
(19) United States 
US 20010016665A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0016665 A1 
GROTE et al. (43) Pub. Date: Aug. 23, 2001 

(54) METHOD OF MAKING reacting the 
(S)-3-(AMINOMETHYL) -5 
METHYLHEXANOIC ACID 

CO2R1 (76) Inventors: TODD MICHEL GROTE, 
HOLLAND, MI (US); BRIAN KEITH 
HUCKABEE, HOLLAND, MI (US); 
THOMAS MULHERN, 
HUDSONVILLE, MI (US); DENIS 
MARTIN SOBIERAY, HOLLAND, 
MI (US); ROBERT DANIEL TITUS, 
INDIANAPOLIS, IN (US) 

Correspondence Address: 
DAVID R. KURLANDSKY 
WARNER-LAMBERT COMPANY 
2800 PLYMOUTH ROAD 
ANN ARBOR, MI 48105 (US) 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/412,258 

(22) Filed: Oct. 5, 1999 

Related US. Application Data 

(62) Division of application No. 09/140,163, ?led on Aug. 
26, 1998, noW Pat. No. 6,046,353, Which is a division 
of application No. 08/796,159, ?led on Feb. 6, 1997, 
noW Pat. No. 5,840,956, Which is a division of 
application No. 08/671,881, ?led on Jun. 28, 1996, 
noW abandoned, Which is a division of application 
No. 08/474,874, ?led on Jun. 7, 1995, noW Pat. No. 
5,637,767. 

Publication Classi?cation 

(51) rm.c1.7 ................................................. ..c07c 255/00 
(52) Us. 01. .......................................... .. 558/441; 558/443 

(57) ABSTRACT 

A method of making (1)-3-(aminomethyl)-5-methylheX 
anoic acid that comprises condensing isovaleraldehyde With 

COZRI 

COZRZ 

to form primarily 

CO2R1 

/ COZRZ 2 
With a cyanide source to form 

decarboxylating the 

% 
Rlozc co2R2 

to form 

CN 

i 
COZRI; 

hydrolyZing the 

CN 

i 
CO2R1 

With an alkali or alkaline earth metal hydroxide to form an 

alkali or alkaline earth metal carboXylate salt; and hydro 
genating the alkali or alkaline earth metal carboXylate salt to 
form (1)-3-(aminomethyl)-5-methylheXanoic acid, Wherein 
R1 and R2 are the same or different and are hydrogen, Cl-C6 
alkyl, aryl, benZyl, or C3-C6 cycloalkyl. The present inven 
tion also provides a method of making (:)-3-(aminomethyl) 
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5-rnethylheXan0ic acid that comprises condensing isovaler 
aldehyde With 

CO2R1 

COZRZ 

to form primarily 

CO2R1 

/ COZRZ; 

reacting the 

COZRI 

/ cozR2 

With a cyanide source to form 

CN 

R102C COZRZ; 

decarboxylating the 

CN 

R1O2C COZRZ 

to form an alkali or alkaline earth metal carboxylate salt; and 
hydrogenating the alkali or alkaline earth metal carboxylate 
salt to form (1)-3-(arnin0rnethyl)-5-rnethylheXan0ic acid. 
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METHOD OF MAKING (S)-3-(AMINOMETHYL) -5 
METHYLHEXANOIC ACID 

FIELD OF THE INVENTION 

[0001] This invention relates to a method of making 
(1)-3-(aminomethyl)-5-methylhexanoic acid and to a 
method of obtaining (S)-3-(aminomethyl)-5-methylhex 
anoic acid from (1)-3-(aminomethyl)-5-methylhexanoic 
acid. 

BACKGROUND OF THE INVENTION 

[0002] 3-(Aminomethyl)-5-methylhexanoic acid, Which is 
also called [3-isobutyl-y-aminobutyric acid or isobutyl 
GABA, is a potent anticonvulsant. Isobutyl-GABA is related 
to the endogenous inhibitory neurotransmitter y-aminobu 
tyric acid or GABA, Which is involved in the regulation of 
brain neuronal activity. 

[0003] It is thought that convulsions can be controlled by 
controlling the metabolism of the neurotransmitter y-ami 
nobutyric acid. When the concentration of GABA dimin 
ishes 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 seiZures terminate (Hayashi T., Physiol. 
(London), 1959;145:570-578). The term “seizure” means 
excessive unsynchroniZed neuronal activity that disrupts 
normal function. 

[0004] Because of the importance of GABA as an inhibi 
tory neurotransmitter, and its effect on convulsive states and 
other motor dysfunctions, a variety of approaches have been 
taken to increase the concentration of GABA in the brain. In 
one approach, compounds that activate L-glutamic acid 
decarboxylase (GAD) have been used to increase concen 
trations of GABA, as the concentrations of GAD and GABA 
vary in parallel and increased GAD concentrations result in 
increased GABA concentrations (J anssens de Varebeke P., et 
al., Biochem. PharmacoL, 1983;32:2751-2755; Loscher W., 
Biochem. PharmacoL, 1982;31:837-842; Phillips N., et al., 
Biochem. PharmacoL, 1982;31:2257-2261). For example, 
the compound (:)-3-(aminomethyl)-5-methylhexanoic acid, 
a GAD activator, has the ability to suppress seiZures While 
avoiding the undesirable side effect of ataxia. 

[0005] It has been discovered that the anticonvulsant effect 
of isobutyl-GABA is stereoselective. That is, the S-stereoi 
somer of isobutyl-GABA shoWs better anticonvulsant activ 
ity than the R-stereoisomer. See, for example, Yuen, et al., 
in Bioorganic & Medicinal Chemistry Letters, 
1994;4(6):823-826. Thus, it Would be bene?cial to have an 
ef?cient process for the synthesis of the S-stereoisomer of 
isobutyl-GABA. 
[0006] Presently, (S)-3-(aminomethyl)-5-methylhexanoic 
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 at loW 
temperatures (§—35° C.) under carefully controlled condi 
tions. These synthetic routes include the use of (4R,5S)-4 
methyl-5-phenyl-2-oxaZolidinone as a chiral auxiliary to 
introduce the stereochemical con?guration needed in the 
?nal product. See, for example, U.S. Ser. No. 08/064,285, 
Which is hereby incorporated by reference. Although these 
routes provide the target compound in high enantiomeric 
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purity, they are difficult to conduct on large-scale and use 
expensive reagents Which are difficult to handle. 

[0007] In addition, (:)-isobutyl GABA can be synthesiZed 
in accordance With AndrusZkieWicZ, et al., Synthesis, 
1989;953. The synthesis described therein uses potentially 
unstable nitro compounds, including nitromethane, and an 
intermediate containing a nitro functional group, Which is 
reduced to an amine in a potentially exothermic and haZ 
ardous reaction. The synthesis also uses lithium bis(trim 
ethylsilylamide) at —78° C. The present method does not use 
nitro compounds, require loW temperatures, or require 
strongly basic conditions. 

[0008] The present invention provides an ef?cient synthe 
sis of isobutyl-GABA and provides for the resolution of 
racemic isobutyl-GABA to obtain the S-stereoisomer of 
isobutyl-GABA that avoids the above-identi?ed problems. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides the compounds 

COZRZ 

[0010] Where R1 and R2 are the same or different and are 
hydrogen, C1-C6 alkyl, aryl, benZyl or C3-C6 cycloalkyl; 

CN 

COM 

[0011] Where M is hydrogen, an alkali metal, or an alka 
line earth metal; 

CN 

CO2R1 

[0012] Where R1 is de?ned above; and 

+ 

NH3 OH 

cozn 

[0013] The present invention provides a method of making 
(:)-3-(aminomethyl)-5-methylhexanoic acid Which com 
prises condensing isovaleraldehyde With 
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[0019] hydrolyZing the 

CO2R1 

< CN 
COZRZ W 

COZRI 

[0014] to form primarily 

[0020] With an alkali or alkaline earth metal hydroxide to 
form an alkali or alkaline earth metal carboXylate salt; and 

(302R1 hydrogenating the alkali or alkaline earth metal carboXylate 
salt to form (1)-3-(aminomethyl)-5-methylheXanoic acid, 

/ COZRZ; Wherein R1 and R2 are the same or different and are hydro 
gen, C1-C6 alkyl, aryl, benZyl, or C3-C6 cycloalkyl. 

[0021] A preferred method of making (:)-3-(aminom 
ethyl)-5-methylheXanoic acid comprises condensing isoval 
eraldehyde With 

[0015] reacting the 

CO2R1 
CO2R1 

co2R2 
/ COZRZ 

[0022] to form primarily 

[0016] With a cyanide source to form 

CO2R1 

W/ICN \MCOZRZ; 
R102C COZRZ; 

[0023] reacting the 

[0017] decarboXylating the 

CN CO2R1 

Y1 Numb R1O2C COZRZ 

[0018] to form 0024 With a c anide source to form V 
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[0025] decarboxylating the 

CN 

[0026] to form an alkali or alkaline earth metal carboxy 
late salt; and hydrogenating the alkali or alkaline earth metal 
carboxylate salt to form (1)-3-(aminomethyl)-5-methylhex 
anoic acid. 

[0027] The present invention also provides a method for 
obtaining (S)-3-(aminomethyl)-5-methylhexanoic acid from 
(1)-3-(aminomethyl)-5-methylhexanoic acid Which com 
prises combining (1)-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 the precipitate into a polar aprotic solvent or a 
mixture of polar aprotic solvent and Water to form a slurry; 
and collecting the solid from the slurry. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] In accordance With Scheme I beloW, the present 
invention provides an ef?cient synthesis of racemic isobutyl 
GABA and a method for obtaining (S)-isobutyl-GABA from 
racemic isobutyl-GABA. 

Scheme I 

CO2R1 

CHO + COZRl —> —> CN 

<CO2R2 / co2R2 
R1O2C co2R2 

III I II 

NH2 

CN 

YT 
COM COM 

VII VI 

(S)—mandelic 
acid 

VIII 
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[0029] Wherein R1 and R2 are the same or different and are 
hydrogen, C1-C6 alkyl, aryl, benZyl or C3-C6 cycloalkyl; and 
M is hydrogen, an alkali metal, or an alkaline earth metal. 

[0030] Scheme I illustrates a method of making (:)-3 
(aminomethyl)-5-methylhexanoic acid (VII or racemic 
3-(aminomethyl)-5-methylhexanoic acid), the method com 
prising condensing isovaleraldehyde (I) With (II) to form 
(III); reacting (III) With a cyanide source to form (IV); 
decarboxylating (IV) to form (V); hydrolyZing (V) With an 
alkali metal or alkaline earth metal hydroxide to form (VI); 
and hydrogenating (VI) to form (:)-3-(aminomethyl)-5 
methylhexanoic acid (VII). 
[0031] In a preferred embodiment of the present method, 
(:)-3-(aminomethyl)-5-methylhexanoic acid can be made 
by condensing isovaleraldehyde (I) With (II) to form (III); 
reacting (III) With a cyanide source to form (IV); hydrolyZ 
ing and decarboxylating (IV) to form (VI); and hydrogenat 
ing (VI) to form (1)-3-(aminomethyl)-5-methylhexanoic 
acid (VII). 
[0032] Also provided by the present invention is a method 
for obtaining (1)-3-(aminomethyl)-5-methylhexanoic acid 
(IX) from (:)-3-.(aminomethyl)-5-methylhexanoic acid 
(VII), the method comprising combining (:)-3-(aminom 
ethyl)-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 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. 

IV 

/ 1 
CN 

YT 
CO2R1 

v 

cozn 
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[0033] In one step of the present method for making 
(1)-3-(aminomethyl)-5-methylhexanoic acid, isovaleralde 
hyde is condensed With 

CO2R1 

co2R2 

[0034] Wherein R1 and R2 are the same or different and are 
hydrogen C1-C6 alkyl, aryl, benZyl, or C3-C6 cycloalkyl. 
This type of 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 amount of a 
base such as di-n-propylamine. Other suitable catalysts are 
knoWn in the literature. See for example, TietZe L. E, and 
Beifuss U. in Comprehensive Organic Synthesis, 
1991;2z341-394 (Trost B. M., ed.), Pergamon Press. Repre 
sentative examples of suitable catalysts include pyrrolidine, 
[3-alanine, ammonium acetate, di-isoproplylamine, and di-n 
propylamine. These basic catalysts can also be used in 
combination With an acid such as p-toluene sulfonic acid or 
acetic acid. A preferred catalyst system in the present 
method is di-n-propylamine and acetic acid. 

[0035] In general, the reaction is run in a re?uxing hydro 
carbon solvent including, but not limited to, toluene, hexane, 
heptane, methyl tert-butyl ether or cyclohexane, With the 
aZeotropic removal of Water. Apreferred solvent is hexane. 
It is noted that ole?n regioisomers can also be formed in the 
reaction, but are converted to the desired product in a 
subsequent step in the reaction sequence. 

[0036] Representative examples of C1-C6 alkyl groups 
include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, 
tert-butyl, pentyl and hexyl. Representative examples of C3 
-C6 cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl 
and cyclohexyl. Representative examples of aryl groups 
include phenyl and substituted 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 C1-C6 alkyl, C1-C6 alkoxy 
and halogen. Preferably, R1 and R2 are ethyl. In general, the 
isovaleraldehyde and 

CO2R1 

co2R2 

[0037] are added to the solvent along With the catalyst, and 
re?uxed With aZeotropic removal of Water. It is also con 
templated that additional catalyst may be added When the 
rate of aZeotropic Water collection sloWs. The progress of the 
condensation reaction may be monitored by methods Well 
knoWn in the art. A preferred monitoring method is gas 
chromatography (GC). 
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[0038] In another step of the present method, 

CO2R1 

/ cozR2 

[0039] is reacted With a cyanide source to form 

CN 

RIOZC (302R; 

[0040] In general, 

COZRI 

/ (302R; 

[0041] is reacted With a cyanide 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 
sources include, but are not limited to, hydrogen cyanide, 
acetone cyanohydrin or an alkali metal or alkaline earth 

metal cyanide, such as sodium cyanide, potassium cyanide, 
or magnesium cyanide. The 

CN 

[0042] in this step may be used in the next step Without 
puri?cation, i.e. in crude form, or it may be puri?ed. 
Examples of suitable acids are acetic acid, hydrochloric 
acid, hydrobromic acid, sulfuric acid, benZoic acid, man 
delic acid, p-toluenesulfonic acid, and the like. 

[0043] The 

CN 
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[0044] can be decarboxylated to form 

CN 

COZRI 

[0045] by heating 

CN 

RIOZC COZRZ 

[0046] in a solvent With a salt. Examples of suitable 
solvents include mixtures of Water and a polar solvent such 
as ethanol or dimethylsulfoxide (DMSO). Examples of 
suitable salts include alkali metal and alkaline earth metal 
halides such as sodium chloride and alkali metal and alka 
line earth metal cyanides such as sodium cyanide, magne 
sium cyanide, and the like. 

[0047] The 

CN 

CO2R1 

[0048] can be hydrolyZed With an alkali 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. Examples 
of suitable alkali metal hydroxides include sodium hydrox 
ide, lithium hydroxide, and potassium hydroxide. Examples 
of suitable alkaline earth metal hydroxides include calcium 
hydroxide and magnesium hydroxide. The reaction is usu 
ally run in a suitable protic solvent such as Water or a 
mixture of Water and a polar protic solvent such as methanol, 
ethanol, or isopropanol. 

[0049] The carboxylate salt can be reduced to give the 
alkali or alkaline earth metal salt of (:)-3-(aminomethyl) 
S-methylhexanoic acid. The carboxylate salt can be proto 
nated With mineral acids or carboxylic acids to give the 
carboxylic acid and then the nitrile group of the carboxylic 
acid can be reduced. Conversely, the nitrile group of the 
carboxylate salt can be reduced, and subsequently proto 
nated to form the carboxylic acid. The salt can be treated 
With mineral acids or carboxylic acids to give (:)-3-(ami 
nomethyl)-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 hydroge 
nation catalyst, such as sponge nickel, in the 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. 
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[0050] The amino carboxylate formed after nitrile reduc 
tion can be obtained in the acid form by treating the amino 
carboxylate With an acid. The mineral acids such as hydro 
chloric acid can be used. Carboxylic acids, such as acetic 
acid, can also be used. Preferably, the acid is acetic acid, as 
a byproduct 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 aqueous alcoholic 
solvents than inorganic salts such as sodium chloride, potas 
sium chloride, and the like. Thus, isolation of the product is 
simpli?ed, and the need for ion exchange treatment to 
remove excess salts is avoided. 

[0051] The cyano acid may also be reduced using a 
suitable hydrogenation catalyst, such as sponge nickel and 
hydrogen, in a polar solvent such as methanol, ethanol, or 
isopropanol in combination With ammonia or a mixture of 
ammonia and Water. Examples of other suitable hydrogena 
tion catalysts include palladium, platium, rhodium, cobalt, 
and nickel. 

[0052] In a preferred method 

CN 

[0053] is taken to (1)-3-(aminomethyl)-5-methylhexanoic 
acid Without isolation of intermediates. For example, 

CN 

[0054] can be hydrolyZed using an alkali or alkaline earth 
metal hydroxide such as potassium hydroxide or sodium 
hydroxide in an alcohol solvent, Which promotes decarboxy 
lation. Further hydrolysis using an alkali or alkaline earth 
metal hydroxide in Water, an alcohol, or 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 
methylhexanoic acid. 

[0055] Racemic 3-(aminomethyl)-5-methylhexanoic acid 
can be resolved, i.e., the enantiomers separated, by selective 
crystalliZation With (S)-mandelic acid. Racemic 3-(aminom 
ethyl)-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 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 5,5 salt precipitates from the solution, and the diastere 
omer, the R,S salt, stays in solution. Diasteriomeric purity of 
the 5,5 salt can be enhanced by further crystalliZations. 
Additional (S)-mandelic acid can be included in the recrys 
talliZations to enhance diastereomeric enrichment. In gen 
eral, an excess of mandelic acid is used. It is also noted that 
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mandelic acid can be used in combination With another acid 
in accordance With the “Pope-Peachy” method knoWn in the 
art. 

[0056] Removal of (S)-mandelic acid from the salt to give 
enriched (S)-3-(aminomethyl)-5-methylhexanoic acid can 
be done using a polar aprotic solvent such as dimethylsul 
foxide or mixtures of dimethylsulfoxide and Water or tet 
rahydrofuran and Water, at temperatures typically in the 
range of about 0° C. to about 100° C. 

[0057] Trituration to obtain the S-enantiomer has the 
advantage that it is operationally simple and more economi 
cal than traditional acid/base or ion exchange methods. 

[0058] Alternatively, (S)-3-(aminomethyl)-5-methylhex 
anoic acid can be obtained by combining (:)-3-(aminom 
ethyl)- S-methylhexanoic acid With (R)-mandelic acid to 
give the R,R salt Which crystalliZes out of the solution 
leaving the solution enriched in (S)-3-(aminomethyl)-5 
methylhexanoic acid Which can then be isolated from the 
solution by methods Well knoWn to those skilled in the art. 

[0059] The (R)-mandelic salt of (S)-3-(aminomethyl)-5 
methylhexanoic acid can be isolated as an intermediate, 
treated With a polar aprotic solvent or mixture of Water and 
a polar aprotic solvent to give the (S)-3-(aminomethyl)-5 
methylhexanoic acid. 

[0060] It is also possible to obtain (S)-3-(amino methyl) 
S-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 carried on to the next step as 
solvent-Wet solids With comparable results. 

[0061] Also provided by the present invention are the 
novel compounds 

COZRZ 

[0062] Where R1 and R2 are the same or different and are 
hydrogen, Cl-C6 alkyl, aryl, benZyl or C3-C6 cycloalkyl; 

CN 

COM 

[0063] Where M is hydrogen, an alkali metal, or an alka 
line earth metal; 

CN 

CO2R1 
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[0064] Where R1 is a de?ned above; and 

NH3 OH 

cozn 

[0065] It is also contemplated that the compounds of the 
present method can be found or isolated in the form of 
hydrates or solnates, Which are considered to fall Within the 
Scope of the present invention. 

[0066] The examples beloW are intended to illustrate spe 
ci?c embodiments of the invention and are not intended to 
limit the scope of the speci?cation, including the claims, in 
any manner. 

EXAMPLES 

Preparation of 2-Carboxyethyl-S-methylhex-2-enoic 
Acid, Ethyl Ester 

COZEt 

COZEt 
—’ / 

(302E: YCHO + 

[0067] 
[0068] Isovaleraldehyde (361.6 kg, 4198.3 mol) Was com 
bined With diethyl 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 re?ux (jacket temperature set at 90° 
C.) With continuous removal of Water until the rate of Water 
collection sloWed signi?cantly (69.4 kg Water Was collected 
versus 72.0 kg expected by theory). 

COZEt 

[0069] At this point, the mixture Was cooled to beloW 60° 
C. and a second catalyst addition Was carried out by charging 
di-n-propylamine (20.0 kg, 197.6 mol), and glacial acetic 
acid (24.0 kg, 399.7 mol) to the mixture. (The second 
catalyst addition is optional, but helps to bring the reaction 
to completion faster. This modi?cation shoWs improved 
purity pro?les and yields in some cases versus a single 
catalyst charge.) 
[0070] The mixture Was heated to re?ux (jacket tempera 
ture 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 
(2x800 L). The organic layer Was concentrated by atmo 
spheric pressure distillation until most of the hexane Was 
removed. The remaining oil WELS further concentrated by 
vacuum distillation at 40° C. for 2-18 hours. 

[0071] The product Was obtained as a colorless liquid 
(810.0 kg, 88.7% yield) and contained a mixture of ole?n 
isomers (both of Which are converted to the same product in 
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the next synthetic step). The major isomer is 2-carboxyethyl 
5 -methylhex-2-enoic acid, ethyl ester; the minor isomer 
(typically 10-13% by GC) is believed to be :2-carboxyethyl 
5-methylhex-3-enoic acid, ethyl ester. 

[0072] Description: Colorless to yelloW liquid 

[0073] GC Assay: 74-76% 2-carboxyethyl-5-methylhex 
2-enoic acid ethyl ester; 10-13% 2-carboxyethyl-5-methyl 
hex-3-enoic acid ethyl ester; 87-88% Total of both isomers. 
1H NMR, Note: Chemical shifts and multiplicities are 
reported as observed for a sample of the mixture prepared by 
the process described above. The observed integration 
results are slightly different than Would be expected for pure 
2-carboxyethyl-5-methylhex-2-enoic acid ethyl ester due to 
the presence of tWo ole?n isomers. Thus, the integration has 
been reported as Would be expected for a pure sample of 
2-carboxyethyl-5-methylhex-2-enoic acid ethyl ester. 

[0074] 1H NMR (CDC13, 200 MHZ): 6 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 (1, 1H, J=7.9 HZ). 

[0075] Boiling Point: Puri?ed samples can be obtained by 
vacuum distillation: 101-104° C. at 1.1-1.2 mm Hg; or 132° 
C. at 5 mm Hg. 

Preparation of 2-Carboxyethyl-3-cyano-5-methyl 
hexanoic Acid, Ethyl Ester 

COZEt CN 

/ COZEt 
EtOZC COZEt 

[0076] 
[0077] 2-Carboxyethyl-5-methylhex-2-enoic acid ethyl 
ester (692.7 kg, 3034 mol) Was charged to a 4000 L vessel 
containing potassium cyanide (172.6 kg, 2650 mol) and 2 B 
ethanol (700 kg). The resulting slurry Was stirred at 25-40° 
C. for at least 18 hours or until in-process HPLC assay 
indicated less than 5% 2-carboxyethyl-5-methylhex-2-enoic 
acid, ethyl ester (typically 22-24 hours). Hexane (890 L) Was 
charged to the slurry. Glacial acetic acid (175 kg, 2914 mol) 
Was 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><890 L). The organic layers Were combined 
and Washed With Water (1><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 

liquid (752.6 kg, 93.8%). 
[0078] Description: Colorless to orange liquid 

[0079] HPLC Assay: 83-86% 2-carboxyethyl-3-cyano-5 
methylhexanoic acid, ethyl ester 

[0080] 1H NMR (DMSO-d6, 200 MHZ): 6 0.92 (1, 6H, 
J=6.1 HZ), 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). 
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Preparation of 3-Cyano-5-methylhexanoic Acid 
Ethyl Ester 

m... a W... 
EtOZC COZEt COZEt 

[0081] 
[0082] An 800 L still Was charged With sodium chloride 
(21 kg, 359 mol), 2-carboxyethyl-3-cyano-5-methylhex 
anoic acid, ethyl ester (80.0 kg, 313 mol), dimethylsulfoxide 
(238 kg), and Water (10.8 kg, 600 mol). The mixture Was 
heated to 137-148° C. for 8.5 hours. The mixture Was cooled 
to beloW 50° C., and treated With methyl tert-butyl ether 
(125 kg). The mixture Was cooled to 0-10° C., and treated 
With Water (160 L) in portions to maintain the temperature 
beloW 40° C. 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 Water phase Was 
discarded. The methyl tert-butyl ether phase Was concen 
trated by atmospheric pressure distillation to a batch tem 
perature of about 65° C. The batch Was cooled to 30-40° C. 
and further concentrated by vacuum distillation until the 
solvent content Was acceptable (<5 % methyl tert-butyl ether 
by area %GC analysis). The product Was obtained as a 
broWn oil (51.3 kg, 85.7%). 

[0083] Description: Colorless to dark broWn oil 

[0084] GC Assay (area %): 86.20% 

[0085] Boiling Point: Puri?ed samples can be obtained by 
vacuum distillation: 99-103° C. at 1.3-1.5 mm Hg 

[0086] 1H NMR (CDC13, 200 MHZ): 6 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 (dd, 1H, J=6.8 HZ, J=16.6 HZ), 2.70 (dd, 1H, J=7.4 HZ, 
J=16.5 HZ), 2.99-3.10 (m, 1H), 4.21 (q, 2H, J=7.1 HZ). 

Preparation Of Racemic 3-(Aminomethyl)-5-meth 
ylhexanoic Acid 

CN CN 

—> —> 

COZEt (302M 

NHZ 

COZH 

[0087] 
[0088] An 800 L still Was charged With 3-cyano-5-methyl 
hexanoic acid, ethyl ester (50.1 kg, 273 mol) and ethyl 
alcohol 2 B (53 kg). Asolution of potassium hydroxide (17.8 
kg, 317 mol) in Water (56 L) Was added controlling the 
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addition rate to maintain the batch temperature below 25° C. 
The mixture Was stirred at 20-25° C. for about 1.5 hours. 

[0089] The batch Was transferred to a hydrogenator con 
taining sponge nickel (15.0 kg, 50% Water Wet), followed by 
a rinse of ethyl alcohol 2 B (27 kg). The mixture Was treated 
With hydrogen at about 50 psi for about 19 hours (hydrogen 
uptake stopped). 

[0090] The nickel Was removed by ?ltration and the ?lter 
cake Was rinsed With a mixture of 39 kg ethyl alcohol 2 B 
and 111 LWater. To the ?ltrate Was added glacial acetic acid 
(22.8 kg, 380 mol) maintaining the 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. 

[0091] The solid Was collected on a centrifuge and rinsed 
With 160 L isopropyl alcohol that Was previously cooled to 
0-5° C. 

[0092] 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. 

[0093] The product Was characteriZed by HPLC and 
NMR. The Water content for this product Was 9.51% by 
Weight (Karl Fischer). The product may contain a variable 
amount of Water ranging from nearly anhydrous up to about 
10.2% (monohydrate). 

[0094] Description: White to off-White solid 

[0095] HPLC Assay: 102.05% W/W 

[0096] Melting Point: 166.0-167.5° C. 

[0097] 1H NMR (D20, 200 MHZ): 0 0.86-0.90 (m, 6H), 
1.21 (1, 2H, J=7.0 HZ), 1.62-1.69 (m, 1H), 2.12-2.35 (m, 
3H), 2.94-3.00 (m, 2H). 

Preparation of Racemic 3-(Aminomethyl)-5-methyl 
hexanoic Acid 

CN 

YI W NHZ —> 

EtOZC COZEt c0211 

[00%] 
[0099] 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 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 re?ux for 4-5 hours. The batch Was cooled to 25-30° C. 
and a solution of potassium hydroxide (121.6 kg, 2167 mol) 
in Water (200 L) Was added maintaining the batch tempera 
ture beloW 50° C. 

[0100] The batch Was concentrated by vacuum distillation 
to about 580 L volume. Water (100 L) Was added and the 
distillation continued to a volume of about 510 L. 
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[0101] The batch Was transferred to an 800 L hydrogenator 
containing 44.8 kg sponge nickel (50% Water Wet), along 
With a mixture of 20 L Water and 30 kg ethyl alcohol 2 B as 
a rinse. The mixture Was treated With hydrogen at about 50 
psi for about 18-19 hours (hydrogen uptake stopped). 

[0102] To the batch Was added 58 kg ethyl alcohol 2 B and 
the nickel Was removed by ?ltration. The ?lter cake Was 
rinsed With a mixture of 100 kg ethyl alcohol 2 B and 270 
L Water. The ?ltrate Was transferred to a 2000 L still 

containing 222 kg (3697 mol) glacial acetic acid at 50-60° 
C. controlling the addition rate to control gas evolution and 
to maintain the temperature at 50-60° C. A rinse of 40 L 
Water Was added to the batch and the temperature increased 
to 70-75° C. to dissolve the solids. The batch Was sloWly 
cooled to 0-5° C. to crystalliZe the product. 

[0103] The solid Was collected on a centrifuge and rinsed 
With 570 L isopropyl alcohol. 

[0104] 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-methylhexanoic acid. 
The product Was characteriZed by HPLC and NMR. The 
product may contain variable amounts of Water ranging from 
nearly anhydrous (1.68% by Weight in this example) up to 
about 10.2% (monohydrate). 

[0105] 
[0106] 

Description: White to off-White solid 

HPLC Assay: 99.67% W/W 

[0107] Melting Point: 166.0-167.5° C. 

[0108] 1H NMR (D20, 200 MHZ): 0 0.88-0.92 (m, 6H), 
1.23 (1, 2H, J=6.9 HZ), 1.64-1.70 (m, 1H), 2.13-2.37 (m, 
3H), 2.96-3.01 (m, 2H). 

Resolution of Racemic 3-(Aminomethyl)-5-methyl 
hexanoic Acid 

(S)—Mandelic 
Acid 

cozn 

cozn 

c0211 

[0109] 
[0110] A solution of 3% v/v Water in isopropyl alcohol 
Was prepared by mixing Water (9 kg) and isopropyl alcohol 
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(291 L) in a 400 L reactor. This Was repeated. The solvent 
Was stored in plastic drums and used as necessary (described 
below). 
[0111] A 400 L still Was charged With racemic 3-aminom 
ethyl-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 earlier. The 
mixture Was heated to dissolve the solids (about 65-80° C.), 
cooled, and seeded With S,S-salt to crystalliZe the mixture of 
diastereomeric mandelate salts enriched in the S,S-isomer. 
The solid Was collected on a centrifuge and rinsed With 3% 
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). 

[0112] The damp salt Was charged to a 400 L still along 
With (S)-(+)-mandelic acid (5.8 kg, 38 mol) and 3% Water/ 
isopropyl alcohol (121 kg). The mixture Was heated to 
dissolve the solids (about 65-80° C.), cooled, and seeded if 
necessary, With S,S-salt to crystalliZe the mixture of diaste 
reomeric mandelate salts further enriched in the S,S-isomer. 
The solid Was collected on a centrifuge and rinsed With 3% 
Water/isopropyl alcohol (33.3 kg). The solid may optionally 
be dried at this stage or carried on as a solvent-Wet solid (S/R 
isomer ratio: 99.5% S:0.5% R). The dried S,S-salt typically 
has the folloWing characteristics: Description: White to 
off-White solid; mp 133-134° C.; 

[0113] 1H NMR (D20, 200 MHZ): 0 0.87-0.92 (m, 6H), 
1.24 (t, J=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, SH). 
[0114] The damp salt Was transferred to a 400 L reactor 
With tetrahydrofuran (195 L) and Water (10 kg). The mixture 
Was Warmed to 60-65° C., and cooled to 0-5° C. The crude 
(S)-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 at this stage or carried on 
as a solvent-Wet solid (S/R isomer ratio: 100% S:<0.05% R 
isomer (not detected)). 
[0115] The damp solid Was transferred to a 200 L still With 
isopropyl alcohol (113 L) and Water (38 kg). The mixture 
Was heated to dissolve the solids (about 75-80° C.), ?ltered 
While hot, and cooled to 0-5° C. to crystalliZe the (S) 
isobutyl GABA. The solid Was collected on a centrifuge and 
rinsed With 25 L isopropyl alcohol. The damp solid Was 
dried in a vacuum tray drier under vacuum at 35-45° C. to 
give 7.4 kg (S)-isobutyl GABA. 

[0116] Description: White to off-White solid 

[0117] HPLC Assay: 99.4% W/W 

[0118] Chiral Purity (HPLC): 100% S; R-isomer not 
detected (limit of detection 0.05%) 

[0119] Melting Point: 177-179° C. (decomposes) 

[0120] 1H NMR (D20, 200 MHZ): 0 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). 

Resolution of Racemic 
3-(Aminomethyl)-5-methylhexanoic Acid 

[0121] A solution of 3% v/v Water in isopropyl alcohol 
Was prepared by mixing Water (5 .7 kg) and isopropyl alcohol 
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(184 L) in a 400 L reactor. The solvent Was stored in plastic 
drums and used as necessary (described beloW). 

[0122] A2000 L reactor Was charged With racemic 3-ami 
nomethyl-5-methylhexanoic acid (117.6 kg, 673 mol). A 
2000 L still Was charged With Water (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 heated to 50-65° C. just long enough to dissolve the 
solids. 

[0123] [Note: Batch heating and temperature are kept to 
the minimum necessary to dissolve solids in order to mini 
miZe acid catalyZed decomposition of racemic 3-aminom 
ethyl-5-methylhexanoic acid to the corresponding lactam. 
This decomposition is undesired because it loWers product 
yield.] 
[0124] The mixture Was cooled to 40-45° C., seeded With 
S,S-salt (20 g), and further cooled to 20-25° C. to 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/isopropanol solution (100 kg) 
prepared earlier. 

[0125] [Note: SIR isomer ratio: 92.5% S:7.5% R. The 
solid may optionally be dried at this stage or carried on as 
a solvent-Wet solid.] 

[0126] The solvent-Wet S,S-salt Was charged to an 800 L 
reactor. An 800 L still Was charged With Water (14.4 kg), 
(S)-(+)-mandelic acid (23.0 kg, 151 mol), and isopropyl 
alcohol (468 L). The mandelic acid mixture Was heated to 
65-70° C., and the resulting solution Was transferred to the 
reactor containing the 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. 

[0127] [Note: Batch heating and temperature are kept to 
the minimum necessary either to dissolve solids or to reach 
70° C., in order to minimiZe acid catalyZed decomposition to 
the corresponding lactam. This decomposition is undesired 
because it loWers product yield.] 

[0128] The mixture Was cooled to 50-55° C. Seeding With 
S,S-salt at this temperature range is optional but is typically 
not needed to induce crystalliZation or further diastereo 
meric enrichment. The batch Was further cooled to 0-5° C. 
to crystalliZe the mixture of diastereomeric :mandelate salts 
enriched in the S,S-isomer. After maintaining the tempera 
ture at 0-5° C. for at least 12 hours, the solid Was collected 
on a centrifuge and rinsed With 3% Water/isopropanol solu 
tion (100 kg) prepared earlier. 

[0129] [Note: SIR isomer ratio: 98.6% S:1.4% R. The 
solid may optionally be dried at this stage or carried on as 
a solvent-Wet solid. The dried S,S-salt typically has the 
folloWing characteristics: 

[0130] Description: White to off-White solid; mp 133-134° 
c. [36832x88]; 1H NMR (D20, 200 MHZ): 0 0.87-0.92 (m, 
6H), 1.24 (t, J=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, SH).] 
[0131] An 800 L reactor Was charged With Water (31 L), 
the solvent-Wet S,S-salt, and tetrahydrofuran (595 L). The 
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mixture Was Warmed to 50-55° C., and cooled to 0-5° C. 
After maintaining the temperature at 0-5° C. for at least 12 
hours, the solid Was collected on a centrifuge and rinsed With 
tetrahydrofuran (50 L) and then With isopropyl alcohol (50 
L). 
[0132] [Note: S/R isomer ratio: 99.94% S:0.06% R. The 
solid may optionally be dried at this stage or carried on as 
a solvent-Wet solid.] 

[0133] An 800 L reactor Was charged With Water (155 L), 
the solvent-Wet CI-1008, and isopropyl alcohol (465 L). The 
miXture Was heated to dissolve the solids (about 75-80° C.), 
?ltered 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). The damp solid Was dried in 
a vacuum tray drier under vacuum at 35-45° C. to give 32.4 
kg CI-1008 (60.4% yield). 

[0134] Description: White to off-White solid 

[0135] HPLC Assay: 100.32% W/W 

[0136] Chiral Purity (HPLC): 100% S; R-isomer not 
detected (limit of detection 0.05%) 

[0137] 1H NMR (D20, 200 MHZ): 6 0.86-0.90 (m, 6H), 
1.21 (t, 2H, J=7.1 HZ), 1.62-1.65 (m, 1H), 2.15-2.35 (m, 
3H), 2.94-2.99 (m, 2H). [CD 2586] 
[0138] Melting Point: 177-179° C. (decomposes) 

1. The compound having the formula 

CN 

Wherein R1 and R2 are the same or different and are 
hydrogen, Cl-C6 alkyl, aryl, benZyl or C3-C6 cycloalkyl. 

2. The compound of claim 1 Wherein R1 and R2 are ethyl. 
3. The compound having the formula 

CN CN 

W Or \(T 
co2M CO2R1 

Wherein M is hydrogen, an alkali metal, or an alkaline 
earth metal and R1 is Cl-C6 alkyl, aryl, benZyl, or C3-C6 
cycloalkyl. 

4. The compound of claim 3 Wherein M is sodium or 
potassium. 

5. The compound that is the mandelic acid salt of 3-(ami 
nomethyl)-5-methylheXanoic acid. 

6. The compound of claim 5 Wherein the mandelic acid is 
(S)-mandelic acid and the 3-(aminomethyl)-5-methylheX 
anoic acid is (S)—3-(aminomethyl)-5-methylheXanoic acid. 

7. The compound of claim 5 Wherein the mandelic acid is 
(R)-mandelic acid and the 3-(aminomethyl)-5-methylheX 
anoic acid is (R)-3-(aminomethyl)-5-methylheXanoic acid. 
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8. The compound of claim 5 Wherein the mandelic acid is 
(R)-mandelic acid and the 3-(aminomethyl)-5-methylheX 
anoic acid is (S)-3-(aminomethyl)-5-methylheXanoic acid. 

9. The compound of claim 5 Wherein the mandelic acid is 
(S)-mandelic acid and the 3-(aminomethyl)-5-methylheX 
anoic acid is (R)-3-(aminomethyl)-5-methylheXanoic acid. 

10. A method for obtaining (S)-3-(aminomethyl)-5-meth 
ylheXanoic acid from (1)-3-(aminomethyl)-5-methylheX 
anoic acid, the method comprising: 

a. combining (1)—3-(aminomethyl)-5-methylheXanoic 
acid and (S)-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 aprotic solvent 
or a mixture of polar aprotic solvent and Water to form 
a slurry; and 

d. collecting the solid from the slurry. 

11. The method of claim 10 Wherein the (:)-3-(aminom 
ethyl)-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-(aminom 
ethyl)-5-methylheXanoic acid and (S)-mandelic acid are 
combined in methanol and isopropanol. 

13. The method of claim 10 Wherein the polar aprotic 
solvent is dimethylsulfoXide. 

14. The method of claim 10 Wherein the polar aprotic 
solvent is tetrahydrofuran. 

15. A method of making (1)—3-(aminomethyl)-5-methyl 
heXanoic acid, the method comprising: 

a. condensing isovaleraldehyde With 

COZRI 

COZRZ 

to form primarily 

CO2R1 

/ COZRZ; 

b. reacting the 

CO2R1 

/ COZRZ 
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With a cyanide source to form 

c. decarboxylating the 

to form 

2 
CO2R1; 

d. hydrolyZing the 

2 
CO2R1 

With an alkali or alkaline earth metal hydroxide to form an 

alkali or alkaline earth metal carboxylate salt; and 

e. hydrogenating the alkali or alkaline earth metal car 

boxylate salt to form (1)-3-(aminomethyl)-5-methyl 
hexanoic acid, Wherein R1 and R2 are the same or 
different and are hydrogen, C1-C6 alkyl, aryl, benZyl, or 
C3-C6 cycloalkyl. 

16. The method of claim 15 Wherein R1 and R2 of 

CO2R1 

COZRZ 

are ethyl. 
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17. The method of claim 15 Wherein the isovaleraldehyde 
and 

CO2R1 

cozR2 

are condensed in the presence of di-n-propylamine and 
acetic acid. 

18. The method of claim 15 Wherein the cyanide source is 
potassium cyanide. 

19. The method of claim 15 Wherein the alkali metalhy 
droxide 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 (1)-3-(aminomethyl)-5-methylhex 
anoic acid to obtain (S)-3-(aminomethyl)-5-methylhexanoic 
acid. 

22. The method of claim 21 Wherein the resolution step 
comprises: 

a. combining (1)-3-(aminomethyl)-5-methylhexanoic 
acid and (S)-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 aprotic solvent 
or a mixture of polar aprotic solvent and Water to form 
a slurry; and 

d. collecting the solid from the slurry. 
23. A method of making (1)-3-(aminomethyl)-5-methyl 

hexanoic acid, the method comprising: 

a. condensing isovaleraldehyde With 

COZRI 

COZRZ 

to form primarily 

COZRI 

/ COZRZ; 

b. reacting the 

CO2R1 

/ COZRZ 
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With a cyanide source to form 

CN 

RIOZC COZRZ; 

c. decarboXylating the 

CN 

RIOZC (302R; 

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

d. hydrogenating the alkali or alkaline earth metal. car 
boXylate salt to form (1)-3-(aminomethyl)-5-methyl 
heXanoic acid. 

24. The method of claim 23 Wherein R1 and R2 of 

CO2R1 

co2R2 

are ethyl. 
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25. The method of claim 23 Wherein the isovaleraldehyde 
and 

CO2R1 

COZRZ 

are condensed in the presence of di-n-propylamine and 
acetic acid. 

26. The method of claim 23 Wherein the cyanide com 
pound 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 (1)-3-(aminomethyl)-5-methylheX 
anoic acid to obtain (S)-3-(aminomethyl)-5-methylheXanoic 
acid. 

29. The method of claim 28 Wherein the resolution step 
comprises: 

a. combining (1)-3-(aminomethyl)-5-methylheXanoic 
acid and (S)-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 aprotic solvent 
or a mixture of polar aprotic solvent and Water to form 
a slurry; and 

d. collecting the solid from the slurry. 

* * * * * 


