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GABA AND L-GLUTAMIC ACID ANALOGS FOR
ANTISEIZURE TREATMENT

This Sheet Has Been Replaced

TECHNICAL FIELD .

The present invention relates to novel compounds
that are analogs of glutamic acid and gamma-
aminobutyric acid (GABA). More specifically, the
analogs are useful as antiseizure therapy for central
nervous system disorders such as epilepsy, Huntington'’s
chorea, cerebral ischemia, Parkinson’s disease, tardive
dyskinesia, and spasticity. It is also possible that
the present invention could be used as an
antidepressant, anxiolytic, and antipsychotic activity.

BACKGROUND OF THE INVENTION

Gamma aminobutyric acid (GABA) and glutamic acid
are two major neurotransmitters involved in the
regulation of brain neuronal activity. GABA is the
major inhibitory neurotransmitter and L-glutamic acid
is an excitatory transmitter (Roberts E, et al, GABA in
Nervous System Function, Raven Press: New York, 1976;
McGeer EG, et al, Glutamine, Glutamate, and GABA in the
Central Nervous System; Hertz L, Kvamme E, McGeer EG,
Schousbal A, eds., Liss: New York, 1983;3-17). An
imbalance in the concentration of theset
neurotransmitters can lead to convulsive states.
Accordingly, it is clinically relevant to be able to
control convulsive states by controlling the metabolism
of this neurotransmitter. When the concentration of
GABA diminishes below a threshold level in the brain,
convulsions result (Karlsson A, et al, Biochem.
Pharmacol 1974;23:3053-3061). When the GABA levels
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rise in the brain during convulsions, seizures
terminate (Hayashi TJ, Physiol. (London)
1959;145:570-578). The term seizure as used herein
means excessive unsynchronized neuronal activity that
disrupts normal neuronal function. 1In several seizure
disorders there is concomitant with reduced brain GABA
levels a diminished level of L-glutamic acid
decarboxylase (GAD) activity also observed (McGeer PO,
et al, In: GABA jin Nervous Sygtem Function; Roberts E,
Chase TN, Tower DB, eds., Raven Press: New York
1976:487-495; Butterworth J, et al, Neurochem.
1983;41:440-447; Spokes EG, Adv, Exp, Med, Biol.
1978;123:461-473; Wu JY, et al, Neurochem. Res.
1979;4:575-586; and Iversen LL, et al, Pgychiat. Res.
1974,_;.255 256) . Often, the concentrations of GAD and
GABA vary in parallel because decreased GAD
concentration results in lower GABA production.

Because of the importance of GABA as an inhibitory
neurotransmitter, and its effect on convulsive states
and other motor dysfunctions, a variety of approaches
have been taken to increase the brain GABA
concentration. For example, the most obvious approach
was to administer GABA. When GABA is injected into the
brain of a convulsing animal, the convulsions cease
(Purpura DP, et al, Neurochem, 1959;3:238-268).
However, if GABA is administered systematically, there
is no anticonvulsant effect because GABA, under normal
circumstances, cannot cross the blood brain barrier
(Meldrum BS, et al, gp;;gpgx Harris P, Mawdsley C,
eds., Churchlll L1v1ngston- Edlnburg 1974:55. In view
of thls limitation, there are three altermative
approaches that can be taken to raise GABA levels.

The most frequent approach is to design a compound
that crosses the blood brain barrier and then
inactivates GABA aminotransferase. The effect is to
block the degradation of GABA and thereby increase its
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Another approach is to increase GABA
concentrations in the brain by making GABA lipophilic
by conversion to hydrophobic GABA amides (Kaplan JP,
et al, G.J, Med, Chem., 1980;23:702-704; Carvajal G,
et al, giggggmL_ggggm;gg;L 1964;13:1059-1069; Imines:
Kaplan JP, Ibid.; or GABA esters: Shashoua VE, et al,
J. Med. Chem. 1984;27:659-664; and PCT Patent
Application W085/00520, published 2/14/85) so that GABA
can cross the blood brain barrier. Once inside the
brain, these compounds require amidase and esterases to
hydrolyze off the carrier group and release GABA.

Yet another approach is to increase 25 brain GABA
levels by designing an activator of GAD. A few
compounds have been described as activators of GAD.
The anticonvulsant agent, maleicimid, was reported to
increase the activity of GAD by 11% and as a result
increase GABA concentration in the substantia nigra by
up to 38% (Janssens de Varebeke P, et al, Biochem.
Pharmacol., 1983;32:2751-2755. The anticonvulsant drug
sodium valprocate (Loscher W, Biochem. Pharmacol.
1982;31:837-842; Phillips NI, et al, Biochem.
Pharmacol., 1982;31:2257-2261) was also reported to
activate GAD and increase GABA levels.

The compounds of the present invention have been
found to activate GAD in vitro amd have a dose
dependent protective effect on-seizure in wvivo.

Also, the compounds of the present invention have
been found to bind a novel binding site which was
identified to bind tritiated gabapentin. Gabapentin
has been found to be an effective treatment for the
prevention of partial seizures in patients refractory
to other anticonvulsant agents. Chadwick D,

mtter (Roberts E, et al, GABA in

tardi ve dyskinesia, and spasticity,'
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is clinically relevant to be able to control convul sive states by
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Gabapentin, pp. 211-222, In: Recent Advances in
Epilepsy, Vol. 5, Pedley TA, Meldrum BS, (eds.)
Churchill Livingstone, New York (1991). The novel
binding site labeled by tritiated gabapentin was
5 described in membrane fractions from rat brain tissue
and in autoradiographic studies in rat brain sections,
Hill D, Ibid. This binding site has been used to
evaluate tha compounds of the present invention.
The novel compounds of the present invention are
10 set forth below as Formula I. It should be noted that
the compound of Formula I wherein R; is methyl and each
of R, and R, is hydrogen is taught in Japan
Patent Number 49-40460.

-4-

15
SUMMARY OF THE INVENTION
In accordance with the present invention, there is
provided compounds of the Formula I
20
Ry Ry
25 Ry

wherein R, is a straight or branched alkyl of from 1 to
6 carbons, phenyl or cyclocalkyl having from 3 to
6 carbon atoms; R, is hydrogen or methyl; and R, is
30 hydrogen, methyl, or carboxyl; with the prowviso that
when each of the R, and R; is hydrogen, R; is other than
methyl. Pharmaceutically acceptable salts of the
compounds of Formula I are also included within the
scope of the present invention. 2Also included within
35 the scope of the present invention are the individual
enantiomeric isomers of the compounds of the Formula I.
The present invention also provides pharmaceutical
compositions of the compounds of Formula I.
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Also provided as a part of the present
10 invention is a novel method of treating seizure
disorders in a patient by administering to said patient
an anticonvulsant effective amount of a compound of the

5 following Formula II
RiaRy,
H,NCH- C-CH,COOH II
10 : I
Ry,

wherein R,; is a straight or branched alkyl of from
1l to 6 carbon atoms, phenyl, or cycloalkyl having from
15 3 to 6 carbon atoms; R,;, is hydrogen or methyl; and R,,
is hydrogen, methyl, or carboxyl; or an individual
enantiomeric isomer thereof; or a pharmaceutically
acceptable salt thereof.
Also, the present invention provides a method for
20 increasing brain neuronal GABA and provides
pharmaceutical compositions of the compounds of
Formula II.
The present invention provides novel processes for

the synthesis of chiral Formula I compounds.
25

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there is

30 provided a series of 3-alkyl-4-amincbutyric acid or
3-alkyl glutamic acid analogs which are useful as
anticonvulsants. Illustrative of the alkyl moieties as
represented by R; and R,, in Formulas I and II are
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,

35 sec-butyl, tert-butyl, isopentyl, and neopentyl as well
as other alkyl groups. The cycloalkyl groups
represented by R; and R;, in Formulas I and II are
exemplified by cyclopropyl, cyclobutyl, cyclopentyl,
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Chase TN, Tower DB, eds., Raven Press: NEM/Ybrk 1976: 487-495{ Butfermofth'"_
J, “et al, hburochen1 1_83 41: 440-447; Spokes EG " Adv. Exp. Med. Biol. 1978;
123: 461-473; Wi JY, et al, hburochenl -Res. 1979; 4:575-586; and |versen LL,

et .al, Psychiat. Res. i@mﬂh&an&&gaggg Often, the concentr i D
and GABA Pa?%ﬂ?’?ﬁr’par al | e chsed GAD concentrati o &@@P? 46?A
| ower GABA producti on. %m,m the i nmportance of GABA as an
i nhibitory neurotransnltter ffect on convul sive states and ot her
not or dysfunctions, a varlety of approaches- have been taken to increase the
brai n GABA concentration. For exanple, the nost obvious approach

and cyclohexyl. The analogs are further shown herein

to prevent seizure while not causing the side effect of
ataxia, such a side effect being found in several anti-
seizure pharmaceuticals.

5 The more preferred compounds of the present
invention are of Formula I above wherein R, is
hydrogen, R, is hydrogen, and R, iscbutyl.

That is, the preferred compound is 4-amino-
3-(2-methylpropyl)butanoic acid. It has been found
10 that this compound is unexpectedly more potent than the
other analogs synthesized in accordance herewith and
tested in vivo. What is further surprising, as the
following data shows, is that this preferred compound
is the least effective one of the analogs tested in
15 aqtivating GAD in vitro. Accordingly, it was very
unexpected that this preferred compound had such a high
potency when tested in vivo.
The most preferred compounds of the present
invention are the (S)-(+)- and the (R)(-)-4-amino-
20 3- (2-methylpropyl)butanoic acid with the
(8) - (+) ~enantiomer being most preferred. The
(S) - (+) -enantiomer was found to be the most potent
compound within the scope of the present invention for
displacement of tritiated gabapentin,'and both the
25 (S§)-(+)- and the (R)-(-)-enantiomers showed pronounced
stereoselectivity for both displacement of tritiated
gabapentin and for anticonvulsant activity in wvivo.
The compdunds made in accordance with the present
invention may form pharmaceutically acceptable salts
30 with both organic and inorganic acids or bases. For
examplé, the acid addition salts of the basic compounds
are prepared either by dissolving the free base in
agqueous or agueous alcohol solution or other suitable
solvents containing the appropriate acid and isolating
35 the salt by evaporating the solution. Examples of
pharmaceutically acceptable salts are hydrochlorides,
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was to adm ni ster GABA. \When GABA is injected into the brain of a
‘convul sing ani mal, the convul sions cease (Purpura DP, et al, Neurochem
1959; 3: 238-268) . However,7f—GABA is admni stered systematically, there is

tross. tnaNLER o Leﬁ“;“‘mﬁ@“ﬁm G e ol Epi|epy: rar S oS
Mawdsl ey C, eds., Churchau! HIMEBI Edi nburg 1974:55. In view of this
limtation, there are th approaches that can be taken to
rai se GABA | evel s. ~ The nost frequent -@pproach is to design a conpound
that crosses the blood brain barrier and then inactivates GABA
am not r ansf er ashydrkremide: hydrosulfates, etc, as well as sodium,
potassium, and magnesium, etc, salts.
The method for the formation of the 3-alkyl-
4-aminobutanoic acids starting from 2-alkanoic esters
5 is prepared from commercially available aldehydes and
monomethyl malonate by the Knoevenagel reaction,
(Kim ¥C, et al, J, Med. Chem, 1965:8509) with the
~exception of ethyl 4,4-dimethyl-2-pentenoate. .
More specifically, the following is a procedure
10 . which can be generally applied to the preparation of
all the 3-alkylglutamic acids. Ten grams of a 3-alkyl-
5,5-dicarbethoxy-2-pyrrolidinone was refluxed in 150 mL
of 49% fuming HBr for 4 hours. After this time, the
contents were placed in an evaporator and the volatile
15 constituents were removed in wvacuo with the aid of a
hot-water bath. The gummy residue was dissolved in
25 mL of distilled water and the water was removed with
the aid of the evaporator. This process was repeated
nce more. The residue was dissolved in 20 mL of
20 water, and the pH of the solution was adjusted to
3.2 with concentrated NH; solution. At this point the
chain length of the individual 3-alkylglutamic acids
altered the solubility so that those whose side chains
were larger precipitated with the ease from solution.
25 Precipitation of the alkylglutamic acids with smaller
substituents (methyl, ethyl, and propyl) could be
encouraged by cooling on an ice bath or by diluting the
aqueous solution with 100 mL of absolute ethanol.
‘Precipitation from the water-alcohol mixture is
30 complete in 48 hours. Care must be taken to add the
ethanol slowly to prevent the precipitation of an
amorphous solid which is not characteristic of the
desired 3-alkylglutamic acids. Samples of the amino
acids were purified for analysis by recrystallizing
35 from a water-ethanol mixture. All melted with
decomposition. Melting points of the decomposed
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3-alkylglutamic acids corresponded with those of their
pyroglutamic acids.

Ethyl 4,4-dimethyl-2-pentencate was prepared from
2,2-dimethylpropanocl and ethyl lithioacetate, followed

5 by dehydration of the f-hydroxy ester with phosphoryl
chloride and pyridine.

The Michael addition of nitromethane to alpha,
B-unsaturated compounds mediated by
1,1,3,3-tetramethylguanidine or 1,8-diazabicyclo-

10 [5.4.0]undec-7-ene(DBU) afforded 4-nitroesters in good
yields. More specifically, a mixture of nitromethane
(5 mol), «,f-unsaturated ester (1 mol), and
tetramethyl-guanidine (0.2 mol) was stirred at room
temperature for 2 to 4 days. (In case of methyl

15 acfylate, the ester has to be added at a temperature
below 300.) The progresé of the reaction was followed
by IR (disappearance of the C=C band) and G.L.C.
analysis. The reaction mixture was washed with dilute
hydrochloric acid and extracted with ether. The

20 organic extract was dried, the solvent removed at
reduced pressure, and the 20 residue distilled at a
pressure of 2 torr. Although the aliphatic nitro
compounds are usually reduced by either high pressure
catalytic hydrogenation by metal-catalyzed transfer

25 h?drogenétion, or by newly introduced hydrogenolysis
methods with ammonium formate or sodium borohydride and
palladium as catalysts, applicants have found that
4-nitrocarboxylic esters can be reduced almost
‘quantitatively to the corresponding 4-aminocarboxylic

30 esters by hydrogenation using 10% palladium on carbon
as catalysts in acetic acid at room temperature and
atmospheric pressure. The amino esters produced were
subjected to acid hydrolysis to afford the subject
inventive compounds in good yields. This procedure

35 provides access to a variety of 3-alkyl-4-aminobutanoic
acids as listed in Tables 1 and 2 as examples and thus
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concentration. Nunmerous nechani smbased inactivators of GABA
am not ransferase are known (Silverman RB, Mechani sm Based Enzyne
I nactivation: Chemistry and Enzynol ogy. Vol. | and Il, CRC: Boca Raton

1988). Anot her approachi's to |ncrease GABA concentratlo | in
by ‘maki ngv@A8AR338hophi Ims‘mwﬂarﬂmr&ep t o hydr ophobi ¢ GABA 3’?&"‘&@5"?@38#@
JP, et al, GJ. Med. Che E}04 Carvajal G et al, Biochem

Phar macol . 1964; 13: 1059 aplan JP, Ibid..; or GABA esters:
Shashoua VE, et al,

en1 1984 27-659-664; and PCT Pat ent
Application V®85/00520, publlshed 2/ 14/ 85) so that GABA

is advantageous in comparison to methods previously
used.
Examples of more specific methods of making
compounds in accordance with the present invention are
5 as follows, optionally utilizing the methods described
in detail above. When the starting material is not
commercially available, the synthetic sequence may be
initiated with the corresponding alcohol, which is
oxidized to the aldehyde by the method of Corey EJ,
10 et al, Tetrahedron Lett. 1975:2647-2650.
The chiral compounds of Formulas I and II are
prepared as set forth in the schematic in Chart I
hereof. Although the schematic in Chart I depicts the
chiral synthesis of specific compound (8)-(+)-4-amino-
15 3- (2-methylpropyl)butancic acid, one skilled in the art
can readily see that the method of synthesis can be
applied to any diastereomeric compound of Formulas I

and II.
In Chart I Ph is phenyl, Bn is benzyl, THF is
20 tetrahydrofuran, LDA is lithium diisopropylamide,

BH;°SMe, is borane dimethyl sulfide complex, TsCl is
tosyl chloride, and DMSO is dimethylsulfoxide.
The detailed synthetic procedure is set forth

hereinbelow in Example 1. The key introductory

25 literature for this methodology was discussed in Evans’
paper, J. Am, Chem. Soc¢, 1982;104:1737-9. The metal
enolate can be formed with a lithium or sodium amide
base, and subsequently alkylated to give an a
substituted carboxylic acid derivative. This

30 methodology was valuable for the enantioselective
synthesis of these «a-substituted carboxylic acid
derivatives. 1In this seminal paper, Evans described
the preparation of propionic acid derivatives with a
series of simple alkylating agents. By varying the

35 stereochemistry of the chiral synthon (the
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can cross the blood brain’'barrier. Once inside the brain, these compounds.
requi re am dase and esterases to hydrolyze off the carrier group and

rel ease GABA. Yet anot her approach is to increase 25 brain GABA | evel s
by desi gni ng an activator of "GAD. A few conpounds have been described as
act vat or WQ93/23383 The tabiceanyBes Reflacetent , nal ei ci mi d, was

I ncrease the activity of d as a result increase GABA -
concentration in the suﬂf‘wmﬂ mlmj by up to 38% (Janssens de Varebeke P,
et al, Biochem Pharnmac The anti convul sant drug
sodlun1valproate (Loscher W Bi ochem Pharnacol 1982; 31: 837-842; Phillips

NI, et al, Bioches¥olidinone), he was able to get high
stereoselectivity.

Evans has used this chiral auxiliary in other
synthetic studies, but none has been related to
5 4-amino-3- (2-methylpropyl)butanoic acid which contains
a fB-substituted-y-amino acid. The methodology as
presented by Evans teaches toward a-substitution, and
away from f-substitution, and has not been used in the
preparation of this type of unusual amino acid.

10 N-acyloxazolidinones have been used to form
chlorotitanium enoclates that have been reacted with
Michael adducts such as acrylonitrile, J. Qrg., Chem.
1991;56:5750-2. They have been used in the synthesis
of the rutamycin family of antibiotics, J., Org, Chem.

15 1990;55:6260-8 and in stereoselective aldol
condensations, Org, Synth, 1990;68:83-91. Chiral
«-amino acids were prepared via the oxazolidinone
approach. In this sequence, a dibutylboron enolate was
brominated and displaced with azide, Tetrahedron Lett.

20 1987;28:1123-6. Other syntheses of f-hydroxy-a-amino
acids were also reported via this chiral auxiliary
through aldol condensation (Tetrahedron Lett.
1987;28:39-42; J, Am, Chem, Soc., 1987;109:7151-7).
o,B-Unsaturated N-acyloxazolidinones have also been

25 used to induce chirality in the Diels-Alder reaction,
(J, Am. Chem, Soc., 1988;110:1238-56. In none of these
examples, or others found in the literature, is this
methodology used to prepare (f-substituted carboxylic
acids or 3-substituted GABA analogs.

30 In another embodiment, the chiral compounds of
Formulas I and II can be prepared in a manner which is
similar to the synthesis depicted in Chart I. 1In this
embodiment, however, step 8 in Chart I is replaced by
an alternate two step procedure which is set forth

35 hereinbelow in Example 2. Instead of reducing the
azide (8) to the amino acid (9) in Chart I, the
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Phar macol . 1982; 31: 2257-2261) was al so reported to activate GAD and .
‘i nérease GABA Ievels The conpounds of the present invention have been
found to activate GAD-i-A-Vitro. and have_a dose dependent protective effect

on-sei zu igl Thi onpounds of the present payan$INN4dRaYe
‘been fou@tg%ﬂbnd a no el R Reacedphi ch was i dentified to bind —
tritiated gabapentin. Ga en found to be an effective
treatment for the prevent [ seizures in patlents refractory to
ot her anticonvul sant agents. Chadwi ck D, -11-

skill in the art which can hydrolyze the azide (8) to
intermediate azide (8a) can be employed). Instead of
reducing the azide (8) to the amino acid (9) in Chart
I, the alternate procedure hydrolyzes the azide (8) to
5 give an intermediate azide (8a) which is subsequently
reduced (see Chart Ia).
There are 2 major advantages to hydrolyzing azide’
(8) to give the intermediate azide (8a) prior to
reduction. The first advantage is that intermediate
10 azide (8a) may be purified by extraction into aqueous
base. After the aqueocus extract is acidified,
intermediate azide (8a) may be extracted into the
organic phase and isolated. This allows for a
purification of intermediate azide (8a) which does not
15 involve chromatography. The purification of azide (8)
requires chromatography which is very expensive and
often impractical on a large scale. '
The second advantage is that intermediate azide
(8a) may be reduced to amino acid (9) without added
20 acid. Reduction of azide (8) requires addition of
acid, e.g., hydrochloric acid in order to obtain amino
acid (9). Unfortunately, lactamization of amino acid
(9) is promoted by the presence of acid. Intermediate
azide (8a) may be reduced under near neutral conditions
25 to give amino acid (9), thus minimizing the problem of
lactam formation.
In another preferred embodiment, the chiral
compounds of Formulas I and II can be prepared as set
-forth in the Schematic in Chart II herecf. Although
30 the schematic in Chart II depicts the chiral synthesis
of specific compound (S)- (+)-4-amino-3-(2-methyl-
propyl)butanoic acid, one skilled in the art can
readily see that the method of synthesis can be applied
to any diastereomeric compound of Formulas I and II.
35 In Chart II Ph is phenyl, and Ts is tosyl.
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The detailed synthetic procedure is set forth
hereinbelow in Example 3. This procedure is similar to
the synthesis route depicted in Chart I, however, the
procedure of Chart II replaces the benzyl ester in the
synthesis route of Chart I with a t-butyl ester. The
desired amino acid (9) and (109) is the same end
product in both Charts I and II, respectively.

There are several advantages to using the t-butyl
ester rather than the benzyl ester in the synthesis of
amino acid (9) or (109). A first advantage relates to
the hydrolysis of the chiral auxiliary in step 4 of
Chart 1. During the hydrolysis of the chiral auxiliary
in this reaction some hydrolysis of the benzyl ester
often occurs. Hydrolysis of the t-butyl ester in
Chart II has not been experienced.

Another advantage relates to the use of alcohol
(106) in Chart II over the use of alcohol (6) in
Chart I. A problem with the benzyl ester-alcohol is
the tendency of the benzyl ester-alcohol to undergo
lactonization as shown below. Although lactonization
of the benzyl ester can be avoided under some
conditions, the t-butyl ester-alcohol is far less prone
to lactonization.

HO Y HO
et ——— + >
O J\/d)
Ph

D

Ph |.

Still another advantage, which was previously
discussed with regard to the synthetic procedure
depicted by Chart Ia, is that the t-butyl synthetic
route minimizes the problem of lactam formation of. the
amino acid end product (109). Instead of reducing
azide (108) to amino acid (109) which requires the
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Churchill Livingstone, New York (1991). The hovel bi nding site |abeled by
«tritiated gabapentin was described in nenbrane fractions fromrat brain
ti ssue and in autoradiographic studies in rat brain sections, H Il D, Ibid.

This binding site was .used-to-eval uate the pharnmaceutically ' ound
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are disclosed in J. .S \ 34, 2295-2298 as being useful -
anti -convul sant agents. “ture of 4-am no-3-(2-nmethyl propyl)
but anoi c aci.d is disclo i cuneyy. no indication of preferred
optical isomer is gi'ven in the docunent. _ The novel conpounds of
the present |inMRIitidn a6 Sdid ROt EQEBES Davtamikheiganerakmioioml a (1)
acid (109), azide (108) is first hydrolyzed to
intermediate azide (108a). Intermediate azide (108a)

may be reduced under neutral conditions to give amino

5 acid (109), thus minimizing the problem of lactam
formation.

It should also be mentioned that several novel
intermediates are produced by the processes discussed
herein. Some of these intermediates which are depicted

10 in Charts I, Ia, and II include in the racemate or R or
S enantiomer form:

4-methyl-S5-phenyl-2-oxazolidinone,

4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl-
3-oxazolidine butanoic acid, phenylmethyl ester,

1s , 4-methyl-pentanoyl chloride,

4-methyl-3- (4-methyl-1-oxopentyl) -5-phenyl -
2-oxazolidinone, '

2- (2-methylpropyl) -butanedioic acid,

_ 4- (phenylmethyl)ester,
20 3- (azidomethyl) -5-methyl -hexanoic acid,
phenylmethyl ester,

3- (hydroxymethyl) -5-methyl-hexanoic acid,
phenylmethyl ester, |

5-methyl-3-[[[(4-methylphenyl)sulfonyl] oxy] -

25 methyl] -hexanoic acid, phenylmethyl ester,

3- (azidomethyl) -5-methyl-hexanoic acid,

2- (2-methylpropyl) -1,4-butanedioic acid,
4-(1,1-dimethylethyl) ester,

3-(azidomethyl) -5-methyl-, 1,1-dimethylethyl

30 ester,

3- (hydroxymethyl) -5-methyl-hexanoic acid,
1,1-dimethyl ester,

5-methyl-3-[[[(4-methyl (phenyl)sulfonyl]oxy] -
methyl-hexanoic acid, 1,1-dimethylethyl ester, or

35 4-methyl- (2-methylpropyl) -2-dioxo-S-phenyl-
3-oxazolidinebutanoic acid, 1,1-dimethylethyl ester. -
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REPLACED

ki




[err] (ry © where: X represents -OH, -NHerr], -N3
or p-toluene sul phonyl oxy; Y represents -CH[err]-, or X-Y- are

t oget her - COOH, and —TRTepresents-benzyl or 1,1 dinethylethyl (when X
is N3, -OWO93(23383 t offuesiRe $ud BBORplacegy and Y i s - CH[ err ], PER/UDTH0468¢

are-toget her COOH) r] ﬂﬂil"ﬂﬁ“”lxmfn Xis -NHerr] and Y is CHerr]),

or a pharmaceutically

The compounds made by the aforementioned synthetic
methods can be used as pharmaceutical compositions as
an antidepressant, anxiolytic, antipsychotic,
antiseizure, antidyskinesic, or antisymptomatic for

S Huntington’s or Parkinson's diseases when an effective
amount of a compound of the aforementioned formula
together with a pharmaceutically acceptable carrier is -
used. That is, the present invention provides a
pharmaceutical composition for the suppression of

10 seizures resulting from epilepsy, the treatment of
cerebral ischemia, Parkinson’s disease, Huntington’s
disease and spasticity and also possibly for
antidepressant, anxiolytic, and antipsychotic effects.
These latter uses are expected due to functional

15 similarities to other known compounds having these
pharmacological activities. The pharmaceutical can be
used in a method for treating such disorders in
mammals, including human, suffering therefrom by
administering to such mammals an effective amount of

20 the compound as described in Formulas I and II above in
unit dosage form.

The pharmaceutical compound made in accordance
with the present invention can be prepared and
administered in a wide varieéy of dosage forms. For

25 example, these pharmaceutical compositions can be made
in inert, pharmaceutically acceptable carriers which
are either solid or liquid. Solid form preparation
include powders, tablets, dispersible granules,
.capsules, cachets, and suppositories. Other solid and

30 liquid form preparations could be made in accordance
with knhown methods of the art. The quantity of active
compound in a unit dose of preparation may be varied or
adjusted from 1 mg to about 300 mg/kg (milligram per
kilogram) daily, based on an average 70 kg patient. A

35 daily dose range of about 1 mg to about 50 mg/kg is
preferred. The dosages, however, may be varied

-14-
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acceptabl e salt of said conpound.

.to the invention is pharmaceutically active and may be used for treating
seizure disorders in a patient_ by adm-pistering to said patient an

anticoanéggl;z:,?bf gﬁ'g'i"vé‘"éirrount of thej,conpound (or its phar PECAIBI3C0A6BY

-acceptable salt). HTids é al so be used for increasing brain
neur onal GABA. ““\‘“ \ \ \ '
-15- :

depending upon the requirement with a patient, the
gseverity of the condition being treated, and the
compound being employed. Determination of the proper
dosage for particular situations is within the skill of
5 the art.

Illustrative -examples of compounds made in
accordance with the present invention were tested to
demonstrate the ability of the compounds to activate

GAD in vitro and to prevent seizure in vivo without the
10 side effect of ataxia.

In Vitro GAD Activation
Assays were carried out in 10 mL vials sealed with

serum caps through which a center well (Kontes Catalog

15 No. 882320-000) was inserted. The center well was
charged with 200 uL of freshly prepared 8% KOH
solution. Various concentrations of L-glutamic acid
(0.5, 0.25, 0.166, 0.125, 0.10 mM) containing
[*4C]L-glutamate (10 xCi/mmol) in 50 mM potassium

20 phosphate buffer, pH 7.2 were shaken at 37°C in
separate vials with purified L-glutamic acid
decarboxylase (18.75 gg; spec. act 10.85 umol/min mg)
in a total volume of 2.00 mL. After being shaken for
60 minutes, the enzyme reactions were quenched by the

25 addition of 200 pL of 6 M sulfuric acid to the contents .
of each of the vials. The vials were shaken for an
additional 60 minutes at 37°C. The center wells were
removed and placed in scintillation vials with 10 mL of
scintillation fluid for radiocactivity determination.

30 The same assays were repeated except in the presence of
various concentrations of the activators (2.5, 1.0,
0.5, 0.25, 0.1, 0.05 mM). The Vmax values were
determined from plots of 1/cpm versus 1/[glutamate] at
various concentrations of activators. The data were

35 expressed as the ratio of the Vmax in the presence of

One of the cbnpounds accordfhg
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the activators to the Vmax in the absence of the
activators times 100%.

-16-

The results of the experiment are shown in
Table 1. The tests show that there was significant
activation by the various compounds tested to differing
degrees. The known activator sodium valproate and
gabapentin were tested.

In vivo tests were performed to demonstrate the
seizure preventing capabilities of the novel compounds.
Threshold maximum electroshock is an animal model test
for generalized seizures that is similar to that of
Piredda SG, et al, Pharmacol. and Exptl, Therap.
1985;232(3) :741-45. The methods for this test are
described as follows.

Male CP-1 mice (22-30 g) were allowed free access
to food and water prior to testing. For screening,
groups of five mice were given a compound intravenously
at doses of 30, 100, and 300 mg/kg and tested at 0.5,

. 2.0, and 4.0 hours after dosing. Drugs were either

dissolved in 0.9% saline or suspended in 0.2%
methylcellulose. Animals were shocked with corneal
electrodes (see below) and observed for tonic hindlimb
extensor seizures. Absence of hindlimb extension was
taken as an anticonvulsant effect.

The electroshock apparatus delivered a 60 Hz sine
wave with a current amplitude of 14 mA (peak-to-peak)
for 0.2 seconds. The current strength of 14 mA used in
this procedure produced tonic extensor seizures in

- approximately 95% of untreated mice, but was only

slightly above threshold for tonic extension.

Summaries of the numbers of animals protected from
seizures when tested 120 minutes after administration
of each compound set forth in the left-hand column are
given in Table 2 for varying dose levels set forth in

the second column of the table.
——
[ Trrs SHEET HAS BEEN
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According to a préferred feature of the present invention, the novel
compound is S (+)-4-am ne-3-(2-nethyl propyl) butanoic acid or a
pharmaceutically acceptable salt thereof. This conpound has been found to

be unexp%%i,lzg:.,ggore potent than ot her anal ogs and raceni c npEtAUSE3/04680\hat
is further Surprising, as the follow ng data shows, is that this conpound
is the | east effective one of the analogs tested in activating GAD in
vitro. Accordingly, it was very unexpected that the conpound according to

t he invention has such a high potency whea7tested in vivo. Thi s
phar macol ogi cal ly active conpound was found to be nost potent for

di spl acenent of tri Dus ecb gHeadeddresting phenomdime pskswed tovehei on al so

2 OV 95° o PRALEBST IS A0 R (el Mgt BUVESY significantly
hlgher potency and effectiveness without causing
ataxia), threshold maximal electroshock tests where

5 conducted varying the time of testing from 1 hour to
8 hours, the dose being 10 mg/kg in mice, injected
intravenously. Table 3 showé the results of these
tests indicating a maximum protection after 2 hours of
testing.

10 In view of the above results, a dose response
curve was made for the 2 hour testing time period in
mice, the drug being given intravenously at 10 mg/kg.
The results of this test is shown in Table 4 with a
calculated.EDg, equaling 2.07 mg/kg.

15 A third pharmacological test was performed as
described in Krall RL, et al, Epilepsia., 1978;19:409.
In this procedure, drugs were tested for attenuation of
threshold clonic seizures in mice caused by
subcutaneous administration of pentylenetetrazol

20 (85 mg/kg) which is a generally accepted model for
absence type seizures. Results from the third test for
the compound when administered either intravenously or
orally is shown in Table 5. The test was conducted at
three dose levels, showing effective protectlon at

25 30 mg/kg and 100 mg/kg with no ataxia.

The above is a significant finding because the
compound having the least ability to activate GAD
in vitro surprisingly had an approximately 10-fold
increase in potency over the_ other compounds tested.

30 Even more unexpected is the absence of ataxic side
effect'coupled to this increase in potency.
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but anoi ¢ acid or phar maceuti cal | y acceptable sal t thereof

phar maceutical ly acceptable carrier therefor.

The conpound just described may form pharnaceutically
accept abl wosgd/23388i t h bot h organic and inorganic acids or bad¥sl/US93/04680

-6-
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TABLE 1

and a

Activation of GAD by GABA analogs at various
concentrations expressed in %

Ry
H,N*CH,CCH,C00"

5
R, R, 2.5mM 1.0 mM 0.5 mM 0.25 mM 0.1 mM 0.05 mM
(R, S) -CH,, K 239 168 142 128 118 107
(R) -CH;H 327 202 185 135 128 109
(S) -CH;H 170 118 -- 103 -- --
CH;, CH, 174 125 -- 109 -- --
(R, S) -C,Hg, K 172 128 -- 108 -- .-
(R, S) -n-CyHy, H 156 112 -- 105 -- --
(R, S) -i-CqHy, H 140 108 -- 104 -- --
(R, S) -n-CHy, H 178 117 -- 105 -- --
(R, 8) -i-CgHy, H 143 113 -- 109 -- --
(R, 8) - 8-CyH, H 169 119 -- 105 -- --
(R, S) -t-CgHy, H 295 174 147 121 117 108
(R,S) -neo-CgHty,H 279 181 .- 130 -- --
(R, $) -i-CgHy K 142 118 -- 109 -- --
(R, S) -CeHyy K 125 100 -- 100 -- --
(R, §) -CgHs, H 218 129 -- 110 -- --
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For exanple, the acid addition salts nmay be prepared either by dissolving
the free base in aqueous or aqueous al cohol solution or other suitable
sol vent s containing the appropriate acid and isolating the salt by

evapor at i {ig %gl ution. Exanples of pharmaceutical ly acceptpbtaisalismsar e
hydrochlorldes drobrom de and hydrosul fates as well as sodi um potassium
and nagne3|un1salts According to a further preferred feature of

the present invention the conpound may be:

S-(+) - 3- (azi donet hyl ) - 5- met hyl hexanoi ¢ aci¥P-
S-(+)-3-(hydroxynet hyl)-5-nmet hyl - hexanoi ¢ aci d, phenyl nethyl ester;
S-(+)-5-nethyl -3-[[1(-4- et hyl phenFRBLEI di@pnt .0xy] - met hyl ] - _hexanoi ¢
aci d, phenyl nethyl ester; S-(+)-2-(2-nethylpropyl)-1,4-butanedioic acid,

4- (1, 1-di met hyl et hyl) CH,3
5 H3NCHfHCH2COO'
R
R 2.5mM 1.0mM O.5mM 0.25 mM 0.1 mM 0.05 mM
10 H(R,S) 140 111 -- 104 -- --
H(R) 173 125 -- 108 -- --
H(S) 100 100 -- 100 -- --
CH; 143 121 -- 109 .- .-
Cells 207 151 -- 112 .- .-
15 Sodium Valproate 207 138 124 119 115 108
GABAPENTIN 178 145 .- 105 -- .-
20 Activation of GAD by glutamate analogs expreésed in %
fOO'
H,N*-CH-CH-CH, - COOH
25 |
R
R 2.5 mM 1.0 mM 0.25 mM
CH, 212 144 113
30 C,Hg | 170 128 113
n-C;H, 153 125 108
i-C3H, 144 114 105
n-C,Hg 133 117 105
1-C4Hg 129 112 106
3s CeHs - 172 135 112
Sodium Valproate 207 138 119
Sheet Has Been Replaced
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ester; S-(+)-3-(azidonethyl)-5-nethyl- hexanoi ¢c_aci d, 1, 1 dlnethylethyl
ester; S (+)-3- (hydroxyrret hyl.)—5-methyl - hexan0| % acid, |,1-dinethylethyl

ester; S (+)-5-methyl-3- [[[(4 métnpm E‘TW lfonylloxy] met hyl] -
hexanoi c _aci - di rret hyl et hy {ﬁ/

PCT/US93/04680
S-(+)-4- ﬁ’é@ﬁgﬂéf - met hyl propyl ) enyl - 3- oxazol i di nebut anoi ¢

acid, 1,1-dinethylethyl ester. npounds are |nterned|ates for the
pharnacolog|cally active conpound S-(+)-4-am no-3-(2-net hyl propyl) butanoic
acid, as will be apparent fromthe subseg@&@nt reaction schenes.

The corrpounds according to the |nvent|o'1E\ABrrI:laEy 2be pr epar ed

Prevention of tonic extensor seizures in mice
following intravenous administration of
3-substituted GABA derivatives

5
. Rffect Ataxia
R Dose Time Aft':er # Protected/ # Ataxia/
(mg/kg) Dose (min) # Tested # Tested
(R, S) -CH, 10 120 0/s 0/5
30 120 4/5 0/s
100 120 3/s 0/s
10
CH, 1 120 1/10 0/10
3 120 2/10 0/10
10 120 4/10 0/10
30 120 3/10 0/10
15 100 120 3/10(5/10) 1/10
CH; 10 120 1/10 1/10
30 120 2/10 0/10
" 100 120 5/10 ) 0/10
20
t-CHg 10 120 2/10 0/10
30 120 2/10 0/10
100 120 5/10 0/10
25 CoHs 3 120 1/5 0/5
10 120 1/s 0/s
30 120 2/5 0/5
100 120 5/5 0/5
30 (CH3) 5 30 120 4/5 _ 0/5
100 120 4/5 0/s
n-CgHy 10 120 1/10 0/10
30 120 3/10 0/10
35 100 120 4/10 0/10
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fromcomercially avail abl e al dehydes and nononet hyl nal onate by the
Knoevenagel reaction,-(KimYC, et al, J. Med. Chem 1965: 8509).
More specifically, the ol |.OWI ng “Ts—an-exenpl ary procedure. Ten grams of a

3- (2- net axh ps2B3gy) S, 5- éfmeﬁ yrrol i di none was ref pgyadsdNg us

‘of 49% fuming HBr for 4 stlrre the contents were placed in
an evaporator and the val m, uents were renoved in vacuo :
-21-

TABLE 2 (Cont.)

) Bffect Ataxia
Dose Time After .
R \ # Protected/ # Ataxia/
(mg/kg) Dose (min) i
, # Tested # Tested
8-C4Hy 3 _ 120 2/10 0/10
10 120 3/10 0/10
5 30 120 2/10 0/10
i-C4Hy 0.3 120 1/10 0/10
0.8 120 3/10 0/10
2.0 120 5/10 0/10
10 5.5 120 7/10 0/10
14.4 120 9/10 0/10
n-CyHy 3 120 2/10 - Q/10
10 120 2/10 3/10 N
15 100 120 3/10 0/10
i-C3Hy 10 120 5/10 1/10
30 120 5/10 0/10
100 120 ) 6/10 0/10
20
CeHs 100 120 0/10 0/10
neo-CsHy; 10 120 2/10 0/10
30 120 4/10 0/10
25 100 120 4/10 0/10
- High-intensity corneal electroshock consisted of 50 mA,
base-to-peak sinusoidal current for 0.2 seconds. All other
data was from low-intensity electroshock, 17 mA base-to-
peak sinusoidal current for 0.2 seconds.
30
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-7- with the aid of a hot-water bath. The gummy residue was dissolved in
25- L of distilled water and the water was renpbved with the aid of the
evaporator Thi s process-was- repeated once nore. The residue was dissol ved
in 20 i 9§ 04Rds8g3 and mjgghégﬁhggetq{e soI ution was adjusted tpcp/soN/disso
concentrate NH3 sol utio § |p|tat|on fromthe water-al coho

mxture is conplete in The M chael addition of
nitronmethane to [err],

TABLE 3

Threshold maximal electroshock with
isobutyl GABA

S Time of Testing # Protected
1 hr. 2/10
2 hr. 8/10
4 hr. 4/10
, 8 hr. ' 2/10
10
TABLE 4
Threshold maximal electroshock with
15 isobutyl GABA
Dose m/k # Protected
0.3 1/10
0.8 3/10
20 2.0 ' 5/10
5.5 7/10
14.4 9/10
25

TABLE 5
Maximal electroshock data

) Effect Ataxia
Dose Time After .
R (mg/kg) Dose (min) # Protected/ # Ataxia/
9/%g # Tested = # Tested
30 i-CHy 10 120 1/5 0/s
i-CiHy 30 120 4/5 0/s
i-CgHy 100 120 4/s 0/S
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conmpounds nedi ated by 1,1, 3, 3-tetranethyl guani dine or 1, 8-

di azabi cycl o-[5. 4. 0] undec- 7- ene ]Qg“ fforded 4-nitroesters in good
yields. Mre specifically, a m xt ee% E{

i

as dhane (5 mol), [err],
[err]-uns ester (i nmol), ll - guani di ne ( G/ iR/ 0%es0
strrred a?krggksggnperature for 2 n case of methyl acryl ate,
the ester has to be added at a tenperature below 30[err]C.) The progress
of the reaction was followed by IR (disappearance of the C=C band) and
G L.C. analysis. The reaction mxture23was washed with dilute

hydrochloric acid and extracted with ether. The organic extract was dri ed,
t he sol vent renoved & natRd teyginahove, dhe tSre(-elenranttomeniefilled at a

pressure of 2t i 1 - i : p sual | y
educed by eiﬂg‘;{%n;hﬂ PO B A PIEL Carth§ & Ca ELAPRYNSBE

ABA Or IBG) which is structurally related to the known
anticonvulsant, gabapentin, potently displaces
5 tritiated gabapentin from a novel high-affinity site in
rat brain membrane fractions. Also the S-{+)enantiomer
of 3-iscbutyl GABA is responsible for virtually all
blockade of maximal electroshock seizures in mice and
rats. The R(-) enantiomer of 3-iscbutyl GABA is much
10 less effective in the blockade of maximal electroshock
geizures and in displacement of tritiated gabapentin
from the novel high-affinity binding site. Table 6
below sets forth data comparing gabapentin, racemic
3-isobutyl GABA ((x)-IBG), S-(+)-3-isobutyl GABA

15 ((S)-IBG) and R-(-)-3-isobutyl GABA ((R)-IBG) in these
assays.
TABLE 6
3-Iscbutyl GABA (EDg)
20 Test System
_ Gabapentin () -IBG (8) -IBG (R) -IBG
Gabapentin Receptor
Binding (ICs) 0.14 uM 0.10 uM 0.044 uM  0.86 uM
IV Mouse
25 Low-Intensity ~ .
Electroshock 4.3 mg/Kg 4.8 mg/Kg 4.0 mg/Kg >100 mg/Kg

IV Mouse Maximal

Electroshock 75 mg/Kg 10 mg/Kg 18 mg/Kg >100 mg/Kg
30 : .|
PO Mouse Maximal
Elctroshock 200 mg/Kg 47 mg/Kg 12 mg/Kg
IV Mouse Ataxia >100 mg/Kg »>100 mg/Kg »>300 mg/Kg >100 mg/Kg
) (IP) .
35 Time course of anticonvulsant activity (all compounds) peaks

2.0 hours after dose and mostly gone 8 hours after dose.
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pressure catal ytic hydrogenation by metal -catal yzed transfér hydrogénatfbn}
or by newly introduced hydrogenol ysis nethods wi th ammonium formate or
sodi um borohydti de and ~pal-t-adi-um..as catal ysts, we have found that

4-nitroc | est dhisSiaiHabB, ce al nrost quantitatiy
correspoﬁi&f%ﬁé‘fg am n E# eypecn & l1lc“é‘f'js by hydrogenati on us%’%%&?’so

pal | adi um on carbon as
at nospheri c pressure.

cetic acid at roomtenperature and
r produced was subjected to acid

hydrol ysis to afford the conpounds accerdi-ng to the invention in good

yi el ds.

Exanpl es of nore specific nethods of making the conpounds

I n accordance with Thee datss erat iffomsih ion Talkles6fwasoebtabpedoasl |y
utilizing the ggtkags dessr ihad ddhABiSldr testing, male CF-1 strain

10

15

20

25

30

35

mice (20-25 g) and male Sprague-Dawley rats (75-115 g)
were obtained from Charles River Laboratories and were
maintained with free access to food and water before
testing. Maximal electroshock was delivered with
corneal electrodes by conventional methods (Krall,
supra, 1975) except that low-intensity electroshock
with mice consisted of 17 mA of current rather than the
conventional 50 mA (zero to peak). Briefly, mice were
given test substance and were tested for prevention of
seizures by application of electrical current to the
corneas by 2 metal electrodes covered with gauze and
saturated with 0.9% sodium chloride. Electroshock
stimulation was delivered by a constant-current device
that produced 60 Hz sinusoidal electrical current for
0.2 seconds. For rats, maximal electroshock
stimulation consisted of 120 mA of current. Ataxia in
mice was assessed by the inverted screen procedure in
which mice were individually placed on a 4.0-inch
square of wire mesh that was subsequently inverted
(Coughenour, supra, 1978). Any mouse that fell from
the wire mesh during a 60 second test period was rated
as ataxic. EDg; values were determined by probit
analysis'of results with at least 5 dose groups of

10 mice or 8 rats each.

All drugs were freely soluble in aqueous media.
For in vivo studies, drug solutions were made in 0.9%
sodium chloride and given in a wvolume of 1 mL/100 g
body weight. Intravenous administration was given by
bolus injection into the retro-orbital sinus in mice.
Oral administrations were by intragastric gavage.

For binding studies, partially purified synaptic
plasma niembranes were prepared from rat neocortex using
sucrose density gradients. The cerebral cortex of
10 rats was dissected from the rest of the brain and
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above. Wen the starting material is not commercially available, the
synthetic sequence may be initiated with the correspondi ng

WO 93723383 This Sheet Has Been Replaced PCT/US93/04680

AR lll |

homogenized in 10 volumes (weight/volume) of ice-cold
0.32 M sucrose in 5 mM tris-acetate (pH 7.4) using a
glass homogenizer fitted with a teflon pestle
(10-15 strokes at 200 rpm). The homogenate was

5 centrifuged at 100 g for 10 minutes and the supernatant
collected and kept on ice. The pellet (PI) was
rehomogenized in 20 mL of tris-sucrose and the
homogenate recentrifuged. The combined supernatants
were centrifuged at 21,500 g for 20 minutes. The

10 pellet (P2) was resuséended in 1.2 M tris-sucrose and
15 mL of this mixture was added to ultracentrifuge
tubes. On to this, 10 mL of 0.9 M sucrose was layered
followed by a final layer of 5 mM tris-acetate, pH 8.0.
Tubes were centrifuged at 100,000 g for 90 minutes.

15 The synaptic plasma membranes located at the 0.9/1.2 M
sucrose interface were collected, resuspended in 50 mL
of 5 mM tris-acetate, pH 7.4, and centrifuged at
48,000 g. The final pellet was resuspended in 50 mL of

~ tris-acetate, pH 7.4, aliquoted, and then frozen until
20 use.

.-25-

The assay tissue (0.1 to 0.3 mg protein) was
incubated with 20 mM (3H] -gabapentin in 10 mM HEPES
buffer (pH 7.4 at 20°C, sodium free) in the presence of
varying concentrations of test compound for 30 minutes

25 at room temperature, before filtering onto GFB filters
under vacuum. Filters were washed 3 times with 5 mL of
ice cold 100 mM NaCl solution and dpm bound to filters
was determined'using liquid scintillation counting.
Nonspecific binding was defined by that observed in the

30 presence of 100 mM gabapentin.

In view of the above demonstrated activity of the
compounds characterizing the present invention and in
particular the 4-amino-3- (2-methylpropyl)butanocic acid
(isocbutyl GABA) the compounds made in accordance with

35 the present invention are of value as pharmacological
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al cohol , which is oxidized to the al dehyde by the nethod of Corey .EJ,. et
al:, Tetrahedron Lett. 1975:2647-2650. The chira

phar macol ogi cal | y acti-ve-conpeund._may be prepared as set forth in schematic
Chart Thi r Ph is phenyl, Bnisb IS
tetrahydpgég?&r?"‘siDA ls Sheét as@een ropyl am de, BH3. SMe2 |§8%lr)%93/a“§0

di met hyl sul fide conpl syl chloride, and DMSO i s

di et hyl sul f oxi de. tailed synthetic procedure is set
forth hereinbelowin Exanple 1. The key -i2€-roductory literature for this
met hodol ogy was di scussed in Evans' paper, J. Am Chem Soc. 1982: 104:
1737-9. The 38T enRicwarke for ntke Wreatment hofinBeizyyesusmnani de

base, and subseaveldy MRS kindhye

EXAMPLE 1
5 (S)-(+)-4-amino-3- (2-methylpropyl noi id
The following "steps", refer to Chart I.

Step 1
To a solution of 4-methylvaleric acid (50.0 g,
10 0.43 mol) in 100 mL of anhydrous chloroform was added

thionyl chloride (60 mL, 0.82 mol). The reaction
mixture was refluxed for 2 hours and then cooled to
room temperature. Excess chloroform and thionyl
chloride was removed by distillation. The residue oil

15 was then fractionally distilled to give 45.3 g (78%) of
the acid chloride (2), bp = 143-144°C.

Acid chloride (2) was also be prepared by an
alternative method which eliminated use of chloroform
which has waste disposal and operator exposure

20 difficulties. The alternate method also minimized the
formation of 4-methylvaleric anhydride.

To a solution of thionyl chloride (98.5 kg,

828 mol) and N,N-dimethylformamide (2 kg, 27 mol) was
added 4- -methylvaleric acid (74 kg, 637 mol) while

25 maintaining a reaction temperature of 25-30°C. Hexanes
(30 L) were added and the solution was maintained at
30-35°C for 1 hour and 15 minutes. The solution was
then heated to 70-75°C for 1 hour and 10 minutes. The
solution was subjected to atmospheric distillation

30 until a solution temperature of 95°C was reached.
After céoling, hexanes (30 L) were added and the
solution was subjected to atmospheric distillation
until a solution temperature of 97°C was reached.
Distillation of the residual oil produced 79 kg (92%)

35 of acid chloride (2), bp = -77°C, 60-65 mm Hg.
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a substituted carboxylic acid derivative.

for the

propionic acid derivatives with a series of sinple alkylatin
varying

was able to get high s

chiral

[err]-

teaches towar dggepupstitution, and amay.fron1[err] substitution, and has
th been used in th@opgegoiggagg o%f(%RLES)E%QS L meéﬁifnguphen1fo aci d.

auxiliary in oth
4- am no- 3- (2- met hyl pr op

Evans has used thi’s

i d. @@Lch contains a

substi tut ed-y-am no acid. The nethodology as presented by Evans

10

15

20
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30

35

2-oxazolidinone (5.27 g, 29.74 mmol) in 70 mL of
anhydrous tetrahydrofuran at -78°C under argon
atmosphere was added a 1.6 M solution of n-butyllithium

(19 mL, 30.40 mmol) in hexanes slowly. The mixture was

allowed to stir at -78°C for 15 minutes then the acid
chloride (4.5 g, 33.43 mmol) was added to quench the
reaction. The reaction was stirred at -78°C for
10 minutes then 0°C for 30 minutes. A saturated
solution of sodium bicarbonate (50 mL) was added and
the mixture was stirred at 0°C for 30 minutes. The
organic layer was collected and the aqueous layer was
extracted with ethyl acetate (3x).. The organic
extracts were combined and dried with anhydrous
magnesium sulfate. It was then filtered and
concentrated to give a colorless oil. The oil was then
chromatographed with 8% ethyl acetate in hexanes on
silica gel to give 7.56 g (82%) of the
acyloxazolidinone (3) as a white solid.
Anal. Calcd for C,cH, NO,:

C, 69.7%; H, 7.69; N, 5.09.
Found: C, 69.56; H, 7.63; N, 5.06.

Acyloxazolidinone (3) was also prepared by an
alternate method which was conducted at -5°C to 0°C
rather than -78°C which is difficult and expensive to
achieve on a manufacturing scale. The alternate method
also gave a crystailine solid from the reaction mixture
rather than an oil which must be chromatographed.

To a solution of 4-methyl-5-phenyl-2-oxazolidinone
(64 g, 0.36 mol) in anhydrous tetrahydrofuran (270 g)
at -5°C was added a 15% solution of n-butyllithium in
hexane (160 g, 0.37 mol) over a temperature range of
-5°C to 0°C. Acid chloride (2) (48.6 g, 0.36 mol) was.
added at -10°C to 0°C. The reaction was quenched with
a solution of water (90 mL) and sodium bicarbonate

Thi s net hodol ogy was val uabl e
enanti osel ective synthesis of these a- substituted carboxylic
acid derivatives. In this sem nal paper, Evans described the preparation of

udles but none has been related to

By
®Sochenj.st iﬁ C |raI synt hon (the oxazo?@?ﬁ%@??@%
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acyl oxazol i di nones have been used to forn1ch|orotitaniun1eno|atés-thai1have
been reacted with M chael adducts such as acrylonitrile, J. Og. Chem
1991; 56:5750-2. They have been used in the synthesis of the rutanycin

famly of antibiotics, J. Org. Chem 1990; 55:6260-8 and in

al dol ~ conYEh¥¥4¢? 3%% Org Synth. 1990: 68:83 91. Chiral a- a?‘ntﬁ.éﬁg /hg&%ﬂe
prepared via the oxazolldlnone approach. In this sequence, a dibutyl boron
enol ate was brom nated and di spl aced with azide,

_ -28-
(4 g).. Ethyl acetate (200 g) was added and the layers
were separated. The organic layer was extracted with
water (2 x 50 mL) and the aqueous phases were back
extracted with ethyl acetate (100 g). The organic
5 ‘extracts were combined and approximately 150 mL of
solvent was removed by distillation. Atmospheric
distillation was continued and heptane (2 x 200 g) was
added until a vapor tempeiature of 95°C was reached.
The solution was cooled to 5°C. The product was
10 collected by filtration, washed with cold heptane, and
' dried to give 79 g (80%) of acyloxazoclidinone (3).

Step 3
To a solution of diisopropylamine (4.8 mL,
15 34.25 mmol) in 30 mL of anhydrous tetrahydrofuran at

0°C under argon atmosphere was added a 1.6 M solution
of n-butyllithium (21 mL, 33.60 mmol) in hexanes
slowly. The solution was stirred at 0°C for 30 minutes
then cooled to -78°C. A solution of the

20 acyloxazolidinone (3) (7.56 g, 27.46 mmol) in 30 mL of
anhydrous tetrahydrofuran was added and the pale yellow
solution was stirred at -78°C for 30 minutes. Benzyl
a-bromoacetate was added and the resulting solution was
stirred at -25°C for 2 hours. The reaction mixture was

25 quenched with a half-saturated ammonium chleride
solution and extracted by ethyl acetate (2x). The
combined organic layers were dried with anhydrous
magnesium sulfate and then filtered and concentrated to
give a colorless oil. The oil was then chromatographed

30 with 8% ethyl acetate in hexanes on silica gel to give
6.16 g (53%) of the acyloxazolidinone (4) as a white
solid. e
Anal. Calecd for CygHpgNOg: This Sheet Has Been Replaced
| C, 70.90; H, 6.90; N, 3.31. I|
il | ||| [
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Tetrahedron Lett. 1987;28:1123-6. O her syntheeis of [err]-hydroxy- anino
-acids were al so reported Vi a thrs chiral auxiliary through al dol
condensation (Tetrahedron Lett. ~1987; 28:39-42; J. Am Chem Soc. 1987,

109: 7151wp) 93723383 [ erfhis S eetrHa];Bebﬂgagléég@t ed N acyl oxazol i dimOnMsSI320458al so
‘been used to induce chr D el s-Al der reaction, (J. Am Chem
Soc. 1988; 110: 1238-56. !“m M%se exanpl es, or ot hers found in the
literature, is this netho 0 to prepare ([err]-substituted

car boxyl i c acids -29- :

Acyloxazolidinone (4) was also prepared by an
alternate method that was advantageous in that the
reaction was conducted a higher temperature (-35°C to
-25°C rather than -78°C) and an expensive and difficult

5 chromatographic separation was avoided.

Acyloxazolidinone (3) (85 kg, 308 mol) was
dissolved in anhydrous tetrahydrofuan (201 kg) and
cooled to -30°C. Lithium diisopropyl amine (340 mol)
in methyl-t-butyl ether/hexane was added while

10 maintaining a reaction temperature of -35°C to -25°C.
Benzyl bromoacetate (85 kg, 371 mol) was then added
while maintaining a reaction temperature of -35°C to
-25°C. Water (60 kg) and methyl-t-butyl ether (93 kg)
were added and the mixture was allowed to warm to 18°C.

15 The layers were separated and the organic layer was
extracted with a solution of water (40 L) and sodium
chloride (7 kg). The layers were separated and the
organic layer was concentrated to 200 liters by
distillation. Isopropyl alcochol (200 L) was added and

20 the solution was again concentrated to 200 liters by
distillation. Isopropyl alcohol (425 L) and water
(160 L) were added and the mixture was heated to 50°C.
The solution was cooled to 18°C. The product was

" collected by filtration, washed with isopropyl alcohol/

25 water and dried under reduced pressure to give 58.7 kg

(49% yield) of acyloxazolidinoﬁe (4) as a solid.

Step 4
To a pre-cooled (0°C) solution of the
30 acyloxazolidinone (4) (24.3 g, 57.38 mmol) in 600 mL of

tetrahydrofuran was added a solution of 30% hydrogen
peroxide (23.7 mL) in 320 mL of 0.2 M lithium hydroxide
solution via a dropping funnel in 20 minutes. The
reaction mixture was allowed to stir at 0°C for

35 4 hours. A solution of sodium meta-bisulphite (62.2 g,
0.33 mol) in 320 mL of water was then added slowly to
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or 3-substituted GABA anal ogs. I n anot her enbodi nent, the chira
conpounds according to the invention-can be prepared in a manner which is
simlar to the synthesis depicted-in Chart |I. In this enbod|ne2%, owever ,
step 8 in‘@é%z-"g $hay b@w&lpétmﬂtexbxe pRBeqal ternative two step pFOEE 4680’
which is set forth here| |l e 2. Instead of reducing the azide
(8) to the amno acid (9 mljlmlthe alternative procedure hydrol yzes
the azide (8) to give an |n (8a) which is subsequently

reduced (see Chart la). There are two mej or advantages to
hydr ol yzi ng azi g I nt z t
reducti on. ?%thg v%%%%%gg?é t agelﬁi?grﬁﬁgdlhg eg;i%)r&@ d( %rc) CP’C

purified for 20 minutes. Excess tetrahydrofuran was removed on
a rotavap. The aqueous residue was extracted with
ethyl acetate (3 x 350 mL). The combined organic
5 extracts were dried with anhydrous magnesium sulfate
and then filtered. The oily residue after
concentration was chromatographed by 40% ethyl acetate
in hexane on silica gel to give 13.34 g (88%) of the
acid (5) as a clear oil. The column was then eluted
10 with 50% ethyl acetate in hexane to give the
oxazolidinone chiral auxiliary.
'H NMR (300 MHz, CDCl;) of acid (5): & 9.80 (br s, 1H),
7.36 (m, SH), 5.14 (narrow ABg, 2H, Jpp=11.4 Hz), 2.80
(m, 1H), 2.63 (ABX, 2H, Jpg=16.75 Hz, Jpp=9.13 Hz,
15 Jpx=5.16 Hz, Upp=73.20 Hz), 1.66 (m, 2H), 1.33 (m, 1H),
0.93 (4, 3H, J=7.32 Hz), 0.91 (4, 3H, J=6.45 Hz).

In an alternate method, after concentration of the
reaction to.an oily residue, hexane or heptane may be
added in order to precipitate the oxazolidinone chiral

20 - auxiliary. Filtration then yields the chiral auxiliary
in 80% recovery. The hexane or heptane filtrate
containing acid (5) is then extracted with either an
ethanol water solution or with warm water to remove any
remaining chiral auxiliary. This alternative method

25 avoids a costly and difficult chromatographic
separation of the chiral auxiliary from the acid (5).

Step 5
To a solution of the acid (5) (13.34 g,
30 50.47 mmol) in 460 mL anhydrous tetrahydrofuran at 0°C

under argon was added borane dimethyl sulfide complex
(10 M, 11.2 mL, 112.0 mmol) slowly. The reaction
mixture was stirred at 0°C for 30 minutes then room
temperature for 4 hours. The reaction was cooled to
35 0°C and 250 mL of methanol was added slowly. The
mixture was stirred at 0°C for 30 minutes and excess
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by extraction into agueous base. After the aqueous extract is acidified,
internedi ate azide (8a) may be extracted into the organic phase and
isolated. This allows for a purification of internediate azide (8a) which

does not i bysschronmt ography. The purification of azide (BETNESY3I04880
'chronatogfg%ﬁy:ﬁ%ich ﬁgm' laced and of ten inpractical on a |arge
scal e. The s II is that internedi ate azide (8a) my
be reduced to am no aci added aci d. Reduction of azide (8)

requires addition of acid, e.g._hydrochréﬂrc acid in order to obtain am no
000 (9, N SR ely LA LS e AN 1A st Shimaso om0,
neutral condi wasnshromgitograpie a5y dLEP)ethylisasesafezinghekenps0Bhem
silica gel to give 10.59 g (84%) of the alcohol (6) as
a colorless oil.
5 lH NMR (300 MHz, CDCl3): & 7.37 (m, 5H), 5.14 (s, 2H),
3.57 (ABX, 2H, Jpp=10.99 Hz, Jpy=4.34 Hz, Jgy=6.85 Hz,
va=51.71 Hz), 2.42 (ABX, 2H, Jpp=15.26 Hz, Jpy=7.60 Hz, -
Jpx=5.56 HZ, »pp=18.81 Hz), 2.15 (m, 1H), 1.87
(br s, 1H), 1.63 (m, 1H), 0.93 (m, 2H), 0.88 (4, 3H,
10 J=6.15 Hz), 0.87 (d; 3H, J=6.45 Hz).

Step_ 6
To a solution of the alcohol (6) (10.22 g,

40.82 mmol) in 50 mL of anhydrous pyridine at 0°C was
1s added tosyl chloride (8.60 g, 45.11 mmol). The

reaction mixture was stirred at 0°C for 15 minutes then

stood overnight in a refrigerator at 4°C. The reaction

mixture was diluted with 160 mL of ethyl acetate and

100 mL of water. The mixture was cooled to 0°C in an

20  ice-water bath and then concentrated hydrochloric acid
was added slowly to neutralize excess pyridine (until
PH 2). The organic layer was collected and the agqueous
layer was extracted with ethyl acetate (3 x 100 mL).
The combined organics were dried with anhydrous

25 magnesium sulfate and then filtered. The resulting
pale yellow oil after concentration was chromatographed
by 10% ethyl acetate in hexanes on silica gel to give
14.44 g (87%) of the tosylate (7) as a colorless oil.
H NMR (300 MHz, CDCl;): & 7.77 (&, 2H, J=8.27 Hz),

30 7.34 (m, 7H), 5.07 (s, 2H), 4.00 (ABX, 2H, Jpg=9.77 Hz,
Jax=4.07 Hz, Jpy=5.69 Hz, ypa=27.58 Hz), 2.44 (s, 1H),
2.44-2.20 (m, 3H), 1.46 (m, 1H), 1.28-1.02 (m, 2H),
0.81 (4, 6H, J=6.58 Hz).

The tosylate (7) was also prepared from acid (5)

35 in an alternate method. This method was advantageous
over the previous procedure above since it minimized
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of lactam fornmation. In anot her preferred enbodi nent, the chira
conpounds according to the invention can be prepared as set forth in the
schematic in Chart |l _hereof. In Chart Il Ph is phenyl, and Ts is

t os_yl . WO 93/23383 This Sheet Has Boen R PCT/US93/04680

T

the amount of f-isobutyl-vy-lactone produced as a
by-product in the reaction above.
A solution of acid (5) (22.3 kg, 84.4 mol) in
methyl-t-butyl ether (198 kg) was cooled to -6°C.
5 Borane-methyl sulfide complex (15.6 kg, 177 mol) was
- added while maintaining a reaction temperature of 5°C
or less. The mixture was then warmed to 20°C and
stirred for two hours. The mixture was cooled to 0°C
and methanol (24 L) was added while maintaining a
10 reaction temperature of 5°C or less. Water (132 L) was
added at a temperature of 15°C or less. The phases
were separated and the aqueous phase was extracted with
methyl-t-butyl ether (27 kg). The organic were
combined and extracted with water (72 L). The solution
15 was concentrated to an oil by distillation and ethyl
acetate (23 kg) was added. The solution was again
concentrated to an oil by distillation to give alcohol
(6) . Pyridine (53 kg) was added. The solution was
cooled to 1°C and para-toluenesulfonyl chloride (23 kg,
20 121 mol) was added while maintaining a reaction
temperature of -5°C to 5°C. The mixture was stirred at
2°C for 8 hours then warmed to 20°C. Water (12 L) was
added while maintaining a reaction temperature of 23°C
or less. The mixture was coocled to 1°C and aqueous
25 hydrochloric acid (52 kg concentrated acid in 63 L
water) was added. Methyl-t-butyl ether (296 kg) was
added and the mixture was warmed to 18°C. The phases
were separated'and the aqueous phase was extracted with
methyl-t-butyl ether (74 kg). The organic pﬁases were
30 combined and extracted with aqueous hydrochloric acid
(0.6 kgiconcentrated hydrochloric acid in 20 liters
water), aqueous sodium bicarbonate (2.7 kg sodium
bicarbonate in 50 liters water), and water (30 L). The
organic solution was concentrated to an oil by
38 distillation. Methyl-t-butyl ether (19 kg) was added
and the mixture was again concentrated to an oil. The

-32-
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-10- The detail ed synthetic procedure is set forth her ei nbel ow in
Exanple 3. This procedure is simlar to the synthesis route depicted in
Chart |, however, the—pfeeedure-@LmChart Il replaces the benzyl ester in

the synt e ofrhgy?,ggtH; - butyl ester. The desipcqgygss/peesdci d
(9) and ?ﬁé@?d’?% he sa SB)%" “ln both Charts | and I, 8%
respectively. There vantages to using the t-butyl ‘ester

rat her than the benzyl nt hesi s of
-33-

resulting product was dissolved in methyl-t-butyl ether
(37.9 kg) and stored as a solution. Weight of tosylate

(7) contained in methyl-t-butyl ether solution 30.1 kg
(88% yield).

Step 7
A mixture of the tosylate (7) (14.44 g,

35.70 mmel) and sodium azide (5.50 g, 84.59 mmol) in
180 mi: of anhydrous dimethylsulfoxide was heated at

10 65°C overnight. The reaction mixture was cooled to
room temperature and 900 mL of water was added. The
mixture was extracted (4x) with a total of 2 L of
hexanes. The combined organic extracts were dried with
anhydrous magnesium sulfate and then filtered. The

15 filtrate was concentrated and the resulting oil was
then chromatographed by 8% ethyl acetate in hexanes on
silica gel to give 8.55 g (87%) of the azide (8) as a
colorless oil.
H NMR (300 MHz, CDCly): & 7.37 (m, 5H) 5.14 (s, 2H),

- 20 3.33 (ABX, 2H, Jpg=12.27 Hz, Jpx=4.95 Hz, Jgx=6.10 Hz,
»pp=22.87 Hz), 2.39 (m, 2H), 2.19 (m, 1H), 1.62
(m, 1H), 1.20 (m, 2H), 0.88 (d, 6H, J=6.44 Hz).

Step 8
25 To a solution of the azide (8) (8.55 g,
31.05 mmol) in 500 mL of tetrahydrofuran was added
62 mL of a 1N aqueous hydrochloric acid solution and
1 g of 10% palladium on carbon catalyst. The mixture
was shaken overnight at room temperature on-a Parr
30 apparatus. The catalyst was removed by filtration over
a pad of celite. The filtrate was concentrated and
50 mL of a 1N aqueous hydrochloric acid solution was
added. The aqueous solution was washed with ether
(3 x 50 mL). The aqueous layer was collected and then
3s chromatographed on a Dowex 50Wx8 (H* form) column
eluted with a 0.SN ammonium hydroxide solution.
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amino acid (9) or (109). A first advantége relates to the hydrol ysis of fhe
chiral auxiliary.in step -4 of Chart 1. During the hydrolysis of. the chiral
auxiliary in this reactj ‘hydrol ysis of the benzyl ester often

50
occurs. Hywpobymsass of t 2Spes cndeplaced j n Chart |1 has not bRER/US93/04680
experi enced. Anot her ates torthe use of alcohol (106) in
Chart Il over the use of n Chart I. A problemwth the benzyl

ester-al cohol is the tendency of the benz&l ester-al cohol to undergo
| act oni zati on as shown bel ow. Although |Ia #6ni zation of the benzyl ester

can be avol ded g G SIS end ndad Y il a R Shngheghol 1S far Tess

positive) were collected and then lyophilized to give
3.2 g (65%) of the amino acid (9) as a white solid.
mp = 175-176°C; ([&]D?? = 10.520 (1.06, H,0).

EXAMPLE 2
( ) - (& ~4-amino-3-~(2- ipr 1
This compound was prepared in the same manner as
Example 1, except that amino acid (9) is prepared from
10 azide (8) by a 2 step process utiliziﬁg an intermediate
azide (8a) which is subsequently reduced (the 1 step
reduction approach identified as step 8 is described
above). The synthetic procedure of Example 2 is
depicted in Chart Ia.

15
Step 1: Preparation of Intermediate Azide (8a)

Azide (8) (10.7 g, 0.040 mol) in ethanol (100 mL)
and water (20 mL) was treated with 50% aqueous sodium
hydroxide (9.8 g). The mixture was stirred at 30°C for

20 45 minutes. Ethanol was remaveq under reduced pressure
until 30 g of liquid remained, water (100 mL) was added
and the mixture was extracted with methyl-t-butyl ether
(4 x 100 mL). The methyl-t-butyl ether extracts were
extracted with 1 M sodium hydroxide and the aqueous

25 phases were combined and acidified to pH 1.6 with
concentrated hydrochloric acid. The agqueous mixture
was then extracted with methyl-t-butyl ether
(2 x 100 mL) and the organic extracts were combined and
concentrated under reduced pressure. The resulting oil

30 was dissolved in heptane (50 mL) and extracted with
saturated aqueous sodium bicarbonate (2 x 40 mL). The
aqueous extracts were extracted with heptane (50 mlL),
combined and acidified to pH 1.6 with concentrated
hydrochloric acid. The agueous mixture was extracted

35 with heptane (2 x 50 mL). The heptane extracts were
extracted with water (40 mL), combined, and
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to lactonization. [err] Stil

anot her advant age, whi ch was

. previously discussed with regard to the synthetic procedure

WO 93/23383 This Sheét Has Been R, | PCT/US93/04680
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concentrated under reduced pressure to give 5.4 g (75%)
of intermediate azide (8a) as an oil.

l1H NMR (200 MHz, CDCl,): & 10.8 (br s, 1H), 3.36

(m, 2H), 2.38 (m, 2H), 2.18 (m, 1H), 1.64 (m, 1H), 1.25
(m, 2H), 0.91 (4, 6H, J=6.56 Hz).

2: 8 hegis o i Aci from Intermediate
Azide (8a)

Intermediate azide (8a) (12.7 g, 68.6 mol) was
dissolved in methyl-t-butyl ether (80 kg). The mixture
was subjected to catalytic hydrogenation in the
presence of 5% palladium on carbon (2.0 kg of 50% water
wet) at 49 to 55 psi of hydrogen until intermediate
azide (8a) has been consumed. The mixture was filtered
and the solid was washed with methyl-t-butyl ether
(30 kg). The solid was dissolved in a solution of hot
isopropanol (75 kg) and water (60 kg) and the solution
was filtered. The isopropanocl water solution was
cooled to -3°C and the product was filtered and washed
with cold isopropanol (16 kg). The solid was dried
under reduced pressure to give 6.4 kg (59%) of amino
acid (9).

This reduction may be conducted in a variety of
solvents. Successful reductions have been carried out
in heptane, ethanol/water, isopropanol, isopropanol/
water, methanol/water, and tetrahydrofuran/water as
well as methyl-t-butyl ether.

EXAMPLE 3 |
(S)-(+)-4-amino-3- (2-methylpropyl)butanoic acid

The following "steps", refer to Chart II. All
reactions were carried out under an atmosphere of
nitrogen.
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depicted by Chart la, is that the t-butyl synthetic route mininizes the
probl em of |lactam formati on of the am no acid end product (109). Instead of
reduci ng azide (108) to amino acid (109) which requires the '

-11- PCT/US93/04680
. WO 93/23383 This Sheet Has Been Replaced

Step 1

To a solution of 4-methylvaleric acid (50.0 g,

0.43 mol) in 100 mL of anhydrous chloroform was added
thionyl chloride (60 mL, 0.82 mol). The reaction

5 mixture was refluxed for 2 hours and then cooled to
room temperature. Excess chloroform and thionyl
chloride was removed by distillation. The residue oil -
was then fractionally distilled to give 45.3 g (78%) of
the acid chloride (102), bp = 143-144°C.

10 Acid chloride (102) was also prepared by an
alternative method which eliminated use of chloroform
which has waste disposal and operator exposure
difficulties. The alternate method also minimized the
formation of 4-methylvaleric anhydride.

15 To a solution of thionyl chloride (98.5 kg,

828 mol) and N,N-dimethylformamide (2 kg, 27 mol) was
added 4-methylvaleric acid (74 kg, 637 mol) while
maiﬁtaining a reaction temperature of 25-30°C. Hexanes
(30 L) were added and the solution was maintained at

20 30°C to 35°C for 1 hour and 15 minutes. The solution
was then heated to 70°C to 75°C for 1 hour and
10 minutes. The solution was subjected to atmospheric
distillation until a solution temperature of 95°C was
reached. After cooling, hexanes (30 L) were added and

25 the solution was subjected to atmospheric distillation
until a.solution temperature of 97°C was reached.
Distillation of the residual oil produced 79 kg (92%)

- of acid chloride (102), bp = -77°C, 60-65 mm Hg.

-36-

30 Step 2
To a solution of (4R,5S)-(+)-4-methyl-S-phenyl-
2-oxazolidinone (5.27 g, 29.74 mmol) in 70 mL of
anhydrous tetrahydrofuran at -78°C under argon '
atmosphere was added a 1.6 M solution of n-butyllithium
35 (19 mL, 30.40 mmol) in hexanes slowly. The mixture was
' allowed to stir at -78°C for 15 minutes then the acid
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addition of acid that causes |actanization of amino acid (109), azide (108)

‘is"first hydrolyzed to internediate azide (108a). Internedi ate azide (108a)
may be reduced under neutral conditions to give amino acid (109) thus

m ni m ziyag o/e33R% obl em of Tactam formati on. The c@EAIYKIS/04680
‘according to the mve’H‘EﬁS(bFFtHﬁrﬁelI‘mT@é i n pharmaceutical conpositions as an

ant i depressant, anxi ol otic, antiseizure, antidyskinesic, or
antisynptomatic for arklnson s di seases when an effective
anount of the conpound together with a fima+maceutically acceptable-carrier
I's used. That is, the present invention provides a pharnaceuti cal
conposi ti on ferlerideupssBsgi oAl ot3smmpdl ewas added to quench the

reaction. The reaction was stirred at -78°C for
10 minutes then 0°C for 30 minutes. A saturated
solution of sodium bicarbonate (50 mL) was added and

5 the mixture was stirred at 0°C for 30 minutes. The

' organic layer was collected and the aqueous layer was
extracted with ethyl acetate (3x). The organic
extracts were combined and dried with anhydrous
magnesium sulfate. It was then filtered and

10 concentrated to give a colorless oil. The oil was then
chromatographed with 8% ethyl acetate in hexanes on
silica gel to give 7.56 g (82%) of the
acyloxazolidinone (103) as a white solid.
Anal. Calcd for C;¢H,,NO,:

15 _ C, 69.79; H, 7.69; N, 5.09.
Found: C, 69.56; H, 7.63; N, 5.06.

Acyloxazolidinone (103) was also prepared by an
alternate methed which was conducted at -5°C to 0°C
rather than -78°C which is difficult and expensive to

20 achieve on a manufacturing scale. The alternate method
also gave a crystalline solid from the reaction mixture
rather than an oil which must be chromatographed.

To a solution of 4-methyl-S5-phenyl-2-oxazolidinone
(64 g, 0.36 mol) in anhydrous tetrahydrofuran (270 g)

25 at -5°C was added a 15% solution of n-butyllithium in
hexane (160 g, 0.37 mol) over a temperature range of
-5°C to 0°C. Acid chloride (102) (48.6 g, 0.36 mol)
was added at -10°C to 0°C. The reaction was quenched
with a solution of water (90 mL) and sodium bicarbonate

30 (4 g). Ethyl acetate (200 g) was added and the layers
were separated. The organic layer was extracted with
water (2 x 50 mL) and the aqueous phases were back
extracted with ethyl acetate (100 g). The organic
extracts were combined and approximately 150 mL of

35 solvent was removed by distillation. Atmospheric
distillation was continued and heptane (2 x 200 g) was
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resulting fromepilepsy, the treatnent of cerebral ischenma, Parkinson's
di sease,” Huntington's di sease and spasticity and al so possibly for
ant i depressant, anxi olyticr—and-antipsychotic effects. These |l atter uses

are expect\gﬁa?g?ﬁghg Iuncﬂﬁis QgtlHagﬁ?r@ﬁ' aritjes to  other kn?,\(sﬁ,us%a,,04 80
i

conpounds hes activities. The pharmaceutica
conposi tions can be usede] IHB uch disorders in manmal s, including

humans; suffering therefr ering to such manmal s an effective
anount of the conpound in unit dosage forn38- The pharnaceuti cal
conpounds according to the present invention can be prepared and
adm ni st er ed ina@deﬂdénpaliatyapord@smggragnms.o!oBSéﬁhmpﬁe;aamhed.
phar maceuti cal PREPES1LEPEnCRESPROBRER kB i5PRY! . TRRADFRRRIH GRld ¥
acceptable carriers which are, .

collected by filtration, washed with cold heptane, and

dried to give 79 g (80%) of acyloxazolidinone (103).

Step 3
To a solution of diisopropylamine (7.6 g,
0.075 mol) in anhydrous tetrahydrofuran (10 mL) at 0°C
under nitrogen was added a 1.6 M p-butyllithjum in
10 hexane (47 mL, 0.075 mol) while maintaining a
temperature of -5°C to 0°C. The resulting solution was
added to a solution of acyloxazolidinone (103) (18.6 g,
0.068 mol) in tetrahydrofuran (160 mL) at -55°C to
-45°C. The solution was stirred at -55°C to -45°C for
15 30 minutes. The solution was then added to a solution
of t-butyl bromoacetate (14.6 g, 0.075 mol) in
tetrahydrofuran at -55°C to -45°C. The solution was
cooled to -65°C and allowed to warm to 10°C over a
period of 2 hours. The reaction mixture was quenched
20 with the addition of saturated agueocus ammonium _
chloride and extracted with ethyl acetate. The organic
layer was dried (MgSO,), filtered, and the-solvent was
removed under reduced pressure. The residue was
recrystallized from heptanes, filtered, and dried under
25 reduced pressure to give 18 g (68%) of
acyloxazolidinone (104). |
H NMR (200 MHz, CDCl;): & 7.4-7.2 (m, SH), 5.65
(d, 1H, J=7.09 Hz), 4.74 (m, 1H), 4.26 (m, 1H), 2.69
«(m, 1H), 2.44 (m, 1H), 1.65-1.45 (m, 2H), 1.39 (s, 9H),
30 0.93 (m, 6H), 0.89 (4, 3H, IJ=7.87 Hz).

Alternatively, the order of addition of the
reagents may be reversed. t-Butyl bromoacetate may be
added to the solution containing diisopropylamine,
n-butyllithium and acyloxazolidinone (103). The final

35 product isolation may also be conducted by doing a
distillation and replacing the solvents present (hexane
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either solid or liquid. Suitable solid form preparation i ncl ude powder s,
-tablets, dispersible granules, capsules, cachets and suppositories. Qher

solid and l'iquid forn1prepararT0ﬂSweeuLd.be made in accordance with known

nmet hods of the art. Themquamggéx t|ve conpound in a unit dose nmay be
wari ed ow@dpessssl from rrg/ kg (miligram per PEIVE§PHB¥680
dai ly, based on an aver A daily dose range of abolut 1ny
to about 50nmg/ kg is pre er ages however, may be varied

dependi ng of the patient's reqU|renentzM§£sever|ty of the condition
treat ed.

and tetrahydrofuran) with isopropyl alcohol.
Acyloxazolidinone (104) then crystallizes from the
isopropyl alcohol solution. The following experimental
procedure illustrates this altermative.

5 To a solution of diisopropylamine (23.1 g,
0.229 mel) in anhydrous tetrahydrofuran (30 mL) at 0°C
under nitrogen was added a 2.5 M n-butyllithium in
hexane (92 mL, 0.229 mol) while maintaining a
temperature of -5°C to 0°C. The resulting solution was

10 added to a solution of acyloxazolidinone (103) (60.0 g,
0.218 mol) in tetrahydrofuran (400 mL) at -45°C to
40°C. The solution was stirred at -45°C to -40°C for
30 minutes. t-Butyl bromoacetate (44.6 g, 0.229 mol)
was then added to the reaction solution at -45°C to

15 -40°C. The solution was allowed to warm to 10°C over a
period of 2 to 3 hours. The reaction mixture was
quenched with the addition of saturated aqueous
ammonium chloride. The organic layer was separated
from the water layer. The solvent was removed under

20 reduced pressure and replaced with isopropyl alcohol.
The product crystallized from isopropyl alcohol and was
filtered and dried under reduced pressure to give
53.8 g (63%) of acyloxazolidinone (104).

25 ‘Step 4 :
To a precooled (5°C) solution of acyloxazolidinone

(104) (60.0 g, 0.15 mol) in tetrahydrofuran (266 g) was
added a solution of 30% hydrogen peroxide (71 g), 9.4 g
lithium hydroxide monohydrate (0.22 mol) and water

30 (120 mL) over a period of 35 minutes so as to maintain
a reaction temperature of 5°C. The mixture was stirred
at 3-5°C for 2.5 hours. The reaction was quenched by
addition of a solution of sodium sulfite (50 g), sodium
bisulfite (27 g), and water (310 mL) at a temperatufe

35 of less than 29°C. Heptane (100 mL) and methyl-t-butyl

~  ether (100 mL) were added and the layers were
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Il lustrative exanples of conpounds made’in accordance with the preéenf
I nvention were tested to denonstrate the ability of the conpounds to
activate GAD in vitro—and-to_prevent gﬁlzure in vivo without the

WO 93/23383 This Sheet Has Been R, PCT/US93/04680
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separated. The aqueous layer was extracted with
methyl-t-butyl ether (100 mL) and the organic layers
were combined. The solvent was replaced with heptane
by distillation and the resulting heptane solution

(400 mL) was coocled to 5°C. The resulting solids were
filtered and the filtrate was extracted with warm water
(2 x 150 mL, 1 x 200 mL;,, 1 x 300 mL). The solution was
concentrated by evaporation to give 34.5 g (97%) "acid
(105) as an oil.

H NMR (200 MHz, CDCl;): & 11.5 (br, s, 1H), 2.85

(m, 1H), 2.67-2.29 (m, 2H), 1.60 (m, 1H), 1.44 (s, 9H),
1.32 {m, 2H), 0.%2 (m, 6H).

-40-

Step 5

Acid (105) (72.4 g, 0.314 mol) was dissolved in
tetrahydrofuran (360 mL) and cooled to 0°C. A 2.0 M
gsolution of borane dimethylsulfide complex in
tetrahydrofuran (178 mL, 0.356 mol) was added at 0°C.
The solution was allowed to warm to 48°C then cooled to
25°C. After 2 hours and 45 minutes, the reaction was
quenched with the addition of methanol (300 mL) and the
solvent was removed under reduced pressure. Additional
methanol (300 mL) was added and the solution was
concentrated under reduced pressure to give 66 g (97%)
of alcohol (106) as an oil.
H NMR (500 MHz, CDCly): & 3.62 (m, 1H), 3.45 (m, 1H),
2.44 (br s, 1H), 2.36-2.21 (m, 2H), 2.05 (m, 1H), 1.64
(m, 1H), 1.45 (s, 9H), 1.24-1.04 (m, 2H), 0.91 (m, 6H).

§£§Q_§_

Alcohol (107) (51.9 g, 0.24 mol) was dissolved in
pyridine (130 mbL) and cooled to 5°C. p-Toluene
sulfonyl chloride (57.2 g, 0.30 mol) was added and the
mixture was stirred at 22°C for 21 hours. The reaction
was quenched with the addition of water (95 mL) and 18%
aqueous hydrochloric acid (300 mL) at less than 300°C.

REPLACED
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side effect of ataxia. In Vitro GAD Activation '.Assays méfe'éarfféd"
«out in 10 nL vials sealed with serum caps through which a center well
(Kontes Catal og No. 882320-000) was inserted. The center well was charged

mnth 200 [err]L of freshly prepared 8% KOH sol ution. Varlous i ons
U] 23383d ( 0.This Sh}eﬁﬁs B&n B&ﬂaced) 125, 0.10 mM cont &%%%g} J“%%

[[err]C]L glutanate (1
pH 7.2 were shaken at
acid

Methyl-t-butyl ether (350 mL) was added and the layers
were separated. The aqueous layer was extracted with
methyl-t-butyl ether (350 mL). The organic layers were
combined, washed with 1% aqueoﬁs hydrochloric acid
5 (2 x 100 mL), saturated aqueous sodium bicarbonate

(L x 150 mL), and water (1 x 100 mL). The organic
solution was tredated with decolorizing charcoal,
filtered, and evaporated to give 77 g (86%) of the
tosylate (107) as an ail.

10 H NMR (200 MHz, CDCl;): & 7.78 (d, 2H, J=8.25 Hz),

' 7.34 (d, 2H, J=8.25 Hz), 3,96 (m, 2H), 2.45 (s, 3H),
2.32-2,12 (m, 3H), 1.6-1.4 (m, 1H), 1.40 (s, 9H),
1.2-1.1 (m, 2H), 0.83 (m, 6H).

in 50 anpotaSS|un1phosphate buf f er,
arate vials with purified L-glutamc

-41-

15 Step 7 |
Tosylate (107) (65 g, 0.175 mol) was dissolved in
dimethyl sulfoxide (40 mL). The dimethyl sulfoxide
solution along with additional dimethyl sulfoxide
(10 mL) was than added to a solution of sodium azide
20 (11 g, 0.26 mol) in dimethyl sulfoxide (450 g) at 63°C.
The mixture was then stirred at 65°C for 6 hours.
Water (140 mL) and heptane (250 mL) were added to the
reaction and the layers were separated. The aqueous
layer was extracted with heptane (250 mL) and the
25 organic layers were combined. The solvent was removed
under reduced pressure to give 42 g (95%) of the azide
(108) as an oil.
lH NMR (200 MHz, CDCly): & 3.32 (m, 2H), 2.22 (m, 2H),
2.15 (m, 1H), 1.63 (m, 1H), 1.46 (s, SH), 1.19 (m, 2H),
30 0.89 (m, 6H).

Step 8
Azide (108) (36.3 g, 0.15 mol) was placed in 88%
agueous formic acid (365 mL). The mixture was stirred
35 at 30°C for 4.5 hours. Decolorizing charcoal was added
-and the mixture was filtered and concentrated under
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decar boxyl ase (18.75 [err]g; spec. act 10.85 [err]mol/mn ng) in a total -
vol ume of 2.00 nml. After being shaken for 60 m nutes, the enzyne reactions
wer e quenched by the-additi-on—of 200-[err]L of 6 Msulfuric acid to the

cont ent swah 9£364830f thggnxéf”@é%ﬁﬁagl{v[pﬁaclds wer e shaken for an pgdfiusangdessdO

mnutes at 37C. The cen
vials with 10 nL of scigﬂ
The sane assays were re

enoved and placed in scintillation
d for radioactivity determ nation.
n the presence of various

I

concentrations of the activators (2.5, r42-0.5 0.25 0.1, 0.05 mV). The
Vmax val ues were d%%ﬁrnined fromplots of 1/¢cpmyversus |/ %Iutanate] at

various concerk§3H$

10

15

20

25

30

35

PIASEE VeR FLVe TRR Qala wHPptane (250 miL) was

added and the mixture was vacuum distilled to give an
oil. Water (125 mL) and heptane (250 mL) were added
and mixed vigorously. The layers were separated and
the water layer was washed with heptane (250 mL). The
heptane layers were combined and concentrated under
reduced pressure to give 24.6 g (88%) of intermediate
azide (108a) as an oil.

Alternatively, aqueocus hydrochloric acid may be
used rather than aquedus formic acid in order to
conduct the hydrolysis.

Step 9

Intermediate azide (108a) (12.7 g, 68.6 mol) was
dissolved in methyl-t-butyl ether (80 kg). The mixture
was subjected to catalytic hydrogenation in the
presence of 5% palladium on carbon (2.0 kg of 50% water
wetf at 49-55 psi of hydrogen until intermediate azide
(108a) has been consumed. The mixture was filtered and
the solid was washed with methyl-t-butyl ether (30 kg).
The solid was dissolved in a solution of hot
isopropanol (75 kg) and water (60 kg) and the solution
was filtered. The isopropanol water solution was
cooled to -3°C and the product was filtered and washed
with cold isopropanol (16 kg). The solid was dried
under reduced pressure to give 6.4 kg (59%) of amino
acid (109).

This reduction may be conducted in a variety of
solvents. Successful reductions have been carried out
in heptane, ethanol/water, iéopropanol, isopropanol/
water, methanol/water, and tetrahydrofuran/water as
well as methyl-t-butyl ether.

The invention has been described in an
illustrative manner, and it is to be understood that
the terminology which has been used is intended to be
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expressed as the ratio of the Vmax in the presence of
- 13-

WO 93/23383 Th]S Sheet Has Been Rep PCT/US93/04680

[T

in the nature of words of description rather than of
limitation.

-43-

Obviously many modifications and variations of the
present invention are possible in ligh& of the above
5 teachings. It is, therefore, to be understood that
within the scope of the appended claims wherein
reference numerals are merely for convenience and are
not to be in any way limiting, the invention may be
practiced otherwise than as specifically described.
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the.activators to the Vmax in the absence of the activators 'tines 100% .
The results of the experinent are shown in Table 1. The tests show that.
there was significant activation by the various conpounds tested to -

di fferi ng W&PH@3383The known activator sodi um val proate and IPEPR s 486 ©
t est ed. In vivo tests were performed to denonstrate the serzuré
preventing capabilities of the novel conpounds. Threshold maxi num

el ectroshock is an ani mal nodel—test for generalized seizures that is
simlar to that of Piredda SG e@{aceal_, Phariggol . and Exptl. Therap. 1985;

is test are
CHART I

232(3): 741- 45, meif\ﬁ\i\\‘?\(\s\iw\i\ﬁ\\\

o) 0
5 SOCl1,, CHC1, :
HO >
reflux CI)I\/Y
(1) (Step 1) (2)
X
07 N Li* X
10 __L./ Q o
¥ % )L | .
e o’ Ny 1) LDA, THF, -78°C
THF, -78°C to 0°C / 2) OBD o gec
(Step 2) P e B‘-”\n’ » -0
0
(3) (Step 3)
15
0 o o)
/lk 1) H,0,, LiOH, THF
Q” SN H,0, 0°C o
Q—"b 2) Na,;S0;, H,0, 0°C
Ph Me  CO»Bn (Step 4) CO;Bn
(4) (5)
20
BHj+SMe,, THF: HO TsCl, pyridine, 0°C
0°C to 20°C -
(Step 5) CO.Bn (Step o)
(6)
25 :
TsO NaN;, DMSO, 68°C N,
cO;BEn (Step 7) CO,Bn
(7) (8)
30 .
Hy (50 psi), 10% Pd/C‘ H,N
HCl, THF
(Step 8) CO-H
(9)
35
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described as foll ows. Male CF-1 mce (22-30 g) were allowed free access -
t.o food and water prior to testing. For screening, groups of five mce were
given a corrpound i ntravenously at doses of 30, 100, and 300 ng/ kg and
tested at ﬁ’é’é 0, and 4.0 hours after dosing. Drugs were RCTHNI3N4680| ved
i.n 0. 9NOAYV B8 suspended in 0.2% net hyl cel | ul ose. Aninmals were shocked
with corneal electrodes (see below) and observed for tonic hindlinb

extensor seizures. Absence of hindlinb extension was taken as an

anti convul sant . eLtecL——— Fhe el ect rodfock apparatus delivered a 60 Hz
sine wave w th a eetﬁasfgeerﬂ{%faéehude of 14 mA (peak-t o-peak)

| —

i X
0
S O)LNH ——— o NJ\/Y
cl * }—I. § %
¥ “cH, PR CHs
(3)
(2) .
. | |
O 0
0 HO NH, )k
Ph CH; /
>
(1) ¥ TH, 5 0
15 Ph>
(4)
0
20 . '
HO
HO
TsO PP
- . o o
0 o)
0, °> >
> pH Ph
Ph
25 (7 (6 )

HoN
30 crmm—— 0 — (o]
. o

(8) (8a) @

35
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for, 0.2 seconds. The current strength of 14 ‘mA used in this procedure _
produced toni c extensor seizures in approxinmately 95% of untreated mice,

but was only slightly above threshold for tonic extension. Sunmari es
of .the nuweysr2g9igzani mal s protected from seizures when tested 120 m nutes
after adm ni stration of each conmpound set forth in the | ef t - "B USH3(RA630 e
given in Table 2 for varying dose levels set forth in the second col uim of

the tabl e.

-46-
CHART II
5 i X &
clfu\/\( + 0\_/NH —_— 0 NJ\/\l/
PR CH; of  %n,
N (103)
10 T . I 1
0
HO NH, o .
\/
HO . )L
Ph CH, o N
101 \/
15 (101) PH: ,IICHB O
X
(104)
20 : 1
0
TsO o N
——
o] o 0
°>< °>< o><
25
(107) 106) i
N o —_— & H,N
_ o o o
o>< HO o
(108) (108a) 08
35 __________________ e e — e
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-14- Due to the interesting phehonena related to the (R,S)-ifbutyl'
‘GABA (t he conpound having significantly higher potency and effectiveness
W t hout causing ataxia), threshold nmaximal el ectroshock tests where

WO 93/23383 PCT/US93/04680

-4°7-~

CLAIMS
What is Claim ig:

1. A compound which is
4-methyl-S5-phenyl-2-oxazolidinone,
4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl-
3-oxazolidine butanoic acid, phenylmethyl ester,
5 4-methyl-pentanoyl chloride,
4-methyl-3- (4-methyl-1-oxopentyl) -5-phenyl-
2-oxazolidinone,
2- (2-methylpropyl) -butanedioic acid,
4- (phenylmethyl) ester,
10 3- (azidomethyl) -5-methyl -hexanoic acid,
phenylmethyl ester,
3- (hydroxymethyl) -5-methyl -hexanoic acid,
phenylmethyl ester,
5-methyl-3-[[[(4-methylphenyl)sulfonyl] oxy] -
15 methyl] -hexanoic acid, phenylmethyl ester,
3- (azidomethyl) -5-methyl-hexanoic acid,
2- (2-methylpropyl) -1, 4-butanedioic acid,
4-(1,1-dimethylethyl) ester,
3- (azidomethyl) -5-methyl-, 1,1-dimethylethyl
20 ester,
3- (hydroxymethyl) -5-methyl-hexanoic acid,
1,1-dimethyl ester,
S-methyl-3-[[[(4-methyl (phenyl)sulfonyl]oxy] -
methyl-hexanoic acid, 1,1-dimethylethyl ester, or
25 4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl -
3-oxazolidinebutanoic acid, 1,1-cimethylethyl
ester.

2. A compound which is
(S) -3- (azidomethyl) -S-methyl -hexanoic acid.

—_— This Sheet Has Been Replaced
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conducted varying the time of testing fromh 1 hour to 8 hours, the dose
being 10 ng/kg in mce, injected intravenously. Table 3 shows the results
of: these tests indicating a maxi num protection after 2 hours of testing.

In view ve results, a dose response curve was nade our
testing tlﬂgggjeﬁpgd in mce, the drug being given intravenougkg-r"e{%yggg“l6
ng/ kg. The results of this test is shown in Table 4 with a cal cul at edED50
equal ing 2.07 ny/kg. A third pharnmacol ogi cal test was perfornmed as
described in Krall RL, et al, Epilensia. -k848;19:409. .In this procedure,

drugs were tested for attenuation of
3. A compound which is

(S) -3- (azidomethyl) -5-methyl-hexancic acid,
1,1-dimethylethyl ester.

4, A compound which is
(S)-5-methyl-3-[[[(4-methyl (phenyl)sulfonyl] -
oxylmethyl-hexanoic acid, 1,1-dimethylethyl ester,
(S) -3- (hydroxymethyl) -5-methyl-,
5 1,1-di-methylethyl ester,
(8) -2- (2-methylpropyl) -1,4-butanedioic acid,
4-(1,1-dimethylethyl) ester, or
(S) -4-methyl- (2-methylpropyl) -2-dioxo-
5-phenyl-3-oxazolidinebutanoic acid, 1,1-dimethyl-
10 ethyl ester.

5. A process for preparing a chiral compound of the

formula
] Ry R,
H,NCH-C-CH,COOH : I
r,

10 '~ wherein R, is a straight or branched alkyl of from
1 to 6 carbon atoms, phenyl, or cycloalkyl having
from 3 to 6 carbon atoms; R, is hydrogen or
methyl; and R, is hydrogen, methyl, or carboxyl,
which comprises hydrolyzing an azide of the

15 _ formula —

" HIIIIIHMIHIIIMHIIHHIII
NiCH ZC' —
R 1 Co 2Bn

20 \

///l/////l/l/////l /// //PII/aced
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threshol d clonic seizures in nice caused by subcutaneous admninistration of’
-pent yl enetetrazol (85 ng/kg) which is a generally accepted nodel for
absence type seizures. Results fromthe third test for the conpound when
adni ni st NG 9335ger intravenously or orally is shown in Tabl eC¥ruS9srod6%8t
‘was conducted at three dose levels, showing effective protection at 30
ng/ kg and 100 ng/ kg with no ataxi a. The above is a significant finding
because the conpound havi ng the | east ablllty to activate GAD in vitro
surprisingly had an approximately 10-fol d%9crease in potency over the

ot her conpounds tested. Even nore_unexpecied is the absence of ataxic side
mp Eo an 1ntermedigteqaz{52 of the ? f

N 3CH-:C -\
COH

25

and the intermediate azide is reduced to the amine

of the formula
30 ' ?2

HyNCH,C '\
l

35 wherein R, and R, have the meanings defined in

Claim 1, Ph is phenyl, Me is methyl, and Bn is

benzyl.

6. A process as defined in Claim 5 wherein the azide
is hydrolysed by treatment with sodium hydroxide.

7. A process as defined in Claim 5 further comprising

the step of extraction of intermediate azide into
an agqueous base.

8. A process as defined in Claim 7 further comprising
the step of acidifying the aqueous extract.

9. A process as defined in Claim 5 wherein the
intermediate azide is reduced under near neutral
conditions to give the amino acid.

10. The amino acid obtained by the process defined in
Claim 5.

||||||I| |||I|| T ||I| | Wi’”[i”” il I‘md o ST A B
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effect coupled to this increase in potency.

v - WO 93/23383 PCT/US93/04680
-50-
11. A process for preparing a chiral compound of the
formula
5 Ry R,

H,NCH-C-CH,COOH

Ry
10
wherein R; is a straight or branched alkyl of from
1l to 6 carbon atoms; R, is hydrogen or methyl; and
R; is hydrogen, methyl, or carboxyl, which
comprises hydrolyzing an azide of the formula
15
?2
N3CH2C ‘
|
Ry CO,
20 to an intermediate azide of the formula
R
N3CH2C —,
CO,H

25 )
' and the intermediate azide is reduced to the amine
of the formula

N
e

nR@h“d

S NN

wherein R, and R, have the meanings defined in
35 Claim 1, Ph is phenyl, and Me is methyl.

R —

12. A process as defined in Claim 11 wherein the azide
is hydrolysed by treatment with sodium hydroxide.
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-15- . As noted herei nabove, the S-(+)enantioner of

4-am no- 3- (2- et hyl propyl ) butanoi c acid (3-isobutyl GABA or IBG which is
structurally related to the known anticonvul sant, gabapentin, potently

di spl aceswig ¢3/bsdg3d gabapentin from a novel high-affinity sitRCI/DSHIMO468@i n
mefibrane fractions. Al so the S-(+)enantionmer of 3-isobutyl GABA is
responsible for virtually all blockade of naximal el ectroshock seizures in
mce and rats. The R(-) enantioner of 3-isobutyl GABA is nuch | ess
effective in the bl ockade of maxi mal el ect¥oshock seizures and in

di spl acenent °f1§f'tkaﬁ§gc ggagg

Qéégined in Claim 11 further
comprising the step of extraction of intermediate

azide into an aqueocus base.

14. A process as defined in Claim 13 further
' comprising the step of acidifying the aqueous
extract.

15. A process as defined in Claim 11 wherein the
intermediate azide is reduced under near neutral
conditions to give the amino acid.

16. The amino acid obtained by the process defined in
Claim 11.

A

_/ .
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fromthe novel high-affinity bindfng site. Table 1 below sets forth data

“conpari ng gabapentin, racem c 3-isobutyl GABA (([err])-1BG, .

S:(+)-3-isobutyl GABA ((S)-1BG and R-(-)-3-isobutyl GABA ((R-1BG in
(+) y ((S)-1BG (-) y (éxﬁwpsmbo

,these asweys3/23383 TABLE 1 Test Sy 4680
3-1sobutyl GABA (EDjerr]) - Gabapentin ([err])-1BG
(S)-1BG (R) -1 BG Gabapenti n Receptor

' ~ -51-

13. A process as defined in Claim 11 further

comprising the step of extraction of intermediate
azide into an aqueous base.

14. A process as defined in Claim 13 further

comprising the step of acidifying the aqueous
extract.

15. A process as defined in Claim 11 wherein the
intermediate azide is reduced under near neutral

conditions to give the amino acid.

16. The amino acid obtained by the process defined in
Claim 11.
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The present invention relates to novel compounds
that are analogs of glutamic acid and gamma-
aminobutyric acid (GABA). More specifically, the
analogs are useful as antiseizure therapy for central
nervous system disorders such as epilepsy, Huntington’s
chorea, cerebral ischemia, Parkinson’s disease, tardive
dyskinesia, and spasticity. It is also possible that
the present invention could be used as an
antidepressant, anxiolytic, and antipsychotic activity.

.

BACKGROUND OF THE INVENTION

Gamma aminobutyric acid (GABA) and glutamic acid
are two major neurotransmitters involved in the
regulation of brain neuronal activity. GABA is the
major inhibitory neurotransmitter and L-glutamic acid
is an excitatory transmitter (Roberts E, et al, GABA in
Nervous System Function, Raven Press: New York, 1976;
McGeer 2G, et al, Glutamine, Glutamate, and GABA in the
Central Nervous System; Hertz L, Kvamme E, McGeer EG,
Schousbal A, eds., Liss: New York, 1983;3-17). An
imbalance in the concentration of these |
neurotransmitters can lead to convulsive states.
Accordingly, it is clinically relevant to be able to
control convulsive states by controlling the metabolism
of this neurotransmitter. When the concentration of
GABA diminishes below a threshold level in the brain,
convulsions result (Karlsson A, et al, Biochem.
Pharmacol 1974;23:3053-3061). When the GABA levels
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rise in the brain during convulsions, seizures ——
terminate (Hayashi TJ, Physiol. (London)
1959;145:570-578). The term seizure as used herein

means excessive unsynchronized neuronal activity that
disrupts normal neurcnal function. In several seizure
disorders there is concomitant with reduced brain GABA
levels a diminished level of L-glutamic acid
decarboxylase (GAD) activity also observed (McGeer PO,
et al, In: GABA in Nervous Svgtem Function; Roberts E,
Chase TN, Tower DB, eds., Raven Press: New York
1976:487-495; Butterworth J, et al, Neurochem.
1983;41:440-447; Spokes EG, Adv, Exp. Med, Biol.
1978;123:461-473; Wu JY, et al, Neurochem. Res,
1979;4:575-586; and Iversen LL, et al, Pgychiat. Res.
1974;11:255-256). Often, the concentrations of GAD and
GABA vary in parallel because decreased GAD
concentration results in lower GABA production.,

Because of the iﬁportance of GABA as an inhibitory
neurotransmitter, and its effect on convulsive states
and other motor dysfunctions, a variety of approaches
have been taken to increase the brain GABA
concentration. For example, the most obvious approach
was to administer GABA. When GABA is injected into the
brain of -a convulsing animal, the convulsions cease
(Purpura DP, et al, Neurochem. 1959;3:238-268).
However, if GABA is administered systematically, there
is no anticonvulsant effect because GABA, under normal
circumstances, cannot cross the blood brain barrier
(Meldrum BS, et al, Epilepsy; Harris P, Mawdsley C,
eds., Churchill Livingston: édinburg 1974:55. In view
of this limitation, there are three alternative
approaches that can be taken to raise GABA levels.

The most frequent approach is to design a compound
that crosses the blood brain barrier and then
inactivates GABA aminotransferase. The effect is to
block the degradation of GABA and thereby increase its
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anticonvul sant testin CF 1 straln -mce (20-25 g) and nale
Sprague-Dawl ey rats ( talned from Charles Rier] 13FES 1997
Laboratories and were free access to food and ter before
testing. Maximal el ect vered wi th corneal eleqtrodes Dy
conventional methods (Krall, supra 1975)_except that | ow i ntlensity

el ectroshock with nmce consisted of 17 of current rather than the

conventi onal gngénei—seeoho pﬁ%hbem%rg Heohanlshf niea Ynlit fviiiosdibst ance

and were teste reyention
amznotransferase are known (Silverman RB,
Mechanism-B Enz i ion: mi nd
Enzymology, Vol. I and I1, CRC: Boca Raton 1988).
Another approach is to increase GABA
concentrations in the brain by making GABA lipophilic
by conversion to hydrophobic GABA amides (Kaplan JP,

et al, G.J. Med. Chem, 1980;23:702-704; Carvajal G, _

et al, E;gghgm&_zgggm;gg;‘ 1964;13:1059-1069; Imines:
Kaplan JP, Ibid.; or GABA esters: Shashoua VE, et al,
J. Med. Chem. 1984;27:659-664; and PCT Patent

Application WO85/00520, published 2/14/85) so that GABA
can cross the blood brain barrier. Once inside the
brain, these compounds require amidase and esterases to
hydrolyze off the carrier group and release GABA.

Yet another approach is to increase 25 brain GABA
levels by designing an activator of GAD. A few
compounds have been described as activators of GAD.
The anticonvulsant agent, maleicimid, was reported to
increase the activity of GAD by 11% and as a result
increase GABA concentration in the substantia nigra by
up to 38% (Janssens de Varebeke P, et al, Biochem.
Pharmacol. 1983;32:2751-2755. The anticonvulsant drug
sodium valproate (Loscher W, Biochem. Pharmacol.
1982;31:837-842; Phillips NI, et al, Biochem.
Pharmacol. 1982;31:2257-2261) was also reported to
activate GAD and increase GABA levels.

The compounds of the present invention have been
found to activate GAD in vitro and have a dose
dependent protective effect on-seizure in vivo.

Also, the compounds of the present invention have
been found to bind a novel binding site which was
identified to bind tritiated gabapentin. Gabapentin
has been found to be an effective treatment for the
prevention of partial seizures in patients refractory
to other anticonvulsant agents. Chadwick D,
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eﬁggéﬁill Livingstone, New York (1991). The novel

binding site labeled by tritiated gabapentin was

described in membrane fractions from rat brain tissue

and in autoradiographic studies in rat brain sections,

Hill D, Ibid. This binding site has been used to

evaluate the compounds of the present invention.

The novel compounds of the present invention ate
set forth below as Formula I. It should be noted that
the compound of Formula I wherein R, is methyl and each
of R, and Ry is hydrogeﬁ is taught in Japan
Patent Number 49-40460.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided compounds of the Formula I

R: R
H,NCH- c|: - CH,COOH
Ry
wherein R, is a straight or branched alkyl of from 1 to

6 carbons, phenyl or cycloalkyl having from 3 to
€ carbon atoms; R, is hydrogen or methyl; and R, is

- hydrogen, methyl, or carboxyl; with the proviso that

when each of the R, and R; is hydrogen, R, is other than
methyl. Pharmaceutically acceptable salts of the
compounds of Formula I are also included within the
scope of the present invention. Also included within
the scope of the present invention are the individual
enantiomeric isomers of the compounds of the Formula I.
The present invention also provides pharmacéutical
compositions of the compounds of Formula I.
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anal ysis of results with at |east 5 dose groups of 10 mce ot-8—rats each.
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nL/lOO g body wei us adm nistration was given by [bo
injection into thﬁmu““u ' Eﬂ sinus in mce. Oral adm ni st rjat .1351%5%?%7
by intragastric gavage. or bindingSstudies, partially |pucified
synapti c plasma nmenbranes were prepared fromrat neocortex using sucrose

density gradi ents.A¥fe preevhdad seracpast OF tiies preseditssectet—fromthe- —
rest of the bi@i dnd8ftion is a novel method of treating seizure
disorders in a patient by administering to said patient
an anticonvulsant effective amount of a compound of the
following Formula IIX

Ryi3R;,
H,NCH- ?- CH,COOH

Ria

wherein R;, is a straight or branched alkyl of from
1 to 6 carbon atoms, phenyl, or cycloalkyl having from
3 to 6 carbon atoms; R;, is hydrogen or methyl; and Ry3
is hydrogen, methyl, or carboxyl; or an individual
enantiomeric isomer thereof; or a pharmaceutically
acceptable sglt thereof.

Also, the present invention provides a method for
increasing brain neuronal GABA and provides

. pharmaceutical compositions of the compounds of

Formula II.

The present invention provides novel processes for
the synthesis of chiral Formula I compounds .

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there is
provided a series of 3-alkyl-4-aminobutyric acid or
3-alkyl glutamic acid analogs which are useful as
anticonvulsants. Illustrative of the alkyl moieties as
represented by R; and R,; in Formulas I and II are
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, isopentyl, and neopentyl as well
as other alkyl groups. The cycloalkyl groups
represented by R; and R,; in Formulas I and II are
exemplified by cyclopropyl, cyclobutyl, cyciopentyl,
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and cyclohexyl. The analogs are further shown herein
to prevent seizure while not causing the side effect of
ataxia, such a side effect being found in several anti-

-6-

seizure pharmaceuticals.
The more preferred compounds of the present
" invention are of Formula I above wherein R; is
hydrogen, R, is hydrogen, and R, isobutyl.
That is, the preferred compound is 4-amino-
3- (2-methylpropyl)butanoic acid. It has been found
that-this compound is unexpectedly more potent than the
other analogs synthesized in accordance herewith and
tested in vivo. What is further surprising, as the
following data shows, is that this preferred compound
is the least effecﬁive one of the analogs tested in
activating GAD in vitro. Accordingly, it was very
unexpected that this preferred compound had such a high
potency when tested in vivo.
The most preferred compéunds of the present
.invention are the (S);(+)- and the (R) (-)-4-amino-
3- (2-methylpropyl)butanoic acid with the
(S) - (+) ~-enantiomer being most preferred. The
(S)-(+) -enantiomer was found to be the most potent
compound within the scope of the present.invention for
displacement of tritiated gabapentin, and both the
' (S)-(+)- and the (R)-(-)-enantiomers showed pronounced
stereoselectivity for both displacement of tritiated
gabapentin and for anticonvulsant activity in vivo.
The compounds made in accordance with the present
invention may form pharmaceutically acceptable salts
with both organic and inorganic acids or bases. For
example, the acid addition salts of the basic compounds
are prepared either by dissolving the free base in
aqueous or agueous alcohol solution or other suitable
solvents containing the appropriate acid and isolating
the salt by evaporating the solution. Examples of
pharmaceutically acceptable salts are hydrochlorides,
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The method for the formation of the 3-alkyl-
4-aminobutanoic acids starting from 2-alkanoic esters
is prepared from commercially available aldehydes and
monomethyl malonate by the Knoevenagel reaction,

(Kim YC, et al, J. Med. Chem. 1965:8509) with the
exception of ethyl 4,4-dimethyl-2-pentenoate. .
More specifically, the following is a procedure
which can be generally applied to the preparation of
"all the 3-alkylglutamic acids. Ten grams of a 3-alkyl-
5,5-dicarbethoxy-2-pyrrolidinone was refluxed in 150 mL
of 49% fuming HBr for 4 hours. After this time, the
contents were placed in an evaporator and the volatile
constituents were removed in vacuo with the aid of a
hot-water bath. The gummy residue was dissolved in -
25 mL of distilled water and the water was removed with
the aid of the evaporator. This process was repeated
once more. The residue was dissolved in 20 mlL of
water, and the pH of the solution was adjusted to
3.2 with concentrated NH; solution. At this point the
chain length of the individual 3-alkylglutamic acids
altered the solubility so that those whose side chains
were larger precipitated with the ease from solution.
Precipitation of the alkylglutamic acids with smaller
substituents (methyl, ethyl, and propyl) could be
encouraged by cooling on an ice bath or by diluting the
agqueous solution with 100 mL of absolute ethanol.
Precipitation from the water-alcohol mixture is
complete in 48 hours. Care must be taken to add the
ethanol slowly to prevent the precipitation of an
amorphous solid which is not characteristic of the
desired 3-alkylglutamic acids. Samples of the amino
acids were purified for analysis by recrystallizing
from a water-ethanol mixture. All melted with
decomposition. Melting points of the decomposed

S BEE\I
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pyroglutamic acids. -

Ethyl 4,4-dimethyl-2-pentencate was prepared from
2,2-dimethylpropanocl and ethyl lithicacetate, followed
by dehydration of the B-hydroxy ester with phosphoryl
chloride and pyridine.

The Michael addition of nitromethane to alpha,
f-unsaturated compounds mediated by
1,1,3,3-tetramethylguanidine or 1,8-diazabicyclo-‘
(5.4.0]Jundec-7-ene{DBU) afforded 4-nitroesters in good
yields. More specifically, a mixture of nitromethane
(5 mol), «,f-unsaturated ester (1 mol), and
tetramethyl-guanidine (0.2 mol) was stirred at room
temperature for 2 to 4 days. (In case of methyl
acrylate, the ester has to be added at a temperature
below 300.) The progress of the reaction was followed
by IR (disappearance of the C=C band) and G.L.C. )
analysis. The reaction mixture was washed with dilute
hydrochloric acid and extracted with ether. The
organic extract was dried, the solvent removed at
reduced pressure, and the 20 residue distilled at a
pressure of 2 torr. Although the aliphatic nitro
compounds are usually reduced by either high pressure
catalytic hydrogenation by metal-catalyzed transfer
hydrogenation, or by newly introduced hydrogenolysis

methods with ammonium foxrmate or sodium borohydride and

palladium as catalysts, applicants have found that
4-nitrocarboxylic esters can be reduced almost
quantitatively to the corresponding 4-aminbcarboxylic
esters by hydrogenation using 10% palladium on carbon
as catalysts in acetic acid at room temperature and
atmospheric pressure. The amino esters produced were
subjected to acid hydrolysis to afford the subject
inventive compounds in good yields. This procedure

provides access to a variety of 3-alkyl-4-aminobutanocic

acids as listed in Tables 1 and 2 as examples and thug
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is advantageous in comparison to methods previously
used.

Examples of more specific methods of making
compounds in accordance with the present invention are
as follows, optionally utilizing the methods described
in detail above. When the starting material is not
commercially available, the'synthetic sequence may be
initiated with the corresponding alcohol, which is
oxidized to the aldehyde by the method of Corey EJ,
et al, Tetrahedron Lett. 1975:2647-2650.

The chiral compounds of Formulas I and II are
prepared as set forth in the schematic in Chart I
hereof. Although the schematic in Chart I depicts the
chiral synthesis of specific compound (S)-(+)-4-amino-
3-(2-methylpropyl)butancic acid, one skilled in the art
can readily see that the method of synthesis can be
applied to any diastereomeric compound of Formulas I
and II.

In Chart I Ph is phenyl, Bn is benzyl, THF is
tetrahydrofuran, LDA is lithium diisopropylamide,
BH,*SMe, is borane dimethyl sulfide complex, TsCl is
tosyl chloride, and DMSO is dimethylsﬁlfoxide.

The detailed synthetic procedure is set forth
hereinbelow in Example 1. The key introductory
literature for this methodology was discussed in Evans’
paper, J. Am. Chem. Soc. 1982;104:1737-9. The metal
enolate can be formed with a lithium or sodium amide
base, and subsequently alkylated to give an a
substituted carboxylic acid derivative. This
methodology was valuable for the enantioselective
synthesis of these a-substituted carboxylic acid
derivatives. In this seminal paper, Evans described
the preparation of propionic acid derivatives with a
series of simple alkylating agents. By varying the
stereochemistry of the chiral synthon (the
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e

stereoselectivity.

Evans has used this chiral auxiliary in other
synthetic studies, but none has been related to
4-amino-3- (2-methylpropyl)butanoic acid which contains
a B-substituted-y-amino acid. The methodology as
presented by Evans teaches toward a-substitution, and
away from f-substitution, and has not been used in the
preparation of this type of unusual amino acid.
N-acyloxazolidinones have been used to form

" chlorotitanium enolates that have been reacted with

Michael adducts such as acrylonitrile, J. Org. Chem.
1991;56:5750-2. They have been used in the synthesis
of the rutamycin family of antibiotics, J. Orag. Chem.
1990;55:6260-8 and in stereoselective aldol
condensations, Org. Synth, 1990;68:83-91. Chiral
@-amino acids were prepared via the oxazolidinone
approach. In this sequence, a dibutylboron enolate was
brominated and displaced with azide, Tetrahedron Lett.
1987;28:1123-6. Other syntheses of f-hydroxy-c-amino
acids were also reported via this chiral auxiliary
through aldol condensation (Tetrahedron Lett.
1987;28:39-42; J. Am. Chem. Soc. 1987;109:7151-7). -
«,B-Unsaturated N-acyloxazolidinones have also been '
used to induce chirality in the Diels-Alder reaction,
(J. Am. Chem. Soc. 1988;110:1238-56. In none of these
examples, or others found in the literature, is this
methodology used to prepare (f-substituted carboxylic
acids or 3-substituted GABA analogs.

In another embodiment, the chiral compounds of
Formulas I and II can be prepared in a manner which is
similar to the synthesis depicted in Chart I. 1In thjg
embodiment, however, step 8 in Chart I is replaced by ”
an alternate two step procedure which is set fortn
hereinbelow in Examplé 2. Instead of reducing tpe
azide (8) to the amino acid (9) in.Chart I, the
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skill in the art which can hydrolyze the azide (B) to
intermediate azide (8a) can be employed). 1Instead of
reducing the azide (8) to the amino acid (9) in Chart
I, the alternmate procedure hydrolyzes the azide (8) to
give an intermediate azide (8a) which is subsequently
reduced (see Chart Ia).

There are 2 major advantages to hydrolyzing azide
(8) to give the intermediate azide (8a) prior to
reduction. The first advantage is that intermediate
azide (8a) may be purified by extraction into agueous
base.  After the équeous extract is acidified,
intermediate azide (8a) may be extracted into the

' organic phase and isolated. This allows for a

purification of intermediate azide (8a) which does not
involve chromatography. The purification of azide (8)
requires chromatography which is very expensive and
often impractical on a large scale.

The second advantage is that intermediate azide
f8a) may be reduced to amino acid (9) without added
acid. Reduction of azide (8) requires addition of
acid, e.g., hydrochloric acid in order to obtain amino
acid (9). Unfortunately, lactamization of amino acid
(9) is promoted by the presence of acid. Intermediate
azide (8a) may be reduced under near neutral conditions
to give amino acid (9), thus minimizing the problem of
lactam formation.

In another preferred embodiment, the chiral
compounds of Formulas I and II can be prepared as set
forth in the Schematic in Chart II hereof. Although
the schematic in Chart II depicts the chiral synthesis
of specific compound (S)-(+)-4-amino-3-(2-methyl-
propyl)butanoic acid, one skilled in the art can
readily see that the method of synthesis can be applied
to any diastereomeric compound of Formulas I and II. : -

In Chart II Ph is phenyl, and Ts is tosyl.

THIS SHEET HAS BEEN
REPLACED




alternatlve met hod whi ch el i m nated-use of chl orof orm whi
nr/'dlff&cultles

di sposal

m nimzed the for

t hi onyl

nol ) was
reaction
sol ution
sol ution
sol ution

tenperature of 95[er

and operator ex

chl ori de (985

The al ternat
val eri ¢ anhydri de.
and N, N-di net hyl f or majn

-

GEMP&EJ%HEEI

0 a sorgrion

ein?ﬁ%ﬂ?ﬁ%;a
The

O‘Rasﬁe' ;
added 4- net (74 kg, 637 nmol) whil

tenperature’@m”]c Hexanes (30 L) were @ad
was mai ntain -

at 30-35[err]C for % hour and 15 fr nutes.
was then heated to 70- 75[err]C foF41 hour and 10 W NUTES:

o or O for e’ BefeTashngibendidd PN d SO YL"
hereinbelow in Example 3. This procedure is similar to
the synthesis route depicted in Chart I, however, the
procedure of Chart II replaces the benzyl ester in the
synthesis route of Chart I with a t-butyl ester. The
desired amino acid (9) and (109) is the same end
product in both Charts I andlli, respectively.

There are several advantages to using the t-butyl
ester rather than the benzyl ester in the synthesis of
or (109). A first advantage relates to
the hydrolysis of the chiral auxiliary in step 4 of
Chart 1. During the hydrolysis of the chiral auxiliary
in this reaction some hydrolysis of the benzyl ester
often occurs. Hydrolysis of the t-butyl ester in
Chart II has not been experienced.

Another advantage relates to the use of alcohol
(106) in Chart II over the use of alcohol (6) in .
Chart I. A problem with the benzyl ester-alcohol is
the tendency of the benzyl ester-alcohol to undergo
lactonization as shown below.

amino acid (9)

Although lactonization
of the benzyl ester can be avoided under some
conditions, the t-butyl ester-alcohol is far less prone
to lactonization.

HO P EO
— <)
0 /’L\<f’£::ﬁ; P
o> S
Ph

Still another advantage, which was previously
discussed with regard to the synthetic procedure
depicted by Chart Ia, is that the t-butyl synthetic
route minimizes the problem of lactam formation of the
amino acid end product (109). Instead of reducing
azide (108) to amino acid (109) which requires the
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additicn of acid that causes lactamization of amino
acid (109), azide (108) is first hydrolyzed to
intermediate azide (108a). Intermediate azide (108a)
may be reduced under neutral conditions to give amino
acid (109), thus minimizing the problem of lactam
formation.

It should also be mentioned that several novel
intermediates are produced by the processes discussed
herein. Some of these intermediates which are depicted
in Charts I, Ia, and II include in the racemate or R or
S enantiomer form: '

4-methyl-5-phenyl-2-oxazolidinone,

4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl-
3-oxazolidine butancic acid, phenylmethyl ester,

4-methyl-pentanoyl chloride,

4-methyl-3- (4-methyl-1-oxcpentyl)-5-phenyl-
2-oxazolidinone, ' _

2- (2-methylpropyl) -butanedioic acid,
4-(phenylmethyl)ester,

3- (azidomethyl) -5-methyl-hexanoic acid,
phenylmethyl ester,

3- (hydroxymethyl) -5-methyl -hexanoic acid,
phenylmethyl ester,

5-methyl-3- [[[(4-methylphenyl)sulfonyl]oxy] -
methyl] -hexanocic acid, phenylmethyl ester,

3- (azidomethyl) -5-methyl-hexanoic acid,

2- (2-methylpropyl) -1, 4-butanedioic acid,
4-(1,1-dimethylethyl) ester, '

3-(azidomethyl) -5-methyl-, 1,l1-dimethylethyl
ester,

3- (hydroxymethyl) -5-methyl -hexanoic acid,
1,1-dimethyl ester,

5-methyl-3-[[((4-methyl (phenyl)sulfonyl] oxy] -
methyl-hexanoic acid, 1,l-dimethylethyl ester, or

4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl-
3-oxazolidinebutanoic acid, 1,1-dimethylethyl ester.

-13-
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o Slep 2 | Toa soluion of (4R 59 (1) et hy! - 5| REPBACEMENT SHEET|

2- oxazol i di none—=<527—g, 29. 74 mol) in 70 nL of anhydroys
at -78[err]C Und%m@ﬁe@ﬂﬁs]i&eﬁﬂﬁﬁﬂt&i’e was added a 1.6 M soljuffio

u
n-butyl Iithium (19 in hexanes slowy. Th fé%f@%?@ '
allowed to stir 15 m nutes then the aci J,
33.43 mmol ) was ad t he reactign The reacti ¢n was stirred at

-78[err]C for

e er  mcameu——"

The compounds made by the aforementioned synthetic
methods can be used as pharmaceutical compositions as
an antidepressant, anxiolytic, antipsychotic,
antiseizure, antidyskinesic, or antisymptomatic for
Huntington’s or Parkinson’s diseases when an effective
amount of a compound of the aforementioned formula
together with a pharmaceutically acceptable carrier is
used. That is, the present invention provides a .
pharmaceutical composition for the suppression of

! seizures resulting from epilepsy, the treatment of
cerebral ischemia, Parkinson’s disease, Huntington'’s
disease and spasticity and also possibly for
antidepréssant, anxiolytic, and antipsychotic effects.
These latter uses are expected due to functional
similarities to other known compounds having these
pharmacological activities. The pharmaceutical can be
used in a method for treating such disorders in
mammals, including human, suffering .therefrom by
administering to such mammals an effective amount of
the compound as described in Formulas I and II above in
unit dosage form.

The pharmaceutical compound made in accordance
with the present invention can be prepared and
administered in a wide variety of dosage forms. For
example, these pharmaceutical.compositions can be made
in inert, pharmaceutically acceptable carriers which
are either solid or liquid. Solid form preparation
include powders, tablets, dispersible granules,
capsules, cachets, and suppositories. Other solid and
liquid form preparations could be made in accordance
with known methods of the art. The quantity of active
compound in a unit dose of preparation may be varied or
adjusted from 1 mg to about 300 mg/kg (milligram per
kilogram) daily, based on an average 70 kg patient. A

- daily dose range of about 1 mg to about 50 mg/kg is
preferred. The dosages, however, may be varied

THIS SHEET HAS BEEN |
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10 minutes then O[err]C for 30 minutes. A saturated solution of sodlum
bi carbonate (50 nl) was added and the mixture was stirreqeat P rx
m nutes. The organlc |'ayer was colfected and the aqueous |BREFBALHN

extracted with eth E astBser Biyshced The O gani ¢ extracts '-Ee'ébﬁblned anj

drired with anhydrou fate It was then filtqread @E¥FEs 1997
concentrated {o giv |I The oil was then chrdnatographed witt
8% et hyl acetate in hexanes on Ilca gel to give 7.56 g of=The )

acyl oxazol i di none (3) as a mhlte solid. -ARal. Calcd for

Cerr]Hrer]NJerr] C, 69.79; H 7.69; N, 5.09, "“'
dependlng upon the requlrement with a patient, the

geverity of the condition being treated, and the
compound being employed. Determination of the proper
dosage for particular situations is within the skill of
the art.

Illustrative examples of compounds made in
accordance with the present invention were tested to
demonstrate the ability of the compounds to activate
GAD in vitro and to prevent seizure in vivo without the
side effect of ataxia. .

In Vitr Acti ion

Assays were carried out in 10 mL vials sealed with
serum caps through which a center well (Kontes Catalog
No. 882320-000) was inserted. The center well was
charged with 200 gL of freshly prepared 8% KOH
solution. Various_concentrations of L-glutamic acid
(0.5, 0.25, 0.166, 0.125, 0.10 mM) containing .
[14C)L-glutamate (10 pCi/mmol) in 50 mM potassium
phosphate b@ffer, pH 7.2 were shaken at 37°C in
separate vials with purified L-glutamic acid
decarboxylase (18.75 pg; spec. act 10.85 pmol/min mg)
in a total volume of 2.00 mL. After being shaken for
60 minutes, the enzyme reactions were quenched by the
addition of 200 pL of 6 M sulfuric acid to the contents
of each of the vials. The vials were shaken for an
additional 60 minutes at 37°C. The center wells were
removed and placed in scintillation vials with 10 mL of
scintillation fluid for radioactivity determination.
The same assays were repeatéd except in the presence of
various concentrations of the activators (2.5, 1.0,
0.5, 0.25, 0.1, 0.05 mM). The Vmax values were
determined from plots of 1/cpm versus 1/[glutamate] at
various concentrations of activators. The data were
expressed as the ratio of the Vmax in the presence of
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Found: C, 69.56; H 7.63; N, 5.06. Acyl oxazol i di none

ol

prepared by an_alternate nethod which was conducted at -5m5mhA€

rat her than -78[err C which is difficult and expensive to

manuf act uri ng scH eeTH@B&mbphmie nmet hod al so gave a cry
fromthe reactlon

than an oil which nust b
To a sol ution ‘of - 2-oxazol i di none (64 g,
anhydr ous tetrahydrofuran at -5[ecr] C was added a

v

n-butyl lithiumin hexane (160 g, o 37 nol )[‘"sover a tenper atureTange ofF

BT SHRRT

agcnieve on a

- EnrRREB Abnel.

0 26 aad-)

o TorTT) T II

15% sol uti on of

rﬂ(,

-3 C 0
- 1([)?; ]r] Ct '?0 ([)[ é}é &é%]%qcigacq %ﬁ‘e(m%)g“%ﬂé}gﬁghﬁge Oa.\:?{eﬂ’@é )o#Bgpgdded at

activators times 100%.

The results of the experiment are shown in
Table 1. The tests show that there was significant
activation by the various compounds tested to differing
degrees. The known activator sodium valproate and

gabapentin were tested.

In vivo tests were performed to demonstrate the
seizure preventing capabilities of ‘the novel compounds.

Threshold maximum electroshock is an animal

model test

for generalized seizures that is similar to that of
Piredda SG, et al, Pharmacol. and Exptl. Therap.

1ses;g3g(3):741-45. The methods for this test are

described as follows.

Male CF-1 mice (22-30 g) were allowed free access
to food and water prior to testing. For screening,
groups of five mice were given a compound intravenously
at doses of 30, 100, and 300 mg/kg and tested at 0.5,
2.0, and 4.0 hours after dosing. Drugs were either
dissolved in 0.9% saline or suspended in 0.2%

methylcellulose. Animals were shocked with

corneal

electrodes (see below) and observed for tonic hindlimb
extensor seizures. Absence of hindlimb extension was

taken as an anticonvulsant effect.
The electroshock apparatus delivered a

60 Hz siﬁe

wave with a current amplitude of 14 mA (peak-to-peak)
for 0.2 seconds. The current strength of 14 mA used in
this procedure produced tonic extensor seizures in
approximately 95% of untreated mice, but was only
slightly above threshold for tonic extension.

Summaries of the numbers of animals protected from
seizures when tested 120 minutes after administration

of each compound set forth in the left-hand

column are

given in Table 2 for varying dose levels set forth in

the second column of the table.
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a solution of water (90 nmL) and sodi um bi car bonat e

-20- (4 g). Ethyl acet?iffgzggagl’mas added and the | ayers REPLACENE%“‘SHEET
—";!:1;;1; Has Been Rep‘ac\ed 13 FEB 1997
i
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Due to the interesting phenomena related toc the
(R,S)-i-butyl GABA (the compound having significantly
higher potency and effectiveness without causing
ataxia), threshold maximal electroshock tests where

; conducted varying the time of testing from 1 hour to
8 hours, the dose being 10 mg/kg in mice, injected.
intravenously. Table 3 shows the results of these i
tests indicating a maximum protection after 2 hours of
~ testing.

In view of the above results, a dose response
curve was made for the 2 hour testing time period in
mice, the drug being given intravenously at 10 mg/kg.
The results of this test is shown in Table 4 with a
calculated,EDg, equaling 2.07 mg/kg.

A third pharmacological test was performed as
described in Krall RL, et al, Epilepsgia. 1978;19:409.
In this procedure, drugs were tested for attenuation of '
threshold clonic seizures in mice caused by
subcutaneous administration of pentylenetetrazol
(85 mg/kg) which is a generally accepted model for
absence type seizures. Results from the third test for
the compound when administered either intravenously or
orally is shown in Table 5. The test was conducted at
three dose levels, showing effective protection at
30 mg/kg and 100 mg/kg with no ataxia.

The above is a significant finding because the
compound having the least ability to activate GAD
in vitro surprisingly had an approximately 10-fold
increase in potency over the other compounds tested.
Even more unexpected is the absence of ataxic side
effect coupled to this increase in potency.




were separated. The organic |ayer was extracted with water (2 x 50 nL) and
t he aqueous phases were back extracted with ethyl acetate (1 )

organi c extracts were conbined and approxi mately 150 nlL of s;kEgrACEMENT SHEET
renoved by di st Tth&heptdhsBdth Resqkeri c distillation was continyeyl and hept ane
(2 x 200 g) was apor tenperature of 95[err]C ya$ reafEgtns;
The sol ution vvas r] C. The product was coll ected py

filtration, washe ptane, -and dried to give 79 g|(30% of
acyl oxazol i di none (3) . St ep 3 -18-

S

—a -

TABLE 1

Activation of GAD by GABA analogs at various
concentrations exrressed in %

R,
Han*‘cxz?crrzcm' .

Ry
Ry, Ry 2.5mM 1.0 mM 0.5 mM 0.25 m¥ 0.1 m¥ 0.05 mM
(R,S) -CHy, H 239 168 142 128 118 107
(R) -CHqH 327 202 185 135 128 109
(S) -CHH 170 118 .- 103 -~ --
CH;, CH; 174 125 -- 109 -- --
(R, S) -CoHg, K 172 128 .- 108 -- .-
(R,§) -n-CyHy, K 156 112 -- 105 -- .-
(R, 8) -i-C3Hy, B 140 108 .- 104 -- --
(R, S} -n-C4Hg, H 178 117 -- 105 . -- --
(R,8) -i-CHy, K 143 113 .- 109 .- --
(R,S) -8-CgHo,H 169 119 -- 105 " .-
(R,S)-t-CHy,H 295 174 147 121 117 lo8
(R,S) -neo-Csiy , K 279 181 -- 130 -- --
(R,S) -i-CsHyy K 142 118 -- 109 -- --
(R, S} -CeHy, B 125 100 -- 100 - .-
(R, S) -Celis, H 218 129 -- 110 -- --
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To a sol ution of di i sopropylamne (4.8 nmL, 34.25 mmwl) in

30 nL of
e was added a 1 6

anhydrous tetrahydrofuran at O[err]C under argon at nospher
M sol ution of n-hut II|th|GW1t21 L, 33.60 mml) in hexan
sol ution was stir[ g€ %@Ehﬂaﬂa e mMnutes then cooled to -

of the aeyloxazol .56 g, 27.46 mmol) in 30 mi ahhydrous
t et rahydr of uran he pal e yellow solution way gti gt @igs7

-78[err]C for 30 n1nutes a- bronoacet at e was added

solution was stirred at -25[err]C for 21bours. The reactiagn xtorewas

quenched with a hal f»~saturated ammoni um chloride sol ution

L ARESEN 8

arid the resul ting

and extracted Dby

ethyl acetate (2x). The TABLE 1 (Cont.)
CH,
H,NCHCECH,COO"
R
R 2.5mM 1.0mM 0.5 mM 0.25 mM 0.1 mM 0.05 mM
H(R, S) 140 111 -- 104 -- --
H(R) 173 125 -- 108 .- --
H(S) 100 100 -- 100 -- --
CH, : 143 121 -- 109 -- --
CeHs 207 151 -- 112 .- .-
Sodium Valproate 207 138 124 119 115 105
GABAPENTIN 178 145 -- 108 -- --
Activation of GAD by glutamate analogs expreesed in %
?00' |
H3N+-CH-fH-CH2-COOH
R
R 2.5 mM 1.0 mM 0.25 mM
CH, 212 144 113
C,Hg 170 128 113
n-C;H, 153 125 108
i-C3H, 144 114 105
n-CyHg 133 117 105
i-C.Hg 129 112 106
CeHg 172 135 112
Sodium Valproate 207 138 119
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combi ned organic layers were dried w th anhydrous magnesi um sul fate and
then filtered and concentrated to give a colorless oil. The oil was then

chronatographed—%k%h~8@ﬁéfﬁyr acetate in hexanes on silic REP ngmmYFSﬂEET

(53% of the
C[err]H[err]
H 6.87; N 3

C, 70.90; H 6.90; N, 3.31. Roynd, C _70.47;
O

-20-

Mi oxaskpiehione (4) as a white solid. Angl.

TABLE 2

Prevention of tonic extensor seizures in mice
following intravenous administration of
3-gsubstituted GABA deriwvatives

. Effect Ataxia
R Dose Time Affer # Protected/ # Ataxia/
(mg/kg) Dose (min) # Tested # Tested
(R, S) -CHj 10 120 0/5 0/5
30 - 120 4/5 0/s
100 120 3/5 0/s
CH; 1 120 . 1/10 0/10
3 120 2/10 0/10
10 120 4/10 0/10
30 120 3/10 0/10
100 120 3/10(5/10) 1/10 -
CH, 10 120 1/10 1/10
30 ' 120 2/10 0/10
100 120 5/10 0/10
t-CgHy .10 120 2/10 | 0/10
30 120 2/10 - 0/10
100 120 s/i0 - 0/10
CaHs 3 120 1/5 0/s
10 120 1/8 i 0/s
30 120 2/5 0/5
100 120 5/5 0/s
(CHy) 30 120 4/5 o/
100 120 4/5 0/s
n-CgHy 10 120 1/10 0/10
30 120 3/10 " 0/10
100 120 4/10 0/10
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-21- Acyl oxazol i di none (4) was al so prepared by an alternate nethod
t hat was advantageous in that the reaction was conducted a i

t enper at ure—(=35terriCto -25[err]C rather than -78[err] C clkEpEACEWSSHEET
and di ffi culf; §d paPdeukapRbddC separation was avoi ded. _
T
-21- - e

TABLE 2 (Cont.)

Dose - Aft Bffect Ataxia
[+]:] ime er .
R (mg/ka) D (mizn) 4 Protected/ # Ataxia/
m osée min

9/%3 # Tested # Tested

§-CHg 3 120 2/10 0/10
10 120 3/10 0/10

30 120 2/10 0/10

i-CgHy 0.3 120 1/10 0/10
0.8 120 3/10 0/10

2.0 120 5/10 0/10

5.5 120 7/10 0/10

14.4 120 . 9/10 0/10

n-CsHy 3 120 2/10 0/10
10 120 2/10 ' 3/10

100 120 3/10 0/10

i-Calty 10 120 5/10 1/10
30 120 5/10 0/10

100 120 6/10 0/10

CeHs . 100 120 0/10 0/10
neo-CgHy; 10 120 2/10 o/10
30 120 4/10 0/10

100 120 4/10 _ 0/10

- - High-intensity corneal electroshock consisted of 50 mA,
base-to-peak sinugoidal current for 0.2 seconds. All other
data was from low-intensiﬁy electroshock, 17 mA base-to-
peak sinusoidal current for 0.2 seconds.
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AcyI oxazol i di none LB),@B&-J@MOB nol) was dissolved in anhy

(340 nol) in ribisBhgetya t her/ hexane was added while mai it 4i ning a

reaction terrper rr]C to -25[err]C. Benzyl bronogc ta13;:t§5195g
371 nol) was th mai nt ai hi -ng‘- reaction tenperafu
n

t et r ahydr of uan 7an (201 WW gepled to -30[err]C. Lithiumdii$t PEACEWnSHEET

-35[err]Cto - err]C Wat er (60 kQ) a met hyl -t-butyl ethgr
added and the mxture was allowed to ;f.'o 18[err] C. The | hyers were
separated and the organic |ayer_was extrac am_th a_solution of water (20

L) and sodi um chl ori fareshiod makdnady eleatresixapiavedt@t and the organic
| ayer was concentr at g_gobgtg,go(;%ers by

Time of Testing # Protected
1 hr. 2/10
2 hr. _ 8/10
4 hr. 4/10
8 hr. ' 2/10 i
TABLE 4

Threshold maximal electroshock with
- iscbutyl GABA

Dose m/k #. Protected

.0.3 _ 1/10
0.8 ’ -~ 3/10
2.0 5/10
5.5 | 7/10

14.4 -9/10

TABLE 5

Maximal electroshock data

N rine At Effect Acaxia
T
2 ‘ °/3:) D"me ( ‘e) ¢ Protected/ # Ataxia/
b2
mg/kg) Lose mi # Tested # Tested
i-CyHy 10 120 /8 o/
i-CHy 30 120 4/5 0/s

i-CHy 100 120 4/5 0/s




distillation. I sopropyl alcohol (200 L) was added and the solution was
again concentrated to 200 liters by distillation. |sopt. :
and water (160 L) were added-and-the m xture was heate@@@%

sol ution was cooled to 18[e r Swq The product was col | ect : 10"
washed wi th i sohie ﬂ wat er and dried under rf E Qh5?{§$?@76 t
gi ve 58.7 kg (49 | oxazol i di none (4) as a | é

To a pre-cool ed ( ion of the acyloxazolid\nbngw(A}wfgﬁf”“

57.38 mmol ) in 60 -23.

As noted'hereinabove, the S- (+)enantiomer of
4-amino-3- (2-methylpropyl)butanoic acid (3-isobutyl
GABA or IBG) which is structurally related to the known
anticonvulsant, gabapentin, potently displaces
tritiated gabapentin from a novel high-affinity site in
rat brain membrane fractions. Also the S- (+)enantiomer
of 3-isobutyl GABA is responsible for virtually all
blockade of maximal electroshock seizures in mice and
rats. The R(-) enantiomer of 3-iscbutyl GABA is much
legs effective in the blockade of maximal electroshock
seizures and in displacement of tritiated gabapentin
from the novel high-affinity binding site. Table 6
below sets forth data comparing gabapentin, racemic
3-isobutyl GABA ((%)-IBG), S-(+}-3-isobutyl GABA
((S)~IBG) and R-(-)-3-isobutyl GABA ((R)-IBG) in these
assays. '

TABLE 6 )
3-Iscbutyl GRBA (EDg)
! Test System

. Gabapentin {£) -IBG {S)-1IBG {R) -IBG
Gabapentin Receptor
Binding (ICs) 0.14 pM 0.10 uM 0.044 uM 0.85 uM
IV Mouse
Low-Intensity
Blectroshock 4.3 mg/Kg 4.8 mg/Xg 4.0 mg/Kg >100 mg/Kg
IV Mouse Maximal ‘
Electroshock 75 mg/Kg 10 mg/Kg 18 mg/Kg >100 mg/Kg
PO Mouse Maximal
Elctroshock 200 mg/Kg 47 mg/Kg 12 mg/Kg
IV Mouse Ataxia >100 mg/Kg >100 mg/Kg >300 mg/Kg >100 mg/Kg

(XP)

Time course of anticonvulsant activity (all compounds) peaks
2.0 hours after dose and mostly gone 8 hours after dose.




tetrahydrofuran was added a sol ution of 30% hydr ogen per oxi de (23 7 nL) [q‘

320 nmL of 0.2 MIithium hydroxide solution via a droppingy
m nutes. The reaction—mxture was allowed to stir at O[err
sol ution of sodi umpgta- p sulphlte (62 2 g, 033 mol) in §

as

i Sk S5 nnmumui/i“nﬁin

-24-
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The data set forth in Table 6 was obtained as
follows. For anticonvulsant testing, male CF-1 strain
mice (20-25 g) and male Sprague-Dawley rats (75-115 g)
were obtained from Charles River Laboratories and were
maintained with free access to food and water before

testing. Maximal electroshock was delivered

with

corneal electrodes by conventional methods (Krall, -
supra, 1975) except that low-intensity electroshock
with mice consisted of 17 mA of current rather than the

conventional 50 mA (zero to peak). Briefly,

mice were

given test substance and were tested for prevention of
seizures by application of electrical current to the
corneas by 2 metal electrodes covered with gauze and
saturated with 0.9% sodium chloride. Electroshock
stimulation was delivered by a constant-current device
that produced 60 Hz sinusoidal electrical current for

0.2 seconds. For rats, maximal electroshpck
stimulation consisted of 120 maA of current.

Ataxia in

mice was assessed by the inverted screen procedure in

which mice were individually placed on a 4.0-

inch

square of wire mesh that was subsequently inverted
(Coughenour, supra, 1978). Any mouse that fell from

the wire mesh during a 60 second test period

was rated

as ataxic. EDg, values were determined by probit
analysis of results with at least 5 dose groups of

10 mice or 8 rats each.

All drugs were freely solﬁble in aqueous media.
For in vivo studies, drug solutions were made in 0.9%
sodium chloride and given in a volume of 1 mL/100 g

body weight. Intravenous administration was
bolus injection into the retro-orbital sinus

given by
in mice.

Oral administrations were by intragastric gavage.

For binding studies, partially purified synaptic

plasma membranes were prepared from rat neocortex using

sucrose density gradients. The cerebral cortex of

10 rats was digsected from the rest of the brain and
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~ were dried with anhydrous magnesi-um sul fate and the

-22 quench the reaction. The mixture was stirred at.ﬂ{ £- -*gg“
R

Excess tetrahydrofuran was renoved on a rotavap. Th‘
extracted with ethyl acetate (3 x 350 nL). The conb nfd 6Tgan|c ext acts
| .

P gw e

resi due after concentrat hronatographed by qoﬁ)eﬁﬁyl acet at n
hexane on sjlica Tm ii%3 \A'?Ién g (88% of the ac\ -as~a~clear toil .

The col um was then

-25-

homogenized in 10 volumes (weight/volume) of ice-cold
0.32 M sucrose in 5 mM tris-acetate (pH 7.4) using a
glass homogenizer fitted with a teflon pestle
(10-15 strokes at 200 rpm). The homogenate was

i centrifuged at 100 g for 10 minutes and the supernatant
collected and kept on ice. The pellet (PI) was -
rehomogenized in 20 mL of tris-sucrose and the
homogenate recentrifuged. The combined supernatants
were centrifuged at 21,500 g for 20 minutes. The
pellet (P2) was resuspended in 1.2 M tris-sucrose and
15 mL of this mixture was added to ultracentrifuge
tubes. On to this, 10 mL of 0.9 M sucrose was layered
followed by a final layer of 5 mM tris-acetate, pH 8.0.
Tubes were centrifuged at 100,000 g for 90 minutes.
The synaptic plasma membranes located at the 0.9/1.2 M
sucrose interface were collected, resuspended in 50 mL -
of 5 mM tris-acetate, pH 7.4, and centrifuged at
48,000 g. The final pellet was resuspended in 50 mL of
tris-acetate, pH 7.4, aliquoted, and then frozen until
use. .

The assay tissue (0.1 to 0.3 mg protein) was
incubated with 20 mM [3H] -gabapentin in 10 mM HEPES
buffer (pH 7.4 at 20°C, sodium free) in the presence of
varying concentrations of test compouﬁd fof 30 minutes
at room temperature, before filtering onto GFB filters
under vacuum. Filters were washed 3 times with 5 mL of
ice cold 100 mM NaCl solution and dpm bound to filters
was determined using liquid scintillation counting.
Nonspecific binding was defined by that observed in the
presence of 100 mM gabapentin.

In view of the above demonstrated activity of the
compounds characterizing the present invention and in
particular the 4-amino-3- (2-methylpropyl)butanoic acid
(isebutyl GABA) the compounds made in accordance with
the present invention are of value as rharmacological
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with 50% et hyl acetate in hexane to give the oxazolidi none
auxiliary. [err]H NWR (300 MHz, CDCl[err]) of acid (5): 6
7:36 (m 5H), 5.14 (narrow ABq, 2H, J[err]=11.4 Hz), 2.80 (jm ;n), 253
(ABX, 2H, J[err}=16-75Hz,  J[err[=9.13 Hz, J[err]=5.16 Hz, {Ulerr] gé$58
Hz), 1.66 .(m ZFDThls:Sh&BH(srBeen]Rd)ﬂaceﬂ 93 (d, 3H, J=7.32 Hz), L & 57

(o)

EPLAGEMENT SHEET

J=6.45 HZ). : nmet hod, after concentratign t.he
reaction to an 0|I ne or heptane may be added in order to
precipitate the ox 'none chiral auxgéiary. Filtration =t fre=—

chiral auxiliary in 80%recovery. The hexane or heptane filtrate containing
acid (5) is thgene¥|rpsgtedcurabloi EBer tAR treatment of seizures in

mammals, including humans.

EXAMPLE 1
(S)-(+)-4-amino-3- (2-meth I l)butanoic acid
The following "steps", refer to Chart I.

Step 1 .

To a solution of 4-methylvaleric acid (50.0 g,
0.43 mol) in 100 mL of anhydrous chloroform was added
thionyl chloride (60 mL, 0.82 mol). The reaction
mixture was refluxed for 2 hours and then cooled to
room temperature. Excess chloroform and thionyl
chloride was removed by distillation. The residue oil
was then fractionally distilled to give 45.3 g (78%) of
the acid chloride (2), bp = 143-144°C.

Acid chloride (2) was also be'prepared by an
alternative method which eliminated use of chloroform
which has waste disposal and operator exposure
difficulties. The alternate method also minimized the
formation of 4-methylvaleric anhydride.

To a solution of thionyl chloride (98.5 kg,

828 mol) and N,N-dimethylformamide (2 kg, 27 mol) was
added 4-methylvaleric acid (74 kg, 637 mol) while
maintaining a reaction temperature of 25-30°C. Hexanes
(30 L) were added and the solution was maintained at
‘30-35°C for 1 hour and 15 minutes. The solution was
then heated to 70-75°C for 1 hour and 10 minutes. The
solution was subjected to atmospheric distillation
until a solution temperature of 95°C was reached.
After cocling, hexanes (30 L) were added and the
solution was subjected to atmospheric distillation
until a solution temperature of 97°C was reached.
Distillation of the residual oil produced 79 kg (92%)
of acid chloride (2), bp = -77°C, 60-65 mm Hg.
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Step 5 To a soIJ |d (5) (13.34 g, 50.4 [

anhydr ous tetrahydrof r argon was ad
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was stirred S%eg[frr]c for 30 m nutes then roomtenper at :
The reactio ooled to -

Tosa solution of (4R,5S)-(+)-4-methyl-S5-phenyl-
2-oxazolidinone (5.27 g, 29.74 mmol) in 70 mL of
anhydrous tetrahydrofuran at -78°C under argon
atmosphere was added a 1.6 M solution of n-butyllithium
(19 mL, 30.40 mmol) in hexanes slowly. The mixture was
allowed to stir at -78°C for 15 minutes then the acid
chloride (4.5 g, 33.43 mmol) was added to quench the
reaction. The reaction was stirred at -78°C for :
10 minutes then 0°C for 30 minutes. A saturated
solution of sodium bicarbonate (50 mL) was added and
the mixture was stirred at 0°C for 30 minutes. The
organic layer was collected and the agqueous layer was
extracted with ethyl acetate (3x). The organic
extracts were combined and dried with anhydrous
magnesium sulfate. It was then filtered and
concentrated to give a colorless oil. The o0il was then
chromatographed with 8% ethyl acetate in hexanes on
silica gel to give 7.56 g (82%) of the '
acyloxazolidinone (3) as a white solid.

Anal. Calcd for C,.H,,NO5:
C, 65.79; H, 7.69; N, 5.09.
Found: C, 65.56; H, 7.63; N, 5.06.

Acyloxazolidinone (3) was also prépared by an
alternate method which was conducted at -5°C to 0°C
rather than -78°C which is difficult and expensive to
achieve on a manufacturing scale. The alternate method
also gave a crystalline solid from the reaction mixture
rather than an oil which must be chromatographed.

To a solution of 4-methyl-S5-phenyl-2-oxazolidinone
(64 g, 0.36 mol) in anhydrous tetrahydrofuran (270 g)
at -5°C was added a 15% solution of n-butyllithium in
hexane (160 g, 0.37 mol) over a temperature range of
-5°C to 0°C. Acid chloride (2) (48.6 g, 0.36 mol) was
added at -10°C to 0°C. The reaction was quenched with
a solution of water (90 mL) and sodium bicarbonate
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(4 g)."'ﬁthyl acetate (200 g) was added and the layers
were separated. The organic layer was extracted with
water (2 x 50 mL) and the agqueous phases were back
extracted with ethyl acetate (100 g). The organic
extracts were combined and approximately 150 mL of
solvent was removed by distillation. Atmospheric
distillation was continued and heptane (2 x 200 g) was
added until a vapor temperature of 95°C was reached.
The solution was cooled to 5°C. The product was
collected by filtration, washed with cold heptane, and
dried to give 79 g (80%) of acyloxazolidinone (3).

s

Step 3

To a solution of diisopropylamine (4.8 mL,
34.25 mmol) in 30 mL of anhydrous tetrahydrofuran at
0°C under argon atmosphere was added a 1.6 M solution
of n-butyllithium (21 mL, 33.60 mmol) in hexanes
slowly. The solution was stirred at 0°C for 30 minutes
then cooled to -78°C. A solution of the
acyloxazolidinone (3) (7.56 g, 27.46 mmol) in 30 mL of
anhydrous tetrahydrofuran was added and the pale yellow
solution was stirred at -78°C for 30 minutes. Benzyl
o-bromoacetate was added and the resulting solution was
stirred at -25°C for 2 hours. The reaction mixture Qas
quenched with a half-saturated ammonium chloride
solution and extracted by ethyl acetate (2x). The
combined organic layers were dried with anhydrous
magnesium sulfate and then filtered and concentrated to
give a colorless oil. The oil was then chromatographed
with 8% ethyl acetate in hexanes on silica gel to give
6.16 g (53%) of the acyloxazolidinone (4) as a white
solid.
Anal. Calcd for C,gH,9NOg:

C, 70.90; H, 6.90; N, 3.31.

Found: C, 70.47; H, 6.87; N, 3.45,.
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Acyloxazolidinone (4) was also prepared by an
alternate method that was advantageous in that the
reaction was conducted a higher temperature (-35°C to
-25°C rather than -78°C) and an expensive and difficult
chromatographic separation was avoided.

Acyloxazolidinone (3) (85 kg, 308 mol) was
dissolved in anhydrous tetrahydrofuan (201 kg) and °
cooled to -30°C. Lithium diisopropyl amine (340 mol)
in methyl-t-butyl ether/hexane was added while .-
maintaining a reaction temperature of -35°C to -25°C.
Benzyl bromoacetate (85 kg, 371 mol) was then added
while maintaining a reaction temperature of -35°C to
-25°C. Water (60 kg) and methyl-t-butyl ether (93 kg)
were added and the mixture was allowed to warm to 18°C.
The layers were separated and the organic layer was
extracted with a solution of water (40 L) and sodium

chloride (7 kg). The layers were separated and the

‘organic layer was concentrated to 200 liters by

distillation. Isopropyl alcohol (200 L) was added and
the solution was again concentrated to 200 liters by
distillation. Isopropyl alcohol (425 L) and water

(160 L) were added and the mixture was heated to 50°C.
The solution was cooled to 18°C. The product was
collected by filtration, washed with isopropyl alcohol/
water and dried under reduced pressure to give 58.7 kg
(49% yield) of acyloxazolidinone (4) as a solid.

tep 4
To a pre-cooled (0°C) solution of the

acyloxazolidinone (4) (24.3 g, 57.38 mmol) in 600 mL of
tetrahydrofuran was added a solution of 30% hydrogen
peroxide (23.7 mL) in 320 mL of 0.2 M lithium hydroxide
solution via a dropping funnel in 20 minutes. The
reaction mixture was allowed to stir at 0°C for ]
4 hours. A solution of sodium meta-bisulphite (62.2 g,
0.33 mol) in 320 mL of water was then added slowly to
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Step 6 To a solution of the alcohol (6) (10.22 g, 40. §3
of anhydrous pyridine at 0C was added tosyl chloride (8.60
The reaction mxture was stirred at O[err]C for 15 m nutes
overni ght in a-efrigerater—at—4fterr]C. The reaction m xturefwasIEERI195G
with 160 nL of etfyk, AGekL8ls refifled 00 ML of water. The mixtyrg was cooled to
O[err]Cin an ice- il t hen concentrated hydrochljortc acru—wes

added slowy to nenmmﬂlﬂEmgﬂﬂlﬂs pyridine (until pH 2). The organic_|layer
mgg co;Iected and yer wasgxiracted with ethyl acetate (3 X
1 m.) .

quench the reaction. The mixture was stirred at 0°C
for 20 minutes. Excess tetrahydrofuran was removed on
a rotavap. The aqueous residue was extracted with
ethyl acetate (3 x 350 mL). The combined organic
extracts were dried with anhydrous magnesium sulfate
and then filtered. The oily residue after
concentration was chromatographed by 40% ethyl acetate
in hexane on silica gel to give 13.34 g (88%) of the
acid (5) as a clear oil. The column was then eluted
with 50% ethyl acetate in hexane to give the
oxazolidinone chiral auxiliary.
lg NMR (300 Mz, CDCl;) of acid (5): & 9.80 (br s, 1H),
7.36 (m, 5H), 5.14 (narrow ABg, 2H, Jpp=11.4 Hz), 2.80
(m, 1H), 2.63 (ABX, 2H, Jpg=16.75 Hz, Jpg=9.13 Hz,
Jgx=5.16 Hz, Upg=73.20 Hz), 1.66 (m, 2H), 1.33 (m, 1H),
0.3 (4, 3H, J=7.32 Hz), 0.91 (d, 3H, J=6.45 Hz).
In an alternate method, after concentration of the

reaction to an oily residue, hexane or heptane may be

- added in order to precipitate the oxazolidinone chiral
auxiliary. Filtration then yields the chiral auxiliary
in 80% recovery. The hexane or heptane filtrate
containing acid (5) is then extracted with either an
ethanol water solution or with warm water to remove any
remaining chiral auxiliary. This alternative method
avoids a costly and difficult chromatographic .
separation of the chiral auxiliary from the acid (5).

Step 5
To a solution of the acid (S5) (13.34 g,

' 50.47 mmol) in 460 mL anhydrous tetrahydrofuran at 0°C
under argon was added borane dimethyl sulfide complex
(10 M, 11.2 mL, 112.0 mmol) slowly. The reaction
mixture was stirred at 0°C for 30 minutes then room
temperature for 4 hours. The reaction was cooled to

) 0°C and 250 mL of methanol was added slowly. The
mixture was stirred at 0°C for 30 minutes and excess
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2.44 (s, 1H), 2.44-2.20 (m 3H), 1.46 (m 1H), Z 28-1 02 g . 2H), 0. a;ﬁgq____
6H, J=6.58 Hglvent wam remQyRGIunder YASUMMso Ehéngéﬁ F Eﬁr&g#d‘t57 TR an
alternate rr&hé:@dchirdsméw@fﬁpﬂewasyan!sanéanymuaceultet He hessnessopr ocedure
above since Itlfgglgef to give 10.59 g (84%) of the alcohol (6) as

a colorless oil.

1K NMR (300 MHz, CDCly): & 7.37 (m, 5H), 5.14 (s, 2H),

3.57 (ABX, 2H, Jpp=10.99 Hz, Jpx=4.34 Hz, Jgy=6.85 Hz,

va=51.71 Hz), 2.42 (ABX, 2H, Jpg=15.26 Hz, Jpy=7.60 Hz,

Jpx=5.56 Hz, wpp=18.81 Hz), 2.15 (m, 1H), 1.87

(br s, 1H), 1.63 (m, 1H), 0.93 (m, 2H), 0.88 (d, 3H,

J=6.15 Hz), 0.87 (4, 3H, J=6.45 Hz).

Step &

To a solution of the alcohol (6) (10.22 g,
40.82 mmol) in 50 mL of anhydrous pyridine at 0°C was
added tosyl chloride (8.60 g, 45.11 mmol). The
reaction mixture was stirred at 0°C for 15 minutes then
stood overnight in a refrigerator at 4°C. The reaction
mixture was diluted with 160 mi of ethyl acetate and
100 mL of water. The mixture was cooled to 0°C in an
ice-water bath and then concentrated hydrochloric acid
was added slowly to neutralize excess pyridine (until
PH 2). The organic layer was collected and the aqueous
layer was extracted with ethyl acetate (3 x 100 mL).
The combined organics were dried with anhydrous
magnesium sulfate and then filtered. The resulting
pale yellow oil after concentration was chromatographed
by 10% ethyl acetate in hexanes on silica gel to give
14.44 g (87%) of the tosylate (7) as a colorless oil.
lH NMR (300 MHz, CDCl;): & 7.77 {(d, 2H, J=8.27 Hz),
7.34 (m, 7H), 5.07 (s, 2H), 4.00 (ABX, 2H, Jpg=9.77 Hz,
Jpx=4.07 Hz, Jpx=5.69 Hz, »pg=27.58 Hz), 2.44 (s, 1H),
2.44-2.20 (m, 3H), 1.46 (m, 1H), 1.28-1.02 (m, 2H),
0.81 (d, 6H, J=6.58 Hz).

The tosylate (7) was also prepared from acid (5)
in an alternate method. This method was advantageous
over the previous procedure above since it minimized
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the amount of f-isobutyl-y-lactone produced as a
by-product in the reaction above.

A solution of acid (5) (22.3 kg, 84.4 mol) in
methyl-t-butyl ether (198 kg) was cooled to -6°C.
Borane-methyl éulfide comp1ex (15.6 kg, 177 mol) was
added while maintaining a reaction temperature of 5°C
or less. The mixture was then warmed to 20°C and .
stirred for two hours. The mixture was cooled to 0°C
and methanol (24 L) was added while maintaining a
reaction temperature of 5°C or less. Water (132 L) was
added at a temperature of 15°C or less. The phases
were separ&ted and the aqueous phase was extracted with
methyl-t-butyl ether (27 kg). The organic were
combined and extracted with water (72 L). The solution
was concentrated to an oil by distillation and ethyl
acetate (23 kg) was added. The solution was again
concentrated to an oil by distillation to give alcohol
(6). Pyridine (53 kg) was added. The solution was
cooled to 1°C and para-toluenesulfonyl chloride (23 kg,
121 mel) was added while maintaining a reaction
temperature of -5°C to 5°C. Tﬁe mixture was stirred at
2°C for 8 hours then warmed to 20°C. Water (12 L) was
added while maintaining a reaction temperature of 23°C

‘'or less. The mixture was cooled to 1°C and aqueous

hydrochloric acid (52 kg concentrated acid in 63 L
water) was added. Methyl-t-butyl ether (296 kg) was
added and the mixture was warmed to 18°C. The phases
were separated and the agueous phase was extracted with

‘methyl-t-butyl ether (74 kg). The organic phases were

combined and extracted with agqueous hydrochloric acid
(0.6 kg concentrated hydrochloric acid in 20 liters
water), aqueous sodium bicarbonate (2.7 kg sodium
bicarbonate in 50 liters water), and water (30 L). The
organic solution was concentrated to an oil by
distillation. Methyl-t-butyl ether (19 kg) was added
and the mixture was again concentrated to an oil. The
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was added whil e_maintaining a reaction tenmperature of 5Cjo lfii"”The
m xture was then warned to 20[err]C and stirred for two hogyrs: &8 19P%t uf e

was cool ed to Of & PhectdizsB (24 L) was added whil p heiataining a
reaction tenperat1 or less. Water (132 L)
tenperature of 15 The phases were separaté€

s added at a
' - aQUeQUS
phase was extracted with nethyl-t-butyl fﬂher (27 kg). The organic were
conbi ned and extract.ed with water (72 L) The solution was concentrated to

an oi | by diddll AL bAUL& Wds dissolved in methyl-t-butyl ether
(37.9 kg) and stored as a solution. Weight of tosylate
(7) contained in methyl-t-butyl ether solution 30.1 kg
(88% yield).

Step 7

A mixture of the tosylate (7) (14.44 g, T
35.70 mmol) and sodium azide (5.50 g, .84.59 mmol) in
180 mL of anhydrous dimethylsulfoxide was heated at
65°C overnight. The reaction mixture was cooled to
room temperature and 900 mL of water was added. The
mixture was extracted (4x) with a total of 2 L of
hexanes. The combined organic extracts were dried with
anhydrous magnesium sulfate and then filtered. The
filtrate was concentrated and the resulting oil was
then chromatographed by 8% ethyl acetate in hexanes on
silica gel to give B8.55 g (87%) of the azide (8) as a
colorless oil. =
' NMR (300 MHz, CDCl;): & 7.37 (m, 5H) 5.14 (s, 2H),
3.33 (ABX, 2H, Jpp=12.27 Hz, Jpx=4.85 Hz, Jpy=6.10 Hz,
Vpp=22.87 Hz), 2.39 (m, 2H), 2.19 (m, 1H), 1.62
{m, 1H), 1.20 (m, 2H), 0.88 (d, 6H, J=6.44 Hz).

Step 8 _
To a solution of the azide (8) (8.55 g,

31.05 mmol) in 500 mL of tetrahydrofuran was added

62 mL of a 1N aqueous hydrochloric acid solution and

1 g of 10% palladium on carbon catalyst. The mixture
was shaken overnight at room temperature on a Parr
apparatus. The catalyst was removed by filtration over
a pad of celite. The filtrate was concentrated and

50 mL of a 1N agqueous hydrochloric acid solution was
added. The aqueous solution was washed with ether

(3 x 50 mL). The aqueous layer was collected and then
chromatographed on a Dowex 50Wx8 (H* form) column
eluted with a 0.5N ammonium hydroxide solution.
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or less. The m xture was cooled to 1[err]C and aqueous hyd}

(52 kg concentrated acid in 63 L water)agas added. Methyl-t-butyl &rher

(296 kg) was added dnd the mixture was warnmed to 18[err]C.
separ at ed an®zaorizmse aontpiasiagvaches dniians ectdd t (Ninhydrin

ochloric acid

The phases were

positive) were collected and then lyophilized to give
3.2 g (65%) of the amino acid (9) as a white solid.

mp = 175-176°C; (a]lD?3 = 10.520 (1.06, H,0).

EXAMPLE 2

(S} -(+)-4-amino-3-(2- hvlpr 1}b ic acid

-

This compound was prepared in the same manner as
Example 1, except that amino acid (9) is prepared from
azide (8) by a 2 step process utilizing an intermediate
azide (8a) which is subsequently reduced (the 1 step-
reduction approach identified as step 8 is described
above). The synthetic procedure of Example 2 is

depicted in Chart Ia.

Step 1: Preparation of Intermediate Azide (8a)

Azide (8) (10.7 g, 0.040 mol) in ethanol
and water (20 mL) was treated with 50% aqueous
hydroxide (9.8 g). The mixture was stirred at
45 minutes. Ethanol was removed under reduced

(100 mL)
sodium
30°C for
pressure

until 30 g of liquid remained, water (100 mL) was added
and the mixture was extracted with methyl-t-butyl ether

(4 x 100 mL). .The methyl-t-butyl ether extrac

ts were

extracted with 1 M sodium hydroxide and the aqueous
phases were combined and acidified to pH 1.6 with
concentrated hydrochloric acid. The aqueocus mixture

was then extracted with methyl-t-butyl ether.

(2 x 100 mL) and the organic extracts were combined and

concentrated under reduced pressure. The resu

lting oil

was dissolved in heptane (50 mL) and extracted with
saturated K aqueous sodium bicarbonate (2 x 40 mL). The

agqueous extracts were extracted with heptane (

50 mL),

.combined and acidified to pH 1.6 with concentrated

hydrochloric acid. The aqueous mixture was extracted

extracted with water (40 mL), combined, and

with heptane (2 x 50 mL). The heptane extracts were
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- methyl-t-butyl ether (74 kg). The organi c phases were c

extracted with aqueous hydrochloric acid (0.6 kg concen
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added and the n1¥ﬂmﬁh % concentrated to an oil.{ The
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concentrated under reduced pressure to give 5.4 g (75%)
of intermediate azide (8a) as an oil.

H NMR (200 MHz, CDCl;): & 10.8 (br s, 1H), 3.36

(m, 2H), 2.38 (m, 2H), 2.18 {(m, 1H), 1.64 (m, 1H), 1.25
{m, 2H), 0.91 (d, 6H, J=6.56 Hz).

-

3] :  Svnthesi i i £ ntermediate

Intermediate azide (8a) (12.7 g, 68.6 mol) was
dissolved in methyl-t-butyl ether (80 kg). . The mixture
was subjected to catalytic hydrogenation in the
presence of 5% palladium on carbon (2.0 kg of 50% water
wet) at 49 to 55 psi of hydrogen until intermediate
azide (8a) has been consumed. The mixture was filtered
and the solid was washed with methyl-t-butyl ether
(30 kg). The solid was dissolved in a solution of hot
isopropanol (75 kg) and water (60 kg) and the solution
was filtered. The isopropanol water solution was
'cooled to -3°C and the product was filtered and washed
with cold isoprcpanol (16 kg). The solid was dried
under reduced pressure to give 6.4 kg (59%) of amino
acid (9).

This reduction may be conducted in a variety of
solvents. Successful reductions have been carried out
in heptane, ethanol/water, isopropanol, isopropanol/
water, methanol/water, and tetrahydrofuran/water as
well as methyl-t-butyl ether.

EXAMPLE 3
(S)-(+)-4-amino-3- (2-methylpropyl)butanoic acid
The following "steps®", refer to Chart II. All
reactions were carried out under an atmosphere of
nitrogen.
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Step 1

To a solution of 4-methylvaleric acid (50.0 g,
0.43 mol) in 100 mL of anhydrous chloroform was added
thionyl chloride (60 mL, 0.82 mol). The reaction
mixture was refluxed for 2 hours and then cooled to
room temperature. Excess chloroform and thionyl
chloride was removed by distillation. The residue qil
was then fractionally distilled to give 45.3 g (78%) of
the acid chloride (102), bp = 143-144°C.

Acid chloride (102) was also prepared by an
alternative method which eliminated use of chloroform
which has waste disposal and operator exposure
difficulties. The alternate method also minimized the
formation of 4-methylvaleric anhydride.

To a solution of thionyl chloride (98.5 kg,

828 mol) and N,N-dimethylformamide (2 kg, 27 mol) was
~added 4-methylvaleric acid (74 kg, 637 mol) while
maintaining a reaction temperature of 25-30°C. Hexanes
(30 L) were added and the solution was maintained at
30°C to 35°C for 1 hour and 15 minutes. The solution
was then heated to 70°C to 75°C for 1 hour and
10 minutes. The solution was subjected to atmospheric
distillation until a solution temperature of 95°C was
reached. After cooling, hexanes (30 L) were added and
the solution was subjected to atmospheric distillation
until a solution temperature of 97°C was reached.
Distillation of the residual oil produced 79 kg (92%)
of acid chloride (102), bp = -77°C, 60-65 mm Hg.

! Step 2
To a solutlon of (4R,5S)-(+)-4-methyl-5-phenyl-
2-oxazolidinone (5.27 g, 29.74 mmol) in 70 mL of
anhydrous tetrahydrofuran at -78°C under argon
atmosphere was added a 1.6 M solution of n-butyllithium
, (19 mL, 30.40 mmol) in hexanes slowly. The mixture was
allowed to stir at -78°C for 15 minutes then the acid
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"Step 7 . A mxture—of—the tosylate (7) (14.44 g, 35.70 , :
azi de (5. 5%§Sh6814{a5§eeﬂ'ﬁ(9}li2cﬁ4]n 180 nL of anhydrous di met hyl sullf oxi de was

heated at 6 ' e reaction mxture was cool ed t fodrdFEB 1997
'terrperaturealwmﬁ’ wat er was added. The m xture was| ektracted (4x)
with a total anes. The conbi ned organic extrac{s were dried
W th anhydrous magnesium sulfate and then filtered. The fil {rate. was -
concentrated and the resulting oil was3%hen chronmat ographed by 8% et hyl

acetate in hexanes on silica gel to give 8.55 g 88796 of the azide (8) as a
col or| ess offtloride, (4.5 g, 33.43 mmol) was added to quench the

reaction. The reaction was stirred at -78°C for
10 minutes then 0°C for 30 minutes. A saturated
solution of sodium bicarbonate (50 mL) was added and
the mixture was stirred at 0°C for 30 minutes. The
organic layer was collected and the aqueous layer was
extracted with ethyl acetate (3x). The organic
extracts were combined and dried with anhydrous
magnesium sulfate. It was then filtered and '
concentrated to give a colorless oil. The oil was then
chromatographed with 8% ethyl acetate in hexanes on
silica gel to give 7.56 g (82%) of the '
acyloxazolidinone (103) as a white solid.
- Anal. Calcd for C;¢H,;NO,:

C, 69.79; H, 7.69; N, 5.08.
Found: C, 69.56; H, 7.63; N, 5.06.

Acyloxazolidinone (103) was also prepared by an .
alternate method which was conducted at -5°C to 0°C
rather than -78°C which is difficult and expensive to
achieve on a manufacturing scale. The alternate method
also gave a crystalline solid ffom the reaction mixture
rather than an oil which must be chromatographed.

To a solution of 4-methyl-5-phenyl-2-oxazolidinone
(64 g, 0.36 mol) in anhydrous tetrahydrofuran (270 g)
at -5°C was added a 15% solution of n-butyllithium in
hexane (160 g, 0.37 mol) over a temperature range of
-5°C to 0°C. Acid chloride (102) (48.6 g, 0.36 mol)
was added at -10°C to 0°C. The reaction was quenched
with a solution of water (S0 mL) and sodium bicarbonate
(4 g). Ethyl acetate (200 g) was added and the layers
were separated. The organic layer was extracted with
water (2 x 50 mL) and the aqueous phases were back
extracted with ethyl acetate (100 g). The organic .
extracts were combined and approximately 150 mL of
églvent was removed by distillation. Atmospheric
distillation was continued and heptane (2 x 200 g) was’
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[err]H NVR (300 M 1lerr]): Jerr] 7.37 (m 5H) 5.14 (s ;2333

(ABX, 2H, J[err]= 7R Mz, J[err]— 95 ez, J[err]=6.10 Hz, v|REPLACEMBNT SHEET:

Hz), 2.39 (m Zm'mgﬂﬁt 2 (m 1H), 1.20 (m Zm 0
J=6. 44 Hz). Step H Iutlon of the azide (8) (8.55|g
mml) in 500 nL of n was added 62 nL of a 1N apufo

hydr ochl oric acid so utlon and 1 g of 10% pal | adi um on car boh VS The
m xture was shaken overni ght at roomtenperature on a Parr abparatus. The
catal yst was renoved by filtration over -38- NP —

added untll a vapor temperature of 95°C was reached.
The solution was cooled to 5°C. The product was
collected by filtration, washed with cold heptane, and
dried to give 79 g (80%) of acyloxazolidinone (103).

Step 3 :

To a solution of diisopropylamine (7.6 g, .
0.075 mol) in anhydrous tetrahydrofuran (10 mL) at 0°C
under nitrogen was added a 1.6 M n-butyllithium in
hexane (47 mL, 0.075 mol) while maintaining a
temperature of -5°C to 0°C. The resulting solution was
added to a solution of acyloxazolidinone (103) (18.6 g,
0.068 mol) in tetrahydrofuran (160 mL) at -55°C to
-45°C. The solution was stirred at -55°C to -45°C for
30 minutes. The solution was then added to a solution
of t-butyl bromoacetate (14.6 g, 0.075 mol) in
tetrahydrofuran at -55°C to -45°C. The solution was
cooled to -65°C and allowed to warm to 10°C over a
period of 2 hours. The reaction mixture was quenched
with the addition of saturated aqueous ammonium
chloride and extracted with ethyl acetate. The organic
layer was dried (MgSO,), filtered, and the solvent was
removed under reduced pressure. The residue was
recrystallized from heptanes, filtered, and dried under
reduced pressure to give 18 g (68%) of
acyloxazolidinone (104).

'H NMR (200 MHz, CDCl3): & 7.4-7.2 (m, 5H), 5.65

(d, 1H, J=7.09 Hz), 4.74 (m, 1H), 4.26 (m, 1H), 2.69
(m, 1K), 2.44 (m, 1H), 1.65-1.45 (m, 2H), 1.39 (s, 9H),
0.93 (m, 6H), 0.89 (d, 3H, J=7.87 Hz).

Alternatively, the order of addition of the
reagents may be reversed. t-Butyl bromoacetate may be
added to the solution containing diisopropylamine,
n-butyllithium and acyloxazolidinone (103). The final
product isoclation may also be conducted by doing a
distillation and replacing the solvents present (hexane

REPLACED
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‘a pad of celite._The filtrate was concentrated and 50 nL&EPLaA

hydr ochl ori c aC|d solutlon was added. The aqueous sol utipn

ether (3 x 50 nL) h@@er was collected and the
on a Dowex 50Wk8 (H l ol um el uted V\nthaOSN
sol uti on.

and tetrahydrofuran) with isopropyl alcohol.

Acyloxazolidinone (104) then crystallizes from the
isopropyl alcohol solution. The following experimental

procedure illustrates this alternative.

To a solution of diisopropylamine (23.1 g,

0.229 mol) in anhydrous tetrahydrofuran (30 mL) at 0°C
under nitrogen was added a 2.5 M n-butyllithium in

hexane (92 mL, 0.229 mol) while maintaining a

temperature of -5°C to 0°C. The resulting solution was

added to a solution of acyloxazolidinone (103)

(60.0 g,

0.218 mol) in tetrahydrofuran (400 mL) at -45°C to
40°C. The solution was stirred at -45°C to -40°C for
30 minutes. t-Butyl bromoacetate (44.6 g, 0.229 mol)
was then added to the reaction solution at -45°C to
-40°C. The solution was allowed to warm to 10°C over a

period of 2 to 3 hours. The reaction mixture was
quenched with the addition of saturated aqueous

ammonium chloride. The organic layer was separated
from the water layer. The solvent was removed under
reduced pressure and replaced with isopropyl alcohol.
The product crystallized from isopropyl alcohol and was

filtered and dried under reduced pressure to give

53.8 g (63%) of acyloxazolidinone (104).

Step 4

"To a precooled (5°C) solution of acyloxazolidinone
(104) (60.0 g, 0.15 mol) in tetrahydrofuran (266 g) was
added a solution of 30% hydrogen peroxide (71 g), 9.4 g
lithium hydroxide monohydrate (0.22 mol) and water
(120 mL) over a period of 35 minutes so as to maintain
a reaction temperature of 5°C. The mixture was stirred
at 3-5°C for 2.5 hours. The reaction was quenched by
addition of a solution of sodium sulfite (50 g), sodium

bisulfite (27 g), and water (310 mL) at a temperature

of less than 29°C. Heptane (100 mL) and methyl-t-butyl

ether (100 mL) were added and the layers were

THIS SHEET HAS BEEN {
REPLACED




2 26- -

Fractions containing the am no acid (N nhydrin posi
collected and then lyophilized to give 3.2 g (65% of thg
a white solid. rrp 175- 17ﬁ!err]c [[err]]Dlerr] = 10.52(

EXAVPLE 2 (S) (+)
T

ﬁ’ﬁlﬁf yl propyl ) but anoi ¢ aci

gseparated. The aQueous layer was extracted with
methyl-t-butyl ether (100 mL) and the organic layers
were combined. The solvent was replaced with heptane
by distillation and the resulting heptane solution

(400 mL) was cooled to 5°C. The resulting solids were
filtered and the filtrate was extracted with warm water
(2 x 150 mL, 1 x 200 mL, 1 x 300 mL). The solution.was
concentrated by evaporation to give 34.5 g (97%) acid
(105) as an oil.

14 NMR (200 MHz, CDCls): & 11.5 (br, s, 1H), 2.85

(m, 1H), 2.67-2.29 (m, 2H), 1.60 (m, 1H), 1.44 (s, 9H),
1.32 (m, 2H), 0.92 (m, 6H).

-40-

"o
Ty

Step 5
Acid (105) (72.4 g, 0.314 mol) was dissoclved in
tetrahydrofuran (360 mL) and cooled to 0°C. A 2.0 M

. solution of borane dimethylsulfide complex in

tetrahydrofuran (178 mL, 0.356 mol) was added at 0°C.
The solution was allowed to warm to 48°C then cooled to
25°C. After 2 hours and 45 minutes, the reaction was
quenched with the addition of methanol (300 mL) and the
solvent was removed under reduced pressure. Additional
methanol (300 mL) was added and the solution was
concentrated under reduced pressure to give 66 g (97%)
of alcohol (106) as an oil. |

1H MR (500 MHz, CDClj): & 3.62 (m, 1H), 3.45 (m, 1H),
2.44 (br s, 1H), 2.36-2.21 (m, 2H), 2.05 (m, 1H), 1.64
(m, 1H), 1.45 (s, 9H), 1.24-1.04 (m, 2H), 0.91 (m, 6H).

Step 6

Alcohol (107) (51.9 g, 0.24 mol) was dissolved in
pyridine (130 mL) and cooled to 5°C. p-Toluene
sulfonyl chloride (57.2 g, 0.30 mol) was added and the
mixture was stirred at 22°C for 21 hours. The reaction
was quenched with the addition of water (95 mL) and 18%
aqueous hydrochloric acid (300 mL) at less than 300°C.
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- This conpound was prepared-im the sane manner as Exanple EEPhAgﬁhﬂﬂWI EET
am no acid (9) en gsq;ieJI(egmeaZI de (8) by a 2 step process utilizi ng
i nternedi ate azi
“approach |dent|{§§
of Exanple 2 is d

Azi de (8a)

subsequently reduced (thell v3ERBrEGUct] o

descri bed above). The synthetic procedufe

t | a. Step 1: Preparation of Tnternediat
A2|de (8) (10 7 g, O. 04& nol) in ethanol (100 m ). and..

(20 nL) was ﬁéﬁ? 4 Qﬁ%me@%o%ﬂ) U dyLEaeidend9tBeglaydbs M xture
rr

was stirred at

were eparated The aqueocus layer was extracted with
methyl-t-butyl ether (350 mL). The organic layers were
combined, washed with 1% aqueous hydrochloric acid
(2 x 100 mL), saturated aqueous sodium bicarbonate
(1 x 150 mL), and water (1 x 100 mL). The organic
solution was treated with decolorizing charcoal,
filtered, and evaporated to give 77 g (86%) of the
tosylate (107) as an oil.

-

~1H NMR (200 MHz, CDCly): & 7.78 (d, 2H, J=8.25 Hz),

7.34 (4, 2H, J=8.25 Hz), 3,96 (m, 2H), 2.45 (s, 3H),
2.32-2.12 (m, 3H), 1.6-1.4 (m, 1H), 1.40 (s, S9H),
l¢2-1.1 (m’ 2H) 2 0083 (m, GH) -

Step 7

Tosylate (107) (65 g, 0.175 mol) was dissolved in
dimethyl sulfoxide (40 mL). The dimethyl sulfoxide
solution along with additional dimethyl sulfoxide
(10 mL) was than added to a solution of sodium azide
(11 g, 0.26 mol) ip dimethyl sulfoxide (450 g) at 63°C.

- The mixture was then stirred at 65°C for 6 hours.

Water (140 mL) and heptane (250 mL) were added to the
reaction and the layers were separated. The aqueous
layer was extracted with heptane (250 mL) and the
organic layers were combined. The solvent was removed
under reduced pressure to give 42 g (95%) of the azide
(108) as an oil.

H NMR (200 MHz, CDCl;): & 3.32 (m, 2H), 2.22 (m, 2H),
2.15 (m, 1H), 1.63 (m, 1H), 1.46 (s, 9H), 1.19 (m, 2H),
0.89 (m, 6H).

Step 8
Azide (108) (36.3 g, 0.15 mol) was placed in 88%
aqueous formic acid (365 mL). The mixture was stirred -

at 30°C for 4.5 hours. Decolorizing charcoal was added
and the mixture was filtered and concentrated under
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45 m nutes. Ethanol was renoved under reduced pressure until
remai ned, water (100_ nL;,m53~added'and the m xture was extra

met hyl -t - butyl ether (4 x 10 The net hyl -t-butyl ether
extracted with 1 Nm e and the aqueous phases
and acidified to p ntrated hydrochl oric acid.
m xture was thén e thyl-t butyl ether (2 x 100

organi c extracts mere conblned and concentrated under reducgd pressure
resulting oil was dissolved in heptane (3@.m.) and extracted w
aqueous sodi um bi carbonate (2 x 40 nL). The aqueous extracts were extracted
W th heptane (réfiutded pressure to give an oil. Heptane (250 mL) was

added and the mixture was vacuum distilled to give an
oil. Water (125 mlL) and heptane (250 mL) were added
and mixed wvigorously. The layers were separated and
the water layer was washed with heptane (250 mL). The
heptane layers were combined and concentrated under
reduced pressure to give 24.6 g (88%) of intermediate
azide (108a) as an oil.

Alternatively, aqueous hydrochleric acid may be
used rather than agqueous formic acid in order to
conduct the hydrolysis.

Step 9

Intermediate azide (108a) (12.7 g, 68.6 mol) was
dissolved in methyl-t-butyl ether (80 kg). The mixture
was subjected to catalytic hydrogenation in the
presence of 5% palladium on carbon (2.0 kg of 50% water
wet) at 49-55 psi of hydrogen until intermediate azide
(108a) has been consumed. The mixture was filtered and
the solid was washed with methyl-t-butyl ether (30 kg).
The solid was dissolved in a solution of hot
isopropanol (75 kg) and water (60 kg) and the solution
was filtered. The isopropanol water solution was
cooled to -3°C and the product was filtered and washed
with cold isopropanol (16 kg). The solid was dried
under reduced pressure to give 6.4 kg (59%) of amino
acid (109).

This reduction may be conducted in a variety of
solvents. Successful reductions have been carried out
in heptane, ethanol/water, ieopropanol, isopropanol/
water, methanol/water, and tetrahydrofuran/water as
well as methyl-t-butyl ether.

The invention has been described in an .
illustrative manner, and it is to be understood that
the terminology which has been used is intended to be

THIS SHRET HAS
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"conbi ned and acidified to pH 1.6 with concentrated hydroghleric_acid The

aqueous m xture was extracted with heptane (2 x 50 niL).
extracts were extracted with water (40 nL), conbined, a UAGEN%%ﬂ‘SHEET
13 FEB 1997
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in the nature of words of description rather than of
limitation.

Obviously many modifications and variations of the
present invention are possible in light of the above
teachings. It is, therefore, to be understood that
within the scope of the appended claims wherein
reference numerals are merely for convenience and are
not to be in any way limiting, the invention may be

practiced otherwise than as specifically described.

1aced
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-27- concentrated under reduced pressure to give 5.4 g (75% of
I nternmedi ate azide (8a) as an oil.

10.8 (br s, 1H), 3.36 (m 2H), 2.38 (m 2H), 2.18 (m 1 H@
1.25 (m 2H), 0.91 (d, 6H, J=6.56 Hz). Step 2: Synthej%En “M]@T@ T

(9) from I nt erreti-ate-Azi-de—(8a)

[err]H NVMR (200 MHz, CDCllerrl).

[_e_r_r]‘

| nt er medi at e azi de| (Ba) élz. 7 g’ 3.16
ml ) was This Sheet Has Been Replaced 13FEB
CHART I
0 o '
SOCl,, CHC1,
> cl
Ho)k/\r reflux
(1) (Scep 1) (2)
X
Q N Li*
/ .9 o
P Me OJ\NJ\/Y 1) LDA, THF, -78°C
THF, -78°C to 0°C QL—/,,, 2) Br/\IrOB.n -20°C
{Step 2) PR Me 5
(3) ' (Step 3)
0 0 .
JL 1) HzOz, LiOH, THF
[}
o’ N B0, 0°¢C > HO
§ =z 2) Na,S80;, H;0, 0°C
Ph Me CC;Bn (Step 4) CO,Bn
(4) {5)
0°C to 20°C {Step 6)
{Step 5) CO;Bn
(6)
TsO NaN;, DMSO, 68°C N,y
CO,Bn (Step 7) . "CO,Bn
{(7) (8)
) Hy (50 psi), 10% Pd/C H,N
HCl, THF
{Step 8) CO.H
(9)
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di ssolved in nmethyl-t-butyl ether (80 kg). The mixture was_subjected to
catal ytic hydrogenation in the presence of 5% pal |l adium o
of 50% water wet) at 49 to 55 psi of hydrogen until inter
has been.consuned. The m xture was filtered and the solid

met hyl -t - but—yl—epher—-(;";a_krg)ﬁ__'rhe solid was dissolved in :
| sopr opanol t n 60 kg) and the solution wa$ tiltered, The
i sopr opanol wﬁ"”iﬁ ‘cooled to -3[err]C and the}|product was

A

filtered and i sopropane4¢s{ 16 kg). The soltid-was—g¢i-eg ——
under reduced i kg (59°/c) of amno acid (9)

HART Ia
0 0 fo)
o]
A A
cl + \ / | — 0‘ 'N
: pRY %, N %u, .

(2)

Q
HO NH,
§ %
PR CH,

(1)

Ph
(4)

Q
TsO HO HO
—— L
() o)
0, . o ©

> (o)
Ph Ph Ph
N {6} {5)
o o]
HO HO
Ph
(8} (8a)

(9)
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This reduction may be conducted in a variety of solvents.

reductions have been carried out in heptane, ethanol/waterjprps e

i sopropanol/ water, nethanol/water, and tetrahydrofuran/

Successf ul

EPLACERAR

met hyl -t - butyl ether. EXAVMPLE 3
(S)-(+)-4-am no-3-(2-nmet hyl propyl ) but anoi ¢ aci d The flol|l oS REB 399ps'{,
refer to Chart I1. Al reactions were carried out under an & nosphere of
ni t rogen. T
This Sheet Has Been R -46- —

WA ===

: (8]
- )k/j/ OJ\NH —_— OJKNJK/Y
Cl + \_/ \__j

{102)

I

0 HO NH,
HO ..-\'_‘(- )L
N %m, Q" N
/

(101) Y

(107) (106) (10S)
N, N, H,N

. (o] 0 0

0>< HO HO

(108} {108a) (109)
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-28- Step 1 To a solution of 4-nmethylvaleric acid (50.0 g,
in 100 nm. of anhydrous chl orof orm was added

_—

This Sheet Has Beg
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mas iz Clained i

1. A compound which is

4-methyl-5-phenyl-2-oxazolidinone,

4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl-
3-oxazolidine butancic acid, phenylmethyl ester,

4-methyl-pentanoyl chloride,

4-methyl-3- (4-methyl-1-oxopentyl)-5-phenyl-
2-oxazolidinone,

2- (2-methylpropyl) -butanedioic acid,
4- (phenylmethyl) ester,

3-(azidomethyl) -5-methyl-hexanoic acid,
phenylmethyl ester,

3- (hydroxymethyl) -5-methyl -hexanoic acid,
phenylmethyl ester, ' .

S-methyl-B?[[[(4-methylphenyl)sulfonyl]oxy]-
methyl] -hexanoic ‘acid, phenylmethyl ester,

3-(azidomethyl)-s-mephyl-hexanoic acid,

2-(2-me;hylpropyl)-1{4-bﬁtanedioic acid,
4-(1,1-dimethylethyl) ester,

3- (azidomethyl) -5-methyl-, 1,l-dimethylethyl
ester,

3- (hydroxymethyl) -5-methyl-hexanoic ac1d
1,1-dimethyl ester, _

S-methyl-B-[[[(4-methyl(phenyl)sulfonyl]oxj]-
methyl-hexanoic acid, 1,1-dimethylethyl ester, or

4-methyl- (2-methylpropyl) -2-dioxo-5-phenyl-
3-oxazolidinebutanoic acid, 1,1-dimethylethyl
ester.

2. A compound which is
(S)-3-(azidomethyl) -5-methyl-hexanocic acid.

THIS SHEET HAS BEEN
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thionyl chloride (60 nL, 0.82 nol). The TeactTon mxture wa Tl " T
Y ( CEVENT SHEET

Eﬁ:](r)fl Sgdmégwlégdb;% :mogﬁatmemmﬂﬂuwlmgso[ erf fractionally

distilled to
143- 144[err]C
met hod whi ch e

oper at or exposure d
formati on of 4-nethylvaleric anhydrlde

eqo,gasa;e RepBEgi of the aci d cHiofi d& (102), Hp|= 13FEB 1997

r|de (102) was al so preparied by gn alternative
f chl or of orm whi ch has waste dijsposar_and
| |cu 'es. The alter%gte met hod al so mininized the _

To a solution of thionyl

chl ori de (98. 5 kg §2'8 rmllzndat qu.dh idslrrethylforrram de (2 kg, 27 nol) was

compo
(S)-3- (azidomethyl) -5-methyl-hexanoic acid,
1,1-dimethylethyl ester.

A compdund which is

(S)-S-methyl-B-[[[(4-methyl(phenyl)sulfonylj-
oxylmethyl-hexanoic acid, 1,1-dimethylethyl egFer,

(S) -3- (hydroxymethyl) -5- methyl-
1,1-di-methylethyl ester,

(S)-2-{2-methylpropyl) -1,4-butanedioic acid,
4-(1,1-dimethylethyl) ester, or

(S)-4-methyl- (2-methylpropyl) -2-dioxo-
5-phenyl-3-oxazolidinebutanoic acid, 1,1-dimethyl-
ethyl ester.

A process for preparing a chiral compound of the
formula

R; R

Ry

wherein R, is a straight or branched alkyl of from
1 to 6 carbon atoms, phenyl, or cycloalkyl having
from 3 to 6 carbon atoms; R, is hydrogen or
methyl; and R; is hydrogen, methyl, or carboxyl,
which comprises hydrolyzing an azide of the
formula

R, .

I
N1CH.C

3CH2C —
R,

CO;Bn

THIS SHEET HAS BEEN
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added 4-nethylvaleric acid (74 kg, 637 nol) whil'e maintain I?Kﬁﬂ@’ P UEE|(
temperature of 25-30[err]C Hexanes, {30 t)—were added and | e

mai ntai ned at 30[err]Cto 35[err]CjM’lH _ 5 i nut sy The solutio
was then heated to 70[err]C to 75] m:’mm;”@mtnd 10 hi huteSFEBHEI7
sol ution was subjected to atnospheric di stil#ats ntil ajsplution
tenperature of 95[err]C was reached. After cooling, hexaneg (30 L) were
added and the solution was subjected to atnospheric distillation until.a
solution tenperature of 97C was reached:4®Distillation of the residual oi
produced 79 kg (92%".of acid chloride (102), bgh[err] -lg[err]C, 60- 65 mMm

Hg. to an intermediate azide of the formu
?2
N3CH,C
5. CO.H

1
-

.-

and the intermediate azide is reduced to the amine
of the formula

?2
HoNCHC
5. COgH

wherein R, and R, have the meanings defined in
Claim 1, Ph is phenyl, Me is methyl, and Bn is
benzyl.

6. A process as defined in Claim 5 wherein the azide
is hydrolysed by treatment with sodium hydroxide.

7. A process as defined in Claim 5 further comprising

the step of extraction of intermediate azide into
an aqueous base.

8. A process as defined in Claim 7 further comprising
the step of acidifying the agueous extract.

9. A process as defined in Claim 5 wherein the
intermediate azide is reduced under near neutral
conditions to give the amino acid.

10. The amino acid obtained by the process defined in
Claim 5.
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Step 2 To a solution of (4R 5S)-(+)-4-nethyl-5-phenyl EE FOreNe COREY
(5.27 g, 29.74 mmol) in 70 nL of anhydrous tetrahydrofuran1 PB&GEE&%HrgﬂEgl
under argon at nosphere was added a 1.6 M sol ution of n-butylllthlun1(19 mL

30.40 mmol) in hexanes slowy. The mxture was all owed tolstir13FEB 1997
-78[err]C for 15 mnutes then the acid

-50-

11. A process for preparing a chiral compound of the
formula

R; R;
H,NCH- C-CH,COOH
R, .
wherein R, is a straight or branched alkyl of from
1 to 6 carbon atoms; R, is hydrogen or methyl; and

R; is hydrogen, methyl, or carboxyl, which
comprises hydrolyzing an azide of the formula

%2

N3 CHoC il
! CO,
Ry

to an intermediate azide of the formula

0y gy R

N3CH2C "\

COo,H

and the intermediate azide is reduced to the amine
of the formula

This Spee I;‘

Wy T

wherein R, and R, have the meanings defined in
Claim 1, Ph is phenyl, and Me is methyl.

12. A process as defined in Claim 11 wherein the azide
is hydrolysed by treatment with sodium hydroxide.
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~29.

m nut es.

13.

14,

is.

16.

chloride (4.5 g,
reaction was stirred at

A saturated solution of sodium bicarbonate (50 nL)
the m xture was stirred at O[err]C for 30 m nutes.

33.43 mol) was added to quench the T e e,

-78[err]C for 10 mnutes then Of[err: mké@ﬁﬁesHEET
Whs added'and
13 FEB 1997
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A process as defined in Claim 11 further
comprising the step of extraction of intermediate
azide into an aqueous base.

A process as defined in Claim 13 further
comprising the step of acidifying the agqueous
extract. '

A process as defined in Claim 11 wherein the
intermediate azide  is reduced under near neutral

conditions to give the amino acid.

The amino acid obtained by the process defined in
Claim 11.

ThlS Shee

(i
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organic |l ayer was collected and the aqueous | ayer was extract
acetate (3x). The organic extracts were conbi ned and dried w {h|anhydrous
magnesi um sul fate. It was then filtered and concentrated to gfv al S FEB 1997

colorless oil. The oil was then chromatographed with 8% ethyl Jatetate in
hexanes on silica gel to give 7.56 g (828% of the acyl oxazoli {i none (103)
as a white solid. Anal. Calcd for Cerr]Herr] NO[err]: 690

7.69; N, 5.08askonng: LCcLG2AREBC MoID. ARALOGSSFOR. ANTISEARYREXEREBATMENDNE
(103) was al'SOo prepared by an alternate nmetnod wii ch was conduct ed at
-5[err]Cto O[err]C

A compound of formula (I) wherein Rlls a straight orbranched

alkyl group having from 1 to 6 carbon atoms, phenyl or
cycloalkyl having from 3 to 6 carbon atoms; R, is hydrogen,
methly or carboxyl;which is useful in the treatment of
seizure disorders.-Processes are also disclosed for the
preparation gf the compound. Intermediates prepared during

the synthesis of the compound are further disclosed.

H,NCH-C-CH,CO0H  (I)

\——x\
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rather than -78[err]C which is difficult and expensive to
manuf acturing scal e.

The alternate nethod al so gave a crystalline

achi RM%A@IT SHEET

fromthe reaction mxture rather than an oil which nust brP-c.hLaaaLagLanhﬂd.h

To a solution of 4-nethyl-5-phenyl -2-oxazolidinone (64 g,
anhydrous tetrahydrofuran (270 g) at -5[err]C was added a
n-butyllithiumin hexane (160 g, 0.37 nol) over a tenpera
-5[err]Cto O[err]C. Acid chloride (102) (48.6 g, 0.36 no
-10[err]C to O[err]C. The reaction was guenched with a so
(90 nmL) and sodi um bi carbonate (4 g). E %yr acetate (200"
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)| LS 8RR Hon,
u

j) was added and

the | ayers were separated. The organibstayet was extracte
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GABA AND L-GLUTAMIC ACID ANALOGS FOR ANTISEIZURE TREATMENT

(1) is

branched alkyl group having from 1 to 6

A compound of formula wherein R,

phenyl,

a straight or
carbon atoms,

cycloalkyl having from 3 to 6 carbon atoms; R, is

hydrogen or methyl; and R; is hydrogen, methyl or carboxyl;

which is useful in the treatment of seizure disorders.

Processes are also disclosed for the preparation of the

compound. Intermediates prepared during the synthesis of
o the compound are further disclosed.
5113 Illz
HzNCH-C’Z-CHZCOOH (1)
Rl
N
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vvat~e; (2 x 50.nL) and the aqueous phases were back extract
acetate (100 g). The organic extracts were conbi ned and ap
mC of solvent was renoved by distillation. Atnospheric dist at1 on was

continued and heptane (2 x 200 g) was 2 8 SEP 2000

GABA AND L-GLUTAMTIC ACID ANALOGS FOR
ANTISEIZURE TREATMENT

_ The present invention relates to novel compounds that
are analogs of gamma aminobutyric acid (GABA), ‘and methods for
the synthesis of these compo_unds. More specificélly, the analogs
according to the invention are useful as anti-seizure therapy for
central nervous system disorders such as epilepsy, ~Huntington's
chorea, cerebral ischemia, Parkinson's digease , tardive.
dyskinesia, and sﬁasticity, and, possibly as an anti-depressant,
anxiolytic, and antipsychotic activity.

Gamma aminobutyric ' acid  (GABA) is a major
neurotransmitter involved in the regulation of brain neuronal
activity. GABA is the major inhibitory neurotransmitter (Roberts
E, et al, GABA in Nervous System ction, Raven Press; New York,
1976; McGeer EG, et al, Glutamine 1utam te, and GAB in_the
Central Nervous System; Hertz L, Kvamme E, McGeer EG, Schousbal
A, eds., Liss: New York, 1973; 3-17). '

An imbalance in the 'cénc'en'tration of such a
neurctransmitter can lead to convulsive states. Accordingly, it
is clinically relevant to be able to control convulsive states
by controlling the metabolism of this neurotransmitter. When the
concentration of GABA diminishes below a threshold level in the

brain, convulsions result (Karlsson A, et al, Biochen.. Px;armaco;
1974; 23:3053-3061). When the GABA levels




)- -added until a vapor tenperature of 95[err]C was reachﬁuﬂﬂyﬂgﬂ qug
was cooled to 5[err]C. The product was collected by filtrat| opr—washee—

cold heptane, and dried to give 79 g (80% of acyl oxazoli dipo e (10

anhydrous tetrahydrofuran (10 nlL) at O[err]C

3).
To a solution of diisopropylamine (7.6 g, 0.075 npl 8 §E%’ 2086

-2- . e

rise in the brain during convulsions, seizures
terminate (Hayashi TJ, Physiol. (London)
1959;145:570-578). The term seizure'as used herein
means excessive unsynchronized neuronal activity that
disrupts normal neuronal function. 1In several seizure
disordexrs there is concomitant with reduced brain GABA
levels a diminished level of L-glutamic acid
decarboxylase (GAD) activity also observed (McGeer PO,
et al, In: GABA in Nervoug System Function; Roberts E,
Chase TN, Tower DB, eds., Raven Press: New York
1976:487-495; Butterworth J, et al, Neurochem.
1983;41:440-447; Spokes EG, Adv, Exp. Med, Biol.
1978;123:461-473; Wu JY, et al, Neurochem. Res,
1979;4:575-586; and Iversen LL, et al, Pgychiat. Res.
1974;11:255-256). Often, the concentrations of GAD and
GABA vary in parallel because decreased GAD
concentration results in lower GABA production.,

Because of the iﬁportance of GABA as an inhibitory
neurotransmitter, and its effect on convulsive states
and other motor dysfunctions, a variety of approaches
have been taken to increase the brain GABA
concentration. For example, the most obvious approach
was to administer GABA. When GABA is injected into the
brain of ‘-a convulsing animal, the convulsions cease
(Purpura DP, et al, Neurochem., 1959;3:238-268).
However, if GABA is administered systematically, there
is no anticonvulsant effect because GABA, under normal
circumstances, cannot cross the blood brain barrier
(Meldrum BS, et al, Epilepsy; Harris P, Mawdsley C,
eds., Churchill Livingston: édinburg 1974:55., In view
of this limitation, there are three alternative
approaches that can be taken to raise GABA levels.

The most frequent approach is to design a compound
that crosses the blood brain barrier and then
inactivates GABA aminotransferase. The effect is to
block the degradation of GABA and thereby increase its



under nitrogen was added a 1.6 M n-butyllithiumin hexage=
fmol) while nmaintaining a tenperature of -5[err]C to O erlk

+#ol) in tetrahydrofuran (160 nlL) at -55[err]Cto -45[err
was stirred at -55[err]Cto -45[err]C for 30 minutes. Thg §
added to a solution of t-butyl bronpacetate (14.6 g, 0.0¥5
tetrahydrofuran at -55C to -45[err] C. The sol uti on was cd
and allowed to warmto |I0[err]C over “@-period of 2 hours. e reaction
m xture was quenched with the addition_of saturated aqueous anmmoni um
chl ori de aR@RERRERALASNL t NUBIETAUS MRCASlsThdagefhMractivators

of GABA aminotransferase are known (Silverman RB,
Mechanism-Baged Enzyme Inactivation: Chemigtrvy and
Enzymology, Vol. I and Il, CRC: Boca Raton 1988).

Another approach is to increase GABA
concentrations in the brain by making GABA lipophilic
by conversion to hydrophobic GABA amides (Kaplan JP,
et al, G.J. Med. Chem. 1980;23:702-704; Carvajal G,
et al, Biochem. Pharmacol. 1964;13:1059-1069; Ihines:
Kaplan JP, Ibid.; or GABA esters: Shashoua VE, et al,
J. Med., Chem. 1984;27:659-664; and PCT Patent '
Application WO85/00520, published 2/14/85) so that GABA
can cross the blood brain barrier. Once inside the
brain, these compounds require amidase and esterases to
hydrolyze off the carrier group and release GABA.

Yet another approach is to increase 25 brain GABA
levels by designing an activator of GAD. A few
compounds have been described as activators of GAD.
The anticonvulsant agent, maleicimid, was reported to
increase the activity of GAD by 11% and as a result
increase GABA concentration in the substantia nigra by
up to 38% (Janssens de Varebeke P, et al, Biochem.
Pharmacol. 1983;32:2751-2755. The anticonvulsant drug
sodium valproate (Loscher W, Biochem, Pharmacol.
1982;31:837-842; Phillips NI, et al, Biochem,
Pharmacol. 1982;31:2257-2261) was also reported to
activate GAD and increase GABA levels.

The compounds of the present invention have been
found to activate GAD in vitro and have a dose
dependent protective effect on-seizure in vivo.

Also, the compounds of the present inventiomn have
been found to bind a novel binding site which was
identified to bind tritiated gabapentin. Gabapentin
has been found to be an effective treatment for the
prevention of partial seizures in patients refractory
to other anticonvulsant agents. Chadwick D,



layer was dried (MgSO err]), filtered, and the solvent was_renoved under

reduced pressure. The residue was recrystallized fromh m

and dri eg under reduced pressure to give 18 g (68% of a mm
(104). [err]H NMR (200 MHz, CDCl[err]): 6 7.4-7.2 (m 5H), d, 1H,
J=7.09 Hz), 4.74 (m 1H), 4.26 (m 1H), 2.69 (m 1H), 2.44 n281 P 2600
1.65-1.45 (m 2H), 1.39 (s, 9H), 0.93 (m 6H), 0.89.(d, IH{ J=7.87 Hz).
Al'ternatively, the order of addition gf the reagents may lbe reversed.
t-Butyl bronpacetate nmay be added to “the sol ution cont ai fing

di i sopropy En {'nPUt igl I btllil Q%am} 3{;' oxazol |dd|arhone (,’LOB) The .fuimrnlal

Epilepsy, Vol. 5, Pedley TA, Meldrum BS, (eds.)
Churchill Livingstone, New York (1991). The novel
binding site labeled by tritiated gabapentin
was . described in membrane fractions from rat brain tissue and in
autoradiographic studies in rat brain sections, Hill D, .Ibid.
This binding site was used to evaluate the pharmaceutically active
compound of the present invention.

Furthermore, 3-alkyl GABA analogues are disclosed in J. Med.
Chem. 1991, 34, 2295-2298 as being useful anti-convulsant agents. A
racemic mixture of 4-amino-3-(2-methyl propyl) butanoic acid is
disclosed in this document; no indication of preferred optical isomer

is given in the document.

The novel compounds of the present invention are S(+)
enantiomers having the general formula (I)

CH,CH(CH,),

COO-R

(1)

where:

X represents -OH, -NH,, -N, or p-toluene sulphonyloxy;.

Y represents -CH,., or X-Y- are together -COOH; and

R represents benzyl or 1,1 dimethylethyl (when X is N,, -OH or p-
toluene sulphonyloxy and Y is -CH,, or when X-Y are together COOH)
or hydrogen (when X is -NH, and Y is éHz) . or a pharmaceutically
acceptable salt of said compound.

One of the compounds according to the invention is
pharmaceut:.cally active and may be used for treating- se:.zure d:l.sorders
in a patient by administering to said patient an ant:.convulsant
effective amount of the compound (or its pharmaceutically acceptable

salt). Such a compound may also be used for increasing brain neuronal
GABA.



pfoduct isolation may al so be conducted by doing a distillati

repl aci ng the solvents present (hexane BmtEﬂdENT SHEET’
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According to a preferred feature of the present invention,
the novel compound is S-(+)-4-amino-3- (2-methylpropyl) butanoic acid.
This compound has been found to be unexpectedly more potent than other
analogs and racemic mixtures. What is further surprising, as the
fdllbwing data shows, is that this compound is the least effective one
of the analogs tested in activating GAD in vitro. Accordingly, it was
very unexpected that the compound accoxrding to the invention has such
a high potency when tested in vivo.

This pharmacologically active compound was found to be
most potent for .displacement of tritiated gabapentin.

The present invention also provides a pharmaceutical
formulation, which comprises.S-(+)-4-amino-3-(2-methylpropyl)
butanoic acid or pharmaceutically acceptable salt théreof, and a

pharmaceutically acceptable carrier therefor.

.r\\
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ANLA LAANAAAYALANT VR

-3%- and tetrahydrofuran) with isopropyl alcohol. Acyloxazolidlnone élO??
then crystallizes fromthe isopropyl alcohol solution. The fqll{o 000
experinmental procedure illustrates this alternative. To ja solutlon of
di t sopropylamne (23.1 g, 0.229 nol) in anigudrous tetrahydrofjuran (30 nl)
at O[err]C under nitrogen was added a 2.5 Mn-butyllithiumi
m., 0.229 nol) whil erl-rmu@h@bﬁndgjlmﬂ elgperabed emaf foxfrephifindceiGcaliig
resulting solutio ed . to a soluti,on of ac onazolldlnone 03) (60 0
g, 0.218 ﬁﬁpprﬁbf%t%%wamrsﬂt b o¥EaRif apd. RgREATE RELID¥F MAES

solution was skifped, athe 4ehar ba&i¢on 4886 héy (¥ prepared either by

dissolving the free base in agueous or aqueous alcohol solution or

other suitable solvents containing the appropriate acid and
isolating the salt by evaporating the solution. Examples of
pharmaéeutically acceptable salts are hydrochlorides, hydrobromide
and hydrosulfates as wgll as sodium, potassium and magnesium salts.
According to a further preferred feature of the present
invention the compound may be: .
S~(+)-3-(azidomethyl) ~-5-methylhexanoic acid;
S~ (+)-3- (hydroxymethyl) -5-methyl-hexanoic acid, phenylmethyl ester;
S~{(+)-5-methyl-3-[[[{-4-methylphenyl) sulfonyl] oxy] -methyl] -
hexanoic acid, phenylmethyl ester;
S-(+)~2-(2-methylpropyl) -1, 4-butanedioic acid, 4-(1,1-dimethylethyl)
ester;
S-(+)-3-(azidomethyl) -5-methyl-hexanoic acid,1,1-dimethylethyl
ester; '
S-(+) -3- (hydroxymethyl) -5-methyl-hexanoic acid, 1,1-dimethylethyl
ester;
S-(+)-5-methyl-3-[[[(4-methyl phenyl) sulfonyl)oxy]- methyl] -
hexanoic acid, 1,l-dimethylethyl ester;
S-(+) -4-methyl-2(2-methylpropyl) -y, 2~dioxo-5-phenyl-3-
‘oxazolidinebutanoic acid, 1,l-dimethylethyl ester.
These compounds are intermediates for the pharmacologically active
compound S-(+)-4-amino-3-(2-methylpropyl) butanocic acid, as will be
apparent from the subsequent reaction schemes.
The compounds according to the invention may be prepared
from commercially available aldehydes and monomethyl malonate by the
Knoevenagel reaction, (Kim ¥YC, et al, J. Med. Chem. 1965: BS509).

More specifically, the following is an exemplary
procedure. Ten grams of a 3-(2-methylpropyl) 5,5-dicarbethoxy-2-
pyrrolidinone was refluxed in 150 mL of 49% fuming HBr for 4 hours.
After this time, the contents were placed in an evaporator and the

volatile constituents were removed in wvacuo
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30*m nutes. t-Butyl bronvacetate (44.6 g, 0.229 nol) was then goceo~to—t+he
reaction solution at -45[err]J]Cto -40[err]C The solution wag al Iﬁgeﬂ
warmto 10[err]C over a period of 2 to 3 hours. The reaction}m 20600
quenched with the addition of saturated aqueous amoni um chl ¢r ide__The
organic | ayer was separated fromthe water_| ayer. The sol venl was renoved
under reduced pressure and replaced with |Zopropyl al cohol . Fre—proeiiet mmmm—
crystallized fromisopropyl alcohol and was filtered and dried

reduced pwkthurkheoajid/co83.3 dhqteaater kakhoxaz TR RWEY( 1§§§3‘g“§t e¥a8
dissolved in 25 mL of distilled water and the water was removed

with the aid of the evaporator. This process was repeated once
more. The res:.due was dissolved in 20 mL of water, and the pH
.of the solution was adjusted to 3.2 with concentrated NH,
solution.’ :

Precipitation from the water-alcohol mixture is
complete in 48 hours.

The Michael addition of nitromethane to o, f~unsaturated
compounds mediated by 1,1,3,3-tetramethy1guan1dine or 1,8~
diazabicyclo~{5.4.0]Jundec~-7-ene (DBU) afforded 4-nitroesters in
good yields. More specificaliy,‘ a mixture of nitromethane (5
mol), o,B-unsaturated ester (i mol), and tetramethyl-guanidine
(0.2 mol) was stirred at room texﬁp‘erature ifor 2 to 4 days. (In
case . of methyl acrylate, the "eﬁs,tfér has to be added at a
temperature below 30°c.) The progress of the reaction was
followed by IR '(disappearance. of the c=C band) and G.L.C,
analysis. The ' reaction mixture was washed with dilute
hydrochlorio acid and extracted with ether. The organic extract
was dried, the solvent removed at reduced pressure, and the 20
residue dlstilled at a pressure of 2 torr. Although the
aliphat:.c nitro’ compounds are usually reduced by either high
pressure catalytic hydrogenation by metal-catalyzed transfer

| hydrogenation, or by newly introduced hydrogenolysis methods with

ammonium formate or sod:.um borohydrx.de and palladium as
catalysts, we have found that 4-n:.trocarboxyla.c esters can be
reduced almost quantitatlvely* “to :the corresponding 4~
aminocarboxylic esters by hydrogenation using 10% palladium on
carbon as catalysts in acetic aoid at room temperature and
atmospheric pressure. The amino ester produced was subjected to
acid hydrolysis to afford the ' compounds according to the
invention in good yields.

Examples of more specific methods of making the

compounds in accordance with the present invention are as
follows, optionally utilizing the methods described in detail



To a precooled (5[err]C) solution of acyl oxazolidinone (104 REBhAﬁEMENT SHEEI

mol) in tetrahydrofuran (266 g) was added a sol ution of 30% hyorogen

peroxide (71 g), 9.4 g lithium hydroxi de nonohydrate (0.22 ho})
(F20 nL) over a period of 35 mnutes so as to nmaintain a reac1i£€%éﬁi&&h

tenperature of 5[err]C. The m xture was stirred at 3-5[err] 1 .
The reaction was quenched by addition of a s8kution of sodipmsulfite (50
g), sodiumbisulfite (27 g), and water (310 nlL) at a tenperature of—tess

ad and dBEve fo W thi Sl 1Ag ndEL a1 188t Ebhiibrbif1F dvatiable,

added and
the synthetic sequence may be initiated with the corresponding

alcohol , which is oxidized to the aldehyde by the method of Corey
EJ, et al, Tetrahedron Lett. 1975:2647-2650.

. ' The chiral pharmacologically active compound .may be
prepared as set fci:rth in schematic Chart I hereof.

In Chart I Ph is phenyl, Bn is benzyl, THF is
tetrahydrofuran, ILDA is lithium diisopropylamide , BH;.SMe, is
borane dimethyl sulfide comp1e>‘:, TsCl is tosyl chloride, and DMSO
is dimethylsulfoxide. -

The detailed synthetic procedure is set forth
hereinbelow in Example 1. The key introductory literature for
this methodology v;zas discussed in Evans' paper, Jd X Soc
1982: 104: 1737-9. The metal enolate can be formed with a
1ithium or sodium amide base, and subsequently alkylated to give
a substituted carboxylic acid derivative. This methodélogy was
valuable for thje enantioselective synthesis of these oa-
substituted carb&:;'cylic acid derivatives. In this seminal paper,
Evans described the preparation of propionic acid derivatives
with a series of simple alkylating agents. By varying the
stereochemistry of the chiral synthon (the oxazolidinone) , he was
able to get high stereoselectivity. :

Evans has used this chiral auxiliary in other synthetic
studies, but none has been related to 4-amino-3- (z-methylpropyl)'
butanoic acid which contains a B~substituted-y-amino acid. The
méthodology as présented by Evans teaches toward a-substitution,
and away from B-z;substitution ’ and has not been used in the
preparation of  this type of unusual amino acid. N-
acyloxazolidinones have béen used to form chlorotitanium enolates
that have been reacted with Michael adducts such as
acrylonitrile, J,.} Org. Chem, £991; 56:5750~2. They have been
used in the synthésis of the rutamycin family of antibiotics, J.
Org. Chem. 1990; 55:6260~8 and in stereoselective aldol
cpndensations, Org. Synth. 1990: _6__8_:93-.;-91.: Chiral a-amino acids
were prepared via the oxazolidinone approach. In this sequence,
a dibutylboron enolate was bromiﬁa_ted and displaced with azide,




o

-32-

(100 nL) and the-organic |ayers were conbined. The sol vent wasfr gpdz
wi t h hept ane 9%3 000

~

]KEPLACEMENT SHEET

separated. The aqueous |ayer was extracted with nethylytfbutyl—etmer

-0

Tetrahedron Lett. i1987 ;28:1123-6. Other synthesis of B-hydroxy-
a-amino acids were also reported via this chiral auxiliary
through aldol condensation (Tetrahedron Lett. 1987;28:39-42; J.
Am. Chem. _Soc. 1987;109:7151-7). o, -unsaturated N-
acyloxazolidinones have also been used to induce chirality in the
'Diels—Alder reaction, (J. Am. Chem. Soc. 1988;110:1238-56. In
none of these examples, or others found in the literature, is
this methodology used to prepare (f-substituted carboxylic acids
or 3-substituted GABA analogs.

In another embodiment, the chiral compounds according
to the invention can be prepared in a manner which is similar to
the synthesis depicted in Chart I. In this embodiment, however,
step 8 in Chart I may be replaced by an alternative two step
procedure which is set forth hereinbelow in Example 2. Instead
of reducing the azide (8) to the amino acid (9) in Chart I, the
alternative procedure hydrolyzes the azide (8) to give an
intermediate azide (8a) which is subsequently reduced (see Chart
Ia). :

There a'r;'e two major advantages to hydrolyz ing azide (8)
to give the inte;"mediate azide (8a) prior to reduction. The
first advantage is that intermediate azide (8a) may be purified
by extraction into aqueous base.' After the aqueous extract is
acidified, intermediate azide (8a) may be extracted into the
organic phase and isolated. This allows for a purlflcatlon of
intermediate azide (8a) which does not ‘involve chromatography.
The purification of azide (8) requires chromatography which is
very expensive and often impractical on a large scale.

The second advantage is that intermediate azide (8a)
may be reduced to amino acid (9) without added acid. Reduction
of azide (8) requires addition of acid, e.g. hydrochloric acid
in order to obtain amino acid (9). Unfortunately, lactamization
of amine acid (9). is promoted by the presence of acid.
Intermediate azide (8a) may be reduced under near neutral
conditions to give amino acid (’9) , thus minimizing the problem
of lactam formation. ,

In another preferred embodiment, the c':hiral, compounds
according to the invention can be prepared as set forth in the
schematic in Chart II hereof. .

In Char:t II Ph is phenyl, and Ts is tosyl.



by distillation and the resulting heptane solution (400 ni)
5[err]C. The resulting solids were filtered and the filtrat
with warmwater (2 x 150 nL, 1 x 200 nL, 1 x 300 nL). The |
concentrated by evaporation to give 34.5 g (97% acid (105)
[err]H NV\R (200 MHz, CDCl[err]): [err] 11.5 (br, s, 1H), 2.
2.67-2.29 (m 2H), 1.60 (m 1H), 1.44 (s, 9H), 1.32 (m 2H)
Step 5 Acid (105) (72.4 g, 0.314 nnllogas di ssol ved

The detailed synthetic procedure is set forth

hereinbelow in Example 3. This procedure is similar to
the synthesis route depicted in Chart I, however, the
procedure of Chart II replaces the benzyl ester in the
synthesis” route of Chart I with a t-butyl ester. The

~ desired amino acid (9) and (109) is the same end
product in both Charts I and II, respectively.

There are several advantages to using the t-butyl
ester rather than the benzyl ester in the synthesis of
amino acid (9) or (108). A first advantage relates to

the hydrolysis of the chiral auxiliary in step 4 of

Chart 1. During the hydrolysis of the chiral auxiliary

in this reaction some hydrolysis of the benzyl ester
often occurs. Hydrolysis of the t-butyl ester in
Chart II has not been experienced.

Another advantage relates to the uée of alcohol
(106) in Chart II over the use of alcohol (6) in
Chart I. A problem with the benzyl ester-alcohol is
the tendency of the benzyl ester-alcohol to undergo

lactonization as shown below. Although lactonization

of the benzyl ester can be avoided under some

conditions, the t-butyl ester-alcohol is far less prone

to lactonization.

HO P EO
— )
O /wo P‘.
%> o
Ph

Still another advantage, which was previously
discussed with regard to the synthetic procedure
depicted by Chart Ia, is that the t-butyl synthetic

route minimizes the problem of lactam formation of the

amino acid end product (109). Instead of reducing
azide (108) to amino acid (109) which requires the



tetrahydrofuran (360 nL) and cooled to O[err]C. A 2.0 M sol
di met hyl sul fi de conplex in tetrahydrofuran (178 niL, 0.356 fo
O[err]C. The solution was allowed to warmto 48C t hen cool g
After 2 hours and 45 m nutes, the reaction was quenched w t
of methanol (300 nL) and the sol vent was re pved under redy

Addi tional methanol (300 ni) was added and he sol uti on was

REPLACEMENI: SHEET

ol}) was added a

dt 0p By

hjthe a tlon

cefd—p'ress-ure--—‘

concent rat ed

under reduced pressure to gjve 66 g (97% of al cohol (106) as an oil

[err]H Nl\/laddiiﬂfidn-lz;f Goeld ethat : ca\pses]lacw@mtiw of. aminm acig (208},

124104

(br s, aafado Zod ggl@ %thér&ﬁz&ab tol 15t drfledidte

lagPaés (199k) .

Intermediate azlde (108a) may be reduced under neutral conditions
to give amino acid (109) thus minimizing the problem of lactam

formation.

The compounds according to the invention can be used
in pharmaceutical compositions as an antidepressant, anxiolytic,
antipsychotic, antiseizure, antidyskinesic, or antisymptomatic
for Huntington's or Parkinson's diseases when an effective amount
of the compound =tcaget:her with a pharmaceutically acceptable
carrier is used. That is, the present invention provides a
pharmaceutical composition for the suppression of seizures
resulting from e}i:ilepsy, the treatment of cerebral ischenia,
Parkinson's diseas;e , Huntington's disease and spasticity and also

possibly for antidepressant, anxiolytic, and
effects. These latter uses are expected due
similarities to other known conpounds -

antipsychotic
to functional

having these

pharmacological activities. The pharmaceutical compositions can
be used for treating such disorders in mammals, including humans,
suffering therefrom by administering to such mammals an effective

amount of the compound in unit dosage form.
The pharmaceutical compounds according

to the present

invention can be prepared and administered in a wide variety of
dosage forms. For example, the pharmaceutical composition can
be made in inert ’ pharmaceutically acceptable carriers which are
either solid or liquid. Suitable solid form preparation include
powders, tablets, dispersible granules, capsules, cachets and
suppositories. Other solid and liquid form preparations could
be made in accordance with known fmethec_is- of the art. The
quantity of active compound in a unit dose may be varied or

adjusted from 1lmg to about 300mg/kg .(miiligram

per kilogram)

daily, based on an average 70kg patient. ‘A daily dose range of

about 1mg to about 50mg/kg is preferred. The dosages, however,
may be varied depe_:nding of the patient's requirement and severity

of the condition treated.




Step 6 Al cohol (107) (51.9 g, 0.24 nol) was dissolved in i

m.) and cooled to 5[err]C. [err]-Toluene sulfonyl chloride (37. éﬂiﬂﬂﬂgrgﬁEET

mol ) was added and the mixture was stirred at 22[err]C for 21 Hours. The

reaction was quenched with the addition of water (95 nli) and]1§% 288ER2050

hydrochl oric acid (300 nL) at |ess than 300[err]C.
-12=-

Illustrative examples of compounds made in
accordance with the present invention were tested to
demonstrate the ability of the compounds to activate
GAD in vitro and to prevent seizure in vivo without the
side effect of ataxia.

In Vitro GAD Activation
Assays were carried out in 10 mL vials sealed with
serum caps through which a center well (Kontes Catalog
No. 882320-000) was inserted. The center well was
charged with 200 yL of freshly prepared 8% KOH
solution. Various_ccncentrations of L-glutamic acid
(0.5, 0.25, 0.166, 0.125, 0.10 mM) containing ‘
[4C)L-glutamate (10 pCi/mmol) in 50 mM potassium
phosphate bqffer, PH 7.2 were shaken at 37°C in
separate vials with purified L-glutamic acid
decarboxylase (18.75 pg; spec. act 10.85 pmol/min mg)
in a total volume of 2.00 mL. After being shaken for
60 minutes, the enzyme reactions were quenched by the
addition of 200 uL of 6 M sulfuric acid to the contents
of each of the wvials. The vials were shaken for an
‘additional 60 minutes at 37°C. The center wells were
removed and placed in scintillation wvials with 10 mL of
scintillation f£luid for radiocactivity determination.
. The same assays were repeated except in the presence of
| various concentrations of the ‘activators (2.5, 1.0,
0.5, 0.25, 0.1, 0.05 mM). The Vmax values were
determined from plots of 1/cpm versus 1/[glu€aﬁate] at
various concentrations of activators. The data were
expressed as the ratio of the Vmax in the presence of



-33- Methyl-t-butyl ether (350 nL) was added and the | ayers
separated. The aqueous | ayer was extracted with nethyl-t-buty
m.). The organic | ayers were conbi ned, washed with 1% aqueou
aci d
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the activators to the Vmax in the absence of the
activators times 100%.

The results of the experiment are shown in
Table 1. The tests show that there was significant
activation by the various compounds tested to differing
degrees. The known activator sodium valproate and
gabapentin were tested.

In vivo tests were performed to demonstrate the
seizure preventing capabilities of the novel compounds.
Threshold maximum electroshock is an animal model test
for generalized seizures that is similar to that of
Piredda SG, et al, Pharmacol. and Exptl, Therap.
1985;232(3):741-45, The methods for this test are
described as follows.

Male CF-1 mice (22-30 g) were allowed free access
to food and water prior to testing. For screening,
groups of five mice were given a compound intravenously
at doses of 30, 100, and 300 mg/kg and tested at 0.5,
2.0, and 4.0 hours after dosing. Drugs were either
dissolved in 0.9% saline or suspended in 0.2%
methylcellulose. Animals were shocked with cormeal
electrodes (see below) and observed for tonic hindlimb
extensor seizures. Absence of hindlimb extension was
taken as an anticonvulsant effect.

The electroshock apparatus delivered a 60 Hz sine
wave with a current amplitude of 14 mAR (peak-to-peak)
for 0.2 seconds. The current strength of 14 mA used in
this procedure produced tonic extensor seizures in
approximately 95% of untreated mice, but was only
slightly above threshold for tonic extension.

Summaries of the numbers of animals protected from
seizures when tested 120 minutes after administration
of each compound set forth in the left-hand column are
given in Table 2 for varying dose levels set forth in
the second column of the table.



(2 x 100 nL), saturated aqueous sodi um bi carbonate (1 x 150

(1 x 100 nmL). The organic solution was treated with decol or
filtered, and evaporated to give 77 g (86% of the tosylate Y =t
oll. [err]H NWR (200 MHz, CDCl[err]): [err] 7.78 (d, 2H, J=8} 2pb 7.34
(d, 2H, J=8.25 Hz), 3,96 (m 2H), 2.45 (s, 3H), 2.32-2.12 ( BHE,ZQSLEB-ZBDOL
(m 1H), 1.40 (s, 9H), 1.2-1.1 (m 2H), 0.83 (m 6H). Ste
Tosyl ate (107) (65 g, 0.175 nol) was dissolved in
~-14- —— ]

Due to the interesting phenomena related to the
(R,S)-i-butyl GABA (the compound having significantly
higher potency and effectiveness without causing
ataxia), threshold maximal electroshock tests where
conducted varying the time of testing from 1 hour to
8 hours, the dose being 10 mg/kg in mice, injected
intravenously. Table 3 shows the results of these
tests indicating a maximum protection after 2 hours of
tegting.

In view of the above results, a dose response
curve was made for the 2 hour testing time period in
mice, the drug being given intravenously at 10 mg/kg.
The results of this test is shown in Table 4 with a
calculated,EDg, equaling 2.07 mg/kg.

A third pharmacological test was performed as
described in Krall RL, et al, Epilepsia. 1978;19:409.
In this procedure, drugs were tested for attenuation of
threshold clonic seizures in mice caused by
subcutaneous administration of pentylenetetrazol
(85 mg/kg) which is a generally accepted model for
absence type seiiures. Results from the third test for
the compound when administered either intravenously or
orally is shown in Table 5. The test was conducted at
three dose levels, showing effective protection at
30 mg/kg and 100 mg/kg with no ataxia.

The above is a significant finding because the
compound having the least ability to activate GAD
in vitro surprisingly had an approximately 10-fold
increase in potency over the other compounds tested.
Even more unexpected is the absence of ataxic side
effect coupled to this increase in potency.



dimet hyl sul foxide (40 nL). The dinethyl sulfoxide solutio loRg—wi.th

addi tional dinethyl sulfoxide (10 nL) was than added to a s REPLAGE hﬂ‘SHEET

sodium azide (11 g, 0.26 nol) in dinmethyl sulfoxide (450 g) |a >

The m xture was then stirred at 65[err]C for 6 hours. Water }( 4%%&9@
e a :

hept ane (250 nL) were added to the reaction and the |ayers
The aqueous | ayer was extracted with heptane (250 nL) and the

| ayers were conbi ned. The sol vent was renoved under reduced]pressure to
give 42 g (95% of the azide (108) as ah°oil. [err]H NMVR (2 , :
CDCl[err]): err] 3.32 (m 2H), 2.22 (m 2 2.15 (m 1H), 1.63 (m 1
1.46[(5,]éH),[1.££ p@peg&ppreQGabove,(ihe g?(+)enanéiome;ﬂof ( "

4-amino-3- (2-methylpropyl)butanoic acid (3-isobutyl
GABA or IBG) which is structurally related to the known
anticonvulsant, gabapentin, potently displaces
tritiated gabapentin from a novel high-affinity site in
rat brain membrane fractions. Also the S-(+)enantiomer
of 3-isobutyl GABA is responsible for virtually all
blockade of maximal electroshock seizures in mice and
rats. The R(-) enantiomer of 3-isobutyl GABA is much
less effective in the blockade of maximal electroshock
seizures and in displacement of tritiated gabapentin
from the novel high-affinity binding site. Table 1
below sets forth data comparing gabapentin, racemic
3-isobutyl GABA {(+)-IBG), S-(+)-3-isobutyl GABA
((S)-IBG) and R-(-)-3-isobutyl GABA '((R)-IBG) in these
assays.

TABLE 1 '
|
3-Iscbutyl GABA (EDg)
! Test System -
Gabapentin (x) -IBG {s) -IBG (R) -IBG
Gabapentin Receptor
Binding (ICs) 0.14 pM 0.10 pM 0.044 pM 0.86 uM
IV Mouse
Low-Intensity
Electroshock 4.3 mg/Kg 4.8 mg/Kg 4.0 mg/Kg »>100 mg/Kg
IV Mouse Maximal _
Electroshock 75 mg/Kg 10 mg/Kg 18 mg/Kg »>100 mg/Kg
PO Mouse Maximal
Elctroshock 200 mg/Kg 47 mg/Kg 12 mg/Kg
IV Mouse Ataxia >100 mg/Kg >100 mg/Kg »300 mg/Kg >100 mg/Xg

(IP)

Time course of anticonvulsant activity (all compounds) peaks
2.0 hours after dose and mostly gone 8 hours after dose.
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88% aqueous formc acid (365 nL). The m xture was stirred
Decol ori zi ng charcoal was added and the m xture s filtered an
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The data set forth in Table 1 was obtained as
follows. For anticonvulsant testing, male CF-1 strain
mice (20-25 g) and male Sprague-Dawley rats (75-115 g)
were obtained from Charles River Laboratories and were
maintained with free access to food and watexr before
testing. Maximal electroshock was delivered with
corneal electrodes by conventional methods (Krall,
supra, 1975) except that low-intensity electroshock
with mice consisted of 17 mA of curreant rather than the
conventional 50 mA (zero to peak). Briefly, mice were
given test substance and were tested for prevention of
seizures by application of electrical current to the
corneas by 2 metal electrodes covered with gauze and
saturated with 0.9% sodium chloride. Electroshock
stimulation was delivered by a constant-current device
that produced 60 Hz sinusoidal electrical current for
0.2 seconds. For rats, maximal electroshock
stimulation consisted of 120 mA of current. Ataxia in
mice was assessed by the inverted screen procedure in
which mice were individually placed on a 4.0-inch
square of wire mesh that was subsequently inverted
(Coughenour, supra, 1978). Any mouse that fell from
the wire mesh during a 60 second test period was rated
as ataxic. EDg; values were determined by probit
analysis of results with at least 5 dose éroups of
10 mice or 8 rats each.

All drugs were freely soluble in aqueous media.
For in vivo studies, drug solutions were made in 0.9%
sodium chloride and given in a volume of 1 mL/100 g
body weight. Intravenous administration was given by
bolus injection into the retro-orbital sinus in mice.
Oral administrations were by intragastric gavage.

For binding studies, partially purified synaptic
plasma membranes were prepared from rat neocortex using
sucrose density gradients. The cerebral cortex of
10 rats was dissected from the rest of the brain and




-34- reduced pressure to give an oil. Heptane (250 nL)
M xture was vacuumdistilled to give an oil. Water (125
(250 nL) were added and m xed vigorously. The |ayers wer
wat er |ayer was washed with heptane (250 nL). The heptan
conbi ned and concentrated under
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homogenized in 10 volumes (weight/volume) of ice-cold
0.32 M sucrose in 5 mM tris-acetate (pH 7.4) using a

glass homogenizer fitted with a teflon pestle

(10-15 strokes at 200 rpm). The homogenate was

centrifuged at 100 g for 10 minutes and the supernatant
collected and kept on ice. The pellet (PI) was
rehomogenized in 20 mli of tris-sucrose and the

homogenate recentrifuged. The combined supernatants
The
pellet (P2) was resuspended in 1.2 M tris-sucrose and
15 mL of this mixture was added to ultracentrifuge
tubes. On to this, 10 mL of 0.9 M sucrose was layered
followed by a final layer of 5 mM tris-acetate, pH 8.0.
Tubes were centrifuged at 100,000 g for 90 minutes.

The synaptic plasma membranes located at the 0.9/1.2 M
sucrose interface were collected, resuspended in 50 mL
of 5 mM tris-acetate, pH 7.4, and centrifuged at
48,000 g. The final pellet was resuspended in 50 mL of
tris-acetate, pH 7.4, aliquoted, and then frozen until

were centrifuged at 21,500 g for 20 minutes.

use.

The assay tissue (0.1 to 0.3 mg protein) was
incubated with 20 mM [®H]-gabapentin in 10 mM HEPES
buffer (pH 7.4 at 20°C, sodium free) in the presence of
varying concentrations of test compouﬂd for 30 minutes

at room temperature, before filtering onto GFB filters

. under vacuum. Filters were washed 3 times with 5 mL of
ice cold 100 mM NaCl solution and dpm bound to filters
was determined using liquid scintillation counting.
Nonspecific binding was defined by that observed in the

presence of 100 mM gabapentin.

In view of the above demonstrated activity of the
compounds characterizing the present invention and in
particular the 4-amino-3-12~methylpropyl)butanoic acid
(isobutyl GABA)} the compounds made in accordance with
the present invention are of value as pharmacological



reduced pressure to give 24.6 g (88% of internedi ate azi de ([JO&m
oi | . Al ternatively, aqueous hydrochloric acid nay be used rg
aqueous formc acid in order to conduct the hydrolysis. St
I nternedi ate azide (108a) (12.7 g, 68.6 nol) was dissol ved

met hyl -t-butyl ether (80 kg). The m xture was subjected to cat &l

water wet) at 49-55 psi of hydrogen untgd internediate azide

agents, particularly for the treatment of seizures in
mammals, including humans.

EXAMPLE 1
(S)-(+}-4~amino-3- (2-methylpropyllbutanoic acid

The following "steps", refer to Chart I.

Step 1
To a solution of 4-methylvaleric acid (50.0 g,

0.43 mol) in 100 mL of anhydrous chloroform was added
thionyl chloride (60 mL, 0.82 mol). The reaction
mixture was refluxed for 2 hours and then cooled to
room temperature. Excess chloroform and thionyl
chloride was removed by distillation. The residue oil
was then fractionally distilled to give 45.3 g (78%) of
the acid chloride (2), bp = 143-144°C.

Acid chloride (2) was also be prepared by an
alternative method which eliminated use of chloroform
which has waste disposal and operator exposure
difficulties. The alternate method also minimized the
formation of 4-methylvaleric anhydride.

To a solution of thionyl chloride (98.5 kg,

828 mol) and N,N-dimethylformamide (2 kg, 27 mol) was
added 4-methylvaleric acid (74 kg, 637 mol) while
maintaining a reaction temperature of 25-30°C. Hexanes
(30 L} were added and the solution was maintained at
30-35°C for 1 hour and 15 minutes. The solution was
then heated to 70-75°C for 1 hour and 10 minutes. The
solution was subjected to atmospheric distillation
until a solution temperature of 95°C was reached.
After cooling, hexanes (30 L) were added and the
solution was subjected to atmospheric distillation
until a solution temperature of 97°C was reached.
Distillation of the residual oil produced 79 kg (92%)

of acid chloride (2), bp = -77°C, 60-65 mm Hg.



(408a) has been consuned. The m xture was filtered and the ! —nesied—

with nmethyl-t-butyl ether (30 kg). The solid was dissol ved | ﬁgjﬂﬁﬁﬂﬂWBﬁﬂﬂﬂT

hot isopropanol (75 kg) and water (60 kg) and the solution jwgs filterea.

The i sopropanol water solution was cooled to -3[err]C and tlhg pgqgggp&maf
was d

filtered and washed wth cold isopropanol (16 kg). The solijd rre
under reduced pressure to give 6.4 kg (59%9 of amno acid (109 s
reducti on may be conducted in a variety of solvents. Succegsful reductions
have been carried out in heptane, ethgbol/water, isopropanol, I|sopropansor7
wat er, nethanol/water, and tetrahydrofuran/ water as

Step 2 :

To a solution of (4R,5S)-(+)-4-methyl-5-phenyl-
2-oxazolidinone (5.27 g, 29.74 mmol) in 70 mL of
anhydrous tetrahydrofuran at -78°C under argon
atmosphere was added a 1.6 M solution of n-butyllithium
(19 mL, 30.40 mmol) in hexanes slowly. The mixture was
allowed to stir at -78°C for 15 minutes then the acid
chloride (4.5 g, 33.43 mmol) was added to quench the
reaction. The reaction was stirred at -78°C for
10 minutes then 0°C for 30 minutes. A saturated
solution of sodium bicarbonate (50 mL) was added and
the mixture was stirred at 0°C for 30 minutes. The
organic layer was collected and the aqueous layer was
extracted with ethyl acetate (3x). The organic
extracts were combined and dried with anhydrous
magnesium sulfate. It was then filtered and
concentrated to give a colorless oil. The oil was then
chromatographed with 8% ethyl acetate in hexanes on
silica gel to give 7.56 g (82%) of the '
acyloxazolidinone (3) as a white solid.

Anal. Calcd for C, H,,NO,:
C, 69.79; B, 7.69; N, 5.09.
Found: C, 69.56; H, 7.63; N, 5.06.

Acyloxazolidinone (3) was also prépared by an
alternate method which was conducted at -5°C to 0°C
rather than -78°C which is difficult and expensive to
achieve on a manufacturing scale. The alternate methed
also gave a crystalline solid from the reaction mixture
rather than an oil which must be chromatographed.

To a solution of 4-methyl-5-phenyl-2-oxazolidinone
(64 g, 0.36 mol) in anhydrous tetrahydrofuran (270 g)
at -5°C was added a 15% solution of n-butyllithium in
hexane (160 g, 0.37 mol) over a temperature range of
-5°C to 0°C. Acid chloride (2) (48.6 g, 0.36 mol) was
added at -10°C to 0°C. The reaction was quenched with
a solution of water (90 mL) and sodium bicarbonate
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(4 g}. Ethyl acetate (200 g} was added and the layers
were separated. The organic layer was extracted with
water (2 x 50 mL) and the agueous phases were back
extracted with ethyl acetate (100 g). The organic

extracts were combined and approximately 150 mL of
solvent was removed by distillation. Atmospheric
distillation was continued and heptane (2 x 200 g) was
added until a vapor temperature of 95°C was reached.
The solution was coocled to 5°C. The product was
collected by filtration, washed with cold heptane, and
dried to give 79 g (80%) of acyloxazolidinone (3).

Step 3

To a solution of diisopropylamine (4.8 mL,
34.25 mmol)'in 30 mL of anhydrous tetrahydrofuran at
0°C under argon atmosphere was added a 1.6 M solution
of n-butyllithium (21 mDL, 33.60 mmol) in hexanes
slowly. The solution was stirred at 0°C for 30 minutes
then cooled to -78°C. A solution of the
acyloxazolidinone (3) (7.56 g, 27.46 mmol) in 30 mL of
anhydfous tetrahydrofuran was added and the pale yellow
solution was stirred at -78°C for 30 minutes. Benzyl
a-bromoacetate was added and the resulting solution was
stirred at -25°C for 2 hours. The reaction mixture was
quenched with a half-saturated ammonium chloride
solution and extracted by ethyl acetate (2x). The
combined organic layers were dried with anhydrous
magnesium sulfate and then filtered and concentrated to
give a colorless oil. The o0il was then chromatographed-
with 8% ethyl acetate in hexanes on silica gel to give
6.16 g (53%) of the acyloxazolidinone (4) as a white
solid.
Anal. Calcd for C,gH,gNOg:

C, 70.90; H, 6.90; N, 3.31.

Found: C, 70.47; H, 6.87; N, 3.45.
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Acyloxazolidinone (4) was also prepared by an
alternate method that was advantageous in that the
.reaction was conducted a higher temperature (-35°C to
-25°C rather than -78°C) and an expensive and difficult
chromatographic separation was avoided.
Acyloxazolidinone (3) (85 kg, 308 mol) was
dissolved in anhydrous tetrahydrofuan (201 kg) and
cooled to -30°C. Lithium diisopropyl amine (340 mol)
in methyl-t-butyl ether/hexane was added while .-
maintaining a reaction temperature of -35°C to -25°C.
Benzyl bromoacetate (85 kg, 371 mol) was then added
while maintaining a reaction temperature of -35°C to
-25°C. Water (60 kg) and methyl-t-butyl ether (93 kg)
were added and the mixture was allowed to warm to 18°C.
The layers were separated and the organic layer was
extracted with a solution of water (40 L) and sodium
chloride (7 kg). The layers were separated and the
‘organic layer was concentrated to 200 liters by
distillation. Isopropyl alcohol (200 L) was added and
the solution was again concentrated to 200 liters by
distillation. Isopropyl alcohol (425 L) and water
(160 L) were added and the mixture was heated to 50°C.
The solution was cooled to 18°C. The product was
collected by filtration, washed with isopropyl alcohol/
water and dried under reduced pressure to give 58.7 kg
(49% yield) of acyloxazolidinone (4) as a solid.

Step 4
To a pre-cooled (0°C) solution of the

acyloxazolidinone (4) (24.3 g, 57.38 mmol) in 600 mL of
tetrahydrofuran was added a solution of 30% hydrogen
peroxide (23.7 mL) in 320 mL of 0.2 M lithium hydroxide
solution via a dropping funnel in 20 minutes. The
reaction mixture was allowed to stir at 0°C for .

4 hours. A solution of sodium meta-bisulphite (62.2 g,
0.33 mol) in 320 mL of water was then added slowly to
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quench the reaction. The mixture was stirred at 0°C
for 20 minutes. Excess tetrahydrofuran was removed on

a rotavap. The aqueous residue was extracted with
ethyl acetate (3 x 350 mL). The combined organic
extracts were dried with anhydrous magnesium sulfate
and then filtered. The oily residue after
concentration was chromatographed by 40% ethyl acetate
in hexane on silica gel to give 13.34 g (88%) of the
acid (5) as a clear oil. The column was then eluted
with 50% ethyl acetate in hexane to give the
oxazolidinone chiral auxiliary.

1§ NMR (300 Mz, CDCl,) of acid (5): & 9.80 (br s, 1H),
7.36 (m, 5H), 5.14 (narrow ABg, 2H, Jpp=11.4 Hz), 2.80
(m, 1H), 2.63 (ABX, 2H, Jhs=16.75 Hz, Jpg=2.13 Hz,
Jpx=5.16 Hz, Upp=73.20 Hz), 1.66 (m, 2H), 1.33 (m, 1H),
0.93 (4, 3H, J=7.32 Hz), 0.91 (4, 3H, J=6.45 Hz).

In an alternate method, after concentration of the
reaction to an oily residue, hexane or heﬁtane may be
added in order to precipitate the oxazolidinone chiral
auxiliary. Filtration then yields the chiral auxiliary
in 80% recovery. The hexane or heptane filtrate
containing acid (5) is then extracted with either an
ethanol water solution or with warm water to remove any
remaining chiral auxiliary. This alternative method
avoids a costly and difficult chromatographic
separation of the chiral auxiliary from the acid (5).

Step 5

To a solution of the acid (5) (13.34 g,
50.47 mmol) in 460 mL anhydrous tetrahydrofuran at 0°C
under argon was added borane dimethyl sulfide complex
(10 M, 11.2 mL, 112.0 mmol) slowly. The reaction
mixture was stirred at 0°C for 30 minutes then room
temperature for 4 hours. The reaction was cooled to
0°C and 250 mL of methanol was added slowly. The
mixture was stirred at 0°C for 30 minutes and excess
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solvent was removed under vacuum. The resulting oil
was chromatographed by 15% ethyl acetate in hexanes on
silica gel to give 10.59 g (84%) of the alcohol (6) as
a colorless oil. .
1§ NMR (300 MHz, CDCl,): & 7.37 (m, SH), 5.14 (s, 2H),
3.57 (ABX, 2H, Jpp=10.99 Hz, Jpy=4.34 Hz, Jgy=6.85 Hz,
ypp=51.71 Hz), 2.42 (ABX, 2H, Jpp=15.26 Hz, Jpy=7.60 Hz,
Jpx=5.56 Hz, ppp=18.81 Hz), 2.15 (m, 1H), 1.87

(br s, 1H), 1.63 (m, 1H), 0.93 (m, 2H), 0.88 (4, 3H,
J=6.15 Hz), 0.87 (d, 3H, J=6.45 Hz).

Step 6 .

To a solution of the alcochol (6) (10.22 g,
40.82 mmol) in 50 mL of anhydrous pyridine at 0°C was

) added tosyl chloride (8.60 g, 45.11 mmol). The

reaction mixture was stirred at 0°C for 15 minutes then
stood overnight in a refrigerator at 4°C. The reaction
mixture was diluted with 160 mi of ethyl acetate and
100 mL of water. The mixture was cooled to 0°C in an
ice-water bath and then concentrated hydrochloric acid
was added slowly to neutralize excess pyridine (until
pH 2). The organic layer was collected and the agqueous
layer was extracted with ethyl acetate (3 x 100 mL).
The combined organics were dried with anhydrous
magnesium sulfate and then filtered. The resulting
pale yellow oil after concentration was chromatographed
by 10% ethyl acetate in hexanes on silica gel to give
14.44 g (87%) of the tosylate (7) as a colorless oil.
4 NMR (300 MHz, CDCl,): & 7.77 (d, 2H, J=8.27 Hz),
7.34 (m, 7H), 5.07 (s, 2H), 4.00 (ABX, 2H, Jpp=2.77 Hz,
Jax=4.07 Hz, Jpy=5.69 Hz, v,p=27.58 Hz), 2.44 (s, 1H),
2,44-2.20 (m, 3H), 1.46 (m, 1H), 1.28-1.02 (m, 2H),
0.81 (4, 6H, J=6.58 Hz).

The tosylate (7) was also prepared from acid (5)
in an alternate method. This method was advantageous
over the previous procedure above since it minimized
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the amount of f-isobutyl-vy-lactone produced as a
by-product in the reaction above.

A solution of acid (5) (22.3 kg, 84.4 mol) in
methyl-t-butyl ether (198 kg) was cooled to -6°C.
Borane-methyl sulfide complex (15.6 kg, 177 mol) was
added while maintaining a reaction temperature of 5°C
or less. The mixture was then warmed to 20°C and
stirred for two hours. The mixture was cooled to 0°C
and methanol (24 L) was added while maintaining a
reaction temperature of 5°C or less. Water (132 L) was -
added at a temperature of 15°C or less. The phases
were separated and the agueous phase was extracted with
methyl-t-butyl ether (27 kg). The organic were
combined and extracted with water (72 L). The solution
was concentrated to an oil by distillation and ethyl
acetate (23 kg) was added. The solution was again
concentrated to an oil by distillation to give alcochol
(6). Pyridine (53 kg) was added. The solution was
cooled to 1°C and para-toluenesulfonyl chloride (23 kg,
121 mol) was added while maintaining a reaction
temperature of -5°C to 5°C. Tﬁe mixture was stirred at
2°C for 8 hours then warmed to 20°C. Water (12 L) was
added while maintaining a reaction temperature of 23°C

‘'or less. The mixture was cooled to 1°C and agqueous

hydrochloric acid (52 kg concentrated acid in 63 L
water) was added. Methyl-t-butyl ether (296 kg) was
added and the mixture was warmed to 18°C. The phases
were separated and the aqueous phase was extracted with
methyl-t-butyl ether (74 kg). The organic phases were
combined and extracted with aqueous hydrochloric acid
(0.6 kg concentrated hydrochloric acid in 20 liters
water), agqueocus sodium bicarbonate (2.7 kg sodium
bicarbonate in 50 liters water), and water (30 L). The
organic solution was concentrated to an oil by
distillation. Methyl-t-butyl ether (19 kg) was added
and the mixture was again concentrated to an oil. The
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resulting product was dissolved in methyl-t-butyl ether
(37.9 kg) and stored as a solution. Weight of tosylate
(7) contained in methyl-t-butyl ether solution 30.1 kg
(88% yield).

Step 7

A mixture of the tosylate (7) (14.44 g,
35.70 mmol) and sodium azide (5.50 g, 84.59 mmol) in
180 mL of anhydrous dimethylsulfoxide was heated at
65°C overnight. The reaction mixture was cooled to
room temperature and 900 mL of water was added. The
mixture was extracted (4x) with a total of 2 L of
hexanes. The combined organic extracts’ were dried with
anhydrous magnesium sulfate and then filtered. The
filtrate was concentrated and the resulting oil was
then chromatographed by 8% ethyl acetate in hexanes on
silica gel to give 8.55 g (87%) of the azide (8) as a
colorless oil.,
1H NMR (300 MHz, CDCl;): & 7.37 (m, 5H) 5.14 (s, 2H),
3.33 (ABX, 2H, Jpp=12.27 Hz, Jpy=4.95 Hz, Jpy=6.10 Hz,
¥pp=22.87 Hz), 2.39 (m, 2H), 2.19 (m, 1H), 1.62
(m, 1K), 1.20 (m, 2B), 0.88 (d, 6H, J=6.44 Hz).

Step 8 .
To a solution of the azide (8) (8.55 g,

31.05 mmol) in 500 mL of tetrahydrofuran was added

62 mL of a 1N agqueous hydrochloric acid solution and

1 g of 10% palladium on carbon catalyst. The mixture
was shaken overnight at room temperature on a Parr
apparatus. The catalyst was removed by filtration over
a pad of celite. The filtrate was concentrated and

50 mL of a 1N aqueous hydrochloric acid solution was
added. The aqueous solution was washed with ether

(3 x 50 mL). The aqueous layer was collected and then
chromatographed on a Dowex 50Wx8 (H* form) column
eluted with a 0.5N ammonium hydroxide solution.



Rrepresents benzyl or 1,1 dinethylethyl (when X is N[er?i,
p-tol uene sul phonyloxy and Y is -CHerr], or when X-Y a<Qg
COOH) or hydrogen (when X is -NHerr] and Y is CH err])
pharnaceutlcally acceptabl e salt of said conmpound. 2.
S-(+)-4-am no-3-(2-nethyl propyl) butanoic acid, or a p
acceptabl e salt thereof. 3. S-(+)-3-(azidonethyl)-S-nEthy -
4. S- (+) - 3- (hydr oxynet hyl ) - 5- net hyl -tR®&anoi ¢ aci d, phenyl
ester accordin% to claim1.

Fractions containing the amino acid (Ninhydrin N7

positive) were collected and then lyophilized to give
3.2 g (65%) of the amino acid (9) as a white solid.
mp = 175-176°C; [a)D?3 = 10.520 (1.06, H,0).

né%%éﬁﬁ% 2R
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EXAMPLE 2

(S)-(+)-4-amino-3- (2-methylpr l)butanocic acid

This compound was prepared in the same manner as
Example 1, except that amino acid (9) is prepared from
azide (8) by a 2 step process utilizing an intermediate
azide (8a) which is subsequently reduced (the 1 step.
reduction approach identified as step 8 is described
above). The synthetic procedure of Example 2 is
depicted in Chart Ia.

: Preparation of Intermedi Azi

Azide (8) (10.7 g, 0.040 mol) in ethanol (100 mL)
and water (20 mL) was treated with 50% aqueous sodium
hydroxide (9.8 g). The mixture was stirred at 30°C for
45 minutes. Ethanol was removed under reduced pressure
until 30 g of liquid remained, water (100 mL) was added
and the mixture was extracted with methyl-t-butyl ether
(4 x-100 mL). :The methyl-t-butyl ether extracts were
extracted with 1 M sodium hydroxide and the agueous
phases were combined and acidified to pH 1.6 with
concentrated hydrochloric acid. The agueous mixture
was then extracted with methyl-t-butyl ether
(2 x 100 mL) and the organic extracts were combined and
concentrated under reduced pressure. The resulting oil
was dissolved in heptane (50 mL) and extracted with
saturated aqueous sodium bicarbonate (2 x 40 mL). The
aqueous extracts were extracted with heptane (50 mL),
combined and acidified to pH 1.6 with concentrated
hydrochloric acid. The aqueous mixture was extracted
with heptane (2 x 50 mL). The heptane extracts were
extracted with water (40 mL), combined, and
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5. S-(+)-5-methyl -3-[[[(-4-methyl phenyl) sulfdnyl] oxy] ET
hexanoi ¢ aci d, phenyl nethyl ester according to claim]1. gﬁfﬁﬁt&ﬂﬂENT'SHE
S-(+)-2-(2-met hyl propyl ) -1, 4-butanedi oic acid, 4-(1,1- di et hyl et hyl
ester according to claim 1. 7. S- (+) - 3- (azi doret hyl ) - & nlet By ShEx@kbi d
acid, 1,1- di et hyl et hyl ester according to claim1.
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concentrated under reduced pressure to give 5.4 g (75%)
of intermediate azide (8a) as an oil.

‘H NMR (200 MHz, CDCl,): & 10.8 (br s, 1H), 3.36

(m, 2H), 2.38 (m, 2H), 2.18 (m, 1H), 1.64 {(m, 1H), 1.25
(m, 2H), 0.91 (d, 6H, J=6.56 Hz).

S 2: Synthesi £ Aami Aci fr diate
Azide (8a)

Intermediate azide (8a) (12.7 g, 68.6 mol) was
disgolved in methyl-t-butyl ether (80 kg). The mixture
was subjected to catalytic hydrogenation in the
presence of 5% palladium on carbon (2.0 kg of 50% water
wet) at 49 to 55 psi of hydrogen until intermediate
azide (8a) has been consumed. The mixture was filtered
and the solid was washed with methyl-t-butyl ether
{30 kg). The solid was dissolved in a solution of hot
isopropanol (75 kg) and water (60 kg) and the solution
was filtered. The isopropanol water solution was
cooled to -3°C and the product was filtered and washed
with cold isopropanol (16 kg). The ‘solid was dried
under reduced pressure to give 6.4 kg (59%) of amino
acid (9).

This reduction may be conducted in a variety of
solvents. Successful reductions have been carried out
in heptane, ethanol/water, isopropanoi, isopropanol/
water, methanol/water, and tetrahydrofuran/water as
well as methyl-t-butyl ether.

EXAMPLE 3
(8)-(+)-4-amino-3-(2-m 1 1 noic acid
The following "steps", refer to Chart II. All
reactions were carried out under an atmosphere of
nitrogen.
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tep 1

To a solution of 4-methylvaleric acid (50.0 g, -
0.43 mol) in 100 mL of anhydrous chloroform was added
thionyl chlqride (60 mL, 0.82 mol). The reaction
mixture was refluxed for 2 hours and then cooled to
room temperature. Excess chloroform and thionyl
chloride was removed by distillation. The residue oil
was then fractionally distilled to give 45.3 g (78%) of
the acid chloride (102), bp = 143-144°C,

Acid chloride (102) was also prepared by an
alternative method which eliminated use of chloroform
which has waste disposal and operator exposure
difficulties. The alternate method also minimized the
formation of 4-methylvaleric anhydride.

To a solution of thionyl chloride (98.5 kg,

828 mol) and N,N-dimethylformamide (2 kg, 27 mol) was
_added 4-methylvaleric acid (74 kg, 637 mol) while
maintaining a reaction temperature of 25-30°C. Hexanes
(30 L) were added and the solution was maintained at
30°C to 35°C for 1 hour and 15 minutes. The solution
was then heated to 70°C to 75°C for 1 hour and
10 minutes. The solution was subjected to atmospheric
distillation until a solution temperature of 95°C was
reached. After cooling, hexanes (30 L) were added and
the solution was subjected to atmospheric distillation
until a solution temperature of 97°C was reached.
Distillation of the residual oil produced 79 kg (92%)
of acid chloride (102), bp = -77°C, €0-65 mm Hg.

Step 2

To a solution of (4R,5S)- (+)-4-methyl-5-phenyl-
2-oxazolidinone (5.27 g, 29.74 mmol) in 70 mL of
anhydrous tetrahydrofuran at -78°C under argon
atmosphere was added a 1.6 M solution of n-butyllithium
(19 mL, 30.40 mmol) in hexanes slowly. The mixture was
allowed to stir at -78°C for 15 minutes then the acid



9. S-(+)-2-(2-nethyl propyl)-1, 4-but anedi oi ¢ aci d, 4- phenyl CE IET
according to claiml. 10. S-(+)-3-(azidonethyl)-5-nethy] -
phenyl net hyl ester according to claiml. 11. .
S (+)-5-nmethyl -3-[[ ((4-nmethyl phenyl) sul fonylloxy]- nmethy] ]} 2o SEB:286i g
acid, 1,1-dinethylethyl ester according to claim 1. 12.
S-(+)-4-nethyl -2(2-nmet hyl propyl ) -y, 2-di oxo- 5- phenyl - 3-

~20~

chloride (4.5 g, 33.43 mmol) was added to quench the
reaction. The reaction was stirred at -78°C for
10 minutes then 0°C for 30 minutes. A saturated
solution of sodium bicarbonate (50 mL) was added and
the mixture was stirred at 0°C for 30 minutes. The
organic layer was collected and the aqueous layer was
extracted with ethyl acetate (3x). The organic
extracts were combined and dried with anhydrous
magnesium sulfate. It was then filtered and
concentrated to give a colorless oil. The o0il was then
chromatographed with 8% ethyl acetate in hexanes on
gsilica gel to give 7.56 g (82%) of the '
acyloxazolidinone (103} as a white solid.
Anal. Calcd for C,.H, NO,:

C, 69.79; H, 7.68; N, 5.09.
Found: C, 69.56; H, 7.63; N, 5.06.

Acyloxazolidinone (103) was also prepared by an .
alternate method which was conducted at -5°C to 0°C
rather than -78°C which is difficult and expensive to
achieve on a manufacturing scalq. The alternate method
-also gave a crystalline solid from the reaction mixture
rather than an oil which must be chromatographed.

To a solution of 4-methyl-S5-phenyl-2-oxazolidinone
{64 g, 0.36 mol) in anhydrous tetrahydrofuran (270 g)
at -5°C was added a 15% solution of n-butyllithium in
hexane (160 g, 0.37 mol) over a temperature range of
-5°C to 0°C. Acid chloride (102) (48.6 g, 0.36 mol)
was added at -10°C to 0°C. The reaction was gquenched
with a solution of water (90 mL) and sodium bicarbonate
(4 g). Ethyl acetate (200 g) was added and the layers
were separated. The organic layer was extracted with
water (2 x 50 mL) and the aqueous phases were back
extracted with ethyl acetate (100 g). The organic
extracts were combined and approximately 150 mL of
solvent was removed by distillation. Atmospheric
distillation was continued and heptane (2 x 200 g) was
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oxazol i di ne butanoic acid, 1,1-dinmethylethyl ester. 13. Ap
formul ati on conprising S-(+)-4-am no-3-(2- met hyl propyl )
or a pharnaceutically acceptable salt thereof, and a phar
acceptabl e carrier. 14. ‘A process for preparing

S-(+)-4-am no- 3-(2-net hyl propyl) but anoi ¢ acid, which com
hydr ol ysi ng an azi de of the f or mul %o[err]

added until a vapor temperature of 95°C was reached.
The solution was cooled to 5°C. The product was
collected by filtration, washed with cold heptane, and
dried to give 79 g (80%) of acyloxazolidinone (103).

Step 3

To a solution of diisopropylamine (7.6 g,

0.075 mol) in anhydrous tetrahydrofuran (10 mL) at 0°C
under nitrogen was added a 1.6 M n-butyllithium in
hexane (47 mL, 0.075 mol) while maintaining a
temperature of -5°C to 0°C. The resulting solution was
added to a solution .of acyloxazolidinone (103) (18.6 g,
0.068 mol) in tetrahydrofuran (160 mli) at -55°C to
-45°C. The solution was stirred at -55°C to -45°C for
30 minutes. The solution was then added to a solution
of t-butyl bromoacetate (14.6 g, 0.075 mol) in
tetrahydrofuran at -55°C to -45°C. The solution was
cocled to -65°C and allowed to warm to 10°C over a
period of 2 hours. The reaction mixture was quenched
with the addition of saturated agueous ammonium
chloride and extracted with ethyl acetate. The organic
layer was dried (MgsO,), filtered, and the solvent was
removed under reduced pressure. The residue was
recrystallized from heptanes, filtered, and dried under
reduced pressure to give 18 g (68%) of
acyloxazolidinone (104). _

H NMR (200 MHz, CDCl;): & 7.4-7.2 (m, 5H), 5.65

(d, 1H, J=7.09 Bz), 4.74 (m, 1H), 4.26 (m, 1H), 2.69
{m, 1H), 2.44 (m, 1H), 1.65-1.45 (m, 2H), 1.39 (s, SH),
0.93 (m, 6H), 0.89 (4, 3H, J=7.87 Hz).

Altermatively, the order of addition of the
reagents may be reversed. t-Butyl bromoacetate may be
added to the solution containing diisopropylamine,
n-butyllithium and acyloxazolidinone (103). The final
product isoclation may also be conducted by doing a
distillation and replacing the solvents present {(hexane
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and tetrahydrofuran) with isopropyl alcohol.
Acyloxazolidinone (104) then crystallizes from the
isopropyl alcoheol solution. The following experimental
procedure illustrates this alternative.

To a solution of diisopropylamine (23.1 g,
0.229 mol) in anhydrous tetrahydrofuran (30 mL) at 0°C
under nitrogen was added a 2.5 M n-butyllithium in
hexane (92 mL, 0.229 mol) while maintaining a
temperature of -5°C to 0°C. The resulting solution was
added to a solution of acyloxazolidinone (103) (60.0 g,
0.218 mol) in tetrahydrofuran (400 mlL) at -45°C to
40°C. The solution was stirred at -45°C to -40°C for
30 minutes. t-Butyl bromoacetate (44.6 g, 0.229 mol)
was then added to the reaction solution at -45°C to
-40°C. The solution was allowed to warm to 10°C over a
period of 2 to 3 hours. The reaction mixture was
quenched with the addition of saturated aqueous
ammonium chloride. The oréanic layer was separated
from the watex layei. The solvent was removed under
reduced pressure and replaced with isopropyl alcohol.
The product crystallized from isopropyl alcohol and was
filtered and dried under reduced pressure to give
53.8 g (63%) of acyloxazolidinone (104).

Step 4

To a precooled (5°C) solution of acyloxazolidinone
(104) (60.0 g, 0.15 mol) in tetrahydrofuran (266 g) was
added a solution of 30% hydrogen peroxide (71 g), 9.4 g
lithium hydroxide monohydrate (0.22 mol) and water
(120 mL) over a period of 35 minutes so as to maintain
a reaction temperature of 5°C. The mixture was stirred
at 3-5°C for 2.5 hours. The reaction was quenched by
addition of a splution of sodium sulfite (50 g), sodium
bisulfite (27 g), and water (310 mL) at a temperature -~
of less than 29°C. Heptane (100 mL) and methyl-t-butyl
ether (100 mL) were added and the layers were
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separated. The aquéous layer was extracted with
methyl-t-butyl ether (100 mL) and the organic layers
were combined. The solvent was replaced with heptane
by distillation and the resulting heptane solution

(400 mL) was cooled to 5°C. The resulting solids were
filtered and the filtrate was extracted with warm water
(2 x 150 mL, 1 x 200 mL, 1 x 300 mL). The solution was
concentrated by evaporation to give 34.5 g (97%) acid
(105) as an oil. '

1H NMR (200 MHz, CDCl,): & 11.5 (bxr, s, 1H), 2.85

(m, 1H), 2.67-2.29 (m, 2H), 1.60 (m, 1H), 1.44 (s, 9H),
1.32 (m, 2H), 0.92 (m, 6H).

Step 5
Acid (105) (72.4 g, 0.314 mol) was dissolved in
tetrahydrofuran (360 mL) and cooled to 0°C. A 2.0 M

. solution of borane dimethylsulfide complex in

tetrahydrofuran (178 mL, 0.356 mol) was added at 0°C.
The solution was allowed to warm to 48°C then cooled to
25°C. After 2 hours and 45 minutes, the reaction was
quenched with the addition of methanol (300 mL) and the
solvent was removed under reduced pressure. Additional
methanol (300 mL) was added and the solution was
concentrated under reduced pressure to give 66 g (97%)
of alcohol (106) as an oil.

IH NMR (500 MHz, CDCl,): & 3.62 (m, 1H), 3.45 (m, 1H),
2.44 (br s, 1H), 2.36-2.21 (m, 2H), 2.05 (m, 1H), 1.64
(m, 1H), 1.45 (s, SH), 1.24-1.04 (m, 2H), 0.91 (m, 6H).

Step 6

Alcohol (107) (51.9% g, 0.24 mol) was dissolved in
pyridine (130 mL) and cooled to 5°C. p-Toluene
sulfonyl chloride (57.2 g, 0.30 mol) was added and the
mixture was stirred at 22°C for 21 hours. The reaction
was quenched with the addition of water (95 mL) and 18%
aqueous hydrochloric acid (300 mL) at less than 300°C.
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Methyl-t-butyl ether (350 mL) was added and the layers
were separated. The aqueous layer was extracted with
methyl-t-butyl ether (350 mL). The organic layers were
combined, washed with 1% aqueous hydrochloric acid

(2 x 100 ml), saturated agqueous sodium bicarbonate

(1 x 150 mL), and water (1 x 100 mL). The oxganic
solution was treated with decolorizing charcoal,
filtered, and evaporated to give 77 g (86%) of the
togylate (107) as an oil. _
iH NMR (200 MHz, CDCl;): & 7.78 (4, 2H, J=8.25 Hz),
7.34 (4, 2H, J=8.25 Hz), 3,96 (m, 2H), 2.45 (s, 3H),
2.32-2.12 (m, 3H), 1.6-1.4 (m, 1H), 1.40 (s, 9H),
1.2-1.1 (m, 2H), 0.83 (m, 6H).

Step 7

Tosylate (107) (65 g, 0.175 mol) was dissolved in
dimethyl sulfoxide (40 mL). The dimethyl sulfoxide
solution along with additional dimethyl sulfoxide
(10 mL) was than added to a solution of sodium azide
(11 g, 0.26 mol) in dimethyl sulfoxide (450 g) at €3°C.
The mixture was then stirred at 65°C for 6 hours.
Water (140 mL) and heptane (250 mL) were added to the
reaction and the layers were separated. The aqueous
layer was extracted with heptane (250 mL) and the
organic layers were combined. The solvent was removed
under reduced pressure to give 42 g (95%) of the azide
{108) as an oil.
1H NMR (200 MHz, CDCl;): & 3.32 (m, 2H), 2.22 (m, 2H),
2.15 (m, 2H), 1.63 (m, 1H), 1.46 (s, SH), 1.19 (m, 2H),
0.85 (m, 6H).

Step 8
Azide (108) (36.3 g, 0.15 mol) was placed in 88%
aqueous formic acid (365 mL). The mixture was stirred -
at 30°C for 4.5 hours. Decolorizing charcoal was added
and the mixture was filtered and concentrated under
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reduced pressure to give an oil. Heptane (250 mL) was
added and the mixture was vacuum distilled to give an
oil. Water (125 mL) and heptane (250 mL) were added
and mixed vigorously. The layers were separated and
the water layer was washed with heptane (250 mL). The
heptane layers were combined and concentrated under
reduced pressure to give 24.6 g (88%) of intermediate
azide (108a) as an oil.

Altermatively, aqueous hydrochloric acid may be
used rather than aqueous formic acid in order to
conduct the hydrolysis.

Step 9 i
Intermediate azide (108a) (12.7 g, 68.6 mol) was
dissolved in methyl-t-butyl ether (80 kg). The mixture
was subjected to catalytic hydrogenation in the
presence of 5% palladium on carbon (2.0 kg of 50% water
wet) at 495-55 psi of hydrogen until intermediate azide
(1082) has been consumed. The mixture was filtered and
the solid was washed with methyl-t-butyl ether (30 kg).
The solid was dissolved in a solution of hot
isopropanocl (75 kg) and water (60 kg) and the solution
was filtered. The isopropanol water solution was
cooled to -3°C and the product was filtered and washed
with cold isopropanocl (16 kg). The solid was dried
under reduced pressure to give 6.4 kg (59%) of amino
acid (109).

This reduction may be conducted in a variety of
solvents. Successful reductions have been carried out
in heptane, ethanol/water, iéopropanol, isopropanol/
water, methanol/water, and tetrahydrofuran/water as
well as methyl-t-butyl ether.

T . A———
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CLAIMS: | -

An S(+) enantiomer of a compound having the general formula

(1)
CH,CH(CH,),
X-Y—CH -
COO-R
. (I)
where:

X represents -OH, -NH,, -N, or p-toluene sulphonyloxy;
Y represents -CH,., or X-¥Y- are together -COOH; and
R represents benzyl or 1,1 dimethylethyl (when X is N, -OH or

p-toluene sulphonyloxy and Y is -CH,, or when X-Y are together

COOH) or hydrogen (when X is -NH, and Y is CH,), or a

pharmaceutically acceptable salt of said compound.
S-(+) -4-amino-3-(2-methylpropyl) butanoic acid.

S-(+)~-3-(azidomethyl) -5-methyl-hexanoic acid.

S-(+) -3- (hydroxymethyl) -5~-methyl -hexanoic acid, phenylmethyl

ester accoxrding to claim 1.

S-(+)-5-methyl-3-[[[(-4-methylphenyl) sulfonyl] oxy]-methyl]-

hexanoic acid, phenylmethyl ester according to claim 1.

S-(+}-2-(2-methylpropyl) -1, 4-butanedioic acid, 4-(1,1-
dimethylethyl) ester according to claim 1.

S-(+)-3-(azidomethyl) -5-methyl-hexanoic acid, 1,1-

dimethylethyl ester according to claim 1.

S-(+)-3-(hydroxymethyl) -5-methyl-hexanoic acid, 1,1-dimethyl

ethyl ester according to claim 1.
I N
Sheet Has Been Replaced
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S-(+)-2-(2-methyipropyl)-1,4-butanedioic acid,4-phenylmethyl

ester according to claim 1.

S-(+)-3-(azidomethyl)-5-methyl-hexanoic acid, phenylmethyl

ester according to claim 1.

S-(+)-5-methyl-3-[[{(4-methyl phenyl) sulfonyl]oxy]- methyl]-

hexanoic acid, 1,1-dimethylethyl ester according to claim 1.

S-(+)-4-methyl-2(2-methylpropyl) -y, 2-dioxo-5-phenyl-3-

oxazolidine butanoic acid, 1,1-dimethylethyl ester.

A pharmaceutical formulation comprising S-(+)-4-amino-3-(2-
methylpropyl) butanoic acid, or a pharmaceutically acceptable

salt thereof, and a pharmaceutically acceptable carrier.

A process for preparing S-(+)-4-amino-3-(2-methylpropyl)
butanocic acid, which comprises hydrolysing an azide of the

formala

CH,CH(CHs),

Nchz—-—Cé—-—\

CO,CH,Ph

to an intermediate azide of the formula

CH,CH(CH),
N3CH2—cé—-\ Im

and then reducing the azide to the corresponding amine.
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A process acvording to claim 14, wherein the azide is hydrolysed

by treatment with sodium hydroxide.

A process according to claim 14 or 15, further comprising the
step of extraction of the intermediate azide into an aqueous

base.

A process according to claim 16, further comprising the step of

acidifying the aqueous extract.

S-(+)-4-amino-3- (2-methylpropyl) butanoic acid, or a

pharmaceutically acceptable salt thereof, for use in therapy.

Use of S-(+)-4-amino-3-3(2-methylpropyl) butanoic acid, or a
pharmaceutically acceptable salt thereof, in the manufacture of

an anti-convulsant medicament.

Use of 8-(+)-4-amino-3-(2-methylpropyl)butanocic acid, or a

pharmaceutically acceptable salt thereof, in the manufacture of

~an anti-anxiety medicament.

Use of 8-(+)-4-amino-3-(2-methylpropyl) butanoic acid, or a
pharmaceutically acceptable salt thereof, in the manufacture of

an anti-psychotic medicament.

//II/II////I//III////I/I///lI/
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Abstract .
GABA AND L-GLUTAMIC ACID ANALOGS FOR ANTISEIZURE TREATMENT

A compound of formula (I) wherein R, is a straight or
branched alkyl group having from 1 to 6 carbon atoms,
phenyl, cycloalkyl having from 3 to 6 carbon atoms; R, is
hydrogen or methyl; and R; is hydrogen, methyl or carboxyl;
which is useful in the treatment of seizure disorders.
Processes are also disclosed for the preparation of the

compound. Intermediates prepared during the synthesis of
the compound are further disclosed.

R
21

HzNCH-C':-crizc:QOH (1)

Ry



or g pha mgceutlcallz acceptable salt thereof

This compeumi has been found to be unexpectedly modore potent than other
analogs and racemic mixtures. What is further surprising, as the
fq'llowing data shows, is that this compound is the least effective one
of the analogs tested in activating GAD in vitro. Accordingly, it was
very unexpected that the compound according to the invention has such
a high 'potency when tested in vivo.

This pharmacologically active compound was found to be
most potent for.displacement of tritiated gabapentin.

The present invention also provides a pharmaceutical
formulation, which comprises.S-(+)-4-amino-3-(2-methylpropyl)
butanoic acid or pharmaceutically acceptable salt théreéf. and a

pharmaceutically acceptable carrier therefor.
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CLAIMS: T
1. An S(+) enantiomer of a’compound having the general formula

(1)

CH,CH(CH;),
X-Y—CH =
COO-R
_ (I)
where:

X represents -OH, -NH,, -N; or p-toluene sulphonyloxy;

Y represents -CH,., or X-Y- are together -COCH; and

R represents benzyl or 1,1 dimethylethyl (when X is N;, -OH or
| p-toluene sulphonyloxy and Y is -CH,, or when X-Y are together

COCH) or hydrogen (when X is -NH, and Y is CH,), or a

pharmaceutically acceptable salt of said compound.

2. 8- (+) -4-amino-3- (2-methylpropyl) . butanoic ac1qL_g£_§
: pharmaceutlcgllz acceptable salt thereof. :

3. S-(+)-3-(azidomethyl)-5-methy1-hexanoic acid.

4. S-(+) -3- (hydroxymethyl) -5-methyl-hexanoic acid, phenylmethyl

ester according to claim 1.

5. S-(+)-5-methyl-3-[[[{-4-methylphenyl) sulfonyl] oxy]-methyl]-

hexanoic acid, phenylmethyl ester according to claim 1.

6. S-(+)-2-(2-methylpropyl) -1,4-butanediocic acid, 4-(1,1-
dimethylethyl) ester according to claim 1.

7. S-(+)-3-(azidomethyl) -5-methyl-hexanoic acid, 1,1-
dimethylethyl ester according to claim 1.

8. S-(+) -3~ (hydroxymethyl) -5-methyl-hexanoic acid, 1,1-dimethyl

* C L M $ *

ethyl ester aqcording to claim 1.
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A process acuvording to claim 14, wherein the azide is hydrolysed

by treatment with sodium hydroxide.

A procesg acdording'to claim 14 or 15, further comprising the
step of extraction of the intermediate azide into an aqueous

base.

A process according to claim 16, further comprising the step of

acidifying the aqueous extract.

8- (+)-4-amino-3- (2-methylpropyl) butanocic acid, or a

pharmaceutically acceptable salt thereof, for use in therapy.

Use of S-§+2-4-gmino;3- (2-methylpropyl) butanoic acid, or a
pharmaceutically acceptable salt thereof, in the manufacture of

an anti-convulsant medicament.

Use of 8S-(+)-4-amino-3-(2-methylpropyl)butanocic acid, or a

pharmaceutically acceptable salt thereof, in the manufacture of

~an anti-anxiety medicament.

Use of S-(+)-4-amino-3-(2-methylpropyl) butanoic acid, or a
pharmaceutically acceptable salt thereof, in the manufacture of

an anti-psychotic medicament.

QLT



