include

30 2-hydroxyethynyl, 3-dimethylamino-hex-5-yn-1-yl, and 2-cyano-hept-3-yn-1-yl.
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may have one or nore chiral centers and may exist in and be used or
isolated in optically active and racemc forns. It is to be understood

t hat the woosese20f the present invention can enpl oy anyPCIZABOA/@646
optically-active, polynorphic, geonetric, 15 or stereoisoneric form or

m xtures thereof, of an amine. It is to be further understood the products
of the reducti vEeaminasesinpacieduetiveamipatiqngupeass sayPeragcaming acid or its

optical | y‘c?ﬁ%gyo%gin%gs%poﬁg@%gl’angﬁé? g&g%ln%lu rL-Isytsg{eeE—iaﬁ)n e gga{ggné

, or
m xt ur es reo urifi I'on an aracteri’zation proc "or such
product s assparkoavid, NalpHdiaseylokyaibinyalyarghiind, Li-ditrbilige adaimmaldgluaeicde
recrystallizatiaqon techniques, as 20 chiral chrqnatlg%aphi C

iq as wel I as 20 chir :

separ at i orfcish bcg¥tired-Bistihar) L-hydioxpedingel-fodpicine brigicire., ingeli1 y, benzyl
amne @r S yi - et: ! i T i oA hyn of

r educi gg ?g%ﬁ%gﬁféa% Ogllgh%ulg% nbﬁrjle%y Lazé*‘?‘geg&&‘f’?@géﬁa r?Aﬁl:?onlcpér%é@gg%%g?’ t he
present i dvagpiopinn, ChessireeHualing Apeanimeima) alsebs o diadioxotetrhinalc et oxy

bor ohydri ggfkgi()di m cyanobor.ohydride, triethyl silane, Ti(O Pra‘4/ NaBH3CN,

bor ohydr i erpiifgdiaviag; o 19 mipe psids aicargaddatinn sah thersplo nSenhi Reglidasgnesi um

per chl or at ; ! yhydea-de/ g I i of € t juci ng
agent is s'flga i@%uta % pgaégg ggbagélg yi:IIkZI: %Zﬂ%%&}:?ﬁ‘y&gbﬁ%ﬁp bﬁn?igfrg ettagfgf acid
cat al yst s gtyyl-beginise glyayl-gheimee diycyi-v-@hemyitlaaine oglypi-dcesdinef andie pr esent

invenﬁhon. T?{i‘I acid na bli a Bronsted, or protic, acid, or a Lewis, or
non- prot i ¢%Va 'téf.msﬁ‘?aﬁ%'fvﬁ 2pPESot i ¢ acids suitable for use in the

reducti ve am nafamifs 06895 RTeBISHRERSERIonBRUERS bR pRELHARARBAI © aci d

trichloroacetic acid, trifluoroacetic acid, orm c-acl Exanpl es of

non- pr ot i énaydiaye onQor MEreind gargs PETMaBESIs0mGhE beswed abiseldiarinuse in t he
reductive apm pation prpcess. t he instant.applicatjion inclu magnesi um
chl ori de, ° {nﬁﬂq@s Cﬁ‘r’ﬁ %}cﬁaﬁﬂlg 088%3%‘5%? f)‘T’ F’Eﬂf’rrgg%d giaf]@,eangcg:,esg\p 8, FeC13,
Znd 2, Al Bre3entdnRnBon ThiCddploSi del 4aceitic, IpEtdly-aetivie, pﬂ%ﬁ%&ﬂﬁéﬁge@ﬂ@tric, _
Stochiometry In the reductive am nation process of the present invention,
t he miieoh&F peregisomerir forgp pr Ak @Ees\iherpot peamamine, Ilﬂé@@lbﬁggﬂlfgent, and acid
catal yst. » N ] act | 0 nts,.are typi |y
b L L g e S R S R R T S

| i qui d enmpbiigedly-dctive, el yrackphic] yenadtiitat isereaonteiRTodhs, bOniik@irgdr esent

invention is selecled froma polar aprotic solvent. Preferably, the polar
aprotic sHPWTIPPQA%@Oé‘é‘”tng'ﬁﬁﬁrlaﬁtﬁﬂF@%qndzi’i%ﬁdﬁeﬁ?f%rﬁuch@&@ﬁ‘isﬁf? kgown to

ni tromet NaRRe of ordinary skill in the art, and include recrystallization techniques, as well as
20  chiral chromatographic separation procedures as well as other methods.

However, typically, benzyl amine or S-1-phenyl-ethyl amine isused.

Reducing Agent: A number of reducing agents can be used in the reductive
amination process of the present invention. These reducing agents include sodium
25  triacetoxy borohydride, sodium cyanoborohydride, triethyl silane,
Ti(OiPr)s/NaBH3;CN, borohydride exchange resin, Zn/acetic acid, sodium
borohydride/magnesium perchlorate, or zinc borohydride/zinc chloride. Preferably,

the reducing agent is sodium triacetoxyborohydride.

30  Acid Catalyst: A variety of acid catalysts can be used in the reductive
amination process of the present invention. The acid may be a Bronsted, or protic,
acid, or a Lewis, or non-protic, acid. Examples of protic acids suitable for use in the
reductive amination process of the present invention include acetic acid,

trichloroacetic acid, trifluoroacetic acid, or formic acid. Examples of non-protic acids

21



chl orof orm nethyl ene chloride, nonochloro ethane, 1,1, or 1,2

di chl oroethane, 1,1,1 or 1,1,2 tricholoroethane, or 1,1,1,2, or 1,1,2,2
t et rachl owoaBlogsze0 More preferred sol vents include nethylPemdaBeiniies6 de or
chloroform M xtures of solvents can also be 15 used. The nol ar

equi val ents of each of the reaction conponents (i.e., mucohalic acid,

ani ne, rediépblg fergesstin tmd@ﬁéIVQ a@maélloygqcem;@ﬂthﬁ pnstané ap@ikation ineluder nat i on

process [e) uj,val ent cohalic

e - 20 ppf oo TBe FRR LGN P8 et BBty e Bl B < ot
reduci ng dgerib, Al®ng ZAnBr,, SUCT,] SiCend®nCY,.cat al yst to maintain a pH of about
2 to about 7. More preferably, the nol ar equival ents of each of the

reaction conponents 25 (i.e., nucohalic acid, am ne, reducing agent, and

acid catal yst) used &n t V, .nation process if the instant
applicgtion are: (a%] 1 quolrcga e%ndest%%l g’ic acid; (b) 1to 3

equi val ents of lanhaeduéiye dmibatidn @atksy af @@tpseseht ineeHnGcAgRvhilicadd30 (d)
sufficient, acid catalyst to maintain a pH of about 3 to about 6. Most

pr ef er abl yiS COHRCHHIVER ﬂéfq%FP\FSi ‘At agesh@pd @Fldtqf#éal}’séac@@liﬁd@@”rmmé nts
(i.e., mGahahd fagfdfleorBrdfis afe%?ﬁl?hl!ﬁﬁg@%ﬁigb a ] gd t%cljogngial-b §F’é ou%%;?d In

the reductive am nation process appl I'ca
03/ 093220 heETédeBORIsOhBAGe. [Ty liquid@uiplaled i ttmfreamabaimﬁatﬁﬁll procekdf 1 to 2
equi vgbent of amn qui val ents of reducing agent; and (d)

suf fi c¢Pent quaeneg{vgpg;&} StSSIeFrtSflgﬁo’a‘? aplangprgtic sluent- Freferabbothe 51ar 5 [ n t he
reducti ve gpjeabiveft Rocass fidfn tEﬁ‘Qh SRS GREAL ad ANEHIL, HhrorhiBah ) L1 @l

concentration of nucohalic acid pof ar aprot’ic solvent is typically
0.1 to O. shmrofowbrreeqbb’bnephlbhgi@, mcbnqchloﬁ) dtﬁaneo 1(1 461 Rldididsioemhand, ¢rlabl y, it

5 002 0 O el ST pe T TS e Rl g pesent
wi t h | owerkolivent icAidd BsthPRhOEnBBEE T chloroform. Mixtures of solvents can also be
15  used.
The molar equivalents of each of the reaction components (i.e., mucohalic
acid, amine, reducing agent, and acid catalyst) used in the reductive amination process
of the instant application are:
(a) 1 equivalent of mucohalic acid;
20 (b) 1 to 5 equivalents of amine;
(c) 1 to 10 equivalents of reducing agent; and

| (d)  sufficient acid catalyst to maintain a pH of about 2 to about 7.

More preferably, the molar equivalents of each of the reaction components
25  (i.e., mucohalic acid, amine, reducing agent, and acid catalyst) used in the reductive
amination process if the instant application are:
(a) 1 equivalent of mucohalic acid;
(b) 1 to 3 equivalents of amine;
© 1 to 5 equivalents of reducing agent; and

30 (d)  sufficient acid catalyst to maintain a pH of about 3 to about 6.

Most preferably, the molar equivalents of each of the reaction components
(i.e., mucohalic acid, amine, reducing agent, and acid catalyst) used in the reductive

amination process if the instant application are:
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suitable for nucobrom c acid and hi gher tenperatures being nore suitable
for mucochloric acid. Wien nucochloric acid is used, the tenperature is
nore prefwpablog322d rom about about 0 C to about 40 C, and mogtiBgwaber abl y
fromabout 10 Cto about 15 30 C. In the reductive am nation process of
the present invention, reaction tines are typically fromabout 30 m nutes
to about 5 day4®) - nokequiyalettof amrcghalicagith about 1 hour to 3 days; and nost

preferably, fr about hour s 48 hours. 20 To denonstrate the present
i nvention pr ocgges, ?ﬁte" 2?% uéﬁ]%nrtls'tsgfo n%ﬁﬁ’cobr om c or mucochloric acid with

aniline or benzyl am n® 3 equaadniCofaedetiNgint;dwest i gated (Table 4). A

m xture of dichl oronethane and acetic acid (1.1 v/v) was chosen as the

sol vent to mai(@k ai rfufffrdend meldicatalypt rmaisting pH; afyabeft betabast ar t i ng

material s. Sodium 25 triacet oxyborohydride was used as the reduci ng agent
and the reactions were conducted at roomtenperature. Initially y-lactam?7

was i sol ated i fin 4@Aedi@ive, anbinition proceky efithe peoserinvdntiva] thatig@iat hat 7 coul d
be obtained in 65 to 75%yield once the amount of acetic acid was reduced.
23 WO 03/ G98EptaireT?l Boeghalie a6d i thisinelas apresigselvientels AvRieraky @4 to AS ML f er ent

ol vent P4l rearle ST pRD s P, ok RN M p (B s e 527
CH3CN 49 5 DCE 68 6 CHCl13 66 A :
10 In the reductive amination process of the present invention, the temperature is
typically ffom about —25 °C to about 50 °C, with lower temperatures being more
suitable for mucobromic acid and higher temperatures being more suitable for
mucochloric acid. When mucochloric acid is used, the temperature is more preferably
from about about 0 °C to about 40 °C, and most preferably from about 10 °C to about
15 30°C.

In the reductive amination process of the present invention, reaction times are
typically-from-about-30-minutes-to-about 5 days; -more-preferably, from about 1 hour
to 3 days; and most preferably, from about 6 hours to 48 hours.

20

To demonstrate the present invention process, the reactions of mucobromic or
mucochloric acid with aniline or benzylamine in acetic acid were investigated (Table
4). A mixture of dichloromethane and acetic acid (1:1 v/v) was chosen as the solvent
to maintain the stability and solubility of both starting materials. Sodium

25  triacetoxyborohydride was used as the reducing agent and the reactions were
conducted at room temperature. Initially y-lactam 7 was isolated in 46% yield, but a
solvent screen illustrated that 7 could be obtained in 65 to 75% yield once the amount

of acetic acid was reduced.
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7 CH3NO2 35 8 CHC13 76 5 -a-Reaction=conditions for-entries 1, 2 and 6: 1
equi v of nucochloric acid, 1.1 equiv. of "aniline", 1.5 equiv of

NaBH( QAc)WP 0Gi0igx30 (cat. HOAc), under N2 for 24h. Reacti onPcanaoyiiess for
entries 3-5, 7 10: 1 equiv of mucochloric acid, 1.0 equiv. of "aniline",
3.0 equiv of NaBH(QOAc)3i CH2CI 2: HOAc (5:3 v/v), under N2 for 24h. The
reaction tinme was not optim zed. Products were isolated and purified by 10

silica gel chromat ogqq‘miy“.aﬁgél&rﬁvgray‘.ﬁﬁg{ibl} ﬂ{"&ffﬁe'i‘%trsro%%st.& are estimated to

be >95% pure by 'H NVR and el enental anal ysrIs. conpounds gave

satisfactory el emental anglysi at a. dhealnvent process has been
further extended to afiNd es, el ectfod‘f, , el ectron-withdraw ng
and neutral substituentg /as we as agoivbet er oar %%@15 am ne system

st

i
(Tabl e 5). Electron-déficignt amuiHes (entries®”3, 4 9) and el ectron-
rich anilines (entries 21 5 ande/) reacted with al mo qual facility and
the heteroaromatic amne (entry 6) also underwent selective reaction with
reasonabl e vyield. 24 WD 03/093220 PCT/1B03/ 01646 Table 5. Reductive
amnation with different ™ Tqigsene 0 C c)3 0 + aniline"™ product
Solvent C OH1 Entry "Adﬁi Lne” IIDl?oduct Y?Z#Qk%;d Entry "Aniline" Product
Yield (%99 HO:d-o "9\ /' | NE&HEDLHOAE 40 NH2 M -OMe CIOW A\ O 01 -D
2 1~"N556 NSINNS55 NH Ow Nyiz c OMe®l| ¢l O C r~/\ 3CN/1657
NH2 | N 60 (1:1

2 1,4-dioxane 48
3 THF 52
4 CH5CN 49
5 DCE 68
6 CHCl; 66
7 CH3NO; 35
8 CHCI; 76

5
-—*-Reaction:conditions for-entries 1, 2 and 6: 1 equiv of mucochloric acid, 1.1 equiv. of "aniline", 1.5
equiv of NaBH(OACc)s, CHClj (cat. HOAc), under N, for 24h. Reaction conditions for entries 3-5, 7-
10: 1 equiv of mucochloric acid, 1.0 equiv. of "aniline", 3.0 equiv of NaBH(OAc);, CH,Cl,:HOAc (5:3
v/v), under N, for 24h. The reaction time was not optimized. Products were isolated and purified by
10 silica gel chromatography and/or crystallization. Products are estimated to be >95% pure by 'H NMR
and elemental analysis. All compounds gave satisfactory elemental analysis data.

The invention process has been further extended to anilines, with electron-
donating, electron-withdrawing and neutral substituents, as well as an heteroaromatic
15  amine system (Table 5). Electron-deficient anilines (entries 3, 4 and 9) and electron—
rich anilines (entries 2, 5 and 7) reacted with almost equal facility and the
heteroaromatic amine (entry 6) also underwent selective reaction with reasonable

yield.
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NH2 1 z O O (ZNe O:x-Q4 N42 8 CIN\ ~ ¢ 68 NH2Z NO2 NH2 CI HO O O-
NGy C _ --0-- 5 s CIN\ / 40 9 NH2 CIN75 NH2 CHCN OO ™ ~ Cl 6 NH2 Cl
| N N55wooshs2a\ N\ / O20 C rl OH a Reaction condi PcanBodas4ent ri es
1, 2 and 6: 1 equiv of nucochloric acid, 1.1 equiv. of "aniline", 1.5 5
equiv of NaBH(OAc)3, CHC13 (cat. HOAc), under N2 for 24h. Reaction
conditions for entries 3-5, 7 10: 1 equiv of nucochloric acid, 1.0 equiv.
of "aniline", 3.0ablgdi R&ﬂuctilaehmw)dnwmﬁﬂﬂlf&ehﬂdani(iﬁeﬁ'.“ v/v), under N2 for
24h. The reaction tinme was n@t opti m ze ﬁrgé)d}lcts were isol ated and
purified by silica gel € togr.a takl i zation. Products are
estimated to be >95% pure H*N and s&@ﬁienta anal ysis. Al conpounds
gave satisfactory el ementGl IyS| s data. 10 Mucochloric acid (1) can

exi st as the _open or cycl iciform (Scherre 6) . However the uItravi oI et

ant Ao

spectrumln CHEFS—ndicates—t——extsts pt edom ||a||L|y +Hr—the aectone—form-

Addi ti ong), SpeGAI{lﬁJe"dat Brodicr ©- Mblpf@“ onal g#r ”'AB?IWn) % "%he?{’%ldf
and NQR) suggest that the lactone is the nant rmin bot I qU| d
and soH-d—45—states Evpnr. mental—results further support theqp

observati ons. Z%MD 03/ 093220 PCT/1B03/01646 S 6@5&1@ jbria of
Mucochl orjc and CObI’O%_@I ds.50 0 0 X )g J)OH O X

Me

MeO. O OMe I I\ Cl 7 —
2 ! o ﬁ ‘OM 55 6 @“ sz/(/N—Q 55

e NH,

. al o] MeO. o}
3 @ ::)Q«NQ 65 ” \Q :ﬁ“@ 60

NH, ] NH, OMe

o o
ON mj:(/ o
\Q | N o o
4 A S 3 5 OO e

NH,

- - - O~ f e p— PRI s RO
HO. mj:/(/ \Q <l
5 “ oH 40 9 NH, Clj:(/N : 75

a. P O -OH
c N 55 10 CI)L/(N_@_{OH 20

NH,

Yy /

[

=

T
I

* Reaction conditions for entries 1, 2 and 6: 1 equiv of mucochloric acid, 1.1 equiv. of "aniline", 1.5

5 equiv of NaBH(OAc);, CHCI; (cat. HOAc), under N, for 24h. Reaction conditions for entries 3-5, 7-
10: 1 equiv of mucochloric acid, 1.0 equiv. of "aniline", 3.0 equiv of NaBH(OAc);, CH,Cl,:HOAc (5:3
v/v), under N, for 24h. The reaction time was not optlmlzed Products were isolated and purified by
silica gel chromatography and/or crystallization. Products are estimated to be >95% pure by '"H NMR
and elemental analysis. All compounds gave satisfactory elemental analysis data.

10
Mucochloric acid (1) can exist as the open or cyclic form (Scheme 6).
However, the ultraviolet spectrum in CHCI; indicates 1 exists predominantly in the
lactone form. Additional spectral data, i.e. vibratienal (IR, Raman) and others (NMR
and NQR) suggest that the lactone is the dominant form in both the liquid and solid

15 states. Experimental results further support these observations.
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OHO 1 X=C 1' X=C 2 X=Br 2' X=Br 5 The proposed nechanismfor the
reductive am nation process is depicted in Schene 7. Thus, protonation of
t he al dehwoasperbes the equilibriumin favor of the openPCanpiaildehyde.
Reductive am nation of the al dehyde noiety, followed by ring closure and

| oss of water, provides the cyclic lactam 10 Schenme 7. Proposed nechani sm
of reductive amnation. 000 C H C C OHCHNH2 O ->6HIN HC
1.0OH 0 OHA OH 000 O I OREHentdsCl HC]—l)H-ClHH+I H NaBH( OAc) 3

a o Ne N RN HBguilibrifoOvidtodhibhe andivbedBrofdic Rcigs:- O N -H20 N _H C

HN H ~I - In accordance with this proposed mechanism reductl ve am nation
with dialkyl 15 am nesggnd al kyI ani |l i nes pg OV ded substituted
a, (3-unsaturated y-amn the attenpt OH successful and all

products were isolated injac iotabl_e yield. (Table H8) 26 WO 03/093220
PCT/ 1 B03/ 01646 Table 8XRe ﬁtlve am nation wkth dlfferent am nes 0

1 X=Cl 1 X =Cl
2 X=Br 2' X=Br

The proposed mechanism for the reductive amination process is depicted in
Scheme 7. Thus, protonation of the aldehyde pushes the equilibrium in favor of the
open-form aldehyde. Reductive amination of the aldehyde moiety, followed by ring

closure and loss of water, provides the cyclic lactam.
10

Scheme 7. Proposed mechanism of reductive amination.

o

CL:[fi H* ofj:fésH :I:E:OH <:>FCFQNH2
c

&y on

0 (@)
Cl 0O Ci
[ OH Cl OH 7 OH -
oyt o JUR NeBHOAds ot
—_— | —>
N _N H’N
% H Ei%j %

/liOH oxjiOH o cxﬁ
C' O

HN
In accordance with this proposed mechanism, reductive amination with dialkyl

15  amines and N-alkyl anilines provided substituted o, B-unsaturated Y-amino acids. All

the attempts were successful and all products were isolated in acceptable yield. (Table
8).
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cl NaBH(OAc)3 4~0 + am ne product Solvent C OH 1 Entry am ne product
yield (%9 0 1 -~NHZcl I NV 67 C O C OH2HCO N20C OH i 3 NHCH3
Cl N 48 iwo3098% HN I OO (ONHo 56 HONH4 cl//f 9 Cpca/nB@/@B46ONH4A Cl
O6 80 C 9C 7 HNY9 OHC NS8 S HO'Reaction conditions: 1 equiv
of nmucochloric acid, 1.1 equiv. of amne, 1.5 equiv of NaBH(OAc)3, CHC13
(cat. HOAc), under Rgbled: Retuctivpeminatien withidiffereng emines.6pti mi zed.
Products were isolated and & purified by silica gel chromatography and/or
crystal lization. Products_ape estinated NeBH(B&c)»>95% pure by 'H NVR and

el enental analysis. Al co nesargesy e Tﬁg@f‘&ﬁ #fofuel enent al anal ysi s
data. bThis reaction proyi OHa effecti ve &t hod of obtai ni ng substituted

y-but yrol act ones. 1

Entry amine product yield (%)

[e]
<N C'ji(/
1 2 | N 67
Cl _\
Cl OH
O 1
2 H ¢ 20

O
(o]
T
3 NHCH; Cl L 48

e
cljif
4 HN al AR 8

R

[of} Cl
2 e
5b H™ oNk, < jf >c. 50/82

/ff\ mﬁ
6 ONH, | © 80
O
cl
7 HZNE _OH mjﬁfN és 85
s HO

“Reaction conditions: 1 equiv of mucochloric acid, 1.1 equiv. of amine, 1.5 equiv of NaBH(OAC)3,
CHCI; (cat. HOAc), under N, for 24h. The reaction time was not optimized. Products were isolated and

5 purified by silica gel chromatography and/or crystallization. Products are estimated to be >95% pure by
'"H NMR and elemental analysis. All compounds gave satisfactory elemental analysis data. *This
reaction provides a effective method of obtaining substituted y-butyrolactones.

Interestingly, attempted reductive aminations with ammonium formate
10 provided not the expected lactam 8, but instead, lactone 9, in 50% yield. When the
reaction was repeated without adding ammonium formate, the yield of 9 increased to
82%. Also, when ammonium acetate was used, the reaction gave lactone 9 in 80%

yield.
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Interestingly, attenpted reductive am nations with amonium formate 10
provi ded not the expected |lactam 8, but instead, |lactone 9, in 50%yvyield.
When t he wogampizam was repeated w t hout addi ng ammoni um f @eCcraBes/o1bdse yi el d
of 9 increased to 82% Also, when ammoni um acetate was used, the reaction
gave lactone 9 in 80% yield. 27 WO 03/093220 PCT/1B03/01646 In sunmary,
Step A of SchinsimmamRofitep AR of Sehemae érReute A irepresentsed impllerafficienian@| ecti ve

T B R B N o o IR B PR 2L
aci ds.  Thesqikypl-9AURLIoROSS AR dforIRRILIke ahd Wtdafdteflahels Asuppidseut ed

olefin, two di'fferentiated 5 vinyl" halides and an acidic sight, and could
be used i prodhets pyssessasgeonuhrically slefin¢d/tethsubstmproiuriefen, tBo diffateptisitd St eps B,

C D St . C d. f R ' ided f St B, C d
€ o700 S es i S5 oSl 2 S 18 e B BRI R o P
enbodi mengsmedurldge 1 nvention and are not intended to restrict the scope

t hereof. 15 anples Route A, Schene 2 Step A
5- Benzyl oxy- 3, 4-di hal o- 5H-f uran- 2- one. Micohalic acid (0.4-0.6 nol, 1
equi val ent), bgnzyl sal co 1.5, egyival ents), and para-tol uenesul fonic
acid (0.05 equrval eﬁP)’%@%‘é&%ﬁbFﬂég&l‘%o in 1000 nL toluene and in an
appar at us equi pRESBWCE AndD e Rt ATdfe i propided ier Sepd B €, REE beRbRE at
reflux until water collection in the Dean Stark Trap had ceased. The
m xt ke wAs then cooled to roomtenperature. The toluene was renoved in
vacuo at 35-40 Cto | eave the crude product as a very pale anber oil. The
crude material was purified by colum chromat ography on 25 silica gel
el uting wi th 5%he fdllenwid®8raipi araiéraiee to Nubeme angouslembodiments of the
5- Benzyl oxy- 3, 4-dichl oro- 5H-furan- 2-one. Prepared as provided in Procedure
A 95% yi @Ventionandpare petppiendedggesiaistthesseppg thegeof. 51y 5. 92 (s, 1H), 4.95
(d, 1H), 4.89 (d, 1H). Elenmental Analysis Cbserved(Theroretical) for
Cl OH8C1203: C, 51.12(50.99); H, 2.92(3.11); N,

15 Examples

Route A, Scheme 2
Step A: 5-Benzyloxy-3,4-dihalo-5H-furan-2-one.

Mucohalic acid (0.4-0.6 mol, 1 equivalent), benzyl alcohol (1.5
equivalents), and para-toluenesulfonic acid (0.05 equivalent) were combined
20  in 1000 mL toluene and in an apparatus equipped with a Dean Stark Strap.
The mixture was heated at reflux until water collection in the Dean Stark Trap
had ceased. The mixture was then cooled to room temperature. The toluene
was removed in vacuo at 35-40 °C to leave the crude product as a very pale
amber oil. The crude material was purified by column chromatography on
25  silica gel eluting with 55, then 10% ethyl acetate in heptane.
1. 5-Benzyloxy-3,4-dichloro-SH-furan-2-one. Prepared as
provided in Procedure A. 95% yield. 'H NMR (CDCl3, 300 MHz) 6 7.3 (s,
5H), 5.92 (s, 1H), 4.95 (d, 1H), 4.89 (d, 1H). Elemental Analysis
Observed(Theroretical) for C;oHsCl,03: C, 51.12(50.99); H, 2.92(3.11); N,
30 <0.05(0.00); Cl1, 27.19 (27.37).

2. 5-Benzyloxy-3,4-dibromo-SH-furan-2-one. Prepared as
provided in Procedure A. 100% yield. '"H NMR (CDCls, 300 MHz) 8 7.3 (s,
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30 <0.05(0.00); A, 27.19 (27.37). 2.

5- Benzyl oxy- 3, 4-di br ono- 5H furan- 2-one. Prepared as provided in Procedure
A. 100% ywelod/0932eh NMR (CDC13, 300 MHz) S 7.3 (s, 28 WO 0®COIBER20D646
PCT/ 1 B0O3/ 01646 5H), 5.92 (s, 1H) 4 95 (d, 1H) 4.89 (d, 1H). El enental
Anal ysi s Cbserved Theroretical) Cl0H8Br203: C, 38.62(37.97); H,
2.30(2.32yH NS92£S@ FB(H9069.; 1}9r4 89,@ AH)( Bemental Anatysss, B:

5- Benzylo t td e arl: \fa Cuprat e
Addition @& % Sg‘if‘la@&@r@p Féﬂ}?ﬁgﬁéfurgﬁ 6%?%7”967)?%[ 0396 gfé Nol

equi val ento, 0519 0®); Bt 427Pp492)]) i di none (NWP) (excess), and copper i odide (1
equi valent) were conbined and stirred at room tenperature under an inert

at nosphere. 10 After about 30 mnutes, the resulting tan suspensi on was
cool edxt

-15 ) G iumbromde (1.5
equi vaFent was add‘}eg ﬁ{(}%%'s@gloaﬂ‘s I%Bg %ﬁ%}!g'?{tdt?%ﬁﬁ?n di et hyl ether. The
reaction m xtunédtelmatlmanlggmm&dmbna sat ur at ed soI ution of aqueous
anmoni um chl ori extra ert but et her to provide
t he crude pr odégge%?oé‘ﬁ ?xﬂg}af%gﬂoe,mfan 338?‘? W@ab ilomey! Wlﬂﬁllqn%hr omat ogr aphy
on sili cal%&mﬁ Ab| 9ﬂomlhane1@mipﬁe%ssﬁgﬁa ebspel RNt &Gy ded the

product as a col or ess oi
5- Benzy! oxmer8eahbioedant $tgogorad pydm Sferatare-uhdonan 1n€ﬂ%m<yslphlem M5 (AP+)

2oL 02 SR N TR Bl i e 50 20 v 0
5- Benzyl oxyarbuf -2 a2 lapd ﬁﬁbﬁt‘y @%ngsﬂﬂl%réﬂm&c{m u@lenis %rsoa'@lUEd acid (2

equi val ents, cesiumfluorid 5 equival ents, PdCL2( Ph3) 2 (0.05
equi val enﬂyopwzse asrac.- QMé@lhyblbmﬁlyﬂthﬁh@mmreﬁﬂt@n miétU(@WaStl@qw val ent) were

conbi ned. To dded a nitro ed toluene and water
colvent Pl ARl MR aF GP R R AR SRR, b T amper at ur e over
ni ght andekfieied wide aetad tattulyl 2Meaeinouile tid crandpeutéiaghatmdet h 100 L
toluene. The extract was concentrated in vacuo to provide the crude

produé? asilaPpefigatizy byrephyan ehomanERPhxes spife gel elytipg Wbl 0% chr omat ogr aphy
on sili Cae@&i adetdid | fnnl%ptane provided the product as a colorless oil.

1. 5-Benzyloxy-3-chloro-4-isopropyl-SH-furan-2-one. 70%
yield. MS (AP+) 281.0.
2. 5-Benzyloxy-3-bromo-4-isopropyl-5SH-furan-2-one. 70%
20 yield. MS (AP+) 325.0.

Alternative 2: Via Suzuki Coupling

5-Benzyloxy-3,4-dihalo-5H-furan-2-one (1 equivalent), boronic acid (2
equivalents, cesium fluoride (2.5 equivalents, PACl,(PPhs), (0.05 equivalent),
25  and triethylbenzyl ammonium chloride (0.05 equivalent) were combined. To
this mixture was added a nitrogen-purged toluene and water solvent mixture.
The reaction mixture was stirred at room temperature over night and then
quenched with 2N aqueous HCI and extracted with 100 mL toluene. The
extract was concentrated in vacuo to provide the crude product as a pale
30  orange oil which was purified by column chromatography on silica gel eluting
with 10% ethyl acetate in heptane.
2. S5-Benzyloxy-3-bromo-4-isopropyl-SH-furan-2-one. 30%
yield. MS (AP+) 325.0.
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with 10% et hyl acetate in heptane. 2.

5- Benzyl oxy- 3- br ono- 4-i sopropyl - 5Hfuran-2-one. 30% vyield. Ms (AP+) 325.0.
29 WO 03/w032a%2RCT/ | BO3/ 01646 Step C PCT/IB03/01646

5- Benzyl oxy- 4-i sopr opyl - di hydr o-furan-2-one A m xture of

5- Benzyl oxy- 3- hal o- 4-i sopropyl - 5Hfuran-2-one (5 mmol, 1 equivalent) and
triethyl a%ienék( 1. 2 ediengrlosyddyopnapyladibydra-furan2-68e ni THE Was

transferred to j tor, .Pd/ C s added, 5 and the
m xture was hydgégféﬁ‘gflggsﬁ# %ﬁ%’%f{3%3%@,4‘&%?85%-‘/&1‘%‘%%%%{52’% &Wsquare inch
(psi) of hydiobgledyuiveentand tiegylanindY o egeRaleath) wak dlssélydaggen upt ake
ceased (about_ 3 hqurs). The Pd/C catalyst was filtered out and the sol vent

was renovigl THF. Basdfansliseed i3 bigh pissirareagtasd PG (0.2ehiyRsadéedat e, washed
with sat L'Jn@lttﬁgnﬁﬂﬂf‘eox%s %{Hrirga%%ggtg? %Jh%'iih%gt Sﬂldjer % Ipsﬁ%d%\é’r%%)ﬁga nesi um sul f at e.

The 10 extract was conce n-vacuo ® o0 give ©as a col orl ess

oi | . 1. Frioch GsBexfhytimgyn 3ThénitoredvdsIOarapR) Ated bnfiltiyaifo@@roffake 38% Yi el d.
M5 (AP+) 249.1. 2. Fromsg- Benz on%/-S-brom)- 4-1i sopropyl - 5Hf uran- 2- one.

83% yi el d.CeRigd((pmy 3Dwyrsy. by R/ satatysewastiligred orbandthe aolienhyas pent anoi ¢
acid (Pre LA - Be - di by - f -2-0ne was
hydrogena?g}g@#%&%] Vaﬁ%"gﬂ%ﬁ%@ﬁ?ﬁ”& gg@% @W%lseq%ﬂggl&gtgd%g%\ggwﬁﬁ Step C. Thus,
1.3 g of Satveatzdhquepus dmireopmophlbrids mddiredfaveamagnasnan vagaeomae ned with 1.7
g of 6m)ni um 20 formate of 20% Pd/C, 1.7 g of anmonium formate and

0.3
0.07 dlf SXIRTiRsSPRFgIIAed 1B g2 Othgl‘f?é%ﬁH‘f%lP.Ct 2PHCAPIEsEPE. was hydr ogent at ed

at 70 C and 20, pounglsnPS!BSaVake st of 5 If1. ¢tk Dydr ogen upt ake
ceased (about 7 hours) to pr%!?i %g de]:ﬁ(;r}iox{ LS?E?@?}H[)%gabal%r%?m 160. 1)

cont ani nat38% wietdy MS (ASapRéDYI - pyrrol i din-2-one (M- 142.1). 25 The m xture
Rout o A+ Schere 1 &HOR RCHANES by P ORI AR AT ane Ac  d i ¢ h
Benzyl am 88% yield. MS (AP+) 249.1
15
Steps D/E:  3-Aminomethyl-4-methyl-pentanoic acid (Pregabalin)
5-Benzyloxy-4-isopropyl-dihydro-furan-2-one was hydrogenated in a
high pressure reactor as provided above in Step C. Thus, 1.3 g of 5-benzyloxy-
4-isopropyl-dihydro-furan-2-one was combined with 1.7 g of ammonium
20  formate, 0.3 g of 20% Pd/C, 1.7 g of ammonium formate and 0.07 g of
[Ir(COD)CI]2 in 25 mL of methanol. The mixture was hydrogentated at 70 °C
and 20 pounds per square inch of pressure until hydrogen uptake ceased (about
7 hours) to provide a mixture of pregabalin (M+ 160.1) contaminated with 4-
isopropyl-pyrrolidin-2-one (M+ 142.1).
25 The mixture may be submitted to base hydrolysis to provide

exclusively pregabalin.

Route A’, Scheme 1

Step A'. Reductive Amination of Mucohalic Acid with Benzylamine.

30 Sodium triacetoxyborohydride (6.4 g, 3.0 equivalents) was added s]owiy to a
mixture of mucohalic acid (1 equivalent) and ben)zyl amine (1.1 equivalent) in
chloroform (50 mL). The reaction mixture was stirred at approximately 25 °C for 24
hours. The reaction mixture was them quencehed with water (200 mL) and washed

with water (100 mL). The organic layer was dried over magnesium sulfate and
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30 Sodium triacet oxyborohydride (6.4 g, 3.0 equivalents) was added slowy
to a mxture of nucohalic acid (1 equivalent) and benzyl amne (1.1

equi val erwd o3f0932eh| or of orm (50 nmL). The reaction m xture Ra3/BoI/oI6ed at
approximately 25 C for 24 hours. The reaction m xture was them quencehed

dri ed overhaiedi inPeetSERelast oh bonrodio bR s hecmiady stica
concent ratgelcbdllﬁmtdaﬁﬂéﬂqa'&dgr@y\/t@ pro388iRfadidie (P159 Sé%wﬁ.hgwas furt her

purified by silica gel col'um chronmatograpy tG provi he lactam (1.59 g,
66% yield. ). Reductl ve Am nation of Micochloric Acid with

brovi dESean' B SR o ot o pin et BRIRIS Pusiphiteniae: on. Al |

patents, and piPFbB@Mn@QB&lpi%BécﬁJr@ﬁ foRfRE RBE R, BFbVRYed B8 BNAEINEHHRI N, as
t hough i ndi vj dual |y incorporat edge%y refer encg Thee i nven&ﬁglnrbﬁgs been

descri bed PlRduRt lactanadiep pwifécation vari ous specific and preferred enbodi ments
and techni ques. However, it should be understood that nmany variati ons and
nodi fications may be made while remaining within the spirit and scope of

the invention. A:mpawat@3ﬁ@paaﬂm09ﬁ£éﬁtsefellﬁa&?6rate@wﬁ&ren%%rélﬁ Al aimed is:
5 1. Aprﬁmessfor preparing a conpound of formula , Y NHRL R2

| wher ei fough individugllyansogpeepied byastesnre yBiegareagion has heen dageithed vty |

e Y ShihepdRg Gl pal ot SO ML b REVEIED AL B2

st rai ght mummﬂtd@thﬂﬁmmymkmtlms eﬁlﬁrr;ab@hbaths magr&hﬁgdg‘@gﬁem) al kenyl ,
(C3-C7) cycl oal. clo IkyI al kyl al koxy, yl phenyl , al kyphenoxy,
phenyl ~ or eQ}?Hng i”ﬂHl % ﬁ&?ﬂ scoBerpf theiipygntion.
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15 (a) treating nmucochloric or nucobromc acid 1 wherein Xis O or Br with
R OH wherein R is (Cl-C6)al kyl, -CH2-phenyl, or -CH2-substituted phenyl
in the preweanoes2ed acid to provide 2 OO0 X ROH X X H+ XCTAB03@efH OR 1
2 20 (b) conjugate addition of R2ZR2' CMD wherein R2 and R2, are as defined
above and wherein M) is MgBr, CuBr, or B(OH) 2, to 2, to provide 3A 0 X
RRRR'CMb X ORO 04 4 X2 OR RzZ ORims2 3A 32 WD 03/093220
PCT/ 1 B03/ 01646 (c) hydrogenation of 3A to provide 4A0 0 X H R 0O R 0
R2, OR R2, OR 3A 4A ; and 5 (d) reductive am nation of 4A under

hydr ogenatwask is erRsthéd @S using ammoni um formate or RINH2, wherein Rl is H,
(G -C8)al kyl, (C3- C7)cycloal kyl, aryl, (CH2)n-aryl, heterocyclo,

(CH2) n- het erocycl o, heteroaryl, or (CH2),,-heteroaryl, wherein nis 0, 1,

2, or § fl(.)I | O%%robcgssk%g {)r%lerlmsé £ coomlg)ou[nlc_lﬂo‘f foRnlnul}la or HOD2NH,
O

OH
Ry NHR,

wherein: R is (C;-Cg)alkyl, (C3-Cy)cycloalkyl, aryl, (CH,),-aryl, heterocyclo,
10 (CHpy)s-heterocyclo, heteroaryl, or (CHy),-heteroaryl, whereinn is 0, 1, 2, or 3; and
R; and Ry are each independently H, straight or branched (C;-Cg)alkyl, a
straight or branched (C,-Cy)alkenyl, (C3-Cy)cycloalkyl, alkylcycloalkyl, alkylalkoxy,
alkylphenyl, alkyphenoxy, phenyl or substituted phenyl;
comprising:,
15 (a) treating mucochloric or mucobromic acid 1 wherein X is Cl or Br with
R’'OH, wherein R’ is (C;-Cg)alkyl, —CH,-phenyl, or —CH,-substituted

phenyl in the presence of acid to provide 2

@) @)
X R'OH X
| © - | ©
X H* X
OH OR'
1 2 :
20 (b) conjugate addition of R;R»CMj, wherein R, and Ry are as defined
above and wherein My is MgBr, CuBr, or B(OH),, to 2, to provide 3A
O o)
X ] R-R>CM, X
O > | o
X Rz
OR' R OR'
2 3A

32



R2 Hydrolysis R2, OR 10 4A 2. The process of claim1, wherein the
conpound of fornmula | is pregabalin or 3- am nonethyl -5-net hyl -oct anoic
acid. 15 W0 03loe32pr ocess of claim1l, step (a) wherein R CHPCI/IB&Xg6

al cohol. Me ~MyBr 4. The process of claim1, step (b), wherein RRRRZCMO i s
M Me Me- ~CuBr Me--~B(OH)2 M M M MgBr, Me Me Me CuBr, or Me /
B(OH) 2 33 WD 03/093220 PCT/1B03/01646 5. The process of claiml, step (c)
usi ng Pd/ C as at L n. r a.qfh triethyl amne. 5 6. The
process of cl a?rcr)fl,%g%ﬂgogel(‘%}& g%eﬁi&?%gergéducti ve amnation is effected
under hydrogenation conditi @is using ammonium formate, triet@Qyl am ne, and
Pd/C. 7. A process forxpreparing preggpalin 0 M OH M NHY 10

Pregabal i n conpri si ng: reating nucochl ori c or nucobrpm_acid 1
wherein X is C or W t nzyl amne 1n the pTesgrzlceo agtd, to
provide 2 O0 X R 1 o XH X
Ry OR Ry OR
3A 4A - and
5 (d) reductive amination of 4A under hydrogenation conditions using

ammonium formate or R;NH,, wherein R; is H, (Ci-Cg)alkyl, (Cs-
Cy)cycloalkyl, aryl, (CHy)y-aryl, heterocyclo, (CHp)n-heterocyclo,
heteroaryl, or (CHy),-heteroaryl, wherein nis 0, 1, 2, or 3, followed by

hydrolyisis
O
[H], R{NH, or HCO,NH,, |
Ro .
Hydrolysis
R» OR
10 4A
2. The process of claim 1, wherein the compound of formula I is pregabalin or 3-

aminomethyl-5-methyl-octanoic acid.

15 3. The process of claim 1, step (a) wherein R’OH is benzyl alcohol.

Me
ﬁ/\ MgBr
4, 'The process of claim 1, step (b), wherein RoR,CMj is Me ,
Me

Me M
W/\CUBI‘ ew/\B(OHh /\)\
Me , Me , Me MgBr
Me Me
Ve /\/kCuBr,or Ve /\)\B(OH)Q.
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OHOBn 12 15 M\ M1 (b) conjugate addition of Me , wherein M is MBr,

CuBr, or MA\M-~" ~ 2 Me , wherein M is B(OH)2, to 2 to provide 3B,
wherein WO0-034093220 i s absent or is a bond; 34 WO 03/ 09322@CPAB#yBEBY 01646 O
Oxx OYMel O XM ,,,~M MOB M OBn 20 3B M- ""M-~"/ 2 M

(c) hydrogenation of 3B to provide 4B O x 2 OM | OM O M WM _,4
013n OBn 3B 4B 5 and (d) reductive am nation of 4B using amoni um

formate, Ol | OVﬁ (X:ess gfd crlz(1)1 step (c) using Pd/C as a catalyst in the presence of

triethyl amine.

5 6. The process of claim 1, step (d) wherein the reductive amination is effected

under hydrogenation conditions using ammonium formate, triethyl amine, and Pd/C.

7. A process for preparing pregabalin
O
Me OH
NH
Me 2
10 Pregabalin
comprising:

(a) treating mucochloric or mucobromic acid 1 wherein X is Cl or Br with

benzyl amine in the presence of acid, to provide 2

O O
X R'OH X
| © > | ©
X H* X
OH OBn
1 2 :
15
Me
W/\ M1
(b)  conjugate addition of Me , wherein M; is MgBr, CuBr, or
Me
ﬁ/\ M2
Me , wherein Mj is B(OH),, to 2 to provide 3B, wherein
“---"is absent or is a bond;
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O [H, HCO2NH4, O Pregabalin M Hydrolysis Me 4B 10 8. A process for
preparing a conmpound of formulal O 4 OHR2, NHRL R2 | 35 WD 03/093220
PCT/ 1 BO3/WoadmI32amerein: R is H (Cl-C8)al kyl, (C3-C7)cyelcaaBiyiisscaryl ,
(CH2)"-aryl, heterocyclo, (CH2),,-heterocyclo, heteroaryl, or

(CH2) " - het er oaryl, whereicg nis 0, 1, 2, or 3; and R2 and R2' are each

i ndependently H, strgi ghtifor branched (C -C6)al kyl, a 5 str&/ ght or
branched (C2-C7)al ke C3- C7) cycl oal kyl, al kyl cycl oaf al kyl al koxy,
al kyl phenyl , al kypheno [y enyl—or substituted pheniWle cgnmprhsing: (a)
reductive am nation ochl oric pgg_nmucgbrom c aci g1 'n X is d or
Br, using a reducingagent in the presghceMf a fum 10 fgrmate or RLINHZ,
wherein RL is H (Cl-C8)&PRQI, (C3-C7)gxcl oal kyl, aryl, (CBBr-aryl,
heterocyclo, (CH2),,-hetgrocyclo, heteroaryl, or (CH2)"- héper oaryl,
wherein nis 0, 1, 2, or 3, and an aci drcatralyst, to proVide 2C OO0 X

[WX|onAqlexmwxm$%%
Me

© hydrogenation of 3B to provide 4B

OBn

5 and

(d) reductive amination of 4B using ammonium formate, followed by
hydrolyisis
O
[H], HCOsNH,,
o) > Pregabalin
Hydrolysis

Me

Me 4B
10

8. A process for preparing a compound of formula I

O

OH
Ry NHR,
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15 (b) conjugate addition of RZR2ZCMb wherein MOis MyBr, CuBr, or B(OH) 2,
to 2Cto provide 3CO0 X RRCWM X | NRRNRL X2 R2, 2C 3C 20 (c)

hydr ogenawiDan/oof228C to provide 4C OO X H2 R NRL NH 2 RPCRABOIRAp46 3C 4C
and 36 WD 03/093220 PCT/1B03/01646 (d) hydrolysis of 4C 0 Hydrolysis R2

4NH R2' 4C 5 9. The process of claim8, wherein the conpound of fornmula I
i s pregabal i n oherin:dipbhdCheakyhéChih)cyeloaliyl. erdci(@)deryl.The process of

t f _clai ' INH2 ' R S-1- | et hyl
i pe: - Lo EEeT G TR S e R e e PR B T Y
bor ohydri g€3; angodi um cyanobor ohydride, triethyl silane, Ti (G Pr)4/NaBH3CN,

borohydride exchange resin, Zn/acetic acid, sodi oum borohydri de/ magnesi um
perchi orate, 8eapd Re apeashyedapaedenily &l shpight erebranched (Ci-Ce)alkyl, a

5  straight or branched (C,-Cy)alkenyl, (Cs-C7)cycloalkyl, alkylcycloalkyl, alkylalkoxy,
alkylphenyl, alkyphenoxy, phenyl or substituted phenyl;
comprising:
(a) reductive amination of mucochloric or mucobromic acid 1 wherein X
is Cl or Br, using a reducing agent in the presence of ammonium
10 formate or RjNH,, wherein R; is H, (C;-Cs)alkyl, (C3-Cy)cycloalkyl,
aryl, (CHy),-aryl, heterocyclo, (CH,),-heterocyclo, heteroaryl, or

(CHp)p-heteroaryl, wherein n is 0, 1, 2, or 3, and an acid catralyst, to

provide 2C
O O
X [H] X
e - | NR;
X R{NH, X
OH
1 2c |
15
(b) conjugate addition of RyR,-CM; wherein My is MgBr, CuBr, or
B(OH),, to 2C to provide 3C
O O
X R,R>CMg X
| NR, - . | NR;
X 2
Ry
2C 3C :
20 (c) hydrogenation of 3C to provide 4C
Q o)
X Ho
| NR; -
NH
Rs R,
Re: Ry
3C 4C :and
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the acid catayst is selected fromacetic acid,trichloroacetic acid, 15
trifluoroacetic acid, formc acid, nmagnesiumchloride, magnesiumtriflate,
boron triwbuwonpiteo et herate, Al C 3, FeCl3, ZnCl2, Al1Br3, ZmBrapodliiek4, Si Cl4
and SnC 4; wherein the stochionetry of the reaction conmponents is: (a) 1
equi val ents of nucochloric acid; 20 (b) 1 to 2 equivalents of amne; (c) 1
to 3 equival ents of reducing agent; and (d) HOAc sufficient to maintain a
pH of about 4 t abogde]I ? Cvvherein the tenperature is fromabout 10 C
to about 30 C a a t heYIrPPRR é from about 12 hours to 36 hours. 25 11. The
process of step (b) of clain®8, as provided in claim4. 12. The process of
step (c) of claim8, as provjided in clalnh% lg§|13. A process for
preparing pregabalin 37 093220 pcT/ [ BH5¥3846 0 oH M NH2
Pregabal i n conprising ( UictTve am nation of nucothloric or
mucobronic acid 1 wheféii X5 is O or Br usi ng sodi um tri acet oxy
borohydride in the presgnce of benzyl am ne or 1-phenyl-ethylamne to
provide 2D OO0 X [H X2Hod® X4 Benzyl anmine or Ph O COH

1- Phenyl -ethylamne x 1 2D M\ ~CuBr Me_-~ B(OH)2 (b) conjugate addition
of M or M, to 10 provide 3B, wherein "- - - as is absent or is a bond,

5 O The process of claim 8, wherein the compound of formula Iis pregabalin or 3~

aminomethyl-5-methyl-octanoic acid.

10.  The process of step (a) of claim 7, wherein
| R;NH; is benzylamine or R or S-1—phenyl ethyl amine;

10 the reducing agent is selected from sodium triacetoxy borohydride,
sodium cyanoborohydride, triethyl silane, Ti(OiPr)s/NaBH3;CN, borohydride
exchange resin, Zn/acetic acid, sodioum borohydride/magnesium perchlorate,
or zinc borohydride/zinc chloride;

the-acid-catalyst.is_selected.from acetic_acid, trichloroacetic acid,

15 trifluoroacetic acid, formic acid, magnesium chloride, magnesium triflate,
boron trifluoride etherate, AlCls, FeCls, ZnCl,, AlBrs3, ZnBr,, TiCls, SiCly and
SnCly;

wherein the stochiometry of the reaction components is:
(a) 1 equivalents of mucochloric acid;
20 (b) 1 to 2 equivalents of amine;
() 1 to 3 equivalents of reducing agent; and
(d) HOAC sufficient to maintain a pH of about 4 to about §; and
wherein the temperature is from about 10 °C to about 30 °C and the
time is from about 12 hours to 36 hours.
25

11.  The process of step (b) of claim 8, as provided in claim 4.
12.  The process of step (c) of claim 8, as provided in claim 5.

30 13, A process for preparing pregabalin
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O XHor M N~ XPh MM 2Dor M\ M2 M O x HorMve M | N-< M Ph
3D a (c) hydrogenation of 3D to provide 4D 38 WO 03/093220 PCT/1B03/ 01646
Op x HeDOMI¥20 X Me NNPh Me | NH Me Me 3D 4D and (dpchaBes/digdr ol ysi s
of 4D 0O Me Hydrolysis 4 NH Pregabalin M 5 4D 14. A process for
reductively am nating nucohalic acid, conprising: (a) contacting

mucochl oric or mucobromc acid 1 wherein is d or Br
OH
NH
Me 2
Pregabalin

comprising:
(a) reductive amination of mucochloric or mucobromic acid 1 wherein X
5 is Cl or Br using sodium triacetoxy borohydride in the presence of
benzylamine or 1-phenyl-ethylamine to provide 2D

O O

X [H] X HorMe
| o - | N
X Benzyl amine or Ph

X
OH 1-Phenyi-ethylamine

1 2D :
Me Me
jACuBr j/\la(OH)2
(b)  conjugate addition of Me or Me ,to
10 provide 3B, wherein *“ - - - ” is absent or is a bond;
O
X
H or Me
ji/kN—<ph M

1

Me

2D or
Me\%\ M,

Me

Y
H or Me

3D

(¢)  hydrogenation of 3D to provide 4D
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W th sodiumtriacet oxyborohydride, acetic acid, and R3NH2, wherein 10 R3
Is H (Cl-C8)al kyl, (C3-C7)cycloal kyl, aryl, (CH2)"-aryl, heterocyclo,

(CH2) n- heweroaoyx2b®, heteroaryl, or (CH2)n-heteroaryl, whecC#Boawiss 0, 1,
2, or 3; to provide 2EOO0 X [H X I Ol NR3 X RBNH2 X OH 1 2E 15 39

H or Me Ha
Ph
; and
(d)  base hydrolysis of 4D
O
NH Hydrolysis
Me > Pregabalin
Me
5 4D
14. A process for reductively aminating mucohalic acid, comprising:

(a) contacting mucochloric or mucobromic acid 1 wherein X is CI or Br
with sodium triacetoxyborohydride, acetic acid, and R;NH,, wherein

10 ... Rsis H, (C;-Cgjalkyl, (C5-Cy)cycloalkyl, aryl, (CHy)-aryl,

heterocyclo, (CHy)y-heterocyclo, heteroaryl, or (CHy)p-heteroaryl,

wherein nis 0, 1, 2, or 3; to provide 2E

0] O
X [H] X
e - | 'NRs
X RaNH, X
OH
1 2E

15

39



