WO 96/ 40617 PCT/ US96/ 06819 METHOD OF
MAKI NG ('S) - 3- (AM NOVETHYL) - 5- METHYLHEXANO C ACI D FI ELD OF THE | NVENTI ON
This invention relates to a nmethod of making ()-+3-(am nonethyl) _
-5-net hyl hexanoic acid and to a nethod of obtaining (S)-3-(am nonethyl)-5-
10 met hyl h%g‘%’ﬂ@éaci d from()-3-(am nonet hyl )-5- net hyl hexanoi ¢ aci d.
BACKGROUND OF NTI ON 15 3- (Anmi nonet hyl ) - 5- net hyl hex aXfdV¢S96(B481P
which is also called [err]-isobutyl-[err]-am nobutyric acid or -
I sobutyl - GABA, is a potent anticonvul sant. Isobutyl- GABA is related to the
endogenous i nhibitory 20 neurotransmtter [err]-am nobutyric acid or
GABA, which is involved i r AN _brai Lepal _@activity. It is
t hought t hat convulsions.ggﬁagg %%E%@%P%e&ggy?c n P% fﬂg“lﬁg nmet abol i sm of
the neurotransmtter [err]-anm nobutMFTHILHEXMNCIHATIDhe concentrati on of
GABA 25 di m ni shes below a threshold level in the brain, convul sions
result (Karlsson A, et al., Biochem Pharnacol., 1974;23:3053-3061), and
when the GABA level rises in the brain during convul sions, the seizures
term nate (Hdyashi T., Physiol. (ESBHRQE THE INVENDBW 145: 570-578). The
term "sei zure" neans excessive unsynchroni zed neuronal activity that

di srupts normal functiqgpn. Because of the inportance. of BA .as an

i nhi bitory neur ot ransmg?'ligr?e‘méleﬁr‘lt% r??‘?‘&%? ™ ac&ﬂ'?@af’éi %“&k&t"és 35 and
ot her notor dysf unick)i@rd aminemethyly) -6f mephy baestvawilkancidean ttakan to

i ncrease the concemdtndia 8f 8bt{hHBAg (S)-3-(aminomethyl)-5-

10 methylhexanoic acid from (%)-3-(aminomethyl)-5-
methylhexanoic acid.

BACKGROUND OF THE INVENTION
15
) 3-(Aminomethyl)-5-methylhexanoic acid, which is
also called f-isobutyl-Y-aminobutyric acid or
isobutyl-GABA, is a potent anticonvulsant. Isobutyl-
GABA is related to the endogenous inhibitory
20 ' neurotransmitter Y-aminobutyric acid or GABA, which is
involved in the regulation of brain neuronal activity.
It is thought that convulsions can be controlled
by controlling the metabolism of the neurotransmitter
Y-aminobutyric acid. When the concentration of GABA
25 diminishes below a threshold level in the brain,
convulsions result (Karlsson A., et al., Biochem,
Pharmacol., 1974;23:3053-3061), and when the GABA level
rises in the brain during convulsions, the seigzures
terminate (Hayashi T., Physiol. (London),

30 1959;145:570-578). The term "seizure’” means excessive
‘unsynchronized neuronal activity that disrupts normal
b function.

Because of the importance of GABA as an inhibitory
neurotransmitter, and its effect on convulsive states
35 and other motor dysfunctions, a variety of approaches
have been taken to increase the concentration of GABA



WO 96/ 40617 PCT/ US96/ 06819 in the
brain. In one approach, conpounds that activate L-glutamc acid

decar boxyl ase (GAD) have been used to increase concentrations of GABA, as
the concentrations of GAD and GABA vary in parallel and increased GAD 5

concentration i n increased GABA concentrations (Jans
36 Sgisty SR W

Var ebeke P., Bi ochem Pharnmacol ., 1983; 32: 2751- 275§’

Bi ochem Pharnacol ., 1982;31:837-842; Phillips N., et al., Biochem

Phar macol ., 1982; 31:2257-2261). For exanple, the 10 conpound

()-3-(am nonet hyl ) 5 rret hyl hexanoi ¢ acid, Ta GAD act i vator has the ability
to suppress seizy. 8 naVvoigli HAdES| SalSnakd fﬁ:‘:v‘%ﬂ: esat axia.
It has been di scovered taatn t he aér}%f E:‘%%vu?san ?Joe(?t of 1sobutyl-GABA is

st er eosel ect i ve. LThAftamic pgid de"??@%—"%ﬁé?eb‘?&@r@ﬁ"&f beentisd 1ZGABA shows
better anticonvulisanéase tdoncentthaivishefREABRY e dhee ron&ewt rdtdionsxanpl e,

Yuen, et al., in_Bi t 4,
4(6):823-826. Thﬁg 8&{)%u%&g%ew%e%e#agaggg%fh%‘%//delig)tﬁkgﬁ?%ﬂ%ﬁ% process for
t he 20 Synt hesheerfrations. §?%‘F3e‘b|1§bﬁ=§ﬂréﬁs¢%dﬂ@9yPDGG\B)‘Frﬁlé’@ént ly,
(S)-3-(am nonet hﬂﬁnéséfﬁi rw ivexawkec mGi dthas, basibd :

synthetic routes action '“' re| :

n-butyl i thium %ﬁgy rou 2 toncf a%lﬁlﬁe a%éfmwgﬁn%rl ed out 25
at | ow t enper at ufi8§2(1t3e?3riﬂ7-‘:§595ePhi}U)iRméferr ehral vl Bloghemrol | ed

condi tions. Thesmrﬂéﬁﬂ_._ C 1004} ©5:22571-20@1h he pise édample, the

(4R, 5S) - 4- et hyl - hen xazol i di none .a hiral auxiliar

i nt roduce Jﬁe stgf’ltg ((Y§I 3 ga‘f'ftbﬂ?ear%?’lygﬂ %e‘g%l% ll%exfiﬁgl?ﬁ%]r piaOdUCt
See, for exanpl eGADJnW'@eYaG@r: hagt the abddityl toisurpgese4seBauresi ch i s
her eby while avoiding the undesirable side effect of ataxia.

It has been discovered that the anticonvulsant
effect of isobutyl-GABA is stereoselective. That is,
i5 the S-stereoisomer of isobutyl-GABA shows better
anticonvulsant activity than the R-stereoisomer. See,
for example, Yuen, et al., in Biooxganic & Medicinpal
Chemistry Letters, 1994;4(6):823-826. Thus, it would

be beneficial to have an efficient process for the

20 synthesis of the S-stereoisomer of isobutyl-GABA.

Presently, (S)-3-(aminomethyl)-5-methylhexancic

acid has been prepared by two synthetic routes. These
routes each use reactions that require n-butyllithium,
and both routes contain a step that must be carried out

25 at low temperatures (<-35°C) under carefully controlled
conditions. These synthetic routes include the use of
{4R,58)~4-methyl-5-phenyl-2-oxazolidinone as a chiral
auxiliary to introduce the stereochemical configuration
nee&éd in the final product. See, for example, United

30 -States Serial No. 08/064,285, which is hereby
incorporated by reference. Although these routes
provide the target compound in high enantiomeric
purity, they are difficult to conduct on large-scale
and use expensive reagents which are difficult to

35 handie.



i ncorporated by reference. Al though these routes provide the target
conmpound in _high enantioneric purity, they are difficult to conduct on

| ar ge- scal e and use expensive reagents which are difficult to 35

handl e. WD 96/ 40617 PCT/ US96/ 06819
-3- In additi | sobutyl GABA can be synthesized in a W th
Andr uszki ew c%%g‘m" , Synthesis, 1989;953. The synt hesi scpg‘g‘rg%?&%g
therein uses potentially unstable nitro conmpounds, including 5

nitromet hane, and an internedi ate conta|n|$g a nitro functional group,
which is reduced to an amine in a potentially exotherm c and hazardous

reaction. The synthesig gh PUSES ¢ '+')LEEUH?1@5}:§(<$ABA”%EHY$§'éﬁﬂiﬁ;@sg%d

-78[err] C. The present net es _nQt use onpounds

| ow t enper at ures, iﬁnaquﬁGPP%e§FW8hﬁP§rH§§¥EmEHﬁH|Floﬁ%"fﬁﬁﬂﬁﬁééént
i nvention provi demoen 96811 cTatsysithiebesi SeadritecbtthyreGABseand provi des for

the resol ution of Gﬁ@ér o) th S- st er eoi soner
of isobutyl - GABA ¥ tgetq’%g\%g &K‘qug D Oodiiidia gn%ﬁ‘dnisng SUMVARY OF THE

ove- | dent |f|e
| NVENTI ON 2P The Hrt&omst Fﬁ%erﬂff%ﬁnpnlm}ﬁa'é%d%%e GGHEBM Vhei&ErR err] and
Rlerr] are the safmarioddl groypEr mhidhf ierestusd tar enhymlirggdm, a

Jerr]-Cerr] al kgyclten% X&lybg{@tﬁ'leﬁﬁr r ]and hazardous reaction. The
synthesis also uses lithium bis(trimethylsilylamide) at
~78°C. The present method does not use nitro

reqU|re

10 compounds, require low temperatures, or require
strongly basic conditions.

The present invention provides an efficient
synthesis of isobutyl-GABA and provides for the
resolution of racemic isobutyl-GABA to obtain the

15 S-stereoisomer of isobutyl-GABA that avoids the above-
identified problens.

SUMMARY OF THE INVENTION

20
The present invention provides the compounds
CN
_ where R, and R, are the same or
25 R0, CO9Ro
different and are hydrogen, C1-Cg alkyl, aryl, benzyl
CN
30 or Cq-Cg cycloalkyl; where M is
. CO,M
hydrogen, an alkall metal, or an alkaline earth metal;
35 CN

where Ry is defined above;
C02R1



30" ° or (err]-Cerr] cycloalkyl; where Mis hydrogen,
an alkali netal, or an alkaline earth netal; 35 [err] where
Rlerr] is defined above; WO 96/ 40617

PCT/ US96/ 06819 -4- [err] The present invention provides a nethod of naking
()-3-(am nonet byl ) -5- et hyl hexanoi ¢ acid which 10

[err] conpri seg'\é’r??gﬁg‘é'ﬁsi ng i soval eral dehyde with to form erﬁHP?W‘“”
reacting the [err] with a cyanide source to form 20 CN

CN decar boxyl ating the 25 -4- [err] to form
hydrolyzing the with an alkali or alkaline earth netal hydroxide to 30
forman alkali or alkaline earth netal carboxylate salt; and hydrogenating
the alkali or alkaline earth nmetal ,carboxylate salt to form

(+)-3-(am nonet hyl )-5- nethylh N&gBic acid, wherein Rerr] and Rerr] are
the same or different and arg hydroge®B err]-Clerr] alkyl, aryl, benzyl,
35 or C[err]-ghgrr al kyl . WO 96/ 40617

PCT/ US96/ 06819 H '02C
5 2
\C02H
The present invention provides a method of making

(*)-3-(aminomethyl)-5-methylhexanoic acid which
10 002R1

comprises condensing isovaleraldehyde with ‘<::

C02R2
COZR1
to form primarily . reacting the
7 SCo,R, !
15 272
CO2Ry
with a cyanide source to form
“ Co,R,
20
CN CN
decarboxylating the

25 CN CN

"to form hydrolyzing the

CO,Rq CO,Ry

with an alkali or alkaline earth metal hydroxide to

30 form an alkali or alkaline earth metal carboxylate

salt; and hydrogenating the alkali or alkaline earth

metal carboxylate salt to form (*)-3-(aminomethyl)-5-

methylhexanoic acid, wherein R; and Ry are the same or

different and are hydrogen, C,-Cg alkyl, aryl, benzyl,
35 or C,;-Cg cycloalkyl.



-5- 'A preferred nethod of making ()-3-(am nonethyl)- 5-nethyl hexanoic acid

conprises condensing [err] 5 | soval eral dehyde with to form
primarily [err] [err] reacting the 10 with a
cyani de source to form 15 [err]

decar boxyl at i to forman al kali or aIk I|n arth

netal car boxylrgf’gp@gﬂ and 20 hydr ogenating t he al kal | 17 ne

earth metal carboxylate salt to form ()-3-(am nonethyl)-5- nethylhexan0|c
acid. The present invention also provides _%S_rret hod for obtaining
(S)-3-(am nonet hyl ) -5-nmet hyl hexanoi ¢ aci d from

3- (am nonet hyl ) - 5- Oh &+ RS oppy J
8 3- Eam nonet hgl g 5- nﬁnﬂéﬁexgn}gl C a‘%:l d’wﬂl 39_ % (mn%n%&%fngﬂgg%gﬁ% wat er,
an al cohol or a msxmﬁFEYB?eWPéP aﬁﬁdaﬁf’“&réﬁﬁél °°’é¢?‘lﬁﬂnnﬁg a precipitate to

form«introducing the precipitate into 30 a polar aprotic solvent or a
m xture of polar aprotic solvent and vvater (kform a slurry; and collecting -
the solid fromthe slurry. WO 96/ 406
PCT/ US96/ 06819 - 6ispEFlertiahyderyirs | NVENTIcoR PaimeEdIance with
Schenme | bel ow, the present |nvent|on pro an efficient S)éznt hesi s of
racem c COaRy
; reacting the
COxR, COgRo
10
with a cyanide source to form ;
15 CN
) decarboxylating the to form an alkali or

alkaline earth metal carboxylate salt; and

20 hydrogenating the alkali or alkaline earth metal
carboxylate salt to form (%)-3-(aminomethyl)-5-
methylhexanoic acid.

The present invention alsoc provides a method for

obtaining (5)-3-({aminomethyl)-5-methylhexanoic acid

25 from (%)-3-(aminomethyl)-5-methylhexanoic acid which
comprises combining (+)-3-(aminomethyl)-5-
methylhexanoic acid and .(8)-mandelic acid in water, an
alcohol or a mixture of water and an alcohol; allowing
a precipitate to form; introducing the precipitate into

30 a polar aprotic solvent or a mixture of polar aprotic
solvent and water to form a slurry; and collecting the
solid from the slurry.



5% ° isobutyl-GABA and a nethod for obtaining (S)-isobutyl- GABA from
racem c isobutyl - GABA. Schene | 10

[err] wherein Rlerr] and Rlerr] are the same or different and are 30
hydrogen, Cerr]-Clerr] alkyl, aryl, benzyl or (Jerr]-Cferr] cycloal kyI
and Mis hydr alkali nmetal, or an alkaline earth

illustrates aq}gn(g?%%’gﬂof meking ()-3- (am nomethyl)-5-net hyl r@ﬂfﬂé&é aci d
(VIl or racemc 35 3- (am nonet hyl ) - 5- met hyl hexanoi ¢ acid), the nethod
conpri sing condensing isoval eral dehyde (1) _with (11) to WO 96/ 40617
PCT/ US96/ 06819 -7- form (l11); reacting (I?I) with a cyanl de source to form
(1V); decarboxylating (1 Vhghrfgh Bec¥kir oY %ﬁ’zx?ﬂgiﬁw_m an al kal i
nmetal or alkaline earth netal hydroxide to for ydr ogenat i ng
(M) to 5 form()-3-(am nonet hyl)-5-nethyl hexanoic acid (VIl). In a
preferred enbodi nent an tkeopimsentvitrht Boleme I below, the present

() - 3- (am nonet hyl y a g :
i soval er al dehyde ?‘fez{ﬁtoﬂ ﬁfﬁ‘ﬁﬂéﬂ %& %E?fﬁﬁw%gg‘%??ﬁgg ﬁ)r})%%?E a cyani de
source to f&rm 10tsObutBLyREABR ARG |3 Feffod nfe ’aétb%aﬁakyﬁa $hgtsePyFYLo form
(VI'); and hydr ogecmsa rﬂg:o(nVlr).célﬁ)itf drsobiityB-cXErd nonet hyl ) - 5- net hyl hexanoi ¢
acid (VI1). Also provided by the present invention is a method for

obtai ning (S)-3-(am nonet hyl)-5-net hyl hexanoi ¢ acid 15 (I'X) from

() - 3- (am nomet hyl) - 5- met hyl hexanoi ¢ aci¥Fhe®e ¥, the nmethod conprising
conbining ([err])-3-

10 2R1 CN
\\]//\\CH9+ C02R1 .
00232 COoxR2 R0y CO4Ry
I Iv
2
CN CN
e e
CO,M

Vil VI v

20
{S)-mandelic
acid

25

IX

wherein Ry and Ry are the same or different and are

30 hydrogen, Cq-Cg alkyl, aryl, benzyl or C3-Cg¢
cycloalkyl; and M is hydrogen, an alkali metal, or an
alkaline earth metal.

Scheme I illustrates a method of making (+)-3-

{aminomethyl)-5-methylhexanoic acid (VII or racemic

35 3- (aminomethyl)-5-methylhexanoic acid), the method
comprising condensing isovaleraldehyde (I) with (II) to



(am'nonet hyl ) - 5- net hyl hexanoi c acid and (s)-mandelic acid in water, an

al cohol or a mxture of water and an alcohol; allowing a precipitate to
form introducing 20 the precipitate into a polar aprotic solvent, or a
pol ar aprotic solvent and water, to forma slurry; and collecting the solid
fromthe sl ur ne step of the present method for maki

()-3-(am nonet 5‘Kk‘&?\%'qmet hyl hexanoi ¢ acid, 25 PeHusssioss1s

[err] isoval eral dehyde is condensed with wherein R err] and R2
are the sane or different and are hydrogen, Cerr]-err] alkyl, aryl,
benzyl, or (err]-Cerr] cycloal kyl. This type of 30 reaction i s known

to those skilled fvr.\az'mt 'afxft{g l%%&lﬁaoeyﬁlﬁga&h@néfma QBurgdded he
Ich_a Kn

condi ti ons under oevenag Condensation_can be carried out are
vel | known to t hS&MsKTV) e AR rOREY i tingdIVax 5Apfer™ t4d fcondensat i on can
be achi eved usi ngqydreayaiysdi v)3with aammliailiometabase =lkalias earth

di - n- propyl am ne h L4 I S, ' A Ltergture.
See PV o6l 406 PR ﬁ{’d‘?&l‘f‘fblt% £8LR’ 91y AR 598%_‘4’{%‘%%% (e Bhe10 s
for exanpl €8 Ti etfoam| (&) -3 a(Rmipemethyl U 5 metbylbeiarekt weid ¥RI L

Synt hesi's, 1991; 2: 3411394 prefsirel. Mibodiingnt BEr gnm&mmethod,

Represent at i ve exanbes. ol G INEs CELAVSISRIPLULE PULObE IS, ©

[ err]-al ani ne, ace | i Sopr ropyl am ne.
These basic cat aIIWstOQnéahstsd-slyé’a&tjé@ll‘ﬂ?hxﬁmﬂﬂha‘!’i@h (F I tenfemrd such as

p-tol uene sul fon|(q14g| drgacﬁggt (TIRG Witk PIRhaiasdscatad ¥ot feywtemin the
present nE£80d 'S fy), h959 éyggn%ngngecarboxylatlng (IV) to form
(VI); and hydrogenating (VI) to form {(+)-3-
{aminomethyl)-5-methylhexanoic acid (VII).
Also provided by the present invention is a method
for obtaining (S)-3-(aminomethyl)-5-methylhexanoic acid
15 (IX) from (+)-3-(aminomethyl)-5-methylhexancic acid
(VII), the method comprising combining (&)-3~
(aminomethyl)~5-methylhexanoic acid and (S)-mandelic
acid in water, an alcohol or a mixture of water and an
alcohol; allowing a precipitate to form; introducing
20 the precipitate into a polar aprotic solvent, or a
polar aprotic solvent and water, to form a slurry; and
collecting the solid from the slurry. -
In one step of the present method fbr making
(*+)~3-({aminomethyl)-5-methylhexanoic acid,
25 ' CO,Ry
isovaleraldehyde is condensed with< wherein Ry
CO9Ry
and Ry are the same or different and are hydrogen C;-Cg
alkyl, aryl, benzyl, or C3-Cg cycloalkyl. This type of
30 reaction is known to those skilled in the art as a
Knoevenagel Condensation, and the conditions under
which a Knoevenagel Condensation can be carried out are
well known to those skilled in the art. For example,
the condensation can be achieved using a catalytic
35 amnount of a base such as di-p-propylamine. Other
suitable catalysts are known in the literature. See



10 ° acetic acid. In general, the reaction is run in a refluxing

hydr ocar bon sol vent including, but not [imted to, toluene, hexane,

hept ane, nethyl tert-butyl ether or cycl ohexane, with the azeotropic
removal of water. A 15 preferred solvent is hexane. It is noted that
olefin regioigoners can also be fornmed in the reaction, but are converted
to the desireggﬁpb t in a subsequent step in the reactloﬁ A
Representative exanples of (Jerr]-Clerr] al kyl groups 20 i ncl ude

met hyl, ethyl, propyl, isopropyl, n-butyl,_ isobutyl, tert-butyl, pentyl and
hexyl . Representative exanpl es of C[err] (ﬁEHr] cycloalkyl I ncl ude

cycl opropyl, cyclf%l}ug% fé/cl g&g% EQQ%Q@ v Rl resent ative
exanpl es of aryl groups ncI ubstltuted phenyl ,
LJomprelen $ Ve Lga r e:,-

napht hyl , pri di ny . ul%?%lwﬁﬁf4ﬂe 38bstituted with
one or nore subst(lmtrbents Mmhleﬁl)canebgamdsmmse orRepidseheativéExanpl es of

h I I d hal
e La[‘gr?f&“ e” ﬁﬂéam EX{:algt%r iheth&L 'dyAlli2uyngnd hal ogen.

[err] In geheral 1ﬁ%§nﬁ§6vfﬂﬂﬂ9ﬂi&@h?G%t%ﬁﬁ} di-isoproplylamdngdda®to t he
sol vent al ong wtdl-hhgrspymnyﬁia anHesefbapdied outh by size @amopil eoreoval  of

water. It is al Sous?é n oSN @1'0%'[ ﬁ‘-%?%‘ a%q@ thﬂagﬁ]g)a_tb%%%my be added

when the rate of ‘&zeot ropic ma on sl ows 6/ 40617
PCT/ US96/ 06819 - @mlﬁpséﬁe%%lﬁﬁonI%§e§bﬁdyﬁ§§tl6ﬂPFE§%§#Q§1Q#§?1BétnDn|tored

by nmethods wel | lgyaem intHge PreseAtPhetdd 8¢ di-n-propylamine and
10 acetic acid.

In general, the reaction is run in a refluxing
hydrocarbon solvent including, but not limited to,
toluene, hexane, heptane, methyl tert-butyl ether or
cyclohexane, with the azeotropic removal of water. A

15 preferred solvent is hexane. It is noted that olefin
regioisomers can alsc be formed in the reaction, but
are converted to the desired product in a subsequent
step in the reaction sequence.

Representative examples of C;-C¢ alkyl groups

20 include methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, pentyl and hexyl. Representative
examples of C3-Cg cycloalkyl include cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl. Representative
examples of aryl groups include phenyl and substituted

25 phenyl, naphthyl, pridinyl, and the like. The aryl

moiety may be substituted with one or more

substituents, which can be the same or different.

Examples of such groups include C;-Cg alkyl, C1-Cg

alkoxy and halogen. Preferably, R; and Ry are ethyl.
COle

In general, the isovaleraldehyde and < are
CO5R,

30

added to the solvent along with the catalyst, and

refluxed with azeotropic removal of water. It is also
35 contemplated that additional catalyst may be added when

the rate of azeotropic water collection slows. The



moni toring nmethod is gas chromatography (GC). 5 In another step of the
present nethod, [err] is reacted with a cyanide source 10 [err] to form
In general, 15 is reacted with a cyanide 20 source in a polar protic
sol vent such as ethanol, nethanol, n-propanol, isopropanol, a m xt ure of
wat er and al COWHE’% 140615 poI ar aprotlc sol vents such as di rreth SU|fOXI de
(DVBO) or, water, and then treated with an acid. Exanpl ¥abl e
cyani de 25 sources include, but are not limted to, hydrogen cyanlde,
acetone cyanohydrin or an al kali netal or g kaline earth netal cyanide,
such as sodi um cyani de, potassi um cyani de, “or magnesi um cyani de. 30

[err] The progress oﬁ'%ﬂéhbﬁnﬁéﬁgéﬂﬂgﬁ Q@aﬂéf@h'ﬁ£§:%% §8§£

wi thout purification, |.e.  in crude ur| :
Exanpl es of sui taWemﬁEli“b‘ls eY?eellaQSéPV’& ’sfbltd‘e ﬁ%r oc%lmf@ré”@ﬁd hydr obr oni ¢
WD 96/-40617 monitoring method is gas chromatogEﬁﬁhUS%ﬁbQﬁ819 -10- acid,
sul furic acid,. benzoic acid, mandelic acid, p-toluenesulfonic acid, and the
like. [err] ? The can be decarboxylated to form

In another step of the present method,
COoRy

is reacted with a cyanide source

=~
10 CO4R,

CN

to form . In general,
15
COoR,

is reacted with a cyanide
~" Nco,R
272

20 source in a polar protic solvent such as ethanol,
methanol, n-propanol, isopropanol, a mixture of water
and alcohols, or polar aprotic solvents such as
dimethylsulfoxide (DMSO) or DMSO/water, and then
treated with an acid. Examples of suitable cyanide

25 sources include, but are not limited to, hydrogen
cyanide, acetone cyanchydrin or an alkali metal or
alkaline earth metal cyanide, such as sodium
cyanide, potassium cyanide, or magnesium cyanide.

30 CN
The in this step may be used

R,09 CO5R,

in the next step without purification, i.e. in crude
35 form, or it may be purified. BExamples of suitable
acids are acetic acid, hydrochloric acid, hydrobromic



[err] CH 10 by heating

in a solvent with a salt. Exanples of suitable solvents include m xtures of
wat er and a pol ar sol vent such as ethanol 15 or di net hyl sul f oxi de
(DVMSO). Exanples of suitable salts include alkali netal and al kaline earth
met al hal i des sodi um chl oride and al kali netal and eart h
net al cyanidegagﬁgﬁags sodi um cyani de, nagnesi um cyani de, Jﬁﬁhghggﬁg

[err] The can be hydrolyzed with an al kali 25 nmet a
hydroxi de or an al kaline earth netal hydr )6' de to forman al kali or

al kaline earth netal carboxylate salt. Thé& al kali or al kaline earth netal

hydroxi de can be iy, als'a%hr@é EaiEse] b@ﬁz@ﬁé talblraet AhnBY{O¥ AR, known to
those skilled in the art | es of suita al'kal 1 neta

hydr oxi des i ncl ud® tﬁ}d‘leaﬁFHS‘zE? d&idy | ppd LFEH%}&?‘BM de, and potassium
hydr oxi de. Exanples of suitable alkaline earth metal hydroxides include
cal ci um hydr oxi de and ma oxide. The reaction is usually runin a -

suitable protic solvent such as |35 water or a_m xture_of water and a
pol ar proti € solvent F&h as netlpanol C2BtRafiRcarrryiamdiandem wo
96/ 40617 R404 CO,R PCT/ US96/ 06819 -11- The

carboxyl ate salt can be reduced to g|2v% the al kali or alkaline earth netal
salt of ()-3- (am nonethyl)-5-nethyl hexanoic acid. The carboxylate salt
can be protonated with m n%ral aC| ds or car boxyI|

\\],’i::[:; by heating in a solvent
R102

CO,R4 CO,R,

with a salt. Examples of sultable solvents include
mixtures-of water and a polar solvent such as ethanol
15 or dimethylsulfoxide (DMSO}. Examples of suitable
salts include alkali metal and alkaline earth metal
halides such as sodium chloride and alkali metal and
alkaline earth metal coyanides such as sodium cyanide,
magnesium cyanide, and the like.
20
CH
The can be hydrolyzed with an alkali
' CO9Ry

25 metal hydroxide or an alkaline earth metal hydroxide to
form an alkali or alkaline earth metal carboxylate
salt. The alkali or alkaline earth metal hydroxide can
be any alkali or alkaline earth metal hydroxide known
to those skilled in the art. BExamples of suitable

30 alkali metal hydroxides include sodium hydroxide,
lithium hydroxide, and potassium hydroxide. Examples of
suitable alkaline earth metal hydroxides include
calcium hydroxide and magnesium hydroxide. The reaction
is usually run in a suitable protic solvent such as

35 water or a mixture of water and a polar protic solwvent
such as methanol, ethanol, or isopropanol.



5 acids to give the carboxylic acid and then the nitrile group of the
carboxylic acid can be reduced. Conversely, the nitrile group of the
carboxyl ate salt can be reduced, and subsequently protonated to formthe
carboxylic acid. The salt can be treated with mneral 10 acids or

car boxylic aci l.ve ()-3-(am nonethyl)- 5-nethyl hexanoic_acid. Those
skilled in theq’g?%"?“a"?‘g famliar with the reduction of nitri "HRASEEnal
groups. One conmon net hod of reducing a nitrile uses a hydrogenation

catal yst, such as sponge nickel, in the 15,,_ presence of hydrogen. Qher
catal ysts include palladium platium rhodiium cobalt, and nickel. In

general, the reaction irfelsdrHdxydase! ¥ S¥SHEN SHCeRSA Ve HhE Of water
and a pol ar proti%&?(o}]_vent. ';{laﬁ.am no_car bqx Iati fo%mad-a ter nitrile 20
reduction can be A hed i HHEREPETH MR ERELt P ®E ~ani no

carboxyl ate with damipbriethiie “vi-methylizideisuabids Hiidy ealrboxyTatei d can

be used. Carboxyl igg1aChLgs bes asa8egty ' e
Preferably, the acid.is, acet ;#(?&t '8‘ F}?ﬁf&%gﬁg}%@o& Fg?ﬁgﬁy iyc t he

cid, C .
reaction is c RFAAE KPi % theKEr PGAI(RBA thenyfther pdtrilee) and
OAc i s an acet at egironp off Hehes adatrbbK¥tic salekr easnobebt@iidedaqueous al cohol i c

solvents than i nObgﬂg'éfséfl}’F SheUahe APy I gl Qﬁ% d‘%srb%%#%??%rga hl ori de,

and the like. Thus, 30 i sol ation 0 e produc and the
need for ion exch&AZePtrEefunsst #B BRRRRIUSEESY sPERTqnated sQofersy . thEhe
cyano acid may al serbexyxituceddusi e as=lt tcalhl Be hythaganatitamesd a1y st ,

et Rt ") S62be 5 con BB RUKORD o D0 POL T SRRRRORH)

5-methylhexanoic acid. Those skilled in the art are
familiar with the reduction of nitrile functional
groups. One common method of reducing a nitrile uses a
hydrogenation catalyst, such as sponge nickel, in the

15 presence of hydrogen. Other catalysts include
palladium, platium, rhodium, cobalt, and nickel. In
general, the reaction is run in a solvent system such
as a mixture of water and a polar protic solvent.

The amino carboxylate formed after nitrile

20 reduction can be obtained in the acid form by treating
the amino carboxylate with an acid. The mineral acids
such as hydrochloric acid can be used. Carboxylic
acids, such as acetic acid, can also be used.
Preferably, the acid is acetic acid, as a byproduct

25 formed by the reaction is MOAc where M is an alkali
metal ion (Na, K, and the like), and OAc is an acetate
ion. The salt MOAc is more soluble in agqueous
alcoholic solvents than inorganic salts such as sodium
chloride, potassium chloride, and the like. Thus,

30 isolation of the product is simplified, and the need
for ion exchange treatment to remove excess salts is
- avoided.

The cyano acid may also be reduced using a
suitable hydrogenation catalyst, such as sponge nickel
35 and hydrogen, in a polar solvent such as methanol,
ethanol, or isopropanol in combination with ammonia or



WO 96/ 40617 PCT/ US96/ 06819 -12- a
m xture of anmmonia and water. Exanples of other suitable hydrogenation
catal ysts include palladium platium rhodium cobalt, and nickel. 5

[err] In a preferred nethod is taken to
()-3-(am none -5-net hyl hexanoic acid without 10 [err] i | of
internediates%ﬂgb%pégxanple, 15 can be hydrolyzed usinéighg%%%%gi or

al kal i ne earth nmetal hydroxide such as potassi um hydroxi de or sodi um
hydr oxi de i n an al cohol solvent, which pLQ?ptes decar boxyl ati on. Furt her
hydrol ysis using an alkali or alkaline earth netal hydroxide in water, an
?lvffholm OL 20 2 n&x%h%éd%ﬁﬂx]no‘ﬁ@%egn&%@?.m ﬁQQﬂélesglto\ffélﬂliébeX%' ate

: ich can be reduce a rogenation,catal yst _foll owed by
treatment with a %ﬂiﬁ@gife %%&e&aajﬁéa ¢ st 158184 palladium,
3- (am nonet hyl ) - plnetilpl hekedicing &obelt Reehind.ckel .
3-(am nonet hyl ) - 5- et hyl hexanoi ¢ acid can 25 be resolved, i.e., the
enanti oners_separated, by selective crystallizatigeswi th (S)-nmandelic acid.
Racem ¢ 3-(§ninonethyl)-5-nethylhexanoic acyd anyl (s)-mandelic acid can be
conbi ned i n a sol vent I1auahpeasferatedr methad allcohol or aigritakene of water and
an 30 al cohol to forma salt. Exanplg&oﬁ uy l.e al cohol s include
met hanol , ethanol, n-propanol, isopropanol  fi-butanol? 2% ert-butanol, and
the like. In general, the S S salt precipitates fromthe solution, and the
di ast ereoner, thed (%)sal{anbianshyl)sShimdtilhexanoic acid without

10
CHN
isolation of intermediates. For example,
R105 CO4R,
15 can be hydrolyzed using an alkalil or alkaline earth
metal hydroxide such as potassium hydroxide or sodium
hydroxide in an alcochol solvent, which promotes
decarboxylation. PFurther hydrolysis using an alkali or
alkaline earth metal hydroxide in water, an alcohol, or
20 a mixture of water and an alcohol, gives carboxylate
(VI), which can be reduced with a hydrogenation
catalyst followed by treatment with a mineral acid to
give racemic 3-(aminomethyl)-5-methylhexanolc acid.
Racemic 3-(aminomethyl)-5-methylhexanoic acid can
25 be resolved, i.e., the enantiomers separated, by
selective crystalligzation with (8)-mandelic acid.
Racemic 3-(aminomethyl)-5-methylhexanoic acid and
(S)-mandelic acid can be combined in a solvent such as
water or an alcohol or a mixture of water and an
30 alcohol to form a salt. Examples of suitable alcohols
include methanol, ethanol, n-propanol, isopropanol,
n-butanol, tert-butanol, and the like. In general, the
8,5 salt precipitates from the solution, and the
diastereomer, the R,S8 salt, stays in solution.
35 Diasteriomeric purity of the 8,8 salt can be enhanced

by further crystallizations. Additional (8)-mandelic



35 ° Diasterioneric purity of the S, S salt can be enhanced by further
crystallizations. Additional (S)-nmandelic WO 96/ 40617

PCT/ US96/ 06819 -13- acid can be included in the recrystallizations to
enhance di astereoneric enrichnment. In general, an excess of nmandelic acid
Is used. It isgal ted that mandelic acid can be used in_conbi nation

wi th anot her 5%9%8%62 d in accordance with the "Pope- Peachy‘PCFfS’g?fﬁ’ﬁlﬁnovm
in the art. Renoval of (S)-mandelic acid fromthe salt to give enriched
(S)-3-(am nonet hyl ) - 5- net hyl hexanoi ¢ acid_fgp be done using a polar aprotic
sol vent such as 10 di et hyl sul f oxi de or” m xtures of di nethyl sul f oxi de

and water or tetraly, r@i%%niﬂeﬂu%%f A e LespRahunssypbcAly 10 the

range of about O[err]C to about 1 ]C. Ir ration t-o obtain the
S-enanti oner has BRRANRR SHPSHETEARITI SOTighBERt; of® PPREFRbt ™nd nore 15
econow cal than temgcédd @Famandelibaseidrisi ase@xchEnge apbbotisted that

Al ternatively, (S):3s ' t )wo-Eet - Qﬁ&ﬁﬂ ;¢ agkd, C obt ai ned
by conbi ni n% ()-Sgﬂa.%énﬁ?o%%?ﬁy%{l&%ﬁ{%ﬁqﬁgxgnm c 2401%8 \%\ni?lhﬁ %&%ﬁ:ndel ic 20
acid to give the ReRIsH ogerapbee yiid: [theeSPepe-Rachiyd Bethed dedv@avi ng
the solution enrigheghd mAS)-3- (anm nonet hyl)-5- et hyl hexanoi c aci d which
can then be isolated fyrom.t e&o%g oncp net ho&lsfr

skilled in the art. 25 o e -?ﬁ%-%%&ﬁdgf%c samltlt'kngw‘,ﬂtt{%t‘a‘lﬂ:}g;%e
(S) - 3- (ami nomet hyepricheft(if)-Rexambronetdivd yc Ermeehylhsixanotic azckh can
i nternedi ate, be done using a polar aprotic solvent such as

10 dimethylsulfoxide or mixtures of dimethylsulfoxide and
water or tetrahydrofuran and water, at temperatures
typically in the range of about 0°C to about 100°C.

Trituration to obtain the S-enantiomer has the
advantage that it is operationally simple and more

15 economical than traditional acid/base or ion exchange

' methods.

Alternatively, (S)-3-{(aminomethyl})-5-methyl-
hexanoic acid can be obtained by combining {(x)-3-
(aminomethyl)-5-methylhexanoic acid with (R)-mandelic

20 acid to give the R,R salt which crystallizes out of the
solution leaving the solution enriched in (8)-3-
{aminomethyl)-5-methylhexanoic avid which can then be
isolated from the solution by methods well known to
those skilled in the art.

25 The (R)-mandelic salt of (S)-3-(aminomethyl)-5-
methylhexanoic acid can be isolated as an intermediate,
treated with a polar aprotic sclvent or mixture of
water and a polar aprotic solvent to give the (8)-3-
(aminomethyl)-5-methylhexanoic acid.

30 , It is also possible to obtain (8)-3-(amino
methyl)-5~-methylhexanoic acid from racemic isobutyl-
GABA by standard methods of resolution known to those
skilled in the art. It is noted that the isolated
solids may be dried at each stage in the resolution or

35 carried on to the next step as solvent-wet solids with
comparable results.



treated with a polar aprotic solvent or mxture of water and a pol ar
aprotic solvent to give the (S)-3- (am nonethyl)-5-nmethyl hexanoic acid. 30
It is also possible to obtain (S)-3-(am no nethyl)-5-nmethyl hexanoic acid
fromracemc isobutyl GABA by standard nethods of resolution known to
those skilledy, ‘& Art. is noted that the isolated Sohk%ﬁ§$5§? e dried
at each stage |n e resolutlon or 35 carried on to th p as
sol vent-wet solids with conparable results. WO 96/ 40617

PCT/ US96/ 06819 -14- Al so provided by the ﬁresent invention are the novel
conpounds [err] where Rerr] and Rerr] a 3 the sane or different and are
hydrogen, Cferr]-Ceriphedl kibyi dld/by BROZMeRncGhabehe Pl e4e! 0al kyl: 10
[err] 15 where M.is drogen, an al ka or an alkaline [err]
earth netal ; novel °°m ounds her e R[err] |s a defined 20 [err] above;

and 25 It is also contenpl ated that < he nds of the present method can

be found or isolated in the form of hydratés or solvates, which are
consi dered go fall

Rloz cosz

where Ry and Ry are the same or different and are
hydrogen, Cq-Cg alkyl, aryl, benzyl or C3-Cg¢

cycloalkyl;
10
CN
COooM
15 where M is hydrogen, an alkali metal, or an alkaline
CN
earth metal; where Ry is a defined
0,Ry
20
NH,*
3 OH
above; and : -
02
25 \\\cozﬂ
It is also contemplated that the compounds of the
present method can be found or isolated im the form of
hydrates or solvates, which are considered to fall
30 within the scope of the present invention.

The examples below are intended to illustrate
specific embodiments of the invention and are not
intended to limit the scope of the specification,
including the claims, in any mannexr.

35



30 wi thin the scope of the present invention. The exanpl es bel ow are
intended to illustrate specific enbodinents of the invention and are not

any manner. 35

PCT/ US96/ 0681,

2- Car boxyet hyl
[err] 10

e

intended to limt the scope of the specification, including the clains, in
WO 96/ 40617
MPLES Preparation of
;&m?’@(ﬁhex 2-enoic acid, ethyl ester 5 PCT/US96/0681
| soval eral dehyde (361.6 kg, 4198.3 nol) was conbined with
di ethyl nalonate (640.8 kg, 4000.7 nol), _hexane (1000 L), di-n-propylam ne
(20.0 kg, 197.6 nol), and glacial acetic acid (24.0 kg, 399.7 nmol) in a
rature

4000 L vessel.

set at 90[err] O mnth co t|nUo S J.e
col l ection sl owed™§ o

The m xture was heat ed QQAM@ihyx 15 (j acket tenpe
I il

expect ed by theo&gﬁmﬂAEELQ:s p0|nt "the n1xture was cooled to bel ow
60[err] C and a second catal yst addition was carried out by charging
di - n-propyl am ne (20.0 kg, 197.6 nol), and glacial acetic acid (24.0
399.7 ol ) Po the mixture. (The second catal yst addition$PeEbptional,

hel ps to bring the reaction to conpletjon faster.
shows i nproved purit ' '

25 Thi s nodifi

SUS a sin

y o) and @S-in so
catal yst charge.) The xture was h BgE£0‘ﬂbflu (j acket COzEt

10

15

20

25

30

35

Isovaleraldehyde (361.6 kg, 4198.3 mol) was
combined with diethy}l malonate {640.8 kg, 4000.7 mol),
hexane (1000 L), di-n-propylamine (20.0 kg, 197.6 mol),
and glacial acetic acid (24.0 kg, 399.7 mol) in a
4000 L vessel. The mixture was heated to reflux
{Jjacket temperature set at 90°C) with continuous
removal of water until the rate of water collectien
slowed significantly (69.4 kg water was collected
versus 72.0 kg expected by theory); .

At this point, the mixture was cooled to below
60°C and a second catalyst addition was carried out by
charging di-p-propylamine (20.0 kg, 197.6 mol), and
glacial acetic acid (24.0 kg, 398.7 mol) to the
mixture. (The second catalyst addition is optional,
but helps to bring the reaction to completion faster.
This modification shows improved purity profiles and
yvields in some cases versus a single catalyst charge.)

The mixture was heated to reflux (jacket
temperature set at 90°C) with continuous removal of
water for an additional 22.5 hours or until the
reaction is judged complete by GC assay (>90% combined
product and isomer). The mixture was brought to <40°C
and was washed with water (2 x 800 L). The organic.
layer was concentrated by atmospheric pressure
distillation until most of the hexane was removed. The
remaining oil was further concentrated by vacuum
distillation at 40°C for 2-18 hours.

72.0 kg
20

kg,
but
cation

gle



tenperature set at 90[err]C) with continuous renoval of water for an
additional 22.5 hours or until the 30 reaction is judged conplete by GC
assay (>90% conbi ned product and isoner). The m xture was brought to
<40[err] C and was washed with water (2 x 800 L). The organic. |ayer was

concentrat ed ogg?gﬁpheri c pressure distillation until mwsgbmwexane
e ated by vac

was renoved. remai ni ng oil was further concentr uum
distillation at 40[err]C for 2-18 hours. WD 96/ 40617 .

PCT/ US96/ 06819 -16- The product was obtaingd as a colorless liquid (810.0
kg, 88.7%yield) and contained a m xture of olefin isoners (both of which

are Con\éerted_ t02t he %@Eptﬂé@lfikk&twaﬂsnob’leﬁiﬂ@déta§)é.ﬂbb%i:'§e§é ?ﬁl;luﬂh;e maj ?L

i somer is 2- oxye - 5-ITe ex- 2-enqi c.aci d;_.e ester; e
mi nor i somer (typ?@g{{:l%y_ 0- %%%flﬁgfyl %mée‘??rgci?el&efioab%ixmfeyc’_f

2- car boxyet hyl - 5-efafiyl Hegnerendict-haef dvhiehdreespareriped dio pheonane
Colorless to yel | omdictuiid #Re nextCoyhtRd¥ic é%%p?@wﬁhe majqf isomer
et R S et L SRR L ol bt ot o
i soners. [err]H NeRethottbe Bheor ciaomelri f typierd lyulor pB% ditt iIGEY ase reported
as observed for a,spimlea b BQ%@M&?@%&S- BRRLEL- Perldie REPGESS

descri bed above. Thédobserved Integration results are slightly different
than woul d be exp¥t¥d ®5FTpure 2- car boxyet hyl - 5- met hyl hex- 2- enoi ¢ aci d
et hyl ester due tReddriptiesenceoluirliess bvbeyelilawsddgndd Thus, the

integratiofghas bgendLROMt ¢4-A6s 2-carboxyethyl-5-methylhex-2-enoic

acid ethyl ester; 10-13% 2-carboxyethyl-5-methylhex-3-
enoic acid ethyl ester; 87-8B% Total of both isomers.
iy NMR, Note: Chemical shifts and multiplicities are
reported as observed for a sample of the mixture

15 prepared by the process described above. The observed
integration results are slightly different than would
be expected for pure 2-carboxyethyl-5—methy1hex-2-enoic'
acid ethyl ester due to the presence of two olefin
isomers. Thus, the integration has been reported as

20 would be expected for a pure sample of 2-carboxyethyl-
5-methylhex-2-enoic acid ethyl ester.
1z MR (CDC1ly, 200 MHz): & 0.91-1.02 (m, 6H),
1.23-1.37 (m, 6H), 1.78-1.85 (m, 1H), 2.16-2.23 (m, 2H)
4.19-4.36 (m, 4H), 7.02 (t, 1H, J = 7.9 Hz).

25 Boiling Point: Purified samples can be obtained by
vacuum distillation: 101-104°C at 1.1-1.2 mm Hg; or
132°C at 5 mm Hg.

- -3 - -y -

30 acid, ethyl ester

CO,Et

CN
= 0,Bt —»
35
EtO, CO,Et



20  woul d be expected for a pure sanple of 2-carboxyethyl -

5. et hyl hex-2-enoic acid ethyl ester. [err]H NWR (CDCl [err], 200 MHz):
[err] 0.91-1.02 (m 6H), 1.23-1.37 (m 6H), 1.78-1.85 (m 1H), 2.16-2.23
(m 2H) 4.19-4.36 (m 4H), 7.02 (t, 1H, J = 7.9 Hz). 25 Boi | i ng Poi nt:

Purified sanpl e obtained by vacuumdistillation: 101-104C at
1.1-1.2 nmm Hg;a'(i))r!’%'%gké?err] Cat 5 nmHg. Preparation of PCT/US96/06819
2- Car boxyet hyl - 3- cyano- 5- net hyl hexanoi ¢ 30 - acid, ethyl ester [err] 35

WD 96/ 40617 PCT/ US96/ 06819 - 17-
2- Car boxyet hyl - 5- et hyl hex- 2-enoic acid etJhyI ester (692.7 kg, 3034 nol)

o1 and 28 et hangl- (700 b e s o g o e B o
nmol) an et hano

25-40[err] C for afsF 53@69%)7%5!‘3 (Eﬂ L A ‘g"Pﬁ ﬁ%tﬂmcﬁ%%éy i ndi cat ed
| ess t-han 5% 2- cavbsaqbtdqﬂtainmmdﬁmlamenyamml(dmeshk@;, ester _
(typically 22-24 Q@yé S:ﬁolﬁe"'%éﬁn%(@l%&d&l Vf’%f) gf{/ge% Q&léirg‘;ry d aci al

acetic acid (175 t he
t enperat ure <35[e?1‘£?‘]“€§'y RS tgﬁérF%gLﬁtc 147G 40RF ckos 18k rlfaﬁﬁsl derrsag@rer (820
L) with stirring. uftEl I:ay@mscaes&{mﬁcpars&hgdlnﬁ&weeus tRyer was

extracted with heggng_éa’lr i&ggﬁg% m%h%gﬂéﬂ'? nac?aeér Y5’ e, é@ﬂng % and
washed with water ’%’ ?_ erWasts Ated and
the remining or géﬁ’%’-%@léft ?8n29va%°‘%ﬁ%t| | Hegang @%@phﬁﬁs ccharged to
the slurry. Glacial acetic acid (175 kg, 2914 mol) was
10 slowly added keeping the temperature <35°C. To the
resulting thick slurry was added water (820 L) with
stirring. The layers were separated. The aqueous
layer was extracted with hexane (1 x 890 L). The
organic layers were combined and washed with water
15 (1 x 420 L). The water layer was separated and the
remaining organic solution was distilled at atmospheric
pressure until most of the hexane was removed. The oil
was then further concentrated by vacuum distillation at
40°C for 2-19 hours. The product was obtained as a
20 ligquid (752.6 kg, 93.8%).
Description: Colorless to orange liquid
HPLC Assay: 83-B6% 2-carboxyethyl-3-cyano-5-
methylhexanoic acid, ethyl ester
1y wMR (DMSO-dg, 200 MHz): & 0.92 (t, 6H, T = 6.1 Hz),
25 1.15-1.21 (m, 6H), 1.23-1.36 (m, 1H), 1.54-1.68

(m, 2H), 3.25-3.33 (m, 1H), 3.97 (d, 1H, J = 6.5 Hz),
4.10-4.25 (m, 4H).

30

35



pressure until nost of the hexane was renpved. The oil was then further
concentrated by vacuumdistillation at 40[err]C for 2-19 hours. The product
was obtained as a 20 liquid (752.6 kg, 93.8% . Description: Colorless
to orange liquid HPLC Assay: 83-86% 2-car boxyet hyl - 3- cyano- 5-

met hyl hexanoi ethyl ester [err]H NWR (DVSO d6, 200 )Ppﬁ ] 0.92
(t, 6H, J = %d ﬁé‘gm 1.15-1.21 (m 6H), 1.23-1.36 (W %0%%554 1.68
(m 2H), 3.25-3.33 (m 1H), 3.97 (d, 1H J = 6.5 Hz), 4.10-4.25 (m 4H. 30

Preparati on of 3-Cyano-5-nethyl hexanopic _aLgl d, ethyl ester [err] 35 WO
96/ 40617 PCT/ US96/ 06819 -18- An 800 L

;t|||b“ﬁs fﬂa{ged “‘tﬁngﬁgﬁLﬂné¥#¥§rWQ§ &ﬁ%&d@ﬂ w§?ﬁ £Eﬁﬂ$m ch%gai%ek 313
car boxyet hy ano- 5- exanoj ¢ _acl ester g,

mol ), di met hyl sul§ %ggﬂ%é) 23 AT R }og i‘if' B 600 mol). The
m xture was heat embﬁhglheiaﬂdﬂ{ exaidC eébhyB. et'stlquBO 0 hey m3dBumelynas cool ed

to bel ow 50[ err] C& Bg_ggff&g]d@ t(a3gek§1y, gn?r ﬁ@ﬁ{.yh@tsh f (125 kg) The

m xt ure was_cool e and treat
portions toSmai nt%ﬂ%mﬂlré t ehife R EepER S \epded to 4B Tri4BEC %—'t er st| rring
for 15-30 m nut esg.q heupbasermevdiiataepavad atholEletagbeEivs spheseau\@s

extracted with ”ﬁﬁﬂ%&lEGQEEP“%%%mﬁﬁh%éfﬁ%ﬁﬁqhgkthlbe(fiéF%E)C expLacts were
conbined with a vessel rinse

mixture was cocled to 0-1 °c, and treated with waterx
{160 L) in portions to maintain the temperature below

10 40°%Cc, After stirring for 15-30 minutes, the phases
were separated. The aqueous phase was extracted with
methyl tert-butyl ether (125 kg). The organic extracts
were combined with a vessel rinse (25 kg methyl tert-
butyl ether) and was extracted with water (110 L). The

15 water phase was discarded. The methyl tert-butyl ether
phase was concentrated by atmospheric pressure
distillation to a batch temperature of about 65°C. The
batch was cooled to 30-40°C and further concentrated by
vacoum distillation until the solvent content was

20 . acceptable (<5% methyl tert-butyl ether by area %GC
analysis). The product was obtained as a brown oil
{(51.3 kg, 85.7%).
Description: Colorless to dark brown oil
GC Assay (area %): B6.20%

25 Boiling Point: Purified samples can be obtained by
vacuum distillation: 99-103°C at 1.3-1.5 mm Hg
15 MR (CDC1ly, 200 MHz): & 0.88-0.99 (m, 6H),
1.19-1.40 (m, 4H), 1.57-1.69 (m, 1H), 1.72-1.84
(m, 1H), 2.53 (d4, 1B, J = 6.8 Hz, J = 16.6 Hz),

30 2.70 (44, 1¥, J = 7.4 Hz, J = 16.5 Hz), 2.9%9-3.10
(m, 1H), 4.21 (g, 2H, J = 7.1 HZ).



but'yl' ether) and was extracted with water (110 L). The 15 wat er phase
was di scarded. The nethyl tert-butyl ether phase was concentrated by

at nospheric pressure distillation to a batch tenperature of about 65[err]C.
The batch was cooled to 30-40[err]C and further concentrated by vacuum

distillation uglddesbdis sol vent content was 20 accept abl }cﬁglg{féoget hyl

tert-butyl ether by area %C anal ysis). The product was obt 812 brown

oil (51.3 kg, 85.7% . Description: Col orless to dark brown oil GC Assay
(area %9: 86.20% 25 Boi | i ng Poi nt: igfled sanpl es can be obtai ned by
ang [err]H NNR(CDCI[err]
‘ i Ada, 1

vacuum di stil l ati on: 99 103[err]Cat 1.3-1
200 MHz): [err] &«88 8kl 1D , A
1.72-1.84 (m 1H) . , .

1H J =7.4 Hz, J 65Hz)299310(m1H) 4.21(q,2H,J:7.1Hz).
WO 96/-40617 ) PCT/ US96/ 06819 -19 -
Preparation O Racem c 3- (Am nonethyl)-5-net hyl hexanoic 5

[err] An 800 L sti
aci d, “et hyl st er (50.1 HKg,
sol ution of potassium hydgoxi de (1f. 8l kg,
added controlling the addi t'rcogetr at '
25[err] C. The m xture was stirred
hours. The batch was transferred to a hydrogenat or

An 800 L still was charged with 3-cyano-5-methyl
10 hexanoic acid, ethyl ester (50.1 kg, 273 mol) and ethyl
alcohol 2B (53 kg). A solution of potassium hydroxide
{17.8 kg, 317 mol) in water (56 L) was added
controlling the addition rate to maintain the batch
temperature below 25°C. The mixture was stirred at
15 20-25°C for about 1.5 hours.

The batch was transferred to a hydrogenator
containing sponge nickel (15.0 kg, 50% water wet),
followed by a rinse of ethyl alcohol 2B (27 kg). The
mixture was treated with hydrogen at about 50 psi for

20 about 19 hours (hydrogen uptake stopped).

The nickel was removed by filtration and the
filter cake was rinsed with a mixture of 39 kg ethyl
alcohol 2B and 111 L water. To the filtrate was added
glacial acetic acid (22.8 kg, 380 mol) maintaining the

25 batch temperature less than 40°C. The batch was heated
to 70-75°C to dissolve the solids. The batch was
slowly cooled to 0-5°C to crystallize the product.

The solid was collected on a centrifuge and rinsed

e batch tenpegs £Iyre bel ow
err] C for about

with 160 L isopropyl alcohol that was previously cooled
30 to 0-5°C.

The damp solid was dried in a vacuum tray drier
under vacuum at 35-45°C (28 hours) to give 31.4 kg
(75.1%) of racemic 3-aminomethyl-5-methylhexanoic acid.

The product was characterized by HPLC and NMR.

35 The water content for this product was 9.51% by weight
(Karl Fischer). The product may contain a variable



cont ai ni ng sponge ni ckel (15.0 kg, 50% water wet), followed by a rinse of
et hyl al cohol 2B (27 kg). The m xture was treated with hydrogen at about 50
psi for 20 about 19 hours (hydrogen uptake stopped). The nickel was
removed by filtration and the filter cake was rinsed with a m xture of 39
kg et hyl al coh d 111 L water. To the filtrate was adde | aci al
acetic acid (2§#§%E%?P380 nol ) maintaining the 25 bat ch¥ %1 e

| ess than 40[err]C. The batch was heated to 70-75[err]C to dissolve the
solids. The batch was slowy cooled to 0-§g§gr]c:to crystallize the
product. The solid was collected on a centrifuge and rinsed mﬁth 160 L

I sopropyl al cohol aﬁaﬁtwwaﬁ:@w%ﬂhgcmﬁdné&ly anl Qoéiq{ The danp
solid was dried in_,a v {gé tra% er_under vacuum aft 35-45[err]C (28
hours) to give 31° aho ’ﬂ'gaj( %‘w PhY %ﬁ )c 3-anmi nonet hyl - 5- met hyl hexanoi c
aci d. The product Deserigtiroact eFhieel tyy oftb@hivel SdIRA 35 The wat er

content for this ﬁﬁg@ll@ésa\yas Qoﬁl&g@)(,,/.epl ght (Karl Fischer). The: product

may contain varl WD 96/ 4

PCT/ US96/ 06 a*%ﬁﬁﬁnﬁpkﬁF ma}gg‘}éﬁalﬁgcfron1nearly anhydrous up to
about 10. 2%(rmno dﬂm e()DZODBQQOII}ﬂ(Z)On o\\ai. 8€-0 ®oof(h, W) £ solid . HPLC
Assay: 102.05% w/ tbn,g J,"qj Nizy, 166201 167 (ﬁ‘[,e%‘;c [err]H NMWR

O, 200 Mz 1.21 (t J=7.0 H
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A 2000 L still was charged with 2-carboxyethyl-3-
cyano-5-methyl hexanoic acid, ethyl ester (286 kg,

1120 mol) and methyl alcohol (100 L). A solution of
potassium hydroxide (60.8 kg, 1046 mol) in methyl

20 alcohol (260 L) was added controlling the addition rate
so as to keep the batch temperature about 20-35°c. A
rinse of 40 L methyl alcohol was added to the batch and
the mixture was heated to reflux for 4-5 hours. The
batch was cooled to 25-30°C and a solution of

25 potassium hydroxide (121.6 kg, 2167 mol) in water
(200 L) was added maintaining the batch temperature
below 50°C.

The batch was concentrated by vacuum distillation
to about 580 L volume. Water (100 L) was added and the

30 distillation continued to a volume of about 510 I,.

The batch was transferred to an 800 L hydrogenator
containing 44.8 kg sponge nickel (50% water wet), along
with a mixture of 20 I water and 30 kg ethyl alcohol 2B
as a rinse. The mixture was treated with hydrogen at

35 about 50 psi for about 18-19 hours (hydrogen uptake
stopped).



10 Preparation of Racem c¢ 3-(am nonet hyl)-5-nmet hyl hexanoic [err] 15 A

2000 L still was charged with 2-carboxyethyl-3- cyano-5-nethyl hexanoic
acid, ethyl ester (286 kg, 1120 nol) and nethyl alcohol (100 L). A solution
of potassi um hydroxi de (60.8 kg, 1046 nol) in nmethyl 20 al cohol (260 L)

was added cont %édfﬂ&-'t he addition rate so as to keep the batch tenperature
about 20-35[err|C. A Trinse of 40 L methyl al cohol was added RT{SA¥ ch
and the m xture was heated to reflux for 4-5 hours. The batch was cooled to
25-30[err]C and a solution of 25 pot as Eym hydr oxi de (121.6 kg, 2167
mol) in water (200 L) was added nmai nt ai ni ng t he batch tenperature bel ow

50[err] C. The batch o CRRE gt I Siid o] o} 580 L

vol une. Water (100 L?ﬂﬁ s.adgg%cgngg?ﬁ%h%%gg%nkgié%#*4g?f%go%o% Bﬁ%%d to a

vol une of about 5I8SL® D% FeRgEed r3h Fdtralien: afPsodiLttay dedirenat or

cont ai-ni ng 44. 8 kwaspohgsediwitdl a( hd¥wwd erf 1WOD) kg adthyd WibBhal Nixt ure of

20 L water and.3oaég gy@y%‘&hgggol 2B as a rinse. The m xture was treated
a p

wi th hydrogen at 3 out si for about 18-19 hours (hydrogen uptake .
st opped) . S\WO 96/ 406%e filtrate was transferred to a 2000 L still

PCT/ US96/ 06819 - 2tontaihhey lac kgwesesridest )5§1kei et idetalccaboh 28 and the
1B 1o et v SooCka e AS Ll T 4168 BB LBREf 42 @ e

evolution and to maintain the temperature at 50-60°C.

_ A rinse of 40 L water was added to the batch and the

10 - temperature increased to 70-75°C to dissolve the
solids. The batch was slowly cooled to 0-5°C to
crystallize the product.

The solid was collected on a centrifuge and rinsed

with 570 L isopropyl alcohol.

15 The damp solid was dried in a vacuum tray drier

' under vacuum at 35-45°C (22 hours) to give 108.1 kg

(72.7%) of racemic 3-aminomethyl-5-methylhexanoie acid.
The product was characterized by HPLC and NMR. The
product may contain variable amounts of water ranging .

20 from nearly anhydrous (1.68% by weight in this example).
up to about 10.2% (monohydrate).
Description: White to off-white solid
HPLC Assay: 99.67% w/w
Melting Point: 166.0-167.5°C

25 lg NMR (Dy0, 200 MHz): § 0.88-0.92 (m, 6H),
1.23 (t, 2H, J = 6.9 Hz), 1.64-1.70 (m, 1H), 2.13-2.37
(m, 3H), 2.96-3.01 (m, 2H).



5 The filtrate was transferred to a 2000 L still containing 222 kg
(3697 nol) glacial acetic acid at 50-60[err]C controlling the addition rate
to control gas evolution and to naintain the tenperature at 50-60[err]C A
rinse of 40 L water was added to the batch and the 10 tenperature

I ncreased to YQ’F'(? @rlr]c to dissolve the solids. The batch was sl ow

cooled to 0-5[e ? 4 crystallize the product. The solid waSTABPY¥EPed on
a centrifuge and rinsed with 570 L isopropyl alcohol. 15 The danp
solid was dried in a vacuumtray drier und§% vacuum at 35-45[err]C (22
hours) to give 108.1 kg (72.7% of racemc am nonet hyl - 5- met hyl hexanoi c
acid. The product guas; ghadpderh 28, . &%Kggy
contain variable anmpunts of water rangling Fom Near y anhydr ous
(1.68% by wei ght Agldn; s exanple) up to about 10.2% (nmonohydrate).
Description: Wiite to off-white solid HPLC Assay: 99. g%%w/w Mel ting
Poi nt: 166. 0- 167 5[err]C 25WHy [err]H NWR (Dferr]Q, [err]
0.88-0.92 (g% , 2H, (3)=Mén&elr) , 1. 64-01.

(m 3H), : VO 98440617
PCT/ US96/ 06819 - 22- esolfuti on of Racemc B- (A
acid [err] NH2 (S)-

10 | l
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A solution of 3% v/v water in isopropyl alcohol
was prepared by mixing water (9 kg) and isopropyl
alcohol (291 L) in a 400 L reactor. This was repeated.
The solvent was stored in plastic drums and used as

20 necessary (described below).

A 400 L still was charged with racemic
3-aminomethyl-5-methylhexanoic acid (29.7 kg, 168 mol),
S-(+)-mandelic acid (39.3 kg, 258 mol), and 3% v/v
water/isopropyl alcohol solution (244 kg) prepared

25 earlier. The mixture was heated to dissolve the solids
{about 65-80°C), cooled, and seeded with S,8-salt to
crystallize the mixture of diasterecmeric mandelate
salts enriched in the S,S-isomer. The solid was
collected on a centrifuge and rinsed with 3%

30 water/isopropanol (21.5 kg). (S/R isomer ratio: 93.7%
S§: 6.3% R. The solid may optionally be dried at this
stage or carried on as a solvent-wet solid).

‘The damp salt was charged to a 400 L still along
with (8)-(+)-mandelic acid (5.8 kg, 38 mol) and 3%

35 water/isopropyl alcohol (121 kg). The mixture was
heated to dissolve the solids (about 65-80°C), cooled,
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[err] 15 A solution of 3% v/v water in isopropyl alcohol was prepared by
m xi ng water (9 kg) and isopropyl alcohol (291 L) in a 400 L reactor. This
was repeated. The solvent was stored in plastic drums and used as 20
necessary (de ' elow). A 400 L still was charged wt ]

3- am nonet hyl -s@érb}@?]g@’f)hexanoi c acid (29.7 kg, 168 nol), S ﬁ@@%ﬁ c acid
(39.3 kg, 258 nol), and 3% v/v water/isopropyl alcohol solution (244 kg)
prepared 25 earlier. The m xture was,heated to dissolve the solids
(about 65-80[err]C), cooled, and seeded with S -salt to crystallize the
mxture of diast gueoURLELs "BAURIRAE.EP) (P1ANd, GIBEALE Ned NyRem b spger . The
solid was collected on a centrifuge and rinsed wth 3% 30

wat er / i sopr opanolthepixtypge of dipRtpreamericmagdedateogadtss faghher The

sol i d- may opti onaldnichedadin echets,ishiisoménge The salidevhdrecddeatadl ment - wet

(9 (4 - mandel 16 SoatrEpSRafEabled 2t 39° yakbxPl 8ol a1cono}
al cohol (123 kg) .{33FReke) xt u‘g}’éﬁ\ﬁ@é-iﬁeﬁﬁﬁd"wai%aé-ém be dwedat §8igabout

65-80[err] Q), coditede or YOIl 4s a solvent-wet solid (S8/R isomer
PCT/ US96/ 06819 - 23- .and9§e§geéj_d' f §t allize

the m xture of dira‘.’lsttlgrzeonerl o mﬁ&g%ﬁ??@é 'Edsrw El?gﬁg;ssaz%;[gfggggﬁ t he
S, S-isonmer. The dWis dheafoltowing shasacterighiids:ufesantPiianedWhited 3%
wat er/i sopropyl alf£Pi@-white solid; mp 133-134°C;
10 1n NMR (D,0, 200 MHz): & 0.87-0.92 (m, 6H),
1.24 (£, d = 7.2 Hz, 2H), 1.55-1.76 {(m, 1H), 2.11-2.52
(m, 3H), 3.00 (d, J = 6.2 Hz, 2H), 5.07 (s, 1H), 7.43

(s, BH).
The damp salt was transferred to a 400 L reactor
15 with tetrahydrofuran (195 L) and water (10 kg). The

mixture was warmed to 60-65°C, and cooled to 0-5°C,

The crude (8)-isobutyl GABA solid was collected on a
centrifuge and rinsed with a mixture of tetrahydrofuran
{28 L)/water (1 kg). The solid may optionally be dried

20 at this stage or carried on as a solvent~-wet solid
(8/R isomer ratio: 100% S$:<0.05% R isomer (not
detected)).

The damp solid was transferred to a 200 L still

with isopropyl alcohol (113 L) and water (38 kg). The
25 mixture was heated to dissolve the solids (about

75-80°C), filtered while hot, and cooled to 0-5°C to

crystallize the (8)-isobutyl GABA. The so0lid was

collected on a centrifuge and rinsed with 25 L

isopropyl alcohol. The damp solid was drjed in a
30 vacuum tray drier under vacuum at 35-45°C to give

" 7.4 kg (S)-isobutyl GABA.

Description: White to off-white solid

HPLC Assay: 99.4% w/w

Chiral Purity (HPLC): 100% S; R-isomer not detected
35 (1imit of detection 0.05%) '

Melting Point: 177-179°C (decomposes)



5 " (33.3 kg). The solid may optionally be dried at this stage or
carried on as a solvent-wet solid (S/Risonmer ratio: 99.5% S:0.5% R). The
dried S, S-salt typically has the follow ng characteristics: Description:

White to off-white solid; np 133-134[err]C, 10 [err]H NVR (D[err] O 200
MHz): 8 0.87- 6H, 1.24 (t, J 7.2 Hz, 2H), 1.55-}.7 é@‘ 1H) ,
2.11-2.52 (m gﬁ%g%"gé.pbo (d, J = 6.2 Hz, 2H), 5.07 (s, 1H), ;’Cﬁ’g’s 68181 .
The danp salt was transferred to a 400 L reactor 15 W th

tetrahydrofuran (195 L) and water (10 kg)_.24_The m xture was warned to

60-65[err]C, and cooled to O-5[err]C. The Crude (S)-isobutyl GABA solid was
collected on a cepgrifuge and_rinsed W th a mxtyre of tetrahydrofuran (28
L)/water (1 kg). _Tﬂen%%l(inaoﬂai%p‘ﬁ@rral }Syobggldﬁ('ig%d @9 SH): 5t this stage or
carried on as a sdl2EnitWeH,sOl +d6 (B/HR)i,sdrB4-T 840 qm,108% R AB-B53RR i soner

(not detected)). The sianp sekld, yasq,r angferred to a 200 L still with
| sopropyl al cohol (113 L) and water (38 kg). The 25 m xture was heated

to dissolve the solids (about 75-80[err]C), filtered while hot, and cool ed
to O-5[err] G to cRgsthitione Ra¢&ic Soliamy A Semabhylhexpnodel | ect ed
on a centrifuge aﬂﬂiéi nsed with 25 L isopropyl alcohol. The danp solid was
dried in a 30 vacuum tray drier_under vacuum at 35- 45£err] Ctogive 7.4
kg (S)-isobutyl GABA. Wﬁ%f’f’oﬂ? e vater rindisoprepyri rimbhelassay:

99. 4% w w Chiral WwasipyeradeldChy mitiie WatBri sBITErkg)0ndet ecprshbyds

(limt of detecti gp.OhOP%elELY! 9 LU 1. 1datldd] ek CabIFGARAZES)
ER¢ stored in plastic drums and used as necessary
{described below).
A 2000 L reactor was charged with racemic
3-aminomethyl-5-methylhexanoic acid (117.6 kg,
673 mol). A 2000 L still was charged with water
15 {36 L), S-({+)-mandelic acid (153.0 kg, 1006 mol), and
isopropyl alcohol (1170 L). The mandelic acid mixture
was heated to 55-65°C and the resulting solution was

transferred to the reactor containing racemic
3-aminomethyl-5-methylhexanoic acid. The batch was

20 heated to 50-65°C just long enough to dissolve the
solids.

[Note: Batch heating and temperature are kept to
the minimum necessary to dissolve solids in order to
mininmize acid catalyzed decomposition of racemic

25 3-aminomethyl-5-methylhexanoic acid to the
corresponding lactam. This decomposition is undesired
because it lowers product yield.]

' The mixture was cooled to 40-45°C, seeded with
$,8-salt (20 g), and further cooled to 20-25°C to

30 crystallize the mixture of diastereomeric mandelate
salts enriched in the S,S-isomer. After maintaining
the temperature at 20-25°C for at least 12 hours, the
solid was collected on a centrifuge and rinsed with 3%
water/iscopropancl solution (100 kg) prepared earlier.



WO 96/ 40617 PCT/ US96/ 06819 - 24-
[err]HNWR (Derr]O 200 WMHz): [err] 0.88-0.92 (m 6H), 1.23 (t, 2H J =
6.9 Hz), 1.64-1.70 (m 1H), 2.13-2.32 (m 3H), 2.96-3.01 (m 2H). 5

Resol ution of Racemi ¢ 3-(Am nonet hyl)-5-Met hyl hexanoic A solution of 3%v/v

water in isopr ohol was prepared by mxing water (5.7 k and .
i sopropyl . al COWM% in a 400 L reactor. The sol vent wdeE: 96"’68“"stored

in plastic druns and used as necessary (descrl bed below). A 2000 L reactor
was charged with racem c 3-am nonet hyl - mlitshyl hexanoic acid (117.6 kg, 673
nmol). A 2000 L still was charged with wate (36 L), S-(+)-mandelic

acid (153.0 kg, 1006 nqlghtednds jis QR-RRY! g.{;ﬁpholgz(g;? s He delic
acid m xture was he rrg t0655 %ﬁl;] C aﬁ e resuI t?n‘é)s’soﬁugﬁgms

transferred to thes Pgy eBht Fa@‘é?‘ﬁ t this stage or carried
3- am nonet hyl - 5- neithyishex andventaored. s6lh§edb}atch was 20 heat ed to

50-65[err] C just long q.ﬁguggl{,gn@ﬁogvg toe sRld & % %ataﬁp geati ng
| ss

and tenperatyre are kept to_the mni mum necessary VE SO S in
to minP

order “to ninPni ze &G Eat a?*?z%%o deE5tpbsYs dﬂ‘%ﬂe@aﬁéﬁl WL
3- am nomet hyl - 5- metldy.4h&ganol 8) agch)dmadébie cxurirdespendl K, |2t aen ) ]’hi S

w5 6ol ed Lo 4o- %ﬁi epRUoREE R (Y8 P! I haallit o e mxtune
to 20-25[err]C to ure wpscheatgd, tor fa- m%ruﬁédoflhma%ﬁle’rtémmarl c
mandel ate sal ts ensdlaftddni was herdfsSersadeto tid @eadbbht @driaditing the
1o solvent-wet salt. The batch was heated to 60-70°C just
long enough to dissolve the solids or, if solids do not
dissolve, until batch temperature reached 70°C.
[Note: Batch heating and temperature are kept to
the minimum necessary either to dissolve solids or to
.15 reach 70°C, in order to minimize acid catalyzed
decomposition to the corresponding lactam. This
decomposition is undesired because it lowers product

yield.]
The mixfure was cooled to 50-55°C. Seeding with
20 S,S5-salt at this temperature range is optional but is

typically not needed to induce crystallization or
further diastereomeric enrichment. The batch was
further cooled to 0-5°C to crystallize the mixture of
diastereomeric mandelate salts enriched in the

25 S,8-isomer. After maintaining the temperature at 0-5°cC
for at least 12 hours, the solid was collected on a
centrifuge and rinsed with 3% water/isopropanol
solution (100 kg) prepared earlier.

[Note: S/R isomer ratio: 98.6% S:1.4% R. The

30 solid may optionally be dried at this stage or carried
on as a solvent-wet solid. The dried s,8-salt
typically has the following characteristics:
Description: White to off-white solid; mp 133-134°C
136832 x 88]; lH NMR (D,0, 200 MHz): & 0.87-0.92

35 (m, 6H), 1.24 (t, J = 7.2 Hz, 2H), 1.55-1.76 (m, 1H),



the'tenperature at 20-25[err]C for at least 12 hours, the solid was
collected on a centrifuge and rinsed with 3% water/i sopropanol solution
(100 kg) prepared earlier. WO 96/ 40617

PCT/ US96/ 06819 -25- [Note: S/Risoner ratio: 92.5%S:7.5% R The solid
may optional | d at this stage or carried on as a SOjM&ERbzIR

solid.] The so @2%&% S, S-salt was charged to an 800 L 50‘!' reac{ or.
800 L still was charged with water (14.4 kg), (S)-(+)-nmandelic acid (23.0
kg, 151 nol), and isopropyl alcohol (468 ljs. The mandelic acid m xture was
heated to 65-70[err]C, and the resulting solution was transferred to the
react or containi ng.ihe 2 (m, ) 1) vmtoowega sald.6.2The, bargh was heated to
60-70[err]C just Lo eno ssol e solids or, if solids do not

di ssol ve, unti | bét@ﬂ (tsén'ggl)atﬁ g %acéga S;O[err]C. [Note: Batch heating
and tenperature are kept 808 Ehreagtrimwasncbaxaed wikht water (i &30l ve solids
or to 15 reacfpd Oéﬁvre]n@rwée Qfsi%'altt(? ahalﬁatﬁ%h@akafﬁféﬁl oszxsdn)

deconposi ti to the correspon in This. dec desired
because it %gwers Ty 8R4 aqsf‘ﬁ%c%f’n%a %g gnggﬁi?% F rr]C.
Seeding with 20 Afte; saasauttalaing hile ttemperatwree at’caﬁg§°¢:sfctmta|torlahsbut i's
typically not neeﬁ@%&é n@ueessiyéws,l el eOfe® onf W bBREr Ch @ @hAONET i C

enrichment. The batc tﬁhl; oled to ?{Iherr C talllze t he
m xture of diast e?’%‘&?fg\ﬂg he F%IE J“aneﬁg? t%’ﬁ’é ‘?’éﬁl
S, S-isoner. Afteisopropydi mileghthe(G®kiaperature at 0-5[err]C
10 [Note: S/R isomer ratio: 99.94% S:0.06% R. The
solid may optionally be dried at this stage or carried

An

on as a solvent-wet solid.]
An 800 L reactor was charged with water (155 L),

the solvent-wet CI-1008, and isopropyl alcohol (465 L).
15 The mixture was heated to dissolve the solids (about

75-80°C), filtered while hot, cooled to 40-45°C, seeded

with CI-1008 (10 g), and further cooled to 0°C to -5°C

to crystallize the CI-1008. The solid was collected on

a centrifuge and rinsed with isopropyl alcohol (50 L).

20 The damp solid was dried in a vacuum tray drier underxr
vacuum at 35-45°C to give 32.4 kg CI-1008 (60.4%
yield).

Description: ‘White to off-white solid
HPLC Assay: 100.32% w/w

25 Chiral Purity (HPLC): 100% S; R-isomer not detected
(limit of detection 0.05%)
1# SMR (D,0, 200 MHz): & 0.86-0.90 (m, 6H),
1.21 (¢, 24, J = 7.1 Hz), 1.62~1.65 (m, 1H), 2.15-2.35
{m, 3H), 2.94-2.99 (m, 2H). [CD 2586]

30 Melting Point: 177-179°C (decomposes)



for at least 12 hours, the solid was collected on a centrifuge and rinsed
with 3% wat er/i sopropanol solution (100 kg) prepared earlier. [Note: S/R
isoner ratio: 98.6%S:1.4% R The 30 solid may optionally be dried at.
this stage or carried on as a solvent-wet solid. The dried S, S-salt

typically has owi ng characteristics: Description:

of f-white sohW‘m}?ﬂgs 134[err] C [36832 x 88]: [err]H NVR ﬁtfafs?ﬁ’%mzoo
MHz): [err] O.87- 0 92 35 (m 6H, 1.24 (t, J = 7.2 Hz, .55-1.76
(m 1H), WD 96/ 40617 —27-

PCT/ US96/ 06819 -26- 2.11-2.52 (m 3H), 3.06 (d, J =6.2 Hz, 2H), 5.07 (s,
1H), 7.43 (s, 5H).] An 800 L reactor was cglaafged with water (31 L), the
solvent-wet S, S-salt, and tetrahydrofuran (595 L). 5 -The m xture was
warmed to 50-55[err]C, and cooled to O-5[err]C. After maintaining the

t enperature at O0-5f-err Fef cpmpnundebsvia® Horirformube solid was col |l ected on
a centrifuge and rinsed with tetrahydrofuran (50 L) and then with i sopropyl
al cohol (50 L). 10 (Note: S/Risomer_ratio: 99.94%S:0.06%R
The solid may optionally be dried at j or carried on as a
solvent-wet solid.] An 800 L reactor s chprged with water (155 L), the
sol vent -wet £1-1008, and isopropyl alcoéhol A465 L). 15 The m xture was
heated to dissolve the solids (about Rg9280[ ert¢@yR, filtered while hot,
cooled to 40-45[err]C, seeded with CI-1008 (10 g), and further cooled to
Oferr]Cto -5[err] C towheysimlr) andt hg &te HHIB sambeosodifFareatcahdect ed on

are hydrogen, Cq-C¢ alkyl, aryl, benzyl or C3-Cg
cycloalkyl,

2. The compound of Claim 1 wherein R; and R, are
ethyl.

3. The compound having the formula

CN CN
\\T//\\[:; N \\1//\\1:;
5
CO,M

C02R1

wherein M is hydrogen, an alkali metal, or an
alkaline earth metal and Ry is Cq-C¢ alkyl, aryl,
benzyl, or C3-Cg cycloalkyl.

4. The compound of Claim 3 wherein M is sodium or
potassium.

5. The compound that is the mandelic acid salt of
3~-(aminomethyl)-5-methylhexanoic acid.

6. The compound of Claim 5 wherein the mandelic acid
is (S)-mandelic acid and the 3-(aminomethyl)-5-
methylhexanoic acid is (8)-3-(aminomethyl)-5-
methylhexanoic acid.

A AR TR



a centrifuge and rinsed with isopropyl alcohol (50 L). 20 The danp
solid was dried in a vacuumtray drier under vacuum at 35-45[err]C to give
32.4 kg Cl-1008 (60.4%vyield). Description: Wiite to off-white solid HPLC

Assay: 100. 32% w' w 25 Chiral Purity (HPLO): 100% S, R-i sorrer not
detected (i m'vg JMo tection 0.05% [err]H NVR (D20, 200 Mz err|
0.86-0.90 (m ?§ 21 (t, 2H, J = 7.1 Hz), 1.62-1.65 (m ™ 5?? 2.35

(m 3H), 2.94-2.99 (m 2H). [CD 2586] 30 Mel ti ng Point: 177- 179[err]C
(deconposes) WO 96/ 40617 Cna.

PCT/ US96/ 06819 -27- CLAIMB 1.  The conpodfAd having the formula [err]
wherein R err] a R ] a | d n,
Cerr]-Cerr] al Ee'l gv?l% c&Jaenz ¥ Bga%{l réj fegrérg? t}?@%ﬁ{%l?& %gﬂ& The
conpound of O aim 1 wh&r éRh" ’Fﬁ’é%?“jlcaﬁﬂlﬁ[%‘?q °me§hY1)Tﬁe conpound

havi ng the fornmul a [ emefhypbieeednoild aeidyil qgeﬁ,s aamiaﬂldméﬁhyrret-al- or an
al kal i ne earth netal QQh§%ﬁg{4nﬁ:E chegrl-Cerr] alkyl, aryl, benzyl, or

Cerr]-Cerr] cycloal e conpound of Oaim3 wherein Mis sodium
or potassium 5. ‘The conpound that is the mandelic acid salt of
B. The compound of Claim 5 wherein the mandelic acid

is (R)-mandelic acid and the 3-(aminomethyl)-5-
methylhexanoic acid is (8)-3-(aminomethyl)~5-
methylhexanoic acid.

9. The compound of Claim 5 wherein the mandelic acid
is (S)-mandelic acid and the 3-(aminomethyl)-5-
methylhexanoic acid is (R)-3-(aminomethyl)-5-
methylhexanoic acid.

10. A method for obtaining (S)-3-~(aminomethyl)-5-
methylhexanoic acid from (x)-3-(aminomethyl}-5-
methylhexanoic acid, the method comprising:

a.' combining (+)-3-(aminomethyl)~-5~
5 methylhexanoic acid and (8)-mandelic acid in
water, an alcohol, or a mixture of water and
an alcohol;
b, allowing a precipitate to form;
c. introducing the precipitate into a polar
10 aprotic solvent or a mixture of polar aprotic
solvent and water to form a slurry; and
da. collecting the solid from the slurry.

11. The method of Claim 10 wherein the (+)-3-
(aminomethyl)-5-methylhexanoic acid and
(S)-mandelic acid are combined in a 3% v/v
solution of water in isopropyl alcohol.

12. The method of Claim 10 wherein the (+)-3-
(aminomethyl)-5-methylhexanoic acid and
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3- (am nonet hyl ) - 5- net hyl hexanoi ¢ aci d. 6. The conpound of Claimb5 wherein
the mandelic acid is (S)-mandelic acid and the 3-(am nonet hyl) - 5-

met hyl hexanoic acid is (S)-3-(am nonethyl)-5- nethyl hexanoi c aci d. WO
96/ 40617 PCT/ US96/ 06819 -28- 7. The
conmpound of d gj nggmﬁ?erein the mandelic acid is (R -mandelic_acid and the
3-(am nonet hyl ) hyl hexanoi ¢ acid is (R)-3-(am nonet hylF)- S96/06819

met hyl hexanoi ¢ acid. 8. The conpound of Claimb5 wherein the nmandelic acid
is (R -mandelic acid and the 3- (anlnonethxhb 5- nmet hyl hexanoic acid is
(S)-3-(am nonet hyl ) -5- met hyl hexanoi ¢ aci d;""9. The conpound of Claim5
wherein the nandelic agj rheﬁacfeﬁ)ic”ﬁﬂ‘ﬂ&léfe aGibi1aeg w%é’a{a%hng{{gt hy') 5-
met hyl hexanoic acid is, %F Qéﬁnﬂ nonet hyl ) - 5- et hyl hexanoi ¢ aci

met hod for obtaining ( ¢ nethyl) 5- net hyl hexanoic acid from

()-3- (am nonet hyl ) - 5- net hyl hexanoi ¢ acid, the method conprising: a.

combi ni ng () -3 (aFNOMELEVAderisa S ciaim 20 ynerelR! Db NEAOLE; ALY and

(S)-mandelic acid 1 n water, a m xture of
alcohdl; b.  allow ngs& Yﬁ%ﬁnﬁﬁ F&F@thﬁl$¥%ﬁﬂ2¥§e i ntroduci ng the
precipitate into a polar 10 aprotic solvent or a m xture of

polar aprotic solygnt and wahels 2 L4 & 6 Wi n2Ps. polar aprotic

solvent is tetrahydrofuran.
15. A method of making (*)-3-(aminomethyl)-5-

methylhexanoic acid, the method comprising:
a. condensing isovaleraldehyde with

CO,Rq
5 <::
CO,R,

to form primarily

CO2Ry
10
CO,R, ’

b. reacting the

15 CORy
\\1//~\\//l\\002R2
20 with a cyanide source to form
. CN
- .
v 25 :;1;;;::[:;C°2R2

[

A O O



d. " collecting the solid fromthe slurry. 11. The nethod of C aim 10
wherein the ()-3- (am nonethyl)-5-nethyl hexanoic acid and (s)-nmandelic acid
are conbined in a 3%v/v solution of water in isopropyl alcohol. 12. The
met hod of Claim 10 wherein the ()-3- (am nonethyl)-5-nethyl hexanoi c acid
and WO 96/ PCT, / 19 -29-
(S)-mandelic g@?éggpgrconbined I n nmet hanol and isopropanol.Légagﬁﬁé%hethod
of Claim 10 wherein the polar aprotic solvent is dinethylsulfoxide. 14. The
met hod of C aim 10 wherein the pol ar aprotjc solvent is tetrahydrofuran.

15. A nethod of making ([err])-3-(aninonet‘@l)-S- met hyl hexanoi ¢ acid, the

met hod conprising: a. . coaggg§$5§&ﬂé%gﬁelgﬁ@Jdehyde with [err] to form

primarily [err] 10 b. reacting the 15

[err] 20 with a cyanide source to form[err] 25
CN
0
3 R102C cosz
to form

CN

35 '

0gRy

d. hydrolyzing the

40
CO5R,

with an alkali or alkaline earth metal

hydroxide to form an alkalil or alkaline earth
45 metal carboxylate salt; and

e. hydrogenating the alkali or alkaline earth

metal carboxylate salt to form (x)-3-

(aminomethyl)-5-methylhexanoic acid, wherein

Ry and Ry are the same or different and are
50 hydrogen, Cq-Cg alkyl, aryl, benzyl, or C3-Cgq

cycloalkyl.

16. The method of Claim 15 wherein Rl and Ry of

<C02R1
are ethyl.

17. The method of Claim 15 wherein the
isovaleraldehyde and

<C02R1

L



WO 96/ 40617 | PCT/ US96/ 06819 - 30- c.

decar boxyl ati ng the 30 [err] to form[err] [err]
hydrol yzing the 40 with an alkali or alkaline earth nmetal hydroxide to
forman alkali or alkaline earth 45 nmetal carboxylate salt;

and e. hydr o the alkali or alkaline earth netal c sal t
to form()-3- an1ngﬁgthyl) 5- net hyl hexanoi ¢ aci d, wherein %Fgﬁﬁ%hﬁﬁ
Rlerr] are the sanme or different and are 50 hydr ogen,
Clerr]-Clerr] alkyl, aryl, benzyl, or C[eng%:C[err] cycl oal kyl . 16. The
met hod of Claim15 wherein Rlerr] and R err] of [err] are ethyl. 17. The

met hod of Cd#im 15 wheaféncéﬁﬁaﬂgaavahefﬁ&cyﬂa@@gcengf[&&Jﬂ ropYaRfh40617
PCT/ US96/ 06819 -31- 5 éondensed in the preseﬁzémb

di - n- propyl ani ne and atBe; %C%ﬁﬁQjaci The nethod of C aim 15 wherein the
cyani de source i s potassium cyani de.

18. The method of Claim 15 wherein the cyanide source
» is potassium cyanide.

19. The method of Claim 15 wherein the alkali
metalhydroxide is potassium hydroxide.

20. The method of Claim 15 wherein the hydrogenation
is carried out in the presence of hydrogen and
sponge nickel.

21. The method of Claim 15 which further comprises the
step of resolving the (%)-3-(aminomethyl)-5-
methylhexanoic acid to obtain (S)-3-(aminomethyl)-
5-methylhexanoic acid.

22. The method of Claim 21 wherein the resolution step
comprises: _
a. combining (*)-3-(aminomethyl)~-5-
methylhexanoic acid and (S)-mandelic acid in
5 water, an alcohol, or a mixture of water and
an alcohol;
allowing a precipitate to form;
c. introducing the precipitate into a polar
aprotic solvent or a mixture of polar aprotic
10 solvent and water to form a slurry; and
d. collecting the solid from the slurry.

23. A method of making (%)-3-(aminomethyl)-5-
methylhexanoic acid, the method comprising:
a. condensing isovaleraldehyde with

CO,R,
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19. The nethod of Caim 15 wherein the al kali netal hydroxide is potassium
hydr oxi de. 20. The nethod of C aim 15 wherein the hydrogenation is carried
out in the presence of hydrogen and sponge nickel. 21. The nmethod of C aim
15 which further conprises the step of resolving the ()-3-(am nonethyl)-5-
met hyl hexanoi c i obtain (S)-3-(am nonethyl)- 5-nethyl hexanoi c acid.
22. The nethod v?)‘?b%ogl?m 21 wherein the resolution step conpricagsegs:s
conmbi ning ()-3-(am nonet hyl)-5- nethyl hexanoic acid and (S)-nandelic acid
inb wat er, an al cohol, or qangture of wat er and. an al cohol
b. allowing a precipitate to form c. I'ntroducing the precipitate into
a polar aprotic solvent or a mxture of polar aprotic 10

solvent and water to forma slurry; and d collecting the solid fromthe
slurry. 23. A nethod of rrakF?lgy‘ir)“YQ-rf‘ﬁﬁFh{)YTet hyl ) -5- met hyl hexanoi ¢ aci d,

t he net hod conprising: a. condensi ng i sovalogrgl dehyde with [err] WO
96/ 40617 PCT/ US96/ 06819 -32- to form
primarily [err] 10 b. reacting thke .

1b 7" NCogR, ¢

b. reacting the
CO,Ry

15 Z Nco,R,

with a cyanide source to form

CN
R104 COoRo

c. decarboxylating the

CN

to form an alkali or alkaline earth metal
carboxylate salt; and

30 d. hydrogenating the alkali or alkaline earth
metal carboxylate salt to form (%)-3-
(aminomethyl)-5-methylhexanoic acid.

24. The method of Claim 23 wherein Rq and Ry of

<::002Rl
are ethyl.
CO2R2

RO



[éerr] with a cyanide source to form CN 20 c. decar boxylating the [err] 25
to forman alkali or alkaline earth netal carboxylate salt; and 30

d. hydrogenating the al kali or alkaline earth nmetal carboxylate salt to
form()-3- (am nonethyl)-5-nethyl hexanoic acid. 24. The nethod of C aim 23
wherein R err] gmﬁ%grr] of [err] are ethyl. WO 96/ 40617

PCT/ US96/ 06819733725 The method of C ai m 23 wherein the FSHYSASQ6? dehyde

and [err] 5 are condensed in the presence of di-n-propylanine and acetic
acid. 26. The nethod of C aim 23 wherein [hg_cyanide conpound i s potassium
cyani de. 27. The nethod of C aim 23 mhereLﬁ t he hydrogenation is carried

out in the presencg of ?%ﬁ% d 953 Rk 48, The nethod of C aim
23 which further coﬁpr?gégﬁ e s?gpcggﬁgesolvgﬁgk?he ?)-3-(aninonethy|)-5-
isovaleraldehyde and

) <::C02R1
. 5
COoR,
are condensed in the presence of di-n-propylamine
and acetic acid.

26. The method of Claim 23 wherein the cyanide
compound is potassium cyanide.

27. The method of Claim 23 wherein the hydrogenation
is carried out in the presence of hydrogen and
sponge nickel.

28. The method of Claim 23 which further comprises the
step of resolving the (#)-3-(aminomethyl)-5-
methylhexanoic acid to obtain (S)-3-(aminomethyl)-
5-methylhexanoic acid.

29. The method of Claim 28 wherein the resolution step
comprises:
a. combining (*)-3-{aminomethyl)-5-
methylhexanoic acid and (S)-mandelic acid in
5 water, an alcohol, or a mixture of water and
an alcohol;
allowing a precipitate to form;
c. introducing the precipitate into a polar
aprotic solvent or a mixture of polar aprotic
10 solvent and water to form a slurry; and
d. collecting the solid@ from the slurry.
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rret"h.fl hexanoi c acid to obtain (S)-3-(am nonethyl)- 5-nethyl ﬁﬁ'x‘%éi%%a‘?ivd.c)

29. The nmethod of Claim 28 wherein the resolution step conprises:Rfmp

conmbi ning ()-3-(am nonet hyl)-5- nethyl hexanoic acid and (S)- rrand' gcid
in 5 water, an alcohol, or a mxture of water ang@gahal cohol;
b. allowing a prggirpi tate t . I ntroducing the prec A\?_:!“_;;;‘ e into
a polar aprotic s t or a %W(; u&éﬁoﬁwm&”wggmfb b

sol vent and nvptieNAHONAL APPIACHTBNPUBLARED UNDER GBI FATENT obBER SAbN IRELPFICHS

slurry.
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{54) Title: METHOD OF MAKING (S)-3-(AMINOMETHYL)-5-METHYLHEXANOIC ACID

(57) Abstract

A method of making (t)-3-(aminomethyl)-5-
methylhexanoic acid that comprises condensing iso-
valeraldehyde with (ID to form primarily (IH); react-
ing the (fII) with a cyanide source to form (IV); de-
carboxylating the (IV) to form (V); hydrolyzing the .
(V) with an alkali or alkaline earth metal hydroxide
to Form an alkali or alkaline earth metal carboxylate
salty and hydrogenating the alkali or alkaline earth
metal carboxylate salt to form (+)-3-(aminomethyl)-5-
methylhexanoic acid, wherein Ry and Rz are the same
or different and are hydrogen, C;~-C alky!, aryl, ben-
zyl, or C3-Cs cycloalkyl. The present invention also
provides a method of making ()-3-(aminomethyl)-5-
methylhexanoic acid that comprises condensing iso-
valeraldehyde with (IT) to form primarily (TH); react-
ing the () with a cyanide source to form (IV); de-
carboxylating the (IV) to form an alkali or alkaline
earth metal carboxylate salt; and hydrogenating the

. | alkali or alkaline earth metal carboxylate salt to form

{#)-3-(aminomethyl)-5-methylhexanoic acid,

<002R1 an
CORy

COgRy
(I1I)
7 coyr,

av)

3103 2R2

CN

v)
2Ry




