WD 96/ 38405 . PCT/ US96/ 05831

METHODS OF MAKING (S) -3- (AM NOVETHYL) -

5- METHYLHEXANO C ACI D 5 FI ELD OF THE | NVENTI ON
This invention relates to a nmethod of making
(S)-(+)-3-(am nonet hyl ) -5-nmet hyl hexanoic acid.” This I nvention al so
relates to the oqgwesyasks ()-3- 10 (car banoyl net hyl ) - 5- net hypdTas9ses8s1
acid, (R-(-)-3- (car banoyl net hyl ) - 5- net hyl hexanoi ¢ acid, (S)-(+)-3-
(car banoyl nmet hyl ) - 5- met hyl hexanoi ¢ acid, the (R)-(+)-[err]-
phenyl et hyl am ne salt of (R)-(-)-3-(carbanoyl met hyl)-5-

net hyl hexanoi ¢ aci d, and theyésiods Jod #hkinghesyl o1 tkayiMeanyd) -  salt of

(S)-(+)-3- (carbanoyl net hyl)-5-net hyl he i d.
BACKGROUND OF THE | NVENTI ON 20 5'”‘%%5%’*%““0“ adth
(S)-(+)-3-(am nonet hyl ) -5-met hyl hexanoi ¢ aci d, which is also called
[err]-ispbutyl-[err]-am nobutyric acid or " isobutyl-GABA, is a potent
anti convul sant _ | sobutyl - GABA.i s rel d ndogenous
i nhibitory 25 5 neurotransmtter [%35#’ gﬁi'ﬁ%%&WWd or GABA, which
is involved in the regulation of brain neuronal activity. _
It is thought that convulmji@ngngent Pén GUYHtRE! 84 a metho@Vof GRNIQ i Ng the
net abol i sm of the ne otr§n§n1tter EFrrg-aﬂbnobut%rlc acid_ \\hen the
concentration of GABRIZF*) -3-{PRLAPRRY WSy hPEXABPLC 1284 - | ThERe
brain, ~ invention also relates to the compounds (i)-3-

10 (carbamoylmethyl) -5-methylhexanoic acid, (R}-(-)-3-

{carbamoylmethyl) -5-methylhexanoic acid, (8)-(+)-3-
(carbamoylmethyl) -5-methylhexanoic acid, the (R)- (+)-a-
phenylethylamine salt of (R)-(-)-3-(carbamoylmethyl)-5-
methylhexanoic acid, and the (S)-(-)-a-phenylethylamine

15 salt of (8)-(+)-3-(carbamoylmethyl)-5-methylhexanoic
acid.

| BACKGROUND OF THE INVENTION
-‘ 20 :
'(S)-(+)-3~(aminomethyl)-5?methylhexanoic acid,
which is also called S-isobutyl-y-amincbutyric acid or
isobutyl-GABA, is a potent anticonvulsant. Isobutyl-
GABA is related to the endogenous inhibitory
25 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
v-aminobutyric acld. When the concentration of GABA

30 diminishes below a threshold level in the brain,
« convulsions result (Karlsson A., et. al., Biochem,
Phaxrmacol., 1974;23:3053-3061), and when the GABA level
. rises in the brain during convulsions, the seizures

terminate (Bayashi T., Physiol., (London)
35 1958;145:570-578). The term "seizure" means excessive



convul sions result (Karlsson A, et. al., Biochem Phar nacol ., 1974;
23:*3053-3061), and when the GABA | evel rises in the brain during
convul sions, the seizures term nate (Hayashi T., Physiol., (London)
35 . 1959; 145: 570-578). The term "sei zure" neans excessive
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-2- unsypebésiaeszed neuronal activity that disrupts nor nmeiTnisss0sss1
functi on. Because of the inportance of GABA as an inhibitory
neurotransmtter, and its effect on convuIS|vggstates 5 and ot her

not or dysfunctlons a variety of approaches - have been taken to

i ncrease the Concentﬁﬁéyrfah:@ﬁlﬁéaAneuronalla(bﬂ:.hﬂ.t:@" 8hat GisouEstSs ppymeah,
conmpounds t hat actlth L-glutanmi c acid decar boxyl ase (GAD) have

been used, as B Bcentrati ons of GAD and GABA vary in parallel
and 10 i ncreased GADBe@nuant ot thesimperitanden ofn6ABAsad @aBjmhibitory
concentrations (Jansgafotdan¥miebeke ghd fits Hfect on con&h?@f&%nstates

Phar macol ., 1983; 32: 27 1- 2755; Loscher ar nacol
1982: 31: 837-842: Phid% %ﬁr hoEGZ dY%F“n%"rmnSBu Gcﬂéﬁﬁeﬁﬁa?ga roaches,.
31: 2257-2261). For Ifave beenanaken tbeivorgEmendhg] eonfenBré bihomome tGARR) - 5-

net hyl hexanoi ¢ aci d, r?‘ t%gb%'igvat %h ?ﬂésaﬁﬁfoa%ﬂ A bbiﬁPounds thf: HgHhate

sei zures while av0| t he ,undesi_rab gect ataxuf
It has been dlscoverQe thécéﬂtﬁﬁﬁﬁﬁkﬁﬁﬁﬁﬂ?GQG ?Y%c?e?ﬁ used, as
i sobutyl - GABA i s st etlensmineencratiofifabf iGAD and GABRheafysierparaloredr agl -

sobuty! - ABMGhOWS fbidkinea, Gan cARELACIILI AN rcBRLEV LAY 1 A0ALE camn,

R- st ereoi soner. See, exa Bl oorganic &

Medi ci nal ChéﬁF§FW§rE€PP§Fs(Jﬁﬁﬁﬁﬂ?ﬂkﬂe vareRgkegP. g RE g AL - ;Thus, 25
It would be benefi cikodhemha®baamaebl i ci E983 [ 320@953-2065; Loschdmhdl., :

synthesi's of the S fids OBRhrRbobPCP 1342 HR37-842; Prillips N.
et. al., Biochem. Pharmacol., 1982;31:2257-2261). For
15 example, the compound (i)-3-(aminomethyl)-5-
methylhexanoic acid, a GAD activator, has the ability
to suppress seizures while avoiding the undesirable
side effect of ataxia.
It has been discovered that the anticonvulsant
20 effect of isobutyl-GABA is stereoselective. That is,
the S-stereoisomer of isobutyl-GABA shows better
anticonvulsant activity than the R-stereociscomer. See,

for example, Yuen, et. al., in Bioorganic & Medicinal
Chemistry Letters, 1994; (Vol. 4, No. 6):823-826. Thus,

25 it would be beneficial to have an efficient process for

the synthesis of the S-sterecisomer of isobutyl-GABA.
Presently, ({S)-(+)-3-(aminomethyl)-5-methyl

hexanocic acid has been prepared by two synthetic
routes. These routes each use reactions that reguire

30 n-butyllithium, and each route contains a step that
must be carried out 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

35 - stereochemical configuration needed in the final
product. See, for example, U.S. Serial No. 08/064,285,



Presently, (S)-(+)-3-(am nomethyl)-5-nethyl : hexanoi ¢ aci d has been

prepared by two synthetic routes. These routes each use reactions
that require 30 n-butyllithium and each route contains a step that
must be carried out at |ow tenperatures ([err]-35err]C) under

carefully controlled conditions. These synthetic routes include the
use of (4R 5S) -wWo'¥Bhshys - 5- phenyl - 2- oxazol i di none as a mRUSHEN0S5831
auxiliary to introduce the 35 st ereochem cal configuration needed in
the final product. See, for exanple, L. S. Serial No. 08/064, 285,
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- 3- whi ch | gniehedby nd¥edhPhebefoPit&€118F B refibbNOURNthough

bUri Ly, they are. di FRPES TORtER BrATAAs,fhe tatdak poppoupd] A REIE. .°
reagent's whi ch are ehaheiomeapiengurdtys theyoarelidiffdeul tt sohaanfecsromot h.
The present inventi 99rdéOXeLIRS o3 8EEI £bB8bnts whiclkSa2eC@iChes! exgen@iod
for maki ng thg S—stereg%égneHéﬁ |503§t§%-GABA t hat avoids the
above-i dentifed pr8bl icult to handls B {OWR1 1 fewer steps. 10
SUMVARY OF THE | NVENTI ONfhe present invemhéoprpsevideémasnefSacpenti des a
Compr i ses condensi ot Seua it the RRLABHECE de il Be e e e 1o
form a 2-cyano-5- rre%??‘ﬁ%‘%l”é%?bit §CP‘H°"QS the eﬁ%e'é‘QFBF,"‘Hﬁgc?? T
2- cyano- 5- net hyl hexaid epooceeds with fewer steps.

10

SUMMARY OF THE INVENTION

The present invention provides a method of making
15 (S) - {+)-3- (aminomethyl) -5-methylhexanoic acid which
comprises condensing isovaleraldehyde with an alkyl
cyanoacetate to form a 2-cyano-5-methylhex-2-enoic acid
alkyl ester; reacting the 2-cyano-5-methylhex-2-enoic
acid alkyl ester with a dialkyl malonate to form
20 3-isobutylglutaric acid; forming the anhydride of
3-isobutylglutaric acid; reacting the anhydride with
ammonia to form (x) -3~ (carbamoylmethyl) -5-
methylhexanoic acid; reacting (i) -3-(carbamoylmethyl) -
5-methylhexanoic acid with (R)- (+)-o-phenylethylamine
25 to obtain the (R)-(+)-a-phenylethylamine salt of
(R) - (-) -3- (carbamoylmethyl) - 5-methylhexanoic acid;
combining the salt with an acid to obtain (R)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid; and reacting
the (R)-(-)-3-(carbamoylmethyl)-5-methylhexanoic acid
30 with a Hofmann reagent to obtain (S)-(+}-3-(amino-
. methyl) -5-methylhexanoic acid.
The present invention also provides the novel
v ' compounds (i) -3~ {carbamoylmethyl) -5-methylhexanoic
acid, (R)-(-)-3-(carbamoylmethyl)-5-methylhexanoic
35 acid, (8) - (+) -3~ {carbamoylmethyl) -5-methylhexanoic acid,
the (R)-(+)-a-phenylethylamine salt of (R)-(-}-3-



acid al kyl ester with a dialkyl malonate to form 20 3-isobutylglutaric

acid; form ng the anhydride of 3-isobutylglutaric acid; reacting the
anhydride with anmonia to form ([err])-3-(carbanoyl net hyl)-5-

met hyl hexanoi ¢ acid; reacting ()-3-(carbanoyl nethyl) -

5- met hyl hexanoic acid with (R -(+)-[err]-phenyl et hyl am ne 25 to obtain
the (R -(+)-[er r{vbgF et hyl am ne salt of PCT/US96/05831
(R -(-)-3-(carbanoyl net hyl ) -5-nmet hyl hexanoi ¢ aci d; conbi ning the

salt with an acid to obtain (R)-(-)-3- 4.
(car banoyl net hyl ) - 5- net hyl hexanoi ¢ aci d; and act i ng t he

(R)-(-)-3-(carbanoyl B hPY b DEXRSUP HBMo1¢ acidhhd ghdiof mann
reagent to obtain (S)-(+)-3-(am no- ,meth)ilt)-S- h Iﬂe anoi ¢ aci d.
The present inventioft’al&d gy eeaeiethylaming salt of g%&n’)xﬁ s

() - 3- (car banoyl net hy{darbamastyllyiehhyahob emethylhexamodc acid.

(R -(-)-3-(carbanoyl net hyl ) - 5- met hyl hexanoi ¢ 35

acid, (S)-(+)-3-(carbanoyl net hyl ) -5- et hyl hexanoi ¢ aci d, t he
(R)-(+)-[err]-Phenyl ethyl anine salt of (R-(-)-3- . WD 96/ 38405
PCT/ US96/ 05831 DETAILED DESCRIPTION OF 4HE INVENTION

(car banmoyl net hyl ) - 5- net hyl hexanoi ¢ acid and the '

(S)-(-)-[err]-phenylethylamne salt of (S)-(+)-3-

(car banoyl net hyl ) - 5- met hy#h @€5AsAange| With Sahieme I below, the pyegentep

DESCRI PTI ON OF THE |iwiehtlioN provides an efflitiaetokdeapecsal édtSehenarhbd

bel ow, the pregent lsovent L on_ i f gl i sel ective
) for maki é g%le 8 QEQ&‘éé&%%u?é}s g%u?%f;ﬁg%;élz [e4:5.%

nmet hod 10 or nmaking the er eol SONer o
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NH,

f . 1. NaOBr NH,
' . 2. Hso’ /(\/



- 6- .The nethod of Schene | generally conprises

condensi ng i soval eral dehyde (1) with an al kyl cyanoacet at e (II) to
forma 2-cyano-5-net hyl hex- 2- enoi c acid al kyl ester (lla); reacting
the 2-cyano-5- 5 met hyl hex-2-enoic acid al kyl ester with a dial kyl

mal onate to form 3-isobutylglutaric acid (111); formng t he
anhydri de of 3- iﬁg@a&%gl utaric acid (IV); reacting t he Ato9EnsEsL
wi th anmonia to Tor 3- (car banoyl nmet hyl ) - 5- met hyl hexanoi ¢ aci d
(V); reacting ()-3- 10 (car bamoyl met hyl ) - 5- et hyl hexanoi ¢ acid with
(R-(+)-[err]- phenyl ethyl amine to obtdn the (R -(+)-[err]-

phenyl et hyl am ne salt of 'I(l'@ thod" &E%&%M'f@e‘%&hﬂy comprises

met hyl hexanoi ¢ acid (VI |n|n salt_wth a a |d to obtain

(R) - (-) - 3- (car baroy | FR% fiﬁﬂs)ms iggv 1e¥Pe’t4ﬁ)f}lﬁ’é%<a(ﬁd| wigh an(t&’m and

reacting the (R)-(-)cy¥anoacetate( (arpawyionnt layl2)- cﬁranet-ayinbdxxahmmﬂamiwith
Hof { b + -

B e anoi ¢ ac| g B dikyd babE: ( Phrd)) b gnthgyb : Sano-s-

i soval er al dehy®le i s MaFhylhexggqenedq Qﬁ#¢1%%¥2% E@Fe6yyh5%c%t%&%§ﬁ¥} forma

2-cyano- S5- meialdrate Zoewora acis“bmidwlglmettc hoide(ETD);, fdrmEing
reaction is carried g aid’ﬁmh%dgr 65 eCE %ini%‘?:aﬂ%hacid mna-s rézlacting

di - n- propyl ani ne, di et di'1r soprop y
an acid and base corPé?%é‘tqbﬂﬁré%hWb%hﬂmonladlt%fﬁ’f‘ﬁ‘p%éﬁ?n aét"r"R?"!&’(,Yé‘*t|c

acid, in an inert smletmyl) -5- methgmé:mihfm (wept eeactimg ulyle 3or the

Iike. The ter eachi n
b8 ar ¢ o{FR RO IBETE o IR thexaBdut LBAY Vich i35 B0
the starting naterléﬂgﬂﬂﬂeﬁﬁ¥lﬁmééﬁct% ohtaiay dhe 36)'(+)r¥'|s not ed that
the reaction will pp etmyttaﬁine salt B AR)e (6f) -3 - Jeh¥Ssioylntetaydi) +-5on,

t he 2-cyano- 5- C I d t t | or.oed can
al so contain 2- cyanofg%ﬁggﬁkpﬁéx SSQ%% gﬁgd éﬁmééhﬁgg the £EE% ﬁiéﬁ ge

The al kyl group, R aﬁ%ds@lﬁ’eﬁétﬁlnomthé')mlccharbamoyl@?'éh%)c'é ate |s
preferably a f§err] rdttivihedalplic RcpdCOEXL)Or and reacting the (R)-(-)-3-

(carbamoylmethyl) -5-methylhexanoic acid with a Hofmann
reagent to obtain (8)- (+)-3-aminomethyl-5-
methylhexanoic acid (VIII).
In one step of the method, isovaleraldehyde is
20 condensed with an alkyl cyanoacetate to form a 2-cyano-
5-methylhex-2-enoic acid alkyl ester. In general, this
reaction is carried out in the presence of a base such
as di-n-propylamine, diethylamine, diisopropylamine or
piperidine, or an acid and base combination such as
25 di-n-propylamine and acetic acid, in an inert solvent
' such as hexane, heptane, toluene or the like. The temm
"inert solvent" means a liguid in which a reaction can
be carried out that does not detrimentally interact
with the starting materials or the products. However,
30 it is noted that the reaction will proceed in the
! absence of a solvent. In addition, the 2-cyano-5-
f methylhex-2-enoic acid alkyl ester that is formed can
i also contain 2-cyano-5-methylhex-3-enoic acid alkyl
| _ ester.
' 35 The alkyl group, R, in Scheme I, of the alkyl
cyanoacetate is preferably a C,-Cg alkyl, branched or
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=75 straight chain, a (Jerr] to (Jerr] cycloal kyl group or benzyl.
Representative exanples of (ferr]-Clerr] al kyl groups include
met hyl , ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,

pentyl and hexyl

Representative exanples 5 of Jerr] to (Jerr]

cycl oal kyl gr ol dRsabsde cycl opropyl, cycl obutyl, cyclperososhssand
cycl ohexyl . Preferably, the (Jerr]-Clerr] alkyl is ethyl.

In general, isoval eral dehyde and al kyl

an inert solvent with a 10 base and placed under reflux. The water

that is ~ ”beéﬁfﬂbﬂts cﬁahhecaeé %%rQBlﬁé&iﬂyl V&‘ﬁfhﬁhﬁ benzyl.

reaction appears to

primarily 2-cyano- 52 ?REQEﬁQ%é% ZeeﬁﬁPEP es %

e Co Iete th r@

ot STRY s

cyanoacetate are conbined in

nnve o yield
q ﬁeral

t he 2- cyano- 5- nmet hyhéishyl,1ethyl, 2peapyl, absabraipyill, butgd, tha@bmﬁvlorned S
& Biryhl ededbPl C&ﬁa Qee*ﬁed RRprbgefext nsé edxdnpi@sude

not i sol ated

form 1¢& is noted th t the reaction roce

sol vent and tHat 2-

reacting a 2-

E i C a i d alkgt ter with a
di al kyl mal onat e folloméﬁlgﬁnﬁfﬁ 0I§§?¥a%ﬁﬁF e g8ta 5¥§Iation. The
al kyl groups of thecth:idqeltate are cohbined naranbénehe sahvent wiifl @ ent .

$484 W pablnh ghaupSciaghuderfbealotlendd adky! oroups

Exanpl es of 10
and Cerr]-
preferred dial kyl

a0 *8- frst ?Kﬁ#ﬂ%?kyl oupsg_ %ﬁﬁiﬁg%uﬁXf%ﬂﬂﬁfp gster nay
al so be fornmed in t¢kcxubutyl rexctopantyl and cyclothYQobuPy¢§#IanH£ acid
is made from a. 2- cmgﬁp(ﬁ c alk 1 (- 2-enoi ¢ acid’al kyl ester by

as defin above and benzyl
4 45re oFias areREFoRIGatly . Mies hero 2

2- cyano- 5- nethylhexréhcﬁmmmca@pedrs to bea¢¢mpletenethessobaenedwﬂgﬂustIy

with the dialkyl

a

e absence of a

d t
be run in aﬁn?ﬁ%r solg %&ng?%gggggétlgﬁgnlx?u&%ecgfﬁ§$“énédyy% nge

added to an aci di c 3RkeIEYIorEERER sTRIIRSYRucsDS 35CYano s} NeEhekd,

aqueous hydrashl oriz-anit aciaquiRys ester tHatdiebrominedals Chotantbd’leftledxed
to promote hydrol ysiS purified and can be used in the next step in crude

20

25

30

35

form. It is noted that the reaction will proceed in
the absence of a solvent and that 2-cyano-5-methylhex-
3-enoic acid alkyl ester may also be formed in the
reaction. .

3-Isobutylglutaric acid is made from a 2-cyano-5-
methylhex-2-enoic acid alkyl ester by reacting a 2-
cyano-5-methylhex-2-enoic acid alkyl ester with a
dialkyl malonate followed by hydrolysis and
decarboxylation. The alkyl groups of the dialkyl
malonate can be the same or different. Examples of
suitable alkyl groups include C,-C, alkyl groups and
C,-Cg cycloalkyl groups as defined above and benzyl. A
preferred dialkyl malonate is diethyl malonate.

In general, a 2-cyano-5-methylhex-2-enocic acid
alkyl ester is reacted directly with the dialkyl
malonate and a base. That is, the reaction need not be
run in an inert solvent. The reaction mixture can then
be added to an acidic aqueous solution such as aqueous
sulfuric acid, aqueous hydrochloric acid or aqueous
hydrobromic aéid, and refluxed to promote hydrolysis
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- 8- and decarboxyl ati on. The progress of the reaction nmay be
nonitored by [err]H NVMR or other nethods well known to t hose skilled
in the art, and the 3-isobutylglutaric , acid is isolated by nethods
well known to those skilled 5 in the art. The reaction can be run in
a sol vent such W 96,3%43§ hexane, ethanol or nethanol. Bases thapcrresysosssi
used i ncl U(?e, ut are not limted to, diethylamne, sodium

met hoxi de, sodi um et hoxi de, potassiumtert-butoxide and . '

di - n- propyl am ne. 10 3-1sobutylglutaric acid anhydride can be-nmade
from 3-i sobut yh@| 46 @082 165, NOTAB stiradR] lofk RBWNréQction may

those skilled in the_art for forning,.t anhydride o |.d.. JFor
exanpl e, 3-isobutyl gPﬁt’&?’?’ct%‘{i%y H“Hﬁ%n?ﬁ/cﬁ HeF gxg%hggsogflafn y_to
refluxing acetyl chlthose ssilled dn &bet art ardndirtihte Mispbutylgluta?lc
3-isobutyl glutaric agéfs il igolated By 'métAddd lWwdid KiRwhl ¥bUtBosé Lanil1ud ed

t hat the 3-ispbutylglutaric acid anh%drl de need not be #so ate
and purified, But cah®Ui®iSKE di o€ FFRCELOR GRfe Beomp in a solyent, e ent
steps. 20 | @s chretalvey, sthanol bhemeshdnnl,. 3 Basebuthhyl camrbe used

(ot baroy | ety ) - 5. S Rady, PReRER By Hattdd do Jaiethylamine, sodium
anhydride i s opened %%U‘%F?é’eb‘f sAqdupL eEBRYTAe. p°ta5§6'ﬂ‘p§ef'§'%‘6?ﬁféjr¥ee&n[do |

an am de. ()-3-(car badboyipRipylamimet.hyl ) - 5- met hyl hexanoi ¢ acid can be
recrystalli Zego frOjnlasdw?‘i@l%aé%vé‘é‘i%ﬂdi‘ihggcﬁﬁhﬂé zﬁkg%‘é From

wat er, chl orof orm and 2-hut anon . st.ereo| iomer
3- (car banoyl net hyl ) - %-1sobutylgiucarige2618; ¢sing Pethrdse Wbl LSRR FP
reacting ()-3- 30 thdsmrddledrdnhyhe- Sretdyy ffloexeing chacanhydtide of -

g£2h§rg-g?aélhylhexéﬁ%ﬁgﬁg%{g%qt%%g%gg}tgr%iijﬁég%%lggﬁtﬁricgaéﬁérbazgygalt,
Whi ch Lan be. 1 Sol at RERYHEAS, e bR phEathe ¥ senreabe; 2eat YL <RidRous
sol vents suchl&s or acetic anhydride with 3-isobutylglutaric acid and
then distilling the mixture. It is noted that the
3-isobutylglutaric acid anhydride need not be isolated
and purified, but can be used directly, in crude form,
in subsequent steps.
20 In another step of the method, 3-iscbutylglutaric
acid anhydride is reacted with armonia to form (+)-3-
(carbamoylmethyl) -5-methylhexanoic acid. 1In this step,
the cyclic anhydride is opened and one of the carbonyl
groups is converted to an amide. (i)-3-(carbamoyl
25 methyl) -5-methylhexanoic acid can be recrystallized
from a number of solvents including ethyl acetate,
water, chloroform and 2-butanone.
The R-stereoisomer of 3- {carbamoylmethyl)-5-
methylhexanoic acid can be obtained by reacting (it)-3-
30 (carbamoylmethyl) -5-methylhexanoic acid with (R)- (+)-a-
phenylethylamine to form the (R)-(-)-3-{carbamoyl
methyl) -5-methylhexanoic acid, (R)-(+)-a-phenylethyl
amine salt, which can be isolated. The salt can be
recrystallized using various solvents such as
- 35 chloroform, acetonitrile, ethyl acetate and
tetrahydrofuran. '



35  chloroform acetonitrile, et hyl acetate and t et rahydr of ur an.
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-9- : (R -(-)-3-(carbanoyl net hyl ) - 5- met hyl hexanoi ¢ acid

can be obtained by dissolving the salt in water and acidifying the
solution. Preferably the resolution is conducted in an organic

sol vent such aswgt;k,g;@iormand 5 | ess than 1 nol ar equi val mtrussénessae
(R-(+)-[err]- phenyl et hylam ne is used with respect to the
([err])-3- (car banoyl net hyl ) - 5- net hyl heéanoi c acid.

Alternatively, (R -(-)-3-(carbanoyl nethyl)-5- met hyl hexanoi ¢ acid can

?e Ogtaln?d PK f?ngln'Pﬁ ﬁ £{J JS- ca&gamoylmetgxl) -5- methylhexanoic aciad
car banoyl met hy e n0| acl r,

phenyl gt hyl ani ne i n® 3“3’8%/&% n&s é’ll’vél?ﬁg'rl\'ég(tée ei‘:] -1]” water and
phenyl et hyl ami ne saacidifyB)g (the M@&ibanoyPnetdm;ﬂl)lﬁ-the resolution is

net hyl hexanoi ¢ aci dcoﬁ&heﬁe&rmtﬁl o ﬁi@uéoﬁteﬁtbesuch as Al dtbeErh ed Ng
t he solution enrich n

d i
(car barmoy! net Hyl ) - 5f h?lr('?féfaﬁ%ﬂl@ 893“?%&“‘(" 9f £he (R)-(+)-a-
(car banoy! met hyl ) - SPhenmttmdam@ng dsi usednwitierrempect to theolal e from

the solution by netlp )T-Q-meth 1héﬁ@,§&§l§ditded in the art.
I n anot her step of the

hod
(ani nonet hyl ) - 5- net hyl hgg% ée)e& is (gbf T hedr feapRamoylmethyl) -5-
(R - (-) - 3- ( car banoymethydgxeBaaust iw:llﬂega,nobe abtatinged hy combinipgf h:a)rrrﬁ

Reaction, whigh is W@ﬁfb&ﬁﬁyﬁhéﬂhgﬁhQgemékh&iﬁéxan01c adﬂa Mﬂﬁhaﬁé)-a
condi tions under mhlch React on ca [ ut are
wel | known to thosePB8RY ‘%“B@@ iR Fhﬁ"%‘l‘? o kP Wesﬁg‘ égﬂdfi Y oH known
in the ~art nmegheryletd Iamickt salt(Sf- (3) B+ X-aB¥ (tambahply)méthyl) -5-
e ) hoxaner ¢ ac| raeAPLbEIed BOAEH DATEH SRy ten cus ot the
hypohal i te, which c%ﬂlﬁE;?H \RRvd@gp Fhe solutlon enriched in (R)-(-)-3-

15 (carbamoylmethyl) -5-methylhexanoic acid. (R)-(-)-3-
{carbamoylmethyl) -5-methylhexanoic acid can then be
isolated from the solution by methods well known to
those skilled in the art. _

In another step of the method, (S)-(+)-3-

20 (aminomethyl) -5-methylhexanoic acid@ is obtained from
(R) - (-) -3- (carbamoylmethyl) -5-methylhexanoic acid via a
Hofmann Reaction, which is well known to those skilled
in the art. The conditions under which a Hofmann
Reaction can be carried ocut are well known to those

25 skilled in the art, and any such condition known in the
art may be used to obtain (S)-(+)-3- (aminomethyl)-5-
methylhexanoic acid from (R)-(-)-3-(carbamoylmethyl)-5-
methylhexanoic acid. A suitable Hofmann reagent is an
alkali metal hypohalite, which can be prepared by

30 combining a base such as sodium hydroxide with a
halogen such as bromine. Other alkali metal or
alkaline earth metal bases or other halogens can be

. used. Other Hofmann reagents that can be used include,
but are not limited to, I,I-bis(trifluorocacetoxy)-
35 iodobenzene, iodosobenzene with formic acid,

[hydroxy (tosyloxy)iodo]benzene, I,I-bis(acetoxy)iodo-



30 conbi ni ng a base such as sodi um hydroxide with a hal ogen such

as sbrom ne. Ot her alkali netal or al kaline earth netal bases or

ot her hal ogens can be used. O her Hof mann reagents that can be used
i ncl ude, but are not limted to, I,I-bis(trifluoroacetoxy)-

| odobenzene, iodosobenzene with form c acid,

[ hydroxy(tosyl o bﬁﬂﬂl enzene, |,1-bis(acetoxy)iodo- pcroNbs/05831
96/ 38405 b P PCT/ US96/ 05831

-10- benzene, |ead tetraacetate, benszt rimet hyl anmoni um

tribrom de, N-bronosuccinimde in basic nmedia“(such as pot assi um

hydr oxi de sol ution), b&%ﬂ‘é brl%%@%kaaeé@k&e, benzyl%rtlﬁscﬁpf&amm .
mercury (1) acetate o_r si | ver et at e Pélathln of

(S) - 3- (am nomet hyl ) - %W%x%@?@“‘”“ccmﬁ'&% dfty Bpsife™ Fi&ion
is carried out is potassHasi daydroahdessdhttiiun)t,hand X-bremosueskminigieer s

because sodi um chl Oriﬂe Cagg%@eﬁ%bagn&lgfcéﬂ} té[f)e%@ettgtéoor Slf\;élIISt allize

with the product in t m Xt ure enanti oners
contrast, in tRe pr&%H24%t hod, the chloride or bromde salts do
not cryst allize with Iso]ialt&opr ofiu¢s) - Halamimamexhyl ) s 5sinevlsy HiExsanalitdo by

wei ght hal | dead il diidh! hedfioffla el b 19 BalEfed! HIs 12

(unrecrystal | i zed) conprising m xture enant | oners and about
0.1% by wei ght in tr%aﬁaﬁoﬁ&émanoﬂsolatmsmbe PHeSve REr FRAntiomers

Mor eover, (S)-(-) - 3-Hemuseddiamhyhlebide or sodimihpirbmideoszl eriwknthtche
easily hydrol ged u 0 r ive .
3- |so%utyl %r‘%@'lélczledmwh éﬁércg B nh)ég% EQE% bf £ Ghtcrfbed

addi tional (R)-(-)- ?Q@&Wﬁébhyw @W-hé—i‘aﬁ&?cpmsem maihed.

It is contenpl ated til dHisrddepownpsomidé mmlts do not crystallize with

the product. Halide analysis shows about 11% by weight
halide (calculated as chloride) in the crude product
15 (unrecrystallized) comprising a mixture of the
enantiomers and about 0.1% by weight in the product of
the present method.
Moreover, (S)-(-)-3-(carbamoylmethyl)-5-
methylhexanoic acid can be easily hydrolyzed under
20 reflux in aqueous hydrochloric acid to give 3-
isobutylglutaric acid, which can be used to produce
additional (R)- (-)-3-(carbamoylmethyl)-5-methylhexanoic
acid.
It is contemplated that the compounds of the
25 present method can be found or isolated in the form of
hydrates or solvates, which are considered to fall
within the scope of the present invention.
The following examples are intended to illustrate
particular embodiments of the invention, and are not
30 intended to limit the specification, including the
claims, in any manner.



25 ~ present nethod can be found or isolated in the form of

hydrates or solvates, which are considered to fall within the scope
of the present invention. The foll owi ng exanpl es are intended
toillustrate particul ar enbodi ments of the invention, and are not 30
intended to linmt the specification, including the clainms, in any
manner . _ 96/ 38405 PCT/US96/05831
PaT] USo6/ 05g31 WO 268kls S11-

EXAMPLES Preparation of 3-1sobutyl gl ut {i c acid A

m xture of ethyl cyanoacetate (62.4 g), hexang™~ (70 nb),

| soval eral dehyde (52.11 g), and di- 5 ExRiPYs am ne (0.55 g) is placed
under reflux. Water is coIIected azeqt r0|caII usi ng a water
separator. Wen P 1800uk gerg—corrected fromthe

reaction, the reaction i SL nduterleamm amyleciymhoagetate (62.4c@lm hexane
distillation Lo remoug kg, SQEWﬁeral%&?&@ (159 1 gmlémﬁtcﬁ—(zﬂ-05 7 g) and

di -n-propyl amne (5.6 g) .are |n| Qi | trxr:arllsly
2- cyano- 5- 5 " rauepvieninee (i 5 & det i xt
stirred at 50[err] Cdmebtbduazéotfmpmaalyyamm a water separator When

et hoxycar bonyl - 3-1 SQyILYARILATE e A fi% 6 Bgh1dSrea £R% Eheand Lhen

poured into an agueous SQ

OI‘I% CEJE,?& 00 niL of 6N).
The nmixture is reaGticRd LhREcFeaiiqank i ﬁ‘é’ollégcf‘ POreY S5t &°hed under
reflux until [err] I—l-mxmndﬂsanlsa:tim tderdmodeo e sobveht . Diethyl

decar boxyl at |% ar e oo %| &ﬁgp.; g%f rm{delég_ ;gp%npgigmlg@ (5.6 HiearRaction

2

is cooled to 80[ er re is extracted with
tol uene (1 x 250 ni,added t° the IW%FEB”Q'H{@ t‘@lr&@ﬁ‘é‘%l(t?ef'é{asm’arse conbi ned
and the sol vamsthyahlé&mveﬂobd #id iddrahi escke) gi VEnSanikoyref is

3-1sobutyl gl utaric a%arré% @ gbLC gm url t%gform 2-cyano-4-
ethoxycarbonyl-3-iscbutylpentanediocic acid diethyl

15 ester and then poured into an agueous solution of
hydrochloric acid (300 mL of 6N). - The mixture is
placed under reflux. The reaction is maintained under
reflux until H-NMR indicates that the hydrolysis and
decarboxylation are complete (approximately 72 hours).

20 The reaction is cooled to 70-80°C and the agqueous
mixture is extracted with toluene (1 x 250 mL,

1 x 150 mL). The toluene extracts are combined and the
solvent is removed by distillation to give 88.7 g of
3-isobutylglutaric acid as an oil. When purified

25 3-isobutylglutaric acid is a solid with a melting point
in the range of about 40°C to about 42°C.

H NMR (CDCl; 200 MHz): & 0.92 (d, 6H, J = 6.6 Hz),
1.23 (dd, 2H, J, = 6.6 Hz, J, = 6.5 Hz), 1.64 (m, 1 H),
2.25-2.40 (m, 1 H), 2.40-2.55 (m, 4 H).

30 13c NMR (CDClg): 6 22.4, 25.1, 29.5, 38.4, 43.4, 179.2
IR (KBr): 680.7, 906.4, 919.9, 1116.6, 1211.1, 1232.3,
1249.6, 1301.7, 1409.7, 1417.4, 1448.3, 1463.7, 1704.8,
2958.3, 3047.0 em™}.



25 3-isobutylglutaric acid is a solid with a nelting point in

thé range of about 40[err]C to about 42[err]C. [err]H NMR (CDC [err]
200 MHz) 6 0.92 (d, 6H, J = 6.6 Hz), 1.23 (dd, 2H, J[err] = 6.6
Hz,. J2 = 6.5 Hz), 1.64 (m 1 H), ' 2.25-2.40 (m 1 H), 2.40-2.55 (m 4
H). 30 [err]C NWR (CDCl[err]): 6 22.4, 25.1, 29.5, 38.4, 43.4, 179.2
IR (KBr): 680.7, wd9gaghes 919. 9, 1116.6, 1211.1, 1232.3, 1990s06/05831
1301.7, 1409.7, 1417.4, 1448.3, 1463.7, 1704.8, 2958. 3, 3047.0
cnferr]. WO 96/ 38405 - -12-

PCT/ US96/ 05831 _ -12- Preparation

of 3-1sobutyl gl ut ari erexsaah g i c acid

(156 g) and acetyl " hoursq%hhﬁfgé'&égrgé %Ffsi%lc gg:da gd géﬁ;fd under

refl ux for ure s at at nospfheric
pressure until a di sEplomgide Héﬁpug)t%ﬁ?e?%WQ#Q?QﬁanFBPFéPF?CPn er reﬁ%yx
reached. The mi xturefés idheivuieol emlharudnat@@@dls dlstllmadeat VaEbEpheric

distillation tg give }%&ﬁ 1.2 d tar CaClgE%ydf 1,48 o
boi | Hhe, is'h%rﬁ% °
EC(E))ICI I[Q(F]jrio . 250 MHz)is I{@que%“g oThe gniBture =6 G:hen) | cooled anq Prce®4 (m
2H), 1.52-1.78 (m hifjder? viudmABistillat{dh ive 1992g9%s(m 2H).

o171 CNR (O er ] ke kEEE BB Sy del) ol posas, 20,72
1033.7, 1070.3, 1184127-128PC,91 mme¥gP, 1369.2, 1388.5, 1411. 6,
1425.1, 1469. %0 176@'H7Nhﬂ283(@D§1 286b 4n-1z395863o 91 (d, 6b5%F=%.@"heyr]. 20
Preparation of (+)-3 ({Arbagoylr 59}" )1 25 4™ hyd h(%?fan ¢ 2.10-2.45 o
(m, 3H), 2.79-2.91 (m, 2H).
13c-NMR (CDCl,, 50 MHz): & 166.53, 43.99, 36.48,
26.79, 25.08, 22.57.
15 IR (neat): 559.3, 592.0, 609.4, 659.5, 837.0, 954.6,
' 1033.7, 1070.3, 1184.1, 1241.9, 1288.2, 1369.2, 138B.5,
1411.6, 1425.1, 1469.5, 1760.7, 1810.8, 2873.4, 2958.3,
3552.2 cm"t. '

20 arati +)=-3- X oylmet ~5-methylhexanoic

acid

Aqueous ammonia (308 g of 28% ammonium hydroxide,
5.06 mol), water (431 g), and methyl tert-butyl ether
{200 g} are combined and cooled to 15°C.

25 3-Isobutylglutaric acid anhydride is added and the
reaction mixture is allowed to warm to 50 to 60°C. The
reaction mixture is cooled to 20-25°C. The solvent is

| evaporated and the pH of the solution is adjusted to
1.0 with concentrated hydrochloric acid. Water

30 (200 ml) is added and the mixture is filtered. The
solid is wagshed with water (200 mL). The solid is
dried under reduced pressure to give 408 g of (&)-3-
{carbamoylmethyl) -5-methylhexanoic acid as an off-white
solid. (i)}-3-(Carbamoylmethyl)-5-methylhexanoic acid

35 has a melting point in the range of about 107.5 to
about 108.5°C.



Aqueoué ammoni a (308 g of 28% ammoni um hydr oxi de, 5.06 nol), water

(431 g), and nethyl tert-butyl ether (200 g) are conbi ned and cool ed
to 15[err]C. 25 3-1sobutylglutaric acid anhydride is added and the
reaction mxture is allowed to warmto 50 to 60[err]C. The reaction
m xture is cooled to 20-25[err]C. The solvent is evaporated and the
pH of the sol ut '\989% justed to 1.0 with concentrat ed gplisogesssy’ i C
acid. Water 30 % m.) is added and the mxture is filtered. The
solid is washed with water (200 nlL). The solid |s dri ed under

reduced pressure to give 408 g of ()-3-

(car banmoyl net hyl ) - 5- @t@# t’t?ﬁgaohghz??]e ﬁ&,;’a‘g gzzl})dgg;(g 6% J= ss |ﬁ) )

([err]) -3-(Carbanoylie Xxano mel'ti g
point i the range o#- Qﬂnﬁﬂ?7ldm-525 50- 1fﬁ%nﬂm:lé§)5[ér??t? 25
WD 96/ 38405 (m, 5H), 6.75 (s, 1H), 7.30 (s, BT/ U$96605§311H)

-13- [err] H Qd 0 0 ( J56.
1.07-1.47 (m 2H), N ggziﬁu §. gL, 1%05 Ty f?slldz)g
1H), 7.30 (s, %H), 13244, 1@&1)8 6, 1294.0 R ¥4&%-%, 3451p! 6!5558 a7070’=6(§? 1,
1010.5, 1133.9, 12141%00.98 251412412822 12/84%2.1294200.58427347. Jllkﬁzl 18,

1585. 2, 1668. 1, 1700.9, 2514.7, 2622.7, 2962.1, 3220.5, 3367.1
cnerr]. Preparat|on of (+)-3 (Carbanoylnethyl - 5- nethylhexan0|c
acid (without isol atREspanation, pf ynl{Carhamonlmethyd) - 5 -methylhexang
anhydri de)

anhydride (44, kg)lgiggggggbggg éﬂg E£ﬂ£§P under . f. reflux"for 2.5

hours. The n1x ure i tnospheric distillation followed
by vacuum 15 di sti | | &-TeQbusYLahutarie aqid {68d8akg) agndacetic

anhydride (44.5 kg) are combined and placed under
reflux for 2.5 hours. The mixture is placed under
atmospheric distillation followed by vacuum
15 distillation to remove acetic acid and acetic
anhydride. The undistilled 3-isobutylglutaric acid
anhydride is dissolved in methyl tert-butyl ether
(63 kg) and added to a solution of agueous ammonia
(49 kg of 28% ammonium hydroxide) and water (92 kg) at
20 a temperature of 25°C or less. The mixture is stirred
for 35 minutes and the layers are separated. The
aqueous layer is placed under vacuum distillation to
remove any remaining volatile nonagueous solvent.
_ Concentrated hydrochloric acid (51 kg) is added to the
25 aqueous mixture to obtain a pH of 1.5. The mixture is
cooled to 0-10°C and filtered. The solid is washed
with water (50 L) and dried under reduced pressure.
The solid is then dissolved in hot (70°C) ethyl acetate
(237 kg) and filtered. The solution is cooled to 0-5¢°C
30 and the product 'is collected by filtration. The solid
- is washed with cold ethyl acetate (45 kg) and dried
under reduced pressure to give 47.5 kg of (%)-3-
(carbamoylmethyl) -5-methylhexanoic acid as an off-white
solid having a melting point in the range of 106 to
35 about 108°C.



anhydride. The undistilled 3-isobutylglutaric acid anhydride is

di ssolved in nethyl tert-butyl ether (63 kg) and added to a sol ution
of aqueous anmoni a (49 kg of 28% ammoni um hydr oxi de) and water (92
kg) at 20 a tenperature of 25C or less. The mxture is stirred

for 35 mnutes and the | ayers are separated. The aqueous | ayer is

pl aced under vac ngﬁglllatlon to renove any remai ni Ngpeposda/osss1
nonaqueous solvent Concentrated hydrochloric acid (51 kg) is added
to the 25 aqueous m xture to obtain a pH o 4} 5. The mxture is

cooled to 0-10[err] C and flltered The solid 71$ washed mﬁth wat er
(50 L) and dried undehiepgdh s Trhe tahvi 1S k3

in hot (70[err]C) et

is cooled to 0-5C 303SX2EQ4H ;
solid i's washed mnKh)cb+ﬂkaﬂhwkwdmvmawé)fﬂsmggyykhgxamqlgdac1d

under reduced br essungste §b Vg5 Hratdid 18] c&:[l%ﬁ:bkbrﬁ (292 g) and ethanol

baroy! met hyl ) - 5-
ol 11 ng poi e | n-tHa-PARboinsAdas< o 16 mixes, I8 hsgtad e s3°C £V 1O

WD 96/ 38405 (R) - (+) &~ phenylethylamine (6.0 g) PH/addee®.0583ter a
-14- Preparagbggtg E%Fﬁs)aé§¥ﬁ%yH@§WQ&bU?pr&)pﬁédyﬂéthiamlne

hexanoi ¢ acid, (R -(+ err @¥ am ne
() - 3- ( Car banoy! met hyl 5H5,C35dggrbamoylm%qﬁyk9gg is placed in
chl orof orm (292 g) amdthymhenanoﬁc acid 3e2dgkriystalide(b0 ne axexwddedi s

heated to 55Cgnd  mqpne miRakd) déeaadlﬁ@%%?&ey%e” efq 9) The 2dded-

After a solution forns a eth I"am ne

(2.0 g) and (R)-(-)- 38 vaphadoytreighoroform (30 mip hy §cf361§€ed
crystals (50 ng) areuaddedredfced prssudexiter give T00% eyl db t&é[ dR) } C+and-

Bi:égred' The SO'idphenyletﬁflgﬁfﬁgﬂgéMél&fcnk9tqtpiﬁn(ég}ﬂgﬁbylﬁgﬁh§95Lg-iS

methylhexanoic acid as a white solid having a melting

15 point in the range of about 123°C to about 126°C.
1H-NMR (DMSO-d6, 200 MHz): & 0.83 (d, 6H, J=6.4 Hz),
1.1~-1.4 (m, 2H), 1.32 (4, 3H, 6.6 Hz), 1.50-1.75
(m, 1H), 2.0-2.3 (m, 5H), 4.11 (q, 1H, J=6.6 Hz),
6.0 (s, (broad), 3H), 6.72 (8, 1H), 7.2-7.5 (m, 6H).

20 IR (KBr): 700.0, 763.7, 1091.5, 1270.9, 1400.1,
1523.5, 1633.4, 1660.4, 2869.6, 2933.2, 2956.3, 3187.8,
3376.7 cmi.
Chiral HPLC: (Chiralcel OD-H (Chiral Technologies,
Inc., Exton, PA) Hexane/isopropanol/formic acid,

25 96:4:0.1) enantiomeric purity >99% (R)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid

e n -(-)-3- rbamoylmet -5-

methylhexanoic ac

30 The (R)-{(+)-0-phenylethylamine salt of (R)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid (10.9 g) is
placed in water (35 mL)}. The mixture is acidified to
PH 1.7 at 31°C with concentrated hydrochloric acid.
The mixture is cooled to 4°C and filtered. The solid

35 is washed with cold (4°C) 1 M hydrochloric acid (10 mL)
and dried under reduced pressure to give 6.2 g of



undeI reduced pressure to give 10.5 g of the (R -(+)-[err]-
phenyl et hyl am ne salt of (R)-(-)-3-(carbanoyl nethyl)-5-

met hyl hexanoic acid as a white solid having a nelting 15 - point in the
range of about 123[err]C to about 126[err]C. [err] H NVR ( DVSO- d6,
200 MHz): [err] 0.83 (d, 6H, J 6.4 Hz), 1.1-1.4 (m 2H), 1.32 (d,
3H, 6.6 Hz), %”d’a’%";""% (m 1H), 2.0-2.3 (m 5|—I), 4. 11 péfrpsokiusssd =6. 6
Hz) , broad), 3H), 6.72 (s, 1H), 7.2-7.5 (m 6H). 20 I R
(KBr): 700.0, 763.7, 1091.5, 1270.9, 1400.1 1523.5, 1633. 4,

1660. 4, 2869. 6, 2933 2, 2956.3, 3187.8, -15- 3376. 7 cnjerr].

Chiral HPLC (Chlr I N on, PA
Hexane/ i sopro anol orn? EE%#%%ﬁéylﬁg%égT? 9%§§%% %ﬁ%ﬁ% %C1UF%% £>99@6
(R -(-)- 3-IO P whd5eh8AbIE A Ting %mﬁphwhesaa%.%naﬂ% rangepof Y
Preparation of (Rabbuk-236SarbarapduetiBgky- 5- met hyl hexanoi ¢ acid 30

The (R)-(+)-[err]agh n a f (Ra( _

(carbanoyl net hyl )15 ﬁﬂ%‘hﬁ@ex?r?dl % gmhg Flo go 8& (?a 6H, J5 Face%zl n wat er
(35 nL). Thé® m xt &r89r3-38i tmiiFH t 3.50-1. 55pﬁ":1 1YHIant Z&ﬂle'lzr-]z@ with
concentrated hydrashl sah¢ ecrsl. (s, 1H), Fheonixf uim) j sLxaoled ey 4[err] C and

fil d. Th I I h h
Nt A T i e S R o G

VWO 96/ 38405 1411.6, 1592 9, 1643.1, 1712. 5 28T GA U 133838958
-15- (R) - (3p28- égasjgamgdrnﬂjgyb)cﬁ het hyl hexanoic acid as a

whi t | i i | 30 C
Lo about 134 err] coirdr ﬁﬁiﬁ | iR ebieRrBE adtapa oo PBRbLY Sl !
6H, J=6.5 Hz), 5formig 195 (440 . 2} enansbonesis (pyrit) >92%01 2.27

(m SH), 6.76 (s, (k¥ (-Y-30(éfrbabidylmbendl | S5-mébhylhexanocic acid

P ration of -(+)-3-Aminomethyl -5-methvlhexanoic
15 acid

(R) - (-)-3- (carbamoylmethyl) -5- methylhexanoxc acid
(30 g) is dissolved in water (28 g) and 50% sodium
hydroxide solution (12.6 g) and cooled to 5°C. In a
separate flask water (85 g}, 50% sodium hydroxide
20 solution (53 g), and bromine (30.6 g) are combined
while maintaining a temperature of less than 10°C. The
bromine solution is added to the solution of (R)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid and warmed
until a temperature of 80 °C is reached. The solution
25 is cooled to 45°C and quenched into 37% hydrochloric
acid solution (42 g). The mixture is heated to 89°C
and then cooled to 3°C. The mixture ig filtered and
the solid is washed with water (30 mL). The solid is
dried under reduced pressure to give 16.7 grams of
30 (8) - (+) -3-aminomethyl -5-methylhexanoic acid.
- HPLC enantiomer determination: Derivative with
i-fluoro-2,3-dinitrophenyl-5-L-alanine amide (Hypersil
. BDS (from Keystone Scientific, Inc., Bellefonte, PA),
0.05 M triethylamine (adjusted to pH 3 with phosphoric
35 acid) /acetonitrile, 62/38) enantiomeric purity 99.8%
(S) - (+) -3-aminomethyl-5-methylhexanoic acid.



IR (KBr): 624.8, 954.6, 1168.7, 1207.2, 1236.1, 1294.0, 1411. 6,

1592.9, 1643.1, 1712.5, 2873.4, 2931.3, 2958. 3, 3224. 4, 3332. 4,
3434.6 cnferr]. 10 Chiral HPLC. (Chiralcel OD-H, Hexane/isopropanol/
formc acid, 96/4/0.1) enantioneric purity >99%

(R-(-)-3- (car banmoyl net hyl ) - 5- net hyl hexanoi ¢ aci d Preparation of
(S)-(+)-3-Am norrwwinet hyl hexanoi ¢ 15 acid PCI/US96/05831
(R -(-)-3-(carbanoyl nethyl)-5-methyl hexanoi c acid (30 g) is

di ssolved in water (28 g) and 50% sodi um hydr oxi de solution (12.6 Q)
and cooled to 5[err]C. In a - separate 135k wat er (85 g), 50% sodi um

nydr oxi de 20 sol ut | OnrkS%sq A4b 3 871 08 L3R AldRaceEBnad

while maintaining a tenperature ess an 10)[err C. The br om ne
solution is added tomH‘i uE%I‘Eﬁ-ljcﬁPWRaﬁf’l( ($439 water (54 g) to give
(car banoyl net hyl ) - 5- net Myd hek aretrysweld ized W) aed) -3 -aminomethlylas -

temperature of 80 [epLl gxiﬁ%@%ﬁ%mhgtw&féng pdipeo2al efle Fange

45[err] C-and quenche d "sol ution

The mixture is5heat e@ft3PPH eﬁﬂ to abougndBePen IRAVWPIES3[ err] C The
mxture is filtered R (D,0,t ROOSMHEY: | Sb veHeed Ay BH, waters (B ). The
solid is drie u r ur | v 6.7 f
(S)-(+)-3-am nonet hyﬁ %6] &Ehyﬁﬁeg%o%c%%z di'ﬂ) o, J,79E1%5ﬂ3 gn%lzo,g'he?s
determ nation: Deri ¢&ti3¥® wi2t-2.4 (m, 3H), 2.89-3.06 (m, 2H).

1-fl uoro- 2, 3-di ni t r opRersmbr5- L7ed .ani B2338i, desow,perzsvid 6, 1334.BDS13é9 @m

Keystone Scienty fic %ﬂfhos%ﬁé4§f ’3?92,10%\) 2()39% 2M tzrﬁngk_uég

(adjusted to p 3vv|%' oric am acet0| tri'l e

enantionmeric purity 98784, 2856. - §.SROR3). 63- A POty |- - 5- et hyl hexanoi ¢
aci d. WD 96/ 38405 '
PCT/ US96/ 05831 eparation and Regolution of (RY-A07)-3-

Carbam £ -5-methvlhexancic acid followed b

15 regeneration of 3-iscbutylglutaric acid from (S)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid

(£) -3- (carbamoylmethyl) -5-methylhexanoic acid
(47 kg, 251 mol) is placed in chloroform (807 kg) and
ethanocl (8.8 kg). The mixture is heated to 55°C and
20 (R) - (+) -a-phenylethylamine (16.7 kg) is added. After a
solution forme additiomal (R)- (+)-a-phenylethylamine
(5.5 kg) and (R)-(-)-3-(carbamoylmethyl)-5- _
methylhexanoic acid seed crystals (100 g) are added.
The mixture is cooled to 32°C and filtered. The solid
25 is washed with chloroform (100 kg) and dried under
reduced pressure to give the (R)- (+)-a-phenylethylamine
salt of (R)-(-)-3-(carbamoylmethyl)-5-methylhexanoic
acid. The solid is dissolved in water (138.5 kg) and
concentrated hydrochloric acid (9.4 kg) is added. The
30 mixture is cooled to 0-10°C and filtered. The solid is
washed with cold water (20 L) and dried under reduced
pressure to give 17.7 kg of (R)-(-)~3- (carbamoyl
methyl) -5-methylhexanoic acid as a white solid.
The chloroform filtrate is extracted with aqueous
35 sodium hydroxide solution (25 kg 50% sodium hydroxide
dissolved in 106 kg water). The aqueous extract is



The solid (16.3 g) is recrystallized froma m xture of isopropanol
(54 g) and water (54 g) to give 14.7 g of recrystallized
(S)-(+)-3-am nonet hyl - 5- met hyl hexanoi ¢ acid having a nelting point
in the range 5 -of about 184[err]C to about 186[err] C - deconposes.
[err] H NWMR (D[err]O 200 MHz): [err] 0.88 (d, 3H,- J=6.5 Hz), 0.90
(d, 3H, J=6.5 6%,&; (t, 2H, J=7 Hz), 1.52-1.75 (m Pe&Yrosdsodsse. 4
(m 3H), 2.89-3.06 IR (KBr): 700.0, 823.5, 860.1, 1278. 6,
1334.5, 1369.2, 10 1417.4, 1645.0, 2210.Q,, 2603.4, 2690.2, 2775.1,

2844. 5, 2873. 4, 2896.6, 2923.6, 2956. cn{err] Preparation

and Resol ution of ( Récﬁ.dlf:?ed w:.th coﬁ@@hﬁ%ﬁ?¥hnﬁ§@ﬂ$ahl%zﬁ%t axshaexamon:@) aci d
foll owed by 15 Fe*generatl on fg %xr ELut aric aci.d gzr OH&(;S;. -)-3-

(car banpyl net hyl ) - 52R8t AFFHR 4R et? 5& pproximgtely) P4,!
(car banoyl net hyl ) - 5Thet aghéexsmibkuael ds extractad Wwigsh erhyd| Fers-hutckd

in chloroform (807 kfheRNg7g.5 xq) .ol bm OhetByP kéit- 1rrne>ghg§¢esb§ubg@§ ed
to 55[err]Cand 20 g%éﬁj rr henle¥hlamne g%ls added.
After a > sol utPof°PEF aé{ﬁﬂ ﬁ)‘c? ) RFEFFY- n?fL hyl ami ne
(5.5 kg) and (R) - (-3~ 3s(>batjnbgm@,t:la|mtclmlc)165427 4 kg) met hyl hexanoi ¢ aci d seed
crystals (100 g) are added. The m xture is cooled to 32[err]C and
filtered. The solid 25 is washed with chl oroform (100 kg) and dried
under reduced pressure to give the (R -(+)-[err]-phenyl ethyl am ne
salt of (R)-(-)-3-(carbanoyl nethyl)-5-net hyl hexanoi c acid. The solid
is dissolved in water (138.5 kg) and concentrated hydrochloric acid
(9.4 kg) is added. The 30 m xture is cooled to 0-10[err]C and filtered.
The solid is washed with cold water (20 L) and dried under reduced
pressure to give 17.7 kg of (R)-(-)-3-(carbanoyl

nmet hyl ) - 5- met hyl hexanoic acid as a white solid. The chl orof orm
filtrate is extracted with aqueous 35 sodi um hydr oxi de sol ution (25 kg
50% sodi um hydr oxi de di ssolved in 106 kg water). The aqueous
extract is
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-17 acidified with concentLﬂu m’m IW""C acid (94 kg) and
heat ed under reflux for approxi nmat " S * The aqueous m xture

*

is extracted with nmethyl tert-butyl ether (70.5 kg). The net hyl
tert-butyl ether solution 5 I's concentrated under reduced pressure to

gi ve 3-iso0 skt aric acid (27.4 ko). VO 9 cgfsobosss1
PCT/ US96/ 05831 oy - 18-
CLAI V5 1. A nethod of making (S)-(+zi§:(aninonethyl)-S-
met hyl hexanoi ¢ acid, the nethod. conpri sing: a. Condensi ng
i soval er al dehyde with an al kyl crar@yanoacetate to forma
2- cyano- 5- net hyl hex-2- 5 enoi c acid al kyl ester;
b. Reacting the 2-cyano-5-net-hyl hex-2-enoic acid al kyl
ester with a dial kyl 1al okamethodf of making (S) - (+)-3- (afiinamdthyl )HSt ari ¢
aci d; c.  FOL{T-Re1hBC ARY AL Phe3mbiRBY! BﬂéPi A 10
aci d; d. React Iﬂﬂﬁ@t ﬁ% an%yd%r#fe vfl\lnet ﬁ‘banm)nléfa_ 0 ﬁr%
([err])-3-(carbamoyl net hy - 5- FERPA§RAERG NAQValeraldehyde with ang Glkyl
e. Reacting ([err])-3-(carbargghoetéydge o Form a 2-cyano-5-methylhex-2-
met hyl hexanoic gcid with (R -(ghaok8rddid alkyl ester: ‘phenyl et hyl am ne
to obtain the (R -(+)-[err]- _ oyl ester; o
b. Reacting the 2-cyano-5-methylhex-2-enoic acid
alkyl ester with a dialkyl malonate to form
3-isocbutylglutaric acid;
c. Forming the anhydride of 3-isobutylglutaric
10 acid;
d. Reacting the anhydride with ammonia to form
(+) -3- (carbamoylmethyl) -5-methylhexanoic
acid;
e. Reacting (1) -3- (carbamoylmethyl) -5-
15 methylhexanoic acid with (R)-(+)-&-
phenylethylamine to obtain the (R)-({+}-a-
phenylethylamine salt of (R)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid;
£. Combining the salt with an acid to obtain
20 (R)-(-)-3- (carbamoylmethyl) - 5-methylhexanoic
acid; and
g. Reacting the (R)-(-)-3-(carbamoylmethyl)-5-
methylhexanoic acid with a Hofmann reagent to
obtain (8)-{+)-3-aminomethyl-5-methylhexanoic
25 acid.

2. The method of Claim 1 wherein the alkyl
cyanoacetate is ethyl cyanoacetate.

3. The ‘-method of Claim 1 wherein the isovaleraldehyde
is condensed with the alkyl cyanoacetate using
di-n-propylamine. '

4. The method of Claim i1 wherein the dialkyl malonace
is diethyl malonate.



phenylethylan1ne salt of (R-(-)-3- o
LT T e e I, e

(R-(-)-3- (carbannylnethyl) 5- net hyl hekarfoi ¢ * aci d; and
g. Reacting the (R)-(-)-3-(carbanoyl net hyl)-5-

met hyl hexanoi c wopel3saps h a Hof mann reagent to PCEIS26/05831
(S)-(+)-3-am nonet hyl - 5- met hyl hexanoi ¢ 25 aci d. 2.
The met hod of Claim1 wherein the al kyl -19- cyanoacetate is ethyl
cyanoacet at e. 3. The nethod of Caim1 wherein the

i soval eral dehyde 5. The mdthodobgeOb£in i (Wwhdrd malchyl isymumoaeghatas-iesi ng
di - n- propyl am ne. ial e e dial kyl

mal onage [ %é'c% Ay Q%;ﬂ&&k&?g Pga&ﬂlgmtkeme %@%/%8405 :

PCT/ US96/ 05831 methylhex-2-enoic acid alkyligster with & dialjpd

met hod of C ai m 1 wher einmldimties dhUENE Ghrésence of di-n-propylimires sngr ned -

by reacting the 2- cyanc>éhen aﬁ@%ﬁgte ?¥§¥§§HQJ¥?E %CQBQFSéQEiéLEﬂ kyl ester

with a dial ky resence o pr opyl ami ne
and 5 t hen addi ng a hydrochloric aC|d sol uti on. 6. The

net hod of Caim1l whereiThd hfethody 8t OFairm 1 wherein thef @hlipdirie rieact i ng

the 3-isobutylglutaric agidieg by reactind ik 3 SdbutPIYthide SadertY!
with acetic anhydride or acetyl chloride.

7. The method of Claim 1 wherein the Hofmann reagent
is sodium hypobromite.

8. A method of making (S)-(+)}-3-(aminomethyl)-5-

methylhexanoic acid, the method comprising:

a. Condensing isovaleraldehyde with ethyl
cyanoacetate to form 2-cyano-5-methylhex-2-

5 enoic acid ethyl ester;

b. Reacting the 2-cyano-5-methylhex-2-enoic acid
ethyl ester with diethyl malonate to form 3-
iscbutylglutaric acid;

c. Forming the anhydride of 3-isobutylglutaric

10 acid by reacting 3-isobutylglutaric acid with
acetyl chloride;

d. Reacting the anhydride with ammonia to form
(+) ~3- (carbamoylmethyl) -5-methylhexanoic
acid;

15 e. Reacting (%) -3- (carbamoylmethyl) -5-methyl-
hexanoic acid with (R)- (+)-a-phenylethylamine
to obtain the (E)-(+)-a-phenylethylamine salt
of (R)-(-)-3-carbamoylmethyl) -5-methyl-
hexanoic aciq;

20 £. Dissolving the salt in water to form a
solution and acidifying the solution with
hydrochloric acid to obtain solid (R)-{-}-

(3) -~ {carbamoylmethyl) -5-methylhexanoic acid;



7. The met hod of Caiml mhereln S
sodi'um hypobronmite. “ I [ﬁi m
(S)-(+)-3-(am nonet hyl)-5- c acid, the nethod

conpri si ng: a. Cbnden3|ng |sovaleraldehyde with et hyl
cyanoacetate to form 2-cyano-5-nethyl hex-2- 5 enoic acid

et hyl ester; WO 96/38405 D- Reacting the 2- cyano 5- net hyl hex- 3censbaosssi d
ethyl ester with dlethyl mal onate to form 3-

i sobutyl glutaric acid; C. For m the anhydride of
3-isobutylglutaric 10 acid by -reacting 3-isobutylglutaric
acid with g. ACERYACEANP I (R) - (-) - (3) - (cdkrbamdyadieich§d )t be

anhydrlde with anmonia to form

() - 3- (car banoyl met hyl ) - 5- met hyPHERéRsFanoic acid with sodiym hydpexide and
e. Reacting ()-3-(carbanoyl nex¢émine Lordidryl solid (S)- (+) -3-aminemeshyilc

acid with (R-(+)-a- phenylethygzﬁggﬁylhexanOlc acid; and O obtain the
(R -(+)-[err]-phenyl et hyl m ne,s
(R) (-) - 3- car batoyl net hyl rFé‘?fF}gﬁCtmg the solid ‘S"L“e’x%a“t}”ﬁw&m’}os'

: Dissolving the salt in vwmanhylhéxanmim acid. sol ution and
aC|d|fy|ng the solution with hydrochl oric acid to obtain
solid (R 3) - carbanD | met t.hyl hexanoi c
aci d: (R)-(-)- \N0996/3§§@5poméogné (z) - (%arbamg§£metﬂna %

PCT/ US96/ 05831 methylhexanoic acid. - 20- g.

Reacting the (R -(-)-(3)-(carbanoyl net hyl)-5-

met hyl hexanoic acid with sodlun1Q¥drOX|de and
10. The compound (R)-(-)-3-(carbamoylmethyl)-5-

methylhexanoic ac1d.

11. The compound (S)-(+)-3-(carbamoylmethyl)-s—
methylhexanoic acid.

12. The compound that'is the (R)-(+)-~a-

phenylethylamine salt of (R)-(-)-3-
(carbamoylmethyl) -5-methylhexanoic acid.

13. The compound that is the (S)-(-)-a-

phenylethylamine salt of (S)-(+)-3-
(carbamoylmethyl) -5-methylhexanoic acid.

i 14. A method of making (8)-(+)-3-(aminomethyl)-5-

' methylhexanoic acid, the method comprising the
step of reacting (R)-(-)-(3)-{carbamoylmethyl}-5-

. methylhexanoic acid with sodium hydroxide and

f 5 bromine to form (8)- (+)-3-aminomethyl-5-

| methylhexanoic acid.

15. A method of making (S)-({(+)-3- (aminomethyl)-5-
methylhexanoic acid, the method comprising:
a. Condensing isovaleraldehyde with an alkyl
. cyanoacetate to form a 2-cyano-5-methylhex-2-
5 : enoic acid alkyl ester;



bromne to formsolid (S)-(+)-3-aninonet

5- et hyl hexanoi ¢ aci d; and 5 ““lliﬂul{ﬂ,“ H!'the solid
(S)-(+)-3-am nonet hyl - c acid. 9.

The conpound () - 3- (carbannylnethyl) 5- met hyl hexanoi ¢ aci d.

10. The conpound (R)-(-)-3-(carbanoyl net hyl ) - 5- met hyl hexanoi c
aci d. 1o 968845 conpound (S) - (+) - 3- (car banoyl met hyl ) - 5- PCT/0896/05831
met hyl hexanoi ¢ aci d. 12. The conmpound that is the (R -(+)-[err]-
phenyl et hyl am ne salt of (R)-(-)-3- _21-

(car banoyl net hyl ) - 5- met hyl hexanoi ¢ aci d. 13. The compound that is
the (§)-(-)-a- pheﬁ%ﬁéﬁﬂﬁﬁfﬂﬂbng &phtio Of - mePhy(lhlex32 -enoic acid

b | met hyl ) - 5- th I h
(S (o5 (am mometnyl ) 5 SDRAE ditek pieh o aithy Lo kol Bt
conprising the steﬁrxﬁobuayﬁgﬂngatty gcddy 3) - (car banoyl et hyl ) - 5-

met hyl hexanoi ¢ aci d thhcsodlwﬂnmﬁy%edanaydrﬁde of 3- 1sdbi1QﬁF!L§§ui:@ri@'rA\ m

(S)-(+)¢3- an1qﬁnethyl nethylhexan0|c aci d
met hod of maki™ng (S)-(+)-3- (a?‘ﬁ’rﬂmet ) - 5- met hyl hexanoi ¢ aci d,
the nmethod conprising: d. Reactimg theonubm@riéﬁiwiﬁhﬂamm@mdéhydefvrmh an
al kyl cyanoacgil®. fcarhamnby imet oy PNos -metdhinkehakoc S
enoi c acid al kyl ester;
acid;
e. Combining (%)-3-{carbamoylmethyl)-5-
10 methylhexanoic acid with (8S)-(-)-a-

phenylethylamine in a solution to obtain the
(S) - (-) -a-phenylethylamine salt of (S)-(+)-3-
(carbamoylmethyl) -5-methylhexanoic acid,
which crystallizes out of the solution;
15 £. Isclating the (R)-(-)-3-(carbamoylmethyl) -5-
methylhexanoic acid from the solution; and
g. Reacting the (R)-(-)-3- (carbamoylmethyl)-5-
methylhexanocic acid with a Hofmann reagent to
obtain (S)-{+)-3-aminomethyl-5-methylhexanoic
20 acid.

16. The method of Claim 15 wherein the alkyl
cyanoacetate is ethyl cyanoacetate.

17. The method of Claim 15 wherein the
isovaleraldehyde is condensed with the alkyl
cyanoacetate using di-n-propylamine.

18. The method of Claim 15 wherein the dialkyl
} malonate is diethyl malonate.

19. The method of Claim 15 wherein the
isobutylglutaric acid is formed by reacting the 2-
cyano-5-methylhex-2-enoic acid alkyl ester with a
dialkyl malonate in the presence of di-n-
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alzﬁ;l ester with abdi al E;?C%Pgn;{]jlﬂmumﬂﬂ "m lml hex-2 en0| C actd

i sobutyl glutaric acid; C. For m ng the anhydri de of
3-isobutylglutaric 5 aci d; d. Reacting the
anhydride with owgegbsweso form ()-3- PCT/US96/05831
(car bamoyl et hyl ) - 5- net hyl hexanoi ¢ aci d; e.
Combi ni ng () - 3-(carbanoyl net hyl)-5- 20 2. . et hyI hexanoi ¢ aci d
wth (S)-(-)-[err]- phenylethylamne|nasolut|onto
obtain the pro;ﬁﬂ)an(rn)a anahene:hadu/ixﬁ;nanexya&bthbérw)a@a 3-
(car banmoyl nrethyl) -5 - mat;}%( 1{]:%?&%”0' C aC| d,. whi ch
crystallizes out of the solution f. | sol ating the

(R -(-)-3-(carbanoyl net hyl) -5- nmet hyl hexanoi c acid from .

the solution; and 20 The method BQaGJ.aﬂﬂ iéﬂear{é%aﬁr khé- 46RyEsIEY | 1t hyl )

- 5- Ihe ic_ac Hof agent to

obtain (S)-(+)-3-ani norret tﬁ??‘ﬁti'(ﬁ%o’i"%egb 15cbuty161s arig fgid

16. The nethod of Claim mnm@rcatﬁm avhydkide or acetyl chiguidacetate is

et hyl cyanoacet at e. 17. The method of C aim 15 wherein the

i soval eral dehyde is gondepsed t oacet at e u3| ng
di - n- propyl an ne. ap. e\%‘ gnﬁ?hggai# B a{'fbrﬁrﬁ%”\/\ﬁgfaeﬁﬂ i G

mal onate is diethyl mal orfet @odium hypobgomilte. met hod of O ai m 15 wher ei n

t he i sobutylglutaric acid is forned by reacting the 2-

cyano- 5- net hyl hex- 2-enoic acid al kyl ester with a di al kyl

mal onate in the presence of di-
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- 22, propyl ami ne and then adding a hydrochloric acid RrpP
sol uti on. ' 20. The nmethod of C aim 15 wherein the anhydride is CoPY
fornmed by reacting the 3-isobutylglutaric acid Wi th acet gy

anhydri de or acetyl _chl oride. 21. The nmethod of O aim 15 wig t he

Hof mann r eagent PCT is sodiYR-MyBEEETRIAL IROPERTY WG?{?E““""
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The present invention provides a method of making (S)-(+)-3-(aminomethyl)-5-methythexanoic acid which comprises condensing
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